WO 03/ 097846 PCT/ EP03/ 05047 Reconbi nant poxvirus expressing honol ogous
genes inserted into the poxviral genone The present invention relates to a
reconbi nawoD opoOXIsi6 us 5 capabl e of expressing two or norePOBRPOIOUS
foreign genes. Said genes are heterologous to the viral genone, but

honol ogous in conparison to each other. The genes are especially derived
fromclosely related variants or subtypes of a m croorganism The
invention further relates 10 to a nethod for preparing such reconbi nant
poxvirus and to the use of such reconbi nant poxvirus as nedi canent or
vaccine. Additionally, a nmethod for affecting, preferably |ndu0|ng, an
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anti bodi essecidhley derived from closely related variants or

subtypes of a microorganism. The invention further relates
10 to a method for preparing such recombinant poxvirus and to
the wuse of such recombinant poxvirus as medicament or
vaccine. Additionally, a method for affecting, preferably
inducing, an immune response in a living animal, including

a human, is provided.

15
Background of the invention
Every living organism 1is constantly <challenged by
infectious or pathogenous agents such as bacteria, viruses,
fungi or parasites. The so-called immune system prevents
20 the organism from permanent infections, diseases or

intoxination caused by such agents.

The immune system of a mammal can be divided into a
specific and an unspecific part although both parts are
closely <cross-linked. The unspecific immune response
25 enables an immediate defense against a wide variety of
pathogenic substances or infectious agents. The specific
immune response is raised after a lag phase, when the
organism is challenged with a substance for the first time.

This specific immune response 1s mainly Dbased on the



generation of macrophages and | ynphocytes, e.g. cytotoxic T-cells (CTL).
The specific i nmune response is responsible for the fact that an
i ndi vi duaWwowho9msecovers froma 5 specific infection is pr@eCca#dpresiogai nst

this specific infection but still is2susceptible for other infectious
di seases. In general, a second infection with the sanme or a very simlar
i nfectious agent causes much m | der synptons or no synptons at all. This

so-called imunity persists for 10 a long tinme, in some cases even
lifelong. The underlying effect is often referred to as imunol ogi cal
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fam 1§ ofSRESH i LR TiREs ThatPTEpTTcat o F9PTREE chPbDl aSRACHFtC
vertebrat.e and idlyepi,ebrat £ telils. slheehambhy ofoPovvnkir-dag, caar beudi vi ded
into the two subfam|lies Chordopoxvirinae and Ent onopoxvirinae based on

25 vert ebtizemsarnl iTrsasndwost, rangesoThel Ches dopoxvd th niblee coapei ge desi de
ot hers the genera, pf_ O.thopoxviruses and _Avi poxviruses {(Fields Virology,
od. by FraTde BUR Fee B e e e B M 4 br e T8Eo P B o-
7817- 0253 ndhapieionds3)at ¥ Thergenes @ @41 1xd hopexyi £ YSesreO8Psi 568
variola virus, the causative agent of human small pox, and al so_ ot her
virudds D 63r997886 PCH EPOBROSGEES -gven lifelong. The underlying

effect is often referred to as immunological memory, which

can be used for vaccination proposes.

With the term vaccination a method is described, where an
individual is challenged with a harmless, partial or
15 inactivated form of the infectious agent to affect,
preferably induce, an immunological response 1in said
individual, which leads to long lasting - if not lifelong -

immunity against the specific infectious agent.

The human smallpox disease is caused by Variola virus.:
20 Variola virus belongs to the family of Poxviridae, a large
family of complex DNA wviruses that replicate in the

cytoplasma of vertebrate and invertebrate cells.

The family of Poxviridae can be divided into the two
subfamilies Chordopoxvirinae and Entomopoxvirinae based on

25 vertebrate and insect host range. The Chordopoxvirinae
comprise beside others the genera of Orthopoxviruses and
Avipoxviruses (Fields Virology, ed. by Fields B.N.,
Lippincott-Raven Publishers, 3¢ edition 1996, ISBN: O0-
7817-0253-4, Chapter 83).

30 The genera of Orthopoxviruses comprises variola virus, the

causative agent of human smallpox, and also other wviruses



wi th econom cal inportance, e.g. canel pox, cowpox, sheeppox, goatpox,
nonkeypox and Vaccinia virus. Al nenbers of this genus are genetically
rel at ed awo obaym46 si m | ar nor phol ogy or host range. Rest riPCTIEPN3/05047
endonucl ease 5 maps have even shown RBgh sequence identity fromup to 90%
between different nenbers of the Othopoxviruses (Mackett & Archard,
[1979], J Gen Virol, 45: 683-701). Vaccinia virus (VW) is the nane given to
the agent that was wused at |east the |last 100 years for the vaccination

10 against smallpox. It is not known whether W is a new species derived

from cowpexnor ¥abhehacyir usiByoptehesged e s¢ri alcprsisages, td@gdw,i ng
representative of a now extinct virus or naybe a product of genetic
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However, many of these strains, were used for .the,vaccination agajnst 20
snalI%oxmapérhéygmﬁW?QPég QFﬁg?Mﬁﬁﬁ?F coeiterhl REsEFIR Ugr 3{ ° wer e

used pri pRE¥n @ll'f@er\éfﬂ't' it st bH &hémw@&o&wlmummt lg ster

and MVA were used f vacci nation in Europe a result of the worl dw de
vaCC|natA@nhpKdgrdﬁ9ﬁﬁﬂh thése #ifdr edtd sﬁﬁélﬁﬁldﬂ W in 25 1980 the WHO

finally declared the successful eradication of variola virus. Today, W is
mai nl y uVedcasia wahusat®m@ stsr aihe, noute lgesiate ta Hite iagears: dthdd weshsi der ed

as the protaqtype o i ryse whi ch is also the reason
became oM&® %0 gF ti%a éﬁ?#v ﬁ&ochg?ﬁﬁ?er Yed %ﬁ?usé§3%¥9gg%ﬁ?\ND
03/0@784§g8§£kEPQ§ﬁQ§QﬁEX. @ﬁ: is not known whether VV is a new
species derived from cowpox or variola virus by prolonged
serial passages, the living representative of a now extinct
virus or maybe a product of genetic recombination.
Additionally, in course of the VV history, many strains of
15 Vaccinia have arisen. These different strains demonstrate
varying immunogenicity and are implicated to varying
degrees with potential complications, the most serious of
which i1s post-vaccinial encephalitis. However, many of
these strains were wused for the vaccination against
20 smallpox. For example the strains NYCBOH, Western Reserve
or Wyeth were used primarily in US, while the strain
Ankara, Bern, Copenhagen, Lister and MVA were used for
vaccination in Europe. As a result of the worldwide
vaccination program with these different strains of VV in
25 1980 the WHO finally declared the successful eradication of

variola wvirus.

Today, VV is mainly used as a laboratory strain, but beside
this it 1s still considered as the ©prototype of
Orthopoxviruses, which is also the reason why VV became one

30 of the most intensively characterized viruses (Fields



Virology, ed. by Fields B.N., Lippincott-Raven Publishers, 3rd edition
1996, | SBN:. 0-7817-0253-4, Chapter 83 and 84). VWV and nore recently other
poxvi r usesohlawersieen used for the insertion and expressi @aTaPos/aiogl gn
genes. The basic 5 technique for inse#ting foreign genes into |ive

i nfectious poxvirus involves reconbi nati on between pox DNA sequences
flanking a foreign genetic elenent in a donor plasm d and honol ogous
sequences present in the rescuing poxvirus. Genetic reconbination is, in
general, the exchange of 10 honol ogous sections of DNA between two strands
of DNA. Wirodeigtal redv rivgesi&NAs niy Nr. e pllaee 1At tHRmeog aiisb Sestiexomns  of
nucleic agjd are sections of nucleic acjid whi ¢ch_have the
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i nterchangeahly in, constructin he sectiqn of the gen of a second
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25 by the nodified infectitous virus requires two conditions. First, the
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30 the insgidieddiNA sdkegidaé | ¥£ Die Pl two | otateds wEstoNgam fxom t he
DNA sequence to be expressed. WO 03/.097846 PCT/ EPO3/ 05047 .
certain viruses RNA may replace DNA. Homologous sections of
nucleic acid are sections of nucleic acid (DNA or RNA),
which have the same sequence of nucleotide bases. Genetic
recombination may take place naturally during the
15 replication or manufacture of new wviral genomes within an
infected host cell. Thus, genetic recombination between
viral genes may occur during the viral replication cycle
that takes place in a host cell, which is co-infected with
two or more different wviruses or other genetic constructs.
20 A sgection of DNA from a first genome is used
interchangeably in constructing the section of the genome
of a second co-infecting wvirus in which the DNA is

homologous with that of the first viral genome.

Successful expression of the inserted DNA genetic seqguence
25 by the modified infectious wvirus requires two conditioms.
First, the insertion should be into a nonessential region
of the wvirus in order that the modified wvirus remains
viable. The second condition for expression of inserted DNA
is the presence of a promoter in the proper relationship to
30 the inserted DNA. Regularly, the promoter is located

upstream from the DNA sequence to be expressed.



-5 The useful ness of reconbi nant Wexpressing, e.g., Hepatitis B virus
surface antigen (HBsAg), Influenza virus hemagglutinin (InfHA) or

Pl asnodi wwolnowisesi sporozoite antigen, as |ive vacci nesPCOEPDIIES047

prophyl axis of infectious 5 di seases-Rhas been denonstrated and revi ewed
(Smth, et al. [1984] Biotechnology and Cenetic Engi neering Reviews 2,
383-407). A further advantage of W is the capacity to take up nultiple
forei gn sequences, genes or antigens within a 10 single VW genone (Smth &
Moss [1983], Cene, 25(1): 21-28). Furthernore, it has been reported that it
i s possi e t ouseFithéss MMy t yreeombinaher ofv heerpokegaug, i nfeati ous

di seases with a single inoculation of a onvaIent vaccine (Perkus et al.

[1985], Hependéisvél .vipes o1iagy) an?csgeﬁe (BRsAE) e JRENEREHIESH DN of
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(Bray et al., [1989], Virology 2853-2856). The Dengue virus with its four

serotype§83Béﬂdue virus 25 serotype 1 (Den-1) through Dengue virus

serotype 4 (Den-4), is one inportant nenber of the Flavivirus genus with
respect tPo futéhEronsdmanhagansﬁfD@W@ueSV|th$ iasfetiiton tproﬁab@sld@seases
t hat range fro flg i ke Synpt ons to severe Q. f at R Snes ngue
haenorrh 59&9“30 fPshdek EYndt ofe (ngfg Bengue out bréaks

contipue élelg}l% V& R Uf@rhiccthealMde proll 631 | reaensedy(popud Bt 2gl) ar eas of
Furthermore, it has been reported that it is possible to
elicit dimmunity to a number of heterologous infectious
diseases with a single inoculation of a polyvalent vaccine

(Perkus et al., [1985], Science, Vol. 229, 981-984).

15 One example of the expression of various antigens by a
single VV is described by Bray et al. It was shown that a
recombinant VV, which is capable to express three different
structural proteins of Dengue virus serotype 4, namely the
capsid (C), pre-membrane (prM), envelope (E) protein, and

20 two non-structural proteins of Dengue virus serotype 4,
namely NS1 and NS2a, had the ability to protect mice
against a homologous Dengue virus serotype 4 challenge

(Bray et al., [1989], Virology 2853-2856).

The Dengue virus with its four serotypes, Dengue virus
25 serotype 1 (Den-1) through Dengue virus serotype 4 (Den-4),
ig one important member of the Flavivirus genus with
respect to infections of humans. Dengue virus infection
produces diseases that range from flu-like symptoms to
severe or fatal illness, Dengue haemorrhagic fever (DHF)
30 with shock syndrome (DSS). Dengue outbreaks continue to be

a major public health problem in densely populated areas of
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all mosquito-borne flaviviruses.

While most cases of DF are manifested after the first
infection by any of the four serotypes, a large percentage
of DHF cases occur in subjects who are infected for the
second time by a serotype, which is different from the
first infecting serotype © of Dengue virus. These
observations give rise to the hypothesis that sequential
infection of an individual having antibodies against one
Dengue serotype Dby a different wvirus serotype at an
appropriate interval may result in DHF in a certain number

of cases.

Accordingly, wvaccination against one serotype does not
result in a complete protection against Dengue virus
infection, but only against infection with the same Dengue
virus strain. Even more important, a person vaccinated
against one serotype, has an increased risk of developing
severe complications such as Dengue haemorrhagic fever when
said person is infected from a Dengue virus strain of a

different serotype.

Thus, a multivalent vaccine that contains antigens from all

four Dengue virus serotypes is desired.

esired.



WO 03/097846 PCT/ EP03/05047 -7 So far it had been suggested to prepare
mul tival ent vaccines by m xing a panel of reconbinant VW, each W
encodi ng wogueyses of a different viruses (Mss, [1990] IPowEPOS/GRYY] 2,
317-327). However, such a multival ent75 vaccine conprises several

di sadvantages. Firstly, it is cunbersone to generate several independent
reconbi nant W Beside the separated production processes, also quality
control and quality assurance is highly time consum ng. Secondly, an
infection with a mxture of reconbinant 10 viruses expressing different
sequences ¥ waar bebs 1@ peek tHavgedeednfect i pnepyeat inslbdvalent

particul ar a d. The mainrisk is that,only individual
r econbi nan‘%%?%%s n%g} aﬁ?& Ff 7 erﬁanreéLcoﬁ%i nﬁﬁ?%r?%b%?i{sew' i 7
mul ti val erinaaticigne swidueriddfsecbrt af gah reekbsit QPErdded a3V gfp!wggj an
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superinfection. In thi's case, y Sone anti gens; but "no
anti gens cfumbdersnne | val grhevatei seveirkll ifidedldnddig exer@sisathhe onv.

i nfected %ee[ I.sd an t hus g%eaent ed_to the imune systemof a patient. As
a consequence.” i neSGPBTERFoPITFICHLBOLPHIGEF Ry 24§81 nSEasdhE of

the antigesimtcdust badf agudl 08y PLQEIiRGA 28 GO R} € i NS, PL fﬁ%lon
agai nst the various antigens presented or presentable by the nultival ent
vacci ne. 19¢Q®Elldont 8t ofnfegicwt nevidgai st Denguee viofis tatechinantt he

SPPrS360, <58 B B LR UES L AT 205 e ol e
unpr edi ct afilséc mahaer, tlhas iinfadikeenesBOWN is not particularly well
balanced. The main risk is that only individual
recombinants, but not all different recombinants comprised

in the multivalent vaccine will infect target cells. One

15 reason might be an uneven distribution of recombinant
viruses. Another reason might be interferences between the
different recombinant viruses while infecting single cells.

Such interferences are known as phenomenon of
superinfection. In this case, only some antigens, but not

20 all different antigens of the multivalent vaccine will
finally Dbe expressed from infected cells and, thus,
presented to the immune system of a patient. 2aAs a
consequence, immune protection will be obtained only

against some of the antigens, but is far from providing a

25 complete immune protection against the various antigens

bresented or presentable by the multivalent wvaccine.

In the context of a vaccine against Dengue virug infection
the approach of a multivalent wvaccine has the disadvantage
that if the different sequences are expressed in different
30 amounts or in an unpredictable manner, as it had been shown

for the envelope protein of Dengue virus 2 (Deuble et al.,



for the envel ope protein of Dengue virus 2 (Deuble et al., W 03/097846
PCT/ EPO3/ 05047 -8 [1988], J. Virol 65: 2853), then such a vaccination is
hi ghly riwkyw3fois4@ patient. An inconplete vaccination usi RGT/EROpeieel of
reconbi nant Vaccinia viruses wll onk§-provide an inmune protection

agai nst sone, but not against all 5 serotypes of Dengue virus.
Unfortunately, in case of Dengue infection an inconplete vaccination is
extrenely wunacceptable, since it increases the risk of |ethal
conplications such as Dengue henorrhagic fever. 10 Object of the invention

It is, thamnefgre, gan whtSct 66f: thesPr esemlen NnyeBhi N taccphavide aistabl e,
effective and reliable vaccine against infectious diseases, which can be

caused byrlghly tHakorfer st M el ade WFIuRket s IRGPEDF LT rdT Ve of

said 15.n i 0 i Si I eIgle] i bl bj ect
of the praesgeaﬁrfé% nggn iegﬁﬁ?)gn%r?%viv(}%ﬂg& St 2%%,%%%} gg%}vgrgiﬁ{j%fe m%?e
vacci ne agai hainuRengbeot&d¢t lien i rfgadirisans sombi, chowat | ovs: r ebedbkée vakli nation

agai nst all Dengue virus serotypes._ 20 Detailed description_of the
vent | off CHRSSBISR Gift THVBH e BAORH O AR et (T hATh et a

poxvi rus ihemliageus genes dgebygdefeom dibbenantiontraiings, &tedaely
variants, subtypes or serotypes of an infectious 25 di sease causi ng

m cr oor gamesmephskdla eadyiment | bhedinpoeasest hehe aresk orofexahpileal 4
groups, subtypes .ar _serotypes Dengue Vi Lus .exist] whi ch are all
conpri si r?&rf{iﬁé‘cfﬁ:ﬁ'émst yPes™ ot° géeenn 1E, deorg Hagdt ége%%g'encodi ng the capsid
(C protein, the gene encoding the pre-nenbrane (PrM or WO 03/097846
PCT/ EPO3/ 05047

10 Object of the Invention

It is, therefore, an object of the present invention to
provide a stable, effective and reliable vaccine against
infectious diseases, which can be caused by more than one
strain, clade, +variant, subtype or serotype of said

15 infectious disease causing microorganism.

It is a further object of the present invention to provide
a stable, effective and reliable wvaccine against Dengue
virus infections, which allows reliable vaccination against

all Dengue virus serotypes.

20

Detailed description of the Invention

The present invention is based on the idea to include into
a poxvirus homologous genes derived from different strains,
clades, wvariants, subtypes or serotypes of an infectious
25 disease causing microorganism. As already mentioned above,
there are, for example, 4 groups, subtypes or serotypes of
Dengue virus existing which are all comprising the same
types of genes as, e.g., the gene encoding the capsid (C)

protein, the gene encoding the pre-membrane (PrM) or



-9 envel ope (E) protein. However, the nucleic acid sequence of the sane
type of gene is not conpletely identical and not perfectly honol ogous,
respecti Wweby3/o91s4@l | 4 serotypes: For exanple, sequence ®OTER03/6OH7 (W th
Lasergene 4.05 Magalign, 5 Macintosh)9between the PrM genes of Dengue virus
serotype 1, 2, 3 and 4 (PrM-4) reveal ed a sequence identity of
66.5-72.9% i.e., a honology of appr. 65-75% It is assuned that

di fferences and variations, respectively, in the genes of different

subt ypes of infectious di sease causing 10 m croorgani sns are the reasons
why vacciaérate bvp@gaE NSprotkein s ubbyeeetpeshaoiu@lédaahttdl bgqﬁeﬁubt offn
protection against infections with other variants of the s
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strains, cI ades, var| ants, subtypes or serotypes an i nfectious di sease
causi ng mmmk@amsmemm/ev@npanassonal sx@liahrbaﬂqrgﬁaecét ed Mboméion,

honol Qgo r econbi e nol ogous .sequences_occur _during the
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honol ogous genes |y a single viral genome would result in honol ogous
reconbi ndt§ oir &hd% 1 huse- i 2 enelodrnsobfappe- | 2efbad E‘érﬁaﬁo@éﬁ@m@@nes

However , o]

genone at east%ﬁ%@%‘? g?lﬁ(gg\zﬁi%\ﬁ] n% %%QCE%H @?egé %gl‘% it was
unexpect esif y 8afifdrthat %ikd:yﬁwml@gouﬁngenestouenmdn&aaéﬁy tasetihgd into
the viral , genone. Even if hggol ous \/preferab wi t h, a honol ogy of

at 30 | NG BYOFL S nREFL REG S ERTSEt sSF¥REBF °PRe viral
genone, tiﬁbﬂﬁﬁ@*ﬁé@§Qhé@Wﬁ&@bﬁé@@&&llﬁsﬁééﬁﬂt in protection against

infections with other wvariants of the same microorganism.
It was, therefore, the idea to generate a recombinant virus
including closely related or homologous genes derived from
15 different strains, clades, variants, subtypes or serotypes
of an infectious disease causing microorganism. However, as
also already indicated above, homologous recombination
between homologous sequences occur during the wviral 1life
cycle and even takes place between sections of DNA that are
20 not perfectly homologous. It was, thus, expected that the
insertion of homologous genes in a single viral genome
would result in homologous recombination and, thus, in

deletions of the inserted homologous genes.

However, when generating a recombinant poxvirus comprising
25 1in its genome at least two foreign genes with a homology of
at least 60%, it was unexpectedly found that said
homologous genes remain stably inserted into the wviral

genome.

Even if homologous genes, preferably with a homology of at
30 least 50%, are inserted into different insertion sites of

the viral genome, the genes also remain stably inserted



WD 03/ 097846 PCT/ EPO3/05047 -10 into the viral genone: In this case, it
was expected that reconbination events between said honol ogous genes woul d
addi ti onawby3teswt in | oss of viral genes inportant for PammPo$/H®ati on of
the virus and for the viral life cyci®,- 5 respectively, i.e., it was
expected that the viral life cycle would seriously be damaged. Since,
additionally, the frequency of reconbination is proportional to the

di stance between two |inked genes, it was expected that frequency of
reconbi nati on events between two or nore honol ogous genes 10 | ocated in

di fferentirdtsetthd orishl egendtled @ hilgis atdse, t hgs waleattdedtedetebt ons of
said genes and/or in severe interferences. Accordingly, it was extrenely
sur pri si AFECTMANFG e c SERES! i RPNt §2dE6c RPBLOBRIES t ARShe"ORbdHDI ogous

genes renpidied; APy Lasgitedd Mosihee L .dif f ERAL ARRIAdLIL SELES of
the viral genome. According to the prior art, a reconbinant poxvirus
cont ai ni regndflairfsi qat iOMA GForphfel axdmis usndsdolr ashdapamede liEBwaphaleti s

Vi J Yel | F Vi YE d De . us
ot onp NFOB AT B Bofevertt odn AR o TRbd Fiomded (Eabvi r uses
ver e i nsefyieik apdyld assknghelyi BB aRthalbl (i@ cRAMaddiSer dhH B t Ehe

Addi tional ly, sequence conparison with a suitable conputer software
(Laser gerfe B Qe gaf | GRCONAENAED]R) 1FePEaled ta onlgdndliodindf At fleagedes

i nserted 'ggg OXMa i r % 29. 6%

from YFVHO éﬁz]ge“?fé 3‘%@% érgg’m r@ryéaased%lgﬂ?%%g%ﬁ %%%55&%%)%% 8r>ngl ar

di scl osurre=cpiires: tan WOr88f 4 3be@weencrivm ngr moser tHoom Iafgddesguen&sr us

antigens .into the,sane insertion site of Mdified ccinia Virus Ankara
AYD oSREATAT y iBa0Ti TS GET ot PERTERPB 191 Ces wouf®Be" figH “dnd

thus, result in deletions of said genes and/or in severe
interferences. Accordingly, it was extremely surprising
that no recombination events occurred, but that the
homologous genes remained stably inserted into the

15 different insertion sites of the viral genome.

According to the prior art, a recombinant poxvirus
containing foreign DNA from flavivirus, such as Japanese
Encaphalitis Virus (JEV), Yellow Fever Virus (YFV) and
Dengue Virus, are known (US Patent No. 5,514,375). However,
20 each gene derived from said flaviviruses were inserted only
a single time and into the same insertion site.
Additionally, sequence comparison with a suitable computer
software (Lasergene 4.05 Megalign, Macintosh) revealed a
homology of the genes inserted into the poxviral genome and
25 derived from JEV of 20.2%-29.6%, from YFV of 29.2%-45.3%,

and from Dengue Virus of 22.8%-29.5%.

Similar disclosure applies to WO 98/13500 describing
insertion of Dengue virus antigens into the same insertion
site of Modified Vaccinia Virus Ankara (MVA), especially

30 into deletion site II.



WD 03/ 097846 PCT/ EPO3/ 05047 -11 US Patent No. 5,338,683 describes
insertion of gp 13 and 14 of herpesvirus glycoprotein genes into two

di f f er entwoion®emsté on sites of a single reconbi nant poxvir RST/Ero¥iesneT, bot h
genes have a honol ogy of 25.2% only.-8B-Sequence conparison between

i nfluenza virus haemaggl utinin and nucl eoprotein gene inserted into the

sane insertion site (deletion site IIl) of a Mddified Vaccinia Virus
Ankara (MVA) resulted in a honol ogy of 49.1% (US Patent No. 5,676, 950;
Sutter et al., [1994], Vaccine 12: 1032). 10 US Patent No. 5,891, 442

di scl oses U@ Fedemti Mant Spedd 1A dientwibesngrideer toioe ngf spejuencend ar4 t he

pol yprotein VP2, VP3 . and VP4 of infectious bursal disease. Sa enes were
f used an&& t RFEPIHeeTted ThY S RE SRt e 9ﬁ§§?ti&ﬁt§it§Wﬂujéiié;é%nt

horol ogy ahsék+Q¥n50s13%s 16 FinalhhyieUScRatgathaMNe. $0:2344n882 wWifasrdbes a
reconbi nant _swi nepox virus vector containing pseudorabies antigens gp50
and gp63 Woth geResoley® 6f omoindvhadr 28d 2%tanlbhe same insertion site.

In summary, it can be stated that according to the prior 20 art honol ogous
genes or Sequences dravdan) sorhopetegyn oindiueheastvis® dreemddgliutsierired into
t he sane a singl insertion site wthin the viral genone. According to
t he prese% diﬁ%%%??g ?Oﬁ%ﬁ%léﬁ% S é8ﬁ8§£8g :ggﬁﬂeﬁ%ﬁ% %393 IS SYY of at
| east 50%siitee. (dalbemohogyit@5 DfT)50%E 400¥pdifeed afadeasis 504 denti cal

nucl eoti de_bases. Cenes or sequences having a honol ogy bel ow 50% can be
consi der e8758TBei(Hy et &syl dn pn homelesint ©& 45F- Ithe U rRageamnt Novent i on,

the term 5N@TB, AGAUS sullerNUMLAGY" [19544SCH4RAN0ERES 1Qfs Hequences ar e

conpared to eac 30 whereas the't orei gn" gene,” ™exogenous" or
10 US Patent No. 5,891,442 discloses a recombinant poxvirus

containing the coding sequence for the polyprotein VP2, VP3
and VP4 of infectious bursal disease. Said genes were fused
and, thus, inserted into a single insertion site and have a

homology of 41.9%-50.3%.

15  Finally, US Patent No. 6,217,882 describes a recombinant
swinepox virus vector containing pseudorabies antigens gp50
and gp63 with a homology of 52.7% inserted into the same

insertion site.

In summary, it can be stated that according to the prior
20  art homologous genes or sequences having a homology of at
least 50% are all inserted into the same or a single

insertion site within the viral genome.

According to the present invention, homologous genes or
sequences have a homology of at least 50%, i.e., a homology
25 of 50% - 100%, i.e., at least 50% identical nucleotide
bases. Genes or sequences having a homology below 50% can
be considered as being heterologous. In the context of the
present invention, the term “homologous” or “homology” is
used when genes or sequences are compared to each other,

30 whereas the terms “foreign” gene, “exogenous” ox



WO 03/097846 PCT/ EP03/ 05047 -12 "heterol ogous" sequence are used when
genes or sequences are conpared to the poxviral genone; i.e., said terns
refer towea oBR¥ssequence which is in nature not normal |y fPelrEPo3/e®SDCI at ed
Wi th a poxvirus as used according to-2he 5 invention. Accordingly, the
present invention relates to a reconbinant poxvirus conprising at |east
two genes which are heterologous in conparison to the viral genone, but
whi ch are honol ogous anbng each other. The term "genes" refers to coding
sequences, which encode, e.g., proteins, 10 pol ypeptides, peptides,

ant i gens “aed ctride dgickes” Psedneénse apel yipepd | deenorggest | des daqarnesiatsed from
honol ogous genes fulfill _the sane tasks and show the same functional
properti 85 AGHBREEEUS O ehss R IrdduIgsdRderi“Fed f e reHitST but

rel at ed SQUILesNar AIHANABACEOLY ngh | 815 ane,subadiaRnt Ofsdidies present

i nvention, t onology 1n the coding sequences 1s preferably 70%to 80%
more pr eSepablbyc80%nticO0% opdBlioriue 166% udest pmaeferdiew | $@a ool ogy

f 65%tq 75% .Si t he recanbi nant irus, ding tg_th t 20
nvent | o PG Sks AT TN BaN GendtT £ PRF of BKCRBACT 7608 "o8: gl & |

i nfecti owg R @t No®Rei Mi& USopirticGhng oM Yi1chBer ecwd SgBaeki skiath uneven
i nfection and unbal anced expression of the different honol ogous sequences.
Thus, t hereeckrberoheoopdXx iy USCERRBEEPAg to ERe pHesehnt IPROBRLI At

conpri si ng .and C I f.£eX i ev clqﬁﬁ%y ew sest
rel ated g%ﬁ%@-&%§%|2%% ]ﬁﬁ§ﬁ¥$c§%8§§qS%ﬁ%%sgﬁﬁgghe in egggﬁ' ﬁ%ﬁﬁééi;
parti cul aelferadvent agaons fearquche egenertaidlonentodaul td.val,enproaeicisnes. Thi s

advantage e partcul arly Lteresting for, the, 39, deyglopmepy of vgeei nes

polypeptides or peptides translated from homologous genes
fulfill the same tasks and show the same functional
properties. Homologous genes are regularly derived from
different, but related sources or organisms. According to
15 one embodiment of the present invention, the homology in
the coding sequences 1is preferably 70% to 80%, more
preferably 80% to 90% or 90% to 100%. Most preferred is a

homology of 65% to 75%.

Since the recombinant poxvirus according to the present
20 inveﬁtion comprises the relevant genetic information in one
single infectious unit or in one virus particle only, there
is no risk of uneven infection and unbalanced expression of
‘the different homologous sequences. Thus, the recombinant
poxvirus according to the present invention comprising and
25 capable of expressing several closely or even closest
related genes or almost identical sequences in one infected
cell is particularly advantageous for the generation of

multivalent vaccines.

This advantage is ©particularly interesting for the
30 development of wvaccines against diseases, which can be

caused by several closely related strains or serotypes of a



caused by several closely related strains or serotypes of a WD 03/ 097846
PCT/ EPO3/ 05047 -13 virus, |ike e.g. Dengue virus. Reconbi nant poxviruses
conpri si ryohanwisagous genes of different Dengue virus sePCTHEPEFOAME
described in the Exanpl es. The honol oous genes or sequences according to
the present 5 invention can be derived fromany m croorgani sm such as
any virus except the vector virus, any bacterium any fungus or parasite.
Preferably, the honol ogous genes or sequences are derived from an

i nfectious or pathogenic mcroorgani smand nost preferably fromdifferent
strai ns arirlfs cl adess ward antenqubt woesuor Seaippesaf spoxdviruses

m croorganism_ The terns "strain" or "clade"_a technical terns, well

known t o QFEHHAY t iHELoGB%r 19T 0 The € T of DERFET oo HanP sns.

The taxonomi g syt epelassifigs all 99 fldardkd &haract eri sed ni croor gani sns
into the hierarchic order of Famlies, Genera, species, strains (Fields

Vi r ol ogy,ed. i S , 1 RAI =R | r Lfion
2001) . V%Tllr’Ieee 1%‘%e{o’—Lcér:df(t%eérji %g?%% ?tee%g%g%tgso%\éggﬁ%g: z&pt%é? ﬁ%ﬁ%?%%eneti C
r el at bonshiventa d@enesa tenpiéstsedl Fr20 renpenscwhbcbashame comipnas
characteristics, and a species is defined as a (%ol tgeti_]c ¢l ass that

B br

consti t ut¥Y aViFEs| i 8XCPRG | FARagEE G ododpites EafFar"®Beol 3G cal

ni che. ThedR/IdM o8t r@h Ao s Pfe . Clradeerde8e) | befed hdRST R GRANIGEMes - 8 Vi rus,
whi ch shares the conmon 25 characteristics, |ike basic norphol ogy or genone
st ruct ur eeqrrharyarirsat denivedt Teehesn n ibifelcsgiossl properEihegeni¢ke

host range, tissue tropis ographic .distributio e i

pat hogen?‘&%@oo%aen agy! %n({l/nar?c?sg%?%ng%?raﬁirfo%@%e@P?%]? %rggfésjfll?%g(g%shes
bet waen reErdasss, of «tdieiants, subtypes or  serotypes of said

microorganism.

The terms "strain” or “clade" are technical terms, well
known to the practitioner, referring to the taxonomy of
microorganisms. The taxonomic system classifies all so far
15 characterised microorganisms into the hierarchic order of
Families, Genera, species, strains (Fields Virology, ed. by

4%"  edition

Fields B.N., DLippincott-Raven Publishers,
2001). While the criteria for the members of Family 1is
their phylogenetic relationship, a Genera comprises all
20 members which share common characteristics, and a species
is defined as a polythetic c¢lass that constitutes a
replicating lineage and occupies a particular ecological
niche. The term "strain” or “clade™ describes a
microorganism, i.e. virus, which  shares the common
25 characteristics, like basic morphology or genome structure
and organisation, but varies in biological properties, like
host range, tissue tropism, geographic distribution,
attenuation or pathogenicity. The term “"variants” or

“serotypes" further distinguishes between members of the

30 same strain, also called subtypes, which show individual



30 sane strain, also called subtypes, which show individual WO 03/ 097846
PCT/ EPO3/ 05047 -14 infection spectra or antigenic properties due to m nor
genom ¢ wipicawdsms. According to a further enbodi nent of wPhe/EPozewmt
invention the honol ogous genes or seduences are selected from 5 viruses,
preferably viruses, which belong to the genera of Flaviviruses, such as
preferable - but not limted to - Dengue virus, West N le virus or Japanese
encephalitis virus; which belong to the genera of Retroviruses, such as
preferable - but not Iimted to - Human | mmunodeficiency 10 Virus (HV);
whi ch beliafgctdohhesgenera obr Entrerimarriusepropsuthicas puef etablmeinodbut not
limted to - Hand, Foot, and Mouth di sease, EV71; which belong to the
gener a oFSTRBEAY VAFLES 16 Sahi ch bel ong to the genera of O thonyxoviruses,
such as preferable - but not Ilimted to 15 Influenza virus.,K Mst preferred
are honoP6§eES1geNde alekuydyey r ewpPadrrgntvPEusheaREsisfitty 17 %40R her

preferred %gr g}go%!;l %%)é 050HS ggHERcaLe %FcleeCts%‘iéch%H Denguye Vi rus

genes, pre era preferab E, nore preferably PrM
Most 20 mehe;relsed p&r&fdmmll},og\mmweswldechvbdlbngmtdr fc&mr@ftne@er@fypes of
the virus, wherein said enes %g d%%jcved from one, hree or from

al | of tHKeH BIKYFES i r HECh s &S0t Srdi gt o8 111 r& i11”‘:(‘fat K& ~

enbodi MeffenihiR h@ﬂehegourres@S NENeS Ak sSebect egpdnose didd@ssi1H M st ai ns
or clades. "Preferably the honol ogous genes are selected fromthe gag/pol

codi ng sedquasce whiote Rrling abd ytheosrnRtacAf REGHONG ISE@foncelBt FRrt her
pr ef er abl y fIomd combiation. of s stryctiyal angiar LAl Ao Ve Hkyodi ng

sequence
10 Virus (HIV) ; which belong to the genera of Enteroviruses,

such as preferable - but not limited to - Hand, Foot and
Mouth disease, EV71; which Dbelong to the genera of-
Rotaviruses or which belong to the genera of
Orthomyxoviruses, such as preferable - but not limited to-
15 Influenza virus. Most preferred are homologous genes

derived from a Flavivirus.

According to a further preferred embodiment, the homologous
genes are selected from Dengue virus genes, preferably C,
NS1l and/or NS2, or preferably E, more preferably PrM. Most
20 preferred are homologous genes derived from different
serotypes of the wvirus, wherein said genes may be derived
from one, two, three or from all of the 4 Dengue virus

serotypes.

According to still a further embodiment the homologous
25 genes are selected from different HIV stains or clades.
Preferably the homologous genes are selected from the
gag/pol coding sequence, more preferably from the env
coding sequence or further preferably from a combination of

structural and/or regulatory HIV coding sequences.

30 The vector wvirus suitable for the present invention is

selected from the group of poxviruses, which can be easily



30 The vector virus suitable for the present invention is selected from
the group of poxviruses, which can be easily W 03/097846 PCT/ EP0O3/ 05047
-15 cul t uwed3sjosrssel ect ed host cells as, e.g., avian host @®€rEPp3/03wt which
are highly replication deficient or adtually not replicating in humans or
human cells. According to sonme preferred enbodi nents the poxvirus 5
according to the present invention is selected fromthe group conprising
canarypox viruses (Plotkin et al. [1995] Dev Biol Stand. vol 84: pp
165-170. Taylor et al. [1995] Vaccine, Vol 13. No. 6: pp 539-549), fow pox
viruses cAfeRr@ din aeldA M0 haoktVidalls pps 3815 383vidn ehast 19eM s pl ogy,
ed. by Fields B.N., Lippincott-Rayen Publishers, 4th edit. Ori 001, Chapter

: . 2
85: page P¥91 651 GeRjs nipoRly v PR &S EEPRNASEG CdERE O R8I YGHCVi rol |
79, pp 163747 11649 Pri feald ves thiieiede1:3 nce these viruses belong to
0

t he genera Avi poxviruses they can be easily cultured and 15 anplified in

avi an cell s @ ver, in I u he e i i on
def ect | veA,Cd\ﬁni c%neatn% t%@%@ggg??gﬁpyn%%bgggwggﬁsy )r‘%?él nf%%tp\?%ﬁgé pr ogeny
Vi ruses aionirieduced. tAecopdepgnto imvantimr eésboxkhertedf fidom prlagent

invention 20 a Vaccjnja viruse, preferrabl t.t enuat ed Vacgj ol Vi rus,
is used %Putpne‘:%‘%%ﬁl%nCSPaFé'eBFfbivﬂé?ﬂsep%x&njr%gﬁjsn g%nﬁll ‘S| ﬁjg%\%l) or
mor e homg}Qgosis, JeBeanaN Laugdy | thS gy ¢ habaWBsEi Bira a4 § usesof VV) may

undergo honol ogous reconbi nati on of short honol ogous sequences and 25
t her eby Mmcadelest e Viednolldgoudloseq@ences (FoM 2§kt afowlpenosyircens 172:

oo BT S A PSP JEccist p sk e
findiipg KB rology, ed. by Fields B.N., Lippincott-Raven Publishers,
4" edition 2001, Chapter 85: page 2916), penguin pox
viruses (Stannard et al. [1998] J Gen Virol, 79, pp 1637-
1649) or derivatives thereof. Since these viruses belong to
the genera of Avipoxviruses they can be easily cultured and
15 amplified in avian cells. However, in mammalian or human
cells they are replication defective, which means that
essentially no or nearly no infectious progeny viruses are

produced.

According to a further embodiment of the present invention
20 a Vaccinia viruse, preferrably an attenuated Vaccinia
virus, is used for the generation of recombinant poxviruses

comprising two or more homologous genes.

Although it is known that Vaccinia viruses (VV) may undergo
homologous recombination of short homologous sequences and
25 thereby may delete homologous sequences (Howley et al.,
[1996], Gene 172: 233-237) the inventors provide a
recombinant Vaccinia virus including homologous sequences
or genes stably inserted into its genome. This finding is
particularly unexpected, since according to Howely et al.
30 already short sequences from up to 300 base pairs (bp) were

sufficient to induce genomic rearrangement and deletion of



particul arly unexpected, since according to Howely et al. 30 already short
sequences fromup to 300 base pairs (bp) were sufficient to induce genomc
r ear r angeworns/ognsde del eti on of WD 03/ 097846 PCT/ EP03/ 05047 pCTEPOSI0FRT Oogous
sequences in Vaccinia virus. The practéi-ti oner would, thus, expect that

| onger sequences woul d i nduce reconbination events wth an even higher
probability. However, according to the present invention even sequences 5
conpri sing conpl ete honol ogous genes can be stably inserted into the
genone of Vaccinia virus. One - not |limting - exanple of a vaccinia virus
is the higilpgdd€enygatednard hnst veargdeisestiies ed THac chnhatisioaen,

Modi fi ed Vaccinia Ankara (MVA) (Sutter, G et al. 10 [1994 VaCCI ne 12:
1032- 40) Wa¥A dras thedn g@ﬁ@?&?edt]%‘?t a@%tﬁe%7@e§é1@é’lespa§’§é} 8s HRdeRecken
enbryo fi %Eﬁ ar o) CG ir or

revi ew séﬁteg yr asc,&(gn et a ﬂ%(lg@% , In EC%I%{% Sﬁfgél?i%) .JH?OE%ﬁ%é%%equence
of these HC!MEQF&JE,I’ M RssAYeS ﬁNAtdeI @D:we@moum@teibn(iémsesq@énces
genom_c sequence. The resultin rus strain 6? Wat cri bed, a
Rost | Gel ICPBELTS K1 ¢ OERRT/eT , RPRO OGRS SHTCTFR \bF of 295 1835 1638

[1991]). iAtd Y& derdBife &ifagyébéﬁqi\é/%ﬂ@that has been dep05|ted at the
European Col |l ection of Animal Cell Cultures under the 20 deposition nunber

ECACC VOQ20707 kN gt hef s eabadiimite t g MVArMRE o84 F dhRuar i& derkvative
t hereof can be used accordi ng to the present invention. The strain

MVA- Ver o Hiagh lheene deposated aentihe hiegitop eamgeColﬁ%tmmlt@i Aveeaingel |

Cul tures ynder t osi.tL.on 25.nu V99 1 _and, ECACC 01021411.
The saf et3FGSH" 'tH‘\Z %&/ﬁ%r alcglpéfalg} ég ? éhg;m ca agd
physiigal cheract efbsties as2 desonpbad)i.n M\Vﬂe hatgerua@émorg@nerated by

about 570 serial passages on chicken embryo fibroblasts of

hi ghly

the Ankara strain of Vaccinia wvirus (CVA) (for review see
Mayr, A., et al. [1975], 1Infection 3, 6-14). As a
consequence of these long-term passages CVA deleted about
15 31 kilobases of its genomic sequence. The resulting virus
strain, MVA, was described as highly host cell restricted
(Mever, H. et al., J. Gen. Virol. 72, 1031-1038 [1991]}). A
typical MVA strain is MVA 575 that has been deposited at
the European Collection of Animal Cell Cultures under the

20 deposition number ECACC VvV00120707.

In another embodiment the MVA-Vero strain or a derivative
thereof can be used according to the present invention. The
strain MVA-Vero has been deposited at the European
Collection of Animal Cell Cultures under the deposition
25 number ECACC V99101431 and ECACC 01021411. The safety of
the MVA-Vero 1is reflected by biological, chemical and
physical characteristics as described in the International
Patent Application PCT/EP01/02703. In comparison to normal

MVA, MVA-Vero has one additional genomic deletion.

30 The term “"derivatives" of a wvirus according to the present

invention refers to progeny viruses showing the same



Pat ent Application PCT/EP01/02703. In conparison to normal MWA, MWA-Vero
has one additional genom c deletion. 30 The term"derivatives" of a virus
accor di ngwoe3dms4gr esent invention refers to progeny vir @sggErshiaisng t he
same WD 03/097846 PCT/ EP03/ 05047 -1-77characteristic features as the parent
virus but showing differences in one or nore parts of its genone. Still
anot her enbodi nent according to the present invention uses MA-BN MWA-BN
has been deposited at the European 5 Collection of Animal Cell Cultures

wi th the deposition nunber ECACC VO0083008. By using MVA-BN or a derivative
t her eof aciparddicatiaitisaf Eeitiesvagei nehd Spge@altateﬂrusi nage  isholdagbeen
shown that the MVA-BN virus is an extrenely _ high attenuated virus, derived
fr om Modi #4 BEPBRGSHi 18 10 AKa ML RA ﬂ@§tSTH§réF8r€enPWethe most preferred
enbodi ment, MA-BN or derivatives thereof containing two or nore
honDIogou%tg%he®ﬂ%§%%¥d@ﬁ@oﬁbmﬁﬁﬁ @@@@éﬁ%ﬂgn@@n?henpr§sa§édlna§nﬁppa|

vect or. T'g I Ah§ﬁf'vﬁbkv E%g-ﬂ@gn_da Bg?%%ﬁ qﬂylr whi-ghhas the

sane func |ona aracterls conpare f eat ures of
MWA- BIN, t¢m&r§5ti¢mN|dﬁ1 Amhnhﬂol0gn¢a|cw5s@yssahMﬂM1ngikhedepabd&tonn

whet her an WA is and a derivatiyve thereof and netgpds allomnng t he
generatld%u%ﬁeﬂwﬂcéﬁcbfvgg9§§%9§veéﬁih%?%%g A REcPrbét “PRIVBE6YF42480

(i ncorpor@%@f'e@@r@l apezléﬁigfe@ggé vEPEs eag¥c 2Ry Lenexarine aiheactional
characteristic of A- or derivatives thereof is its attenuati on and

| ack of IEphﬁ@aﬂMﬁﬂllﬁhhwnanﬂkﬁiatheeMN§ BN @l¥esoiisi remt epoxemnedy
accordin i nvention_.the eépr%55|on of %he exggenous

th rese
sequenceghjréj'h tg%%??g?ﬁedvb¥%?Era%?§l%y a p%?@lr%Pd%réﬁgCrlpflona
cont rl eAle]er@ﬁé , viphe . prrebeedblre , by ran VAo sanar ¥ £ epxedf ewbopaxent ,

MVA~BN or derivatives thereof containing two or more
homologous genes according to the present invention is used
as viral vector. The term “derivative of MVA-BN” describes
a virus, which has the same functional characteristics
15 compared to MVA-BN. The features of MVA-BN, the description
of biological assays allowing the evaluation whether an MVA
is MVA-BN and a derivative thereof and methods allowing the
generation of MVA-BN or derivatives thereof are described
in WO 02/42480 (incorporated herein by reference). One easy
20 way to examine a functional characteristic of MVA-BN or
derivatives thereof is its attenuation and Ilack of

replication in human HaCat cells.

In a recombinant poxvirus according to the present
invention the expression of the exogenous sequences 1is
25 controlled preferably by a poxviral transcriptional control
element, more preferably by an MVA, canary pox, fowl pox,
or penguin pox transcriptional control element or most
preferably a Vaccinia virus promoter. Poxviral
transcriptional control elements according to the present
30 invention comprise furthermore every transcriptional

control element functional in a poxviral system.



or penguin pox transcriptional control elenment or nost preferably a
Vaccinia virus pronoter. Poxviral transcriptional control elenents

accor di ngwom3bdm4pr esent 30 i nvention conprise further nor @CEEPO3/05047
transcriptional control elenent functi-onal in a poxviral system WO

03/ 097846 PCT/ EP03/05047 -18 The insertion of the exogenous sequences
according to the present invention is preferably directed into a non-
essential region of the virus genone. Non-essential regions are e.g. |oci
or open reading frames (ORF) of poxviral 5 genes, which are non-essenti al
for the prheiitmdsetrtioencyd ehe Absogembes gepgoenegsorsscoddicly descthbe t he
space i nbetween two ORF, are,considfreg Es ngon- essenti al _regi ons accordi ng
to the prsHY nVERT$ROFn Bfot Fef 'ne%%r%?t?ﬁe 11 R9enti o2t he

exogenouseéseél&@i@fsr%éfoﬁﬂéﬁréﬁg Hrds 10-AShaT aliby-0568AEERY g8LEbhEN Site
of the MVA genone (disclosed in PCT/EP96/02926 and i ncorporated herein by

ref erencexe Theoor i botat icen obehheréariord edrBNasdo8RAbt dfaveoarirpaf | uence
on the functional,ity or_stability of.the. 15 reconbi nan L LUS a rdi ng
Che. pEesdiiit i ditt ¥R e G T RE PECHhb: ot C BEa Pl At e bp EPnGrFoSt ne
inventi om1ds Mkt yer OWEg165E | | $heeh addsciibs, thegbbscat tapyaiedn it is

an ideal candidate for the treatnment of a w de range of mammal s i ncl udi ng
humans arfév@VeRE i nftiRe COBRPESHSSe @2 N BURFREN Hehk ereghen Hr 8S€RFALRGent i on

al so proviges,a phaLmReeulifah, LoIPosid i 0AoAAL:Al SB3uMASEE NS Oknknduci ng
an inmmune response 1n a living ani mal body, |ncFud|ng a uman. The
phar maceutealt campostihé onexayegeusr atégquencésdeanae tnse2bedoret a

har maceuti cal | y accept abl e and/.or approved carriers,
P 10 naturaf&y ogcurISng de&etggn Qgte oéa the

MVA genome
(disclosed in PCT/EP96/02926 and incorporated herein by

reference) .

The orientation of the inserted DNA does not have an
influence on the functionality or stability of the

15 recombinant virus according the present invention.

Since the recombinant poxvirus according to the invention
is highly growth restricted and, thus, highly attenuated,
it is an ideal candidate for the treatment of a wide range
of mammals including humans and even immune-compromised
20 humans. Hence, the present invention also provides a
pharmaceutical composition and also a vaccine for inducing
an immune response in a living animal body, including a

human.

The pharmaceutical composition may generally include one or
25 more pharmaceutically acceptable and/or approved carriers,
additives, antibiotics, preservatives, adjuvants, diluents
and/or stabilizers. Such auxiliary substances can be water,
saline, glycerol, ethanol, wetting or emulsifying agents,
pH buffering substances, or the like. Suitable carriers are
30 typically large, slowly metabolized molecules such as

proteins, polysaccharides, polylactic acids, polyglycollic



additives, antibiotics, preservatives, adjuvants, diluents and/or
stabilizers. Such auxiliary substances can be water, saline, glycerol,

et hanol , wetosiosmg4©r enul sifying agents, pH buffering sub®Campeypsoar t he
|ike. Suitable carriers are 30 typicald-y |arge, slowy netabolized

nol ecul es such as proteins, polysaccharides, polylactic acids,

pol yglycol lic WO 03/097846 PCT/ EPO3/ 05047 -19 acids, polyneric am no
acids, amino- acid copolyners, lipid aggregates, or the like. For the
preparation of vaccines, the reconbi nant poxvirus according to the

i nvent i oradisiconvelyesri at amano5aphyisi okognealdai chooape lphers or bipIdi s can
be done based on the experience in the preparation of poxvirus vaccines
used forrdHEIFRS orPag %S£ %%ml | pox (as described by Stickl, H et al.
[1974] Dtsch. nmed. Wschr. 99, 2386-2392) . For exanple, the urlfled Vi rus

is store@@ﬂ t@%c®%@@ﬁ@§ﬁﬁQﬁ69ﬁ0v%$05%§%E8th€I ¥l BOEE-FRS about
10nM Tri s, rq\é, Na(d p'-tlh7 4. iEQenthenpPr epar at bBHv%Et\é@CC' Bﬁt§h0t§ e.g.,
10E2- 10E8 partl es of the virus are lyophilized in 100

phospﬁateﬂiuﬁﬁqﬁqghe&ﬂlymﬁﬁ@éﬁﬁabhetﬁermre§bmee0@ﬁl2@@ @mnﬁcb@ﬁ%@don@bhunan
albumn in an a oule(i pref %? ass aqggu e. Ajgernatlvelgd t he
vacci ne sHBt ST P& Q%égﬁ%ﬁ) L3 VHF VT ntor TR UFFls in a
fornul at i@ J&télﬁ@ﬁﬂyha@g@rimn SRt B Ik adglst ideralriaddity vesisuth as

manni tol , dextran, % ycine, lactose or polyvi iléggr(ﬂi done or
other ai db se&h ak. 2(D aﬁﬂﬂo@tﬁhs Bedi ndtachyas, 98t aBI87erd%0r- rB8Bnbi nant

Dr ot &1 1S Laen DU SSLUMALBUY M) o4l tabl eod ok | BaNbuoys AL sLEAL T on

The gl ass a ‘e TS then sea and can Stored between 4 room
t enpapat Wi §R10EEVacaDspanl hformhibaewdr inasbong admMo Tneed ekdGtsMt he
anpOU|e|ﬁ25§O£§d7 4. For the preparation of vaccine shots, e.g.,
10E2-10E8 particles of the virus are lyophilized in 100 ml
of phosphate-buffered saline (PBS) in the presence of 2%
peptone and 1% human albumin in an ampoule, preferably a
15 glass ampoule. Alternatively, the wvaccine shots can be
produced Dby stepwise freeze-drying of the wvirus in a
formulation. This formulation can contain additional
additives such as mannitol, dextran, sugar, glycine,
lactose or polyvinylpyrrolidone oxr other aids such as
20 antioxidants or inert gas, stabilizers or recombinant
proteins (e.g. human serum albumin) suitable for in vivo
administration. The glass ampoule is then sealed and can be
stored between 4°C and room temperature for several months.

However, as long as no need exists the ampoule is stored

25 preferably at temperatures below -20°C.

For vaccination or therapy the 1lyophilisate can be
dissolved in 0.1 to 0.5 ml of an aqueous solution,
preferably physiological saline or Tris Dbuffer, and
administered either  systemically or locally, i.e.
30 parenteral, subcutaneous, intravenous, intramuscular, by

scarification or any other path of administration know to



25 preferably at tenperatures bel ow -20C. For vaccination or therapy the

| yophilisate can be dissolved in 0.1 to 0.5 nl of an aqueous sol ution,

pr ef er ablwophygsised ogi cal saline or Tris buffer, and adm RCIEPOZS0ET t her

systemcally or locally, i.e. 30 pareteral, subcutaneous, intravenous,

i ntranmuscul ar, by scarification or any other path of adm nistration know

to WD 03/097846 PCT/ EP03/ 05047 -20 the skilled practitioner. The node of

adm ni stration, the dose and the nunber of adm nistrations can be

optim zed by those skilled in the art in a known manner. However, nopst

comonl y #heakkehileds pragaiindteti tTha sedendshodmabbutratiemne ttheth to

six weeks_after the first_vaccinatjiaon shot. The recogalnant viru gccordlng
g

to the pré’edt2RAvEREi BNTRST $de@FBMUTHE 3 HHFCH AT IR oPPEHBL 8RDgB¥ous

coding seguencesy Nt anl angeta f@lin IN@AiRET Qli6ld:ON BbywéPeBX0HBBRUS
coding sequence into a target cell may be used to produce in vitro 10

proteins, cqme@bptad@@tqﬁﬂuLﬂ%sva@wnmgbﬂ@ Hmdhe@tﬂﬁﬁgﬁd tepesbpuél y.
Furt hernore, the et hod. for troﬁgctlgﬂ o£ honnlogogs qQr gf a

het er Iodﬁﬂ%z@%ﬁﬁ%n%% Phto %% © abbf FEAFEFTRTVPEr 8°8Rd i n vivo
therapy. For in vitro therapy, isolated ceI t hat have, been EreV|oust

(ex vivo)Th® THELEPHPHFt KEFHE FECH ?ﬂ%nFOpB§9|PE§S§EEOFBVﬁB 8™t hE

inventionyare adm phst ehedotiQcthen! b¥i PR 28kBENBAYY cbBingl BHYGEAGAN
i mmune response. For in vivo therapy, the reconbinant poxvirus according

to the invereiantésgdireelly Thdnintseéredion eheahi ekpgerARARFCBdEY f or
|nducing, ol 60,1 ATHRE,{£3POR0E: Lt NoayCas ugbhechebl aaauLl ndipacthe
recombi naptoaetes di R Typddiel daw,enpepriddbt erant hfesti emd t bpieebks,
SynthESIZfééggcgigéf§nsFuBgﬁggggiédeghe method for introduction of a
homologous or of a heterologous sequence into cells may be
applied for in vitro and in vivo therapy. For in vitro
therapy, isolated cells that have been previously (ex vivo)
15 infected with the recombinant poxvirus according to the
invention are administered to the living animal body for
inducing an 1immune response. For in vivo therapy, the
recombinant poxvirus according to the invention is directly
administered to the living animal body for inducing an
20 immune response. In this case, the cells surrounding the
site of inoculation are directly infected in vivo by the
virus or its recombinant according to the invention. After
infection, the cells synthesize the proteins, polypeptides,
peptides or antigens, which are encoded in the exogenous
25 coding seqguences and, subsequently, present them or parts
thereof on the cellular surface. Specialized cells of the
immune system recognize the presentation of such foreign
proteins, polypeptides, peptides, antigens and epitopes and

launch a specific immune response.

30 Methods to obtain recombinant poxviruses or to insert

exogenous coding sequences into a poxviral genome are well



pepti des or antigens, which are encoded in the exogenous 25 codi ng
sequences and, subsequently, present themor parts thereof on the cellular
surface. Spagiogisized cells of the inmune system recogni zeCriPoposwgent ati on
of such foreign proteins, polypeptidds, peptides, antigens and epitopes
and launch a specific i mune response. 30 Methods to obtain reconbi nant
poxviruses or to insert exogenous codi ng sequences into a poxviral genone
are well WD 03/097846 PCT/ EP03/05047 -21 known to the person skilled in
the art. Additionally, the nethod is described in the exanples and can

al so be dedosedtoorceopdeisad ékDDlébelhOHhéMaEhrEA&dEﬂﬁeﬁalWDlethbar

Cl oning, A laboratory Manual . Second 5 Edition.. By J. Sanbrook

Fritsch aRgtodNhRi dBFSTibsfdinspRepng=pEPbEF PREoFER0RYSPr &8s efgggd

descri bes, }eggﬁbgggéd EPkaBH§’?ﬁ%ﬁé@%ﬁ§t§8@é£QnEBEeCU|ar bi ol ogy

t echni ques suc as cloning o and RNA isol ation, western bl ot
anal ysi s, - RT- PGRl and12CR ampindngat i 8n tbehorguesy 10anvé ¥ ol o§gcherdhods

Manual . E ted by h | ar 0. Kan . Academ,c Pre 1996:
descridbes bEhﬂ?qugg 9 ¥wWﬁh ﬁ% grﬁ gﬁﬂ£ﬁﬁh.Baﬁa&roﬁa8ﬁa6ﬁﬁusgeﬁ%

Mol ecul arg fi@bogxrbAer@%bk%%brgpQ&Qﬁﬁb Foig ¢ edab¥cAi beBaviesan igneésRM
Elliott. e Practi cal roach Series. IRL 15 Press at Oxford University

Press. cx¢@ddk49@3hOWh§9restgndaE%pm@égp@haéfbg@ﬁ@§Ybyeva@énﬁﬁa wileds

yectors. o Lurients b1 obocthe, | nplal e 2ifl ol gy cPUbl i Sfiercealona W] ey and

Son I nc. Section ression of "proteins in manmalian
celI's usi agaMastsni RT-2ORvandl PeRcamplidésatibasteenhnpgees and know how

for the handling, manipulation _and genetic engjneeri.ng of  MWVA. For the
generti on of V%E%%Bgﬁa%ﬁ theslsi Maged %écé%?ﬁ?%% #8 Brian WJ Mahy and

Hillar O Kangro. Academic Press. 1996: describes techniques
for the handling and manipulation of viruses.
- Molecular Virology: A Practical Approach. Edited by AJ
Davison and RM Elliott. The Practical Approach Series. IRL
15 Press at Oxford University Press. Oxford 1993. Chapter 9:
Expression of genes by Vaccinia virus vectors.
- Current Protocols 1in Molecular Biology. Publisher:
John Wiley and Son Inc. 1998. Chapter 16, section IV:
Expression of proteins in mammalian cells wusing Vaccinia
20 viral vector: describes techniques and know-how for the

handling, manipulation and genetic engineering of MVA.

For the generation of recombinant poxviruses according to
the present invention different methods may be applicable:
The DNA sequence to be inserted into the virus may be
25 placed into an E. coli plasmid construct into which DNA
homologous to a section of DNA of the poxvirus has been
inserted. Seperately, the DNA sequence to be inserted is
ligated to a promoter. The promoter-gene linkage 1is
positioned in the plasmid construct so that the promoter-
30 gene linkage is flanked on both ends by DNA homologous to a

DNA sequence flanking a region of pox DNA containing a non-



the present invention different nmethods may be applicable: The DNA
sequence to be inserted into the virus may be 25 placed into an E. col

pl asm d cwogBousEe i nt o whi ch DNA honol ogous to a secti onPofi/EPBRO®A7 t he
poxvirus has been inserted. Seperatef2y, the DNA sequence to be inserted is
ligated to a pronoter. The pronoter-gene linkage is positioned in the

pl asm d construct so that the pronoter 30 gene linkage is flanked on both
ends by DNA honol ogous to a DNA sequence flanking a region of pox DNA
contai ning a non WO 03/097846 PCT/ EPO3/ 05047 -22 essential |ocus. The
resul ti ngepkasafidlconsiduict iBheanpkistilednby gslowdioM t bbAsErueel i ikacteria
and isolated, ., _The isolated plasm d containing the DNA gene .sequence to be

i nserted FEPLiEASFe e PEW ! avEerinc -t (FRL1 PRLLERHR cRBA 5 SORBERS -

fi brobl asige( §§5§atea' gmasmah cbh@a@ﬂﬂﬁ?f WUSe Dﬁgca%w N RRRRL WL

honol ogous pox he plasm d and he viral genonme, Tespectively,
gives a pmuserusdnudlMHamsﬂgpud@axnmsemceebl toléuga DiAgs e quémcgsn

Accor di ng nor r ferred e a cell 0 suitahle cel

cul ture agiBeYg G SRR camatrl il HO8. S Pee et ed
cell is, ﬁ@@@@gyﬁatwn beanskachefolWyblisapbikl pivapkaswhe Yaekali Cem¥ i si ng
t he forelgn gene, preferably under the transcriptional control of a

POXVi r us ths%prvéwlorgweol reppRehivels, egilvaisnetl BPBVErushaogiidsdd 15
vector alg Eﬂgp%kégénéqu%”?8§e§ BaBNE g%qglhggglng the insertion of the
exogenous Sequence I nto a selecte € poxviral genone.

Opti onal | ctQS Blasnldayec%or con%alns als cas ette (o30) ;ISI a

mar ker and? 5P* “58Fect? of g@ngeod% ??r??nk 6mﬁrbdXV|ra?ng e 20

Sui tafd e Qaikabler cséellegtile0rgensgs ar.g. ,ecyr, cten@sgea@s in€Reedidng/itdre G een

Fl uorescent Protein, Z-CGal actosidase
a poxvirus. The infected cell is, subsequently, transfected

with a first plasmid vector comprising the foreign gene,
preferably under the transcriptional control of a poxvirus
expression control element. As explained above, the plasmid
15 wvector also comprises sequences capable of directing the
insertion of the exogenous sequence into a selected part of
the poxviral genome. Optionally, the plasmid vector
contains also a cassette comprising a marker and/or
selection gene operably 1linked to a poxviral promoter.
20 Suitable marker or selection genes are, e.g., the genes
encoding the Green Fluorescent Protein, $#R-Galactosidase,
neomycin, phosphoribosyltransferase or other markers. The
use of selection or marker cassettes simplifies the
identification and isolation of the generated recombinant
25 poxvirus. However, a recombinant poxvirus can also be
identified by PCR technology. Subseguently, a further cell
is infected with the recombinant poxvirus obtained as
described above and transfected with a second vector
comprising a gene, which is homologous to the gene included
30 in the first vector. In case, this gene shall be included

into a different insertion site of the poxviral genome, the



neonyci n, phosphori bosyltransferase or other markers. The use of selection
or marker cassettes sinplifies the identification and isolation of the
gener at edwpasomsihant 25 poxvirus. However, a reconbi nant POoAPOS/®4Tan al so
be identified by PCR technol ogy. Sub®equently, a further cell is infected
wi th the reconbi nant poxvirus obtained as described above and transfected
with a second vector conprising a gene, which is honol ogous to the gene
included 30 in the first vector. In case, this gene shall be included into
a different insertion site of the poxviral genone, the WO 03/097846

PCT/ EPO3/ 9584{d v&3tecakyedli Bffeaksartli her sagnchhe seipentcendi tiet i ng
the integration of the honol ogous gene into the genonme of the _poxvirus.
After honbhbedtatieRoRbi e JrPRRERFEY, IERE 1PECOMRISH AR uSEcdREr i si ng

two honol nes b j d. LahLodugi ng.ppLe tghan wo
honnlogod%ggzﬁggg'in%g@?ﬁeenggﬁgbggﬁt 5??%@?9t%g gtepscgp ?ﬁ?éction and
t ransf ect recombEnaepeatiethsbycospnisihe teoonidmahtgais ugeniesol @aedbien
previ ous steps f infection and, by using g%afurther vVec ri sing

r or CO a
furthér hbfo %5%%5 §&e FRFFOTECIPEnTPEE | OFFA™ AFFEr MR P90 US hES8FEps of

infection;apd tynsheebi®inast desehikbedabovecare bnt enphangeabl end - ., a
suitable cell may at first be transfected by the plasm d vector
conpri si ngrahel eoredgn sgencrapeatefehry i whEed edhfi tHeedibingpoNHIES. As a

further alternatiive, it _is.also i b to_jintr ce a 0pl ogqus gene
into diff%?%% $?rdg% ,r%%%%?%cfﬁgigie#$rmﬁ?gggFﬁg?hea% tgghSQ ré%o%binant

viruses apg@rskéeenedtr achbapeiBingntai Meirudigly Abhohogoliegamngerfes. 20

The invention further provides a kit conmprising two or nore
10 transfection.

Alternatively, the steps of infection and transfection as
described above are interchangeable, i.e., a suitable cell
may at first be transfected by the plasmid vector
comprising the foreign gene and, then, infected with the

15 poxvirus.

As a further altermnative, it is also possible to introduce
each homologous gene into different wviruses, coinfect a
cell with all the obtained recombinant viruses and screen

for a recombinant including all homologous genes.

20 The invention further provides a kit comprising two or more
plasmid vector constructs <capable of directing the
integration of expressable, homologous genes into the
poxvirus genome. Beside a suitable cloning site such
plasmid vectors comprise sequences capable of directing the

25 insertion of the exogenous sequence to selected parts in
the poxviral genome. Optionally, such vectors comprise
selection or marker Jgene cassettes. The kit further
comprises means and instructions to select viruses, which
are recombinant for one or several of the homologous genes

30 and optionally a selection or marker gene, inserted via

sald vector constructs.



pl asm d vector constructs capable of directing the integration of
expressabl e, honol ogous genes into the poxvirus genone. Beside a suitable
cl oni ng swoe3sumshe pl asnm d vectors conprise sequences cap&bir&Pos/ ozt ecti ng
the 25 insertion of the exogenous set4ence to selected parts in the
poxviral genone. Optionally, such vectors conprise selection or marker
gene cassettes. The kit further conprises neans and instructions to sel ect
viruses, which are reconbinant for one or several of the honol ogous genes
30 and optionally a selection or marker gene, inserted via said vector

const r uct gecc Y134 0978462 EThEPO3LQBEKRL: - ShbdeLaedt ngthe anatbaeiburt her
enbodi ment the_invention includes DNA sequences or parts thereof derived

fromor Hebidepudifo $REUPREBHDIATanPapbRvither o5t t RET prESent T nP&nt i on
Such SequeeRodaTPr 158 Alnd Car AL t hR,ReXR0eReUS (BedugREeen

conprising a agmen one o he honol ogous gene accor&ing to
t he presehtvéemvent | oguatd satueeast admagrentabdf lidesstgenentc gioxheus
sequence according to the present invention, saidggenonié g XVi rus

u

p
sequerfceseHrEFerEb| ST SRRE nGOTRE 8%BgeRbuteeBudnte2Iten BRR S&quences

can be usggl t 9ohdeREbLhY géniasg!c%fo%ti%% 0y Iiise Qhrddsnderhyahives, aag. by
using themto generate CR-priners, hybridization probes or in array
t echnol ogiles. le@hor ta Dfsgrdnptriton aff  tthe Fiognoes c150PKYyaices]: SSEHERati ¢

presentation of.the_insertion sites.of he four .PrM (= pre- . ) genes
(serotypeaﬁgﬁﬁé}%gtﬁg A]%%%%%%ta%€gﬁa%ﬁ8nfoSﬁfﬁgﬁ?%pT£l§igﬁggg%ggg and
12-17: | nseqtéfte Pl 88T dryeTOf 160RSHGUERE ekadenatsngehennane of the
vector, its size and the 20 localization of the sequences of interest such

aS: 10 Such DNA sequences can be used to identify or isolate the
virug or its derivatives, e.g. by using them to generate

PCR-primers, hybridization probes or in array technologies.

Short Description of the Figures

15 Pigure 1: Schematic presentation of the insertion sites of
the four PrM (= pre-membrane) genes (serotype 1-4) in the

MVA genome according to Example 1.

Figures 2-9 and 12-17: Insertion plasmid vector constructs
indicating the name of the wvector, its size and the

20 localization of the sequences of interest such as:

AmpR = ampicillin resistance gene, bfp = blue florescence
protein gene, dA = deletion A, dE = deletion E, d2 =
deletion 2, EBEecogpt = FE. coli guanosinphosphoribosyl-

transferase gene, EGFP = enhanced green florescence protein
25 gene, Fl1 = flanking sequence 1, F2 = flanking sequence 2,
I4L = intergenic region I4L, IGR = intergenic region, NPT
II = neomycin resistance gene, P = poxvirus promoter, pr7.5
= Vaccinia promoter 7.5, PrM = pre-membrane gene of Dengue
virus, number indicating from which of the four serotypes

30 it derives, rpt = repetition of flanking sequence.



AmpR = anpicillin resistance gene, bfp = blue florescence protein gene, dA
= deletion A dE = deletion E, d2 = deletion 2, Ecogpt = E col

guanosi npwogphemsikbosyl - transferase gene, EG-P = enhancedPgmrg®n3/6i0aT escence
protein 25 gene, Fl1 = flanking seque®e 1, F2 = fl anking sequence 2, 14L =
intergenic region 14L, IGR = intergenic region, NPT Il = neomycin

resi stance gene, P = poxvirus pronoter, pr7.5 = Vaccinia pronoter 7.5, PrM
= pre-nmenbrane gene of Dengue virus, nunber indicating fromwhich of the
four serotypes 30 it derives, rpt = repetition of flanking sequence. WO
03/ 097846r P§#&EPOI/0Q5047CR - 2y riiguiatiOn PEE vekhki cateéotonf thendeet or
cloning strategies of four different insertion vectors (pBN49 BN50,

pBN40, pBﬁB@?te%@ﬁ Lt HeoWr asHi fdenpad t 8B Bl V@%Ofrfseréi@PN%@R pri mer
conbi nati D Oagﬁmzeﬁb?%ﬁ%@@n IS o SREGIHd Gof ALmORe Qagt Lact oA Miggquence

i ntegrate tinct insertion site. Figure 11: PCR verification
of the reéombﬁmanﬂmmxnﬁmuprlmanlmbmumanmoannE@gbugxmﬂmynxymmusSPrM

VWi | th t di. f t PCR 10
aoul 15 ORPERLTI BLERDI R DU G Th U TS | TEFORAFET POV GBE 1 ho

results ofi; tbhensanmenPSR-igackienas of the control plasm ds as indicated.
The plasm ds containing the honologous sequences are naned pBN39, pBN49 or

PBN50. Pri é:t:é‘nqsifOﬁchhevéf@ﬂé&@ld%eo@”@ﬁ@“%&ﬁﬁ%&{n@e@%&%fﬁu%us 15
wherein the nunbers indicate fromwhich of the four serotypes it derives.

dA = del etnohu@ingdE fougelleinaindusl2Dengdel gtiros ZrMAgenes nt(@rxgaml@ region
LAt desor pesytg LAPCTAL ODBLLE o e expenaue DL SELour e 1900
(ser oiyperdsd) t & NoEhe nMWVA QGeRMTRI268CaFidilJ are shown, the 1ower part
provides the results of the same PCR reactions of the
control plasmids as indicated. The plasmids containing the
homologous sequences are named pPBN39, pBN49 or pBN50. PrM
stands for the inserted pre-membrane genes of Dengue virus,
15 wherein the numbers indicate from which of the four
serotypes it derives. dA = deletion A, dE = deletion E, d2
= deletion 2, I4L = intergenic region I4L describes the

insertion site of the exogenocus DNA.

Figure 18: Schematic presentation of the insertion sites of
20 three PrM genes (serotype 2-4) in the MVA genome according

to Example 2.

Figure 19: PCR wverification of the recombinant poxvirus
including three homologous Dengue virus PrM genes inserted
into intergenic regions (Example 2). The upper panel shows
25 the results of the PCR reactions specific for PrM2; the
middle panel shows the results of the PCR reactions
specific for PrM3, and the lower panel shows the results of
the PCR reactions specific for PrM4. Lane 8 shows the same
PCR reactions of the control plasmids. Lane 2 shows the
30 empty vector control MVA. PrM stands for the inserted pre-

membrane genes of Dengue wvirus, wherein the numbers



to Exanple 2. Figure 19: PCR verification of the reconbi nant poxvirus

i ncl udi ng three honol ogous Dengue virus PrM genes inserted into intergenic
regi ons (\Ewanp)ms4@). The upper panel shows 25 the resultsPofi/HPOHIFICR
reactions specific for PrM; the md®l-e panel shows the results of the PCR
reactions specific for PrM3, and the | ower panel shows the results of the
PCR reactions specific for PrMdi. Lane 8 shows the sane PCR reactions of
the control plasm ds. Lane 2 shows the 30 enpty vector control MA. PrM
stands for the inserted pre- menbrane genes of Dengue virus, wherein the
number s W) @3/ 894 846 cRCIMERES/ D5 0dHe f36ri Bairealpekr dra Wkehves. thie=f our
serotypes it derives. M= Ml ecular weight marker. The foll ow ng exanpl es
wi Il furt¥eleculansveaglttmeretsent 5 invention. It will be well
understood by a person skilled in the art that the provided exanples in no
way may be interpreted in a way that limts the applicability of the

t echnol ogy provided by the present invention to this exanples. 10 WO

03/ 09784 6rRETE &EP03WARG4 exandlesExanpl efulrilresertlbms vegter shenpeesieot vect or

for deletjon A For the insertion of. exogenous sequences into the 5
genon63atlfﬁ%ngbg%alFEd“ﬁéﬁef@%pW?i5ruB§F§?|8831 >?é%p88f?9%|§?ll%¥é
correspongdi NgH0 4he FeRAMELROSiriN JEB08exARPes a 1Pl asyi eayechay Wwes
constructed, which conprises about 600 bp of the flanking sequences
adj acent imtetereted in a way that limits the applicability of the
technology provided by the present invention to this

examples.

10



deletion site AL To isolate the flanking sequences fromthe 10 genom c
MVA- BN DNA, suitable PCR prinmers can be designed w th suitable conputer
sof t war e WDONA®9 46 Hi t ashi software engeneering, San Brun®@CTWEBA)0508UCh
primers conprise extensions with restr-iction enzyne sites, which wll be
used to clone the flanking sequences into a vector plasmd. 15 In between

t hese fl anki ng sequences, a selection gene cassette is introduced, e.g a
NPT Il gene (neonycin resistance) under the transcriptional control of a
poxviral pronoter. Additionally, there is a cloning site for the

insertion of additional genes or exogenous sequences to be 20 inserted into
del eti on Bkxdmp¥e Dne such vector construct according to the present
invention is disclosed in Figure 2 (pBNX10). Insertion vector for deletion
E For the insertion of exogenous sequences into the META 25 genone at the
so-cal | edInie¢xtiom ¥eokousd| etion 4, respectively, corresponding with the
genone position 170480-170481, a vector was constructed, which conprises
about 600 _bp of .the flanking sequences adjacent to the WO 03/ 097846

PCT/ EPO3/ DB9aytiongvaeleati ATsAE4eEIOMhe vector is designed and construct ed

li ke described.above._ |n .bet the flanki . i.s locat EGFP
gene (o1 GBTF 1 10T SSTEBEbL Bn, S-CPORGE e *BraSret nat 1andd pii Bral

contrel ofeRoROXVikal Shdroepteniibddi tdanaliloh thered s deréendmg site for
the insertion of additional genes or sequences to be inserted into
del et i on B¢$ReALiCALY sudtPRRaERIMEEst Facttie cOPBPRG RSt HODr d§8/T

| nvent | 0'7{%]@90“ sl gisgm&p F&&é‘é@r?’w%%B’\B@&%truéB%Sf“ s MECLALT 9k del etion
2 10 For e insertion of exogenous sequences rnto’the
about 600 bp of the flanking sequences adjacent to the
deletion site A. To isolate the flanking sequences from the
10 genomic MVA-BN DNA, suitable PCR primers can be designed
with suitable computer software (DNAsis, Hitashi software
engeneering, San Bruno, USA). Such primers comprise
extensions with restriction enzyme sites, which will be
used to clone the flanking sequences into a vector plasmid.
15 In between these flanking sequences, a selection gene
cassette 1s introduced, e.g a NPT II gene (neomycin
resistance) under the transcriptional control of a poxviral
promoter. Additionally, there is a cloning site for the
insertion of additional genes or exogenous sequences to be
20 inserted into deletion site A. One such vector construct

according to the present invention is disclosed in Figure 2

(pBNX10) .

Insertion vector for deletion E

For the insertion of exogenous sequences into the MVA
25 genome at the so-called deletion E or deletion 4,
respectively, corresponding with the genome position
170480-170481, a vector was constructed, which comprises

about 600 bp of the flanking sequences adjacent to the



genone at the so-called deletion 2, corresponding with the genome position
20718- 20719, a vector was constructed, which conprises about 600 bp of the
fl anki ng wegaesmses adj acent to the deletion site 2. The PeTtEPN3/04Tesi gned
and 15 constructed |i ke described abo8e. In between the flanking sequences
is located an hbfp gene (humani zed blue fluorescing protein, Paval kis G\
et al.) under the transcriptional control of a poxviral pronoter.
Additionally, there is a cloning site for the insertion of 20 additional
genes or sequences to be inserted into deletion site 2. One such vector
const r uctdeldenara ngite the pheserdctdmvent ideeignad sehdsedonstFugued 4

(pBNX36) .. Insertion vector for intergenetic_region, 14L For the insertion
: %

of exogerdE IRRHBNERRY | APPHR: 58 PREWPEBnENSC Ao REWETH Thel DRF 13L

and 14L, poRdi Ngegppt hg;gano Sﬁ%h { i 0R1368780cefc¥eCt 9Fo MBS,
constructled&,gt\r/\eﬁ?chgcorrpriésl;s about gg bp of the flaﬁﬁi ﬁg slgié]%ences

adj acent Gleondirmdmt exgydeet toer eghnacati pthenadl condews. ofhed veexvirad

desi gﬁed and onstr%éte A éi 30 scri bed abovg. Ln beé en .t he {lllanki ng
sequeRce® i W5 03/ 697844 Bt Ero 1579 FoCRIEd an' Ecogpt gene (or
gpt st ands: et JOSPhoEEBESY bnalll arsiey ase gegtehsekated Ha ofs&resadi )
under the transcriptional control of a poxviral pronoter. Additionally,
there is i@td orehet5PReSiée Phe TR ePUTBNVEELOraRARS Gt gRReTGERY

sequences t el . { o i C. i fie 14L ORF.
One suchst_‘voeg-l or ﬂﬁsﬁésrgi?eﬂﬁﬁa%lo%iln%%%t e %irl elsrcgaﬁltgi%%n%i (E:)%é]?}? dlfl'scl osed
in Figure 5 (pBNX39). Construction of reconbi nant poxvirus conprising

several 10 honplpaous. 9FNES, | M AL AL T N i ts genone.

10 For the insertion of exogenous sequences into the MVA
genome at the so-called deletion 2, corresponding with the
genome position 20718-20719, a vector was constructed,
which comprises about 600 bp of the flanking sequences
adjacent to the deletion site 2. The vector is designed and

15 constructed like described above. In between the flanking

sequences is located an hbfp gene (humanized blue
fluorescing protein, Pavalkis GN et al.) under the
transcriptional control of a poxviral promoter.

Additionally, there is a cloning site for the insertion of
20 additional genes or sequences to be inserted into deletion
site 2. One such vector construct according to the present

invention is disclosed in Figure 4 (pBNX36).

Insertion vector for intergenetic region, I4L

For the insertion of exogenous sequences in the
25 intergenetic region, between the ORF I3L and TA4L,
corresponding to the genome position 56760, a vector was
constructed, which comprises about 600 bp of the flanking
sequences adjacent to the intergenetic region at the TI4L
locus. The vector is designed and constructed 1like

30 described above. In between the flanking sequences is



I nsertion vectors For the insertion of the four PrM genes of the four
serotypes of Dengue virus in the MVA genone four independent reconbination
vectors vwpe3ng®wde 15 These vectors contain - as descri beaCirErpdgozauT s above
- sequences honol ogous to the MVA ger¥re for targeting insertion by

honol ogous reconbi nati on. Additionally each vector contains a selection-
or reporter gene cassette. The PrM sequences of the four Dengue virus
serotypes were 20 synthetically nmade by oligo anneali ng and PCR
anplification. The PrM sequences were cloned downstream of poxvirus

pr onot er 1R Sah OEbegPt ageexpr @8Si @bt casaatike.forThhlso exlpserisboyl €asset t e
was, then, cloned into the cloning site of the_rel eyvant insertion vector
const r uctFarsy AR 5% suIdEnS he iSRdetefon FE&efor EofStidct ¥BrSHel etidn A

cont ai neq. Lhe RrMiafe0f Depgueoy! I usSerohYPe pdadigr ¢ BoromdBB9) . The

insertion vector "‘construct for deletion 2 contained the PrM gene of Dengue
vi rus semraiding cha(lAivgurighdre -1 pBN4AB)lonThe inser tficon hhect orseomsyr uet f or
i ntergeni c. WO ,03/ 097846 PCT/ EP03/ 05047 -30 region_14L caontaiped t.he PrM
gene gf Balte Wdlus 96865t yBE  PERFYTR §:O- %\Eéfsefﬁ? i n%%E?i or*Vect or

construct; firrgdpliatd oncgicant akned the Prhigener of dRNgEack r#scser ot ype
4 (Figure 9 - pBN40). 5 PCR verification of the insertion vectors For
veri fi catdamstafuathea et ondl higo s tPattdl eerePaRt adgHgs theRe 1l hetcd For

t hese PCR_a s t d prinmer pairs are a conbination of a prinmner
specific§f13%%¥ﬁﬁigg ﬁ%ﬁﬁﬁ%ﬂ speci fic flanking sequence relative to the

insertion site 10 and a second primer specifically binding to one of the
hi ghly h‘HEDn'ch%”c i[c):erp 9t Vlz:‘relé%nBFi.Mag%nGSOXVirus comprising several

10 homologous genes integrated in its genome.

Insertion vectors

For the insertion of the four PrM genes of the four
serotypes of Dengue virus in the MVA genome four

independent recombination vectors were used.

15 These vectors contain - as described in details above -
sequences homologous to the MVA genome for targeting
insertion by homologous recombination. Additionally each

vector contains a selection- or reporter gene cassette.

The PrM sequences of the four Dengue virus serotypes were
20 synthetically made by oligo annealing and PCR
amplification. The PrM sequences were cloned downstream of
poxvirus promoter elements to form an expression cassette.
This expression cassette was, then, cloned into the cloning

site of the relevant insertion wvector constructs.

25 As result, the insertion vector construct for deletion A
contained the PrM gene of Dengue virus serotype 2 (Figure 6
- pPBN39). The insertion vector construct for deletion 2
contained the PrM gene of Dengue virus serotype 1 (Figure 7

- pPBN49). The insertion wvector construct for intergenic



The insertion vector for deletion A containing the PrMgene of Dengue
virus serotype 2 was screened with the Prinmers o0BN93

( CGCCGATCEZOTGIBAACATCTTGAACAGGAGACGCAGA. SEQ I D NO. ;@ 15PCI/EX0sio0BNA 77

( CATGATAAGAGATTGTATCAG. SEQ I D NO.: 20.- The insertion vector for deletion 2
containing the PrMgene of Dengue virus serotype 1 was screened with the
Primers o0BN194 ( ATGTTGAACATAATGAACAGGAGGAAAAGATCTGTGACCATGCTCCTCATGCTGCTGC
20 CCACAGCCCTGGECGITCCATCT. SEQ ID NO : 3) and oBN476
(GATTTTGCTATTCAGTGGACTGGATG. SEQ ID NO.: 4). The insertion vector for

i nt er genikedsg ol 4o 0ai Akl BPe ther BMgere ménd¥enguervs r ssrseypeype 3
was screened with the Prinmers oBN255 25 ,
( CCTTAATC?GAAﬁ“fFWE%\T@TCAT@N BEEGEASCCNE AT T AT ABPC ESEQ S NEHCE 55°%nd

0BNA79 ( IGCHSERAP e & -Derdd\fe i $PSRAL Qgrae%@r for

del etion cont a| n| ng PrM gene of "Dengue virus serotype 4 was screened
W th the £rimernsre cﬁBNQJpBl\M)O
(ATCCCATTCCTGAATGTGGTGTTAAAGCTACTGAGCGCTTCTCTCGTCTCCGTTCTCC WO 03/ 097846
PCT/ EPO3/ 05047 -31 GCTCTGGGTGCATGTCCCATAC. SEQ ID NO : 7) and oBN478

( GTACAT GGATRAIAT AEATAT Lon SE) the N(nseBYioPCReekpesi nents are perforned in a
Thermal cycler GeneAnp 9700 (Perkin Elnmer) using the Tag DNA Pol ynerase
Kit 5 cdmzaivmmgfi@tmR bhf flee clvgnzilzgb@tr@tegn@sraacm\msg@wm@age

(Roche, Cat. 10 5 ui ~al ent. ner P cLl wer e
prepar ed X% %“? t }Q : gg\‘ce Fort Vol u%%a%? %ggAlsegc?rﬁtraé%m %i%%?l b%‘rgg?'er mi X,
the sanpee DNACen®iddHIOnas  eflubt eiler ThperBsti ety BioidihdecdOtheepar ed

with 30.75 Al DdH2O, 5 gl 10x buffer, 1 gl K dNTP- m x (10 nmM each), 2.5 A
of each;ﬁ@?ﬁ%f¥% Bﬁgpk}pg segyence 'relative to the insertion site

10 and a second primer specifically binding to one of the

highly homologous Dengue virus PrM genes.

The insertion vector for deletion A containing the PrM gene

of Dengue virus serotype 2 was screened with the Primers

OBN93 (CGCGGATCCATGCTGAACATCTTGAACAGGAGACGCAGA. SEQ ID NO.:
15 1) and oBN477 (CATGATAAGAGATTGTATCAG. SEQ ID NO.: 2).

The insertion vector for deletion 2 containing the PrM gene
of Dengue virus serotype 1 was screened with the Primers
OBN194
(ATGTTGAACATAATGAACAGCGAGGAAAAGATCTGTGACCATGCTCCTCATGCTGCTGC
20 CCACAGCCCTGGCGTTCCATCT. SEQ ID NO.: 3) and OBN476
(GATTTTGCTATTCAGTGGACTGGATG. SEQ ID NO.: 4).

The insertion wvector for intergenic region I4L containing
the PrM gene of Dengue virus serotype 3 was screened with
the Primers OBN255
25 (CCTTAATCGAATTCTCATGTCATGGATGGGGTAACCAGCATTAATAGT. SEQ ID
NO.: 5) and oBN479 (GCTCCCATTCAATTCACATTGG. SEQ ID NO.: 6).

The insertion vector for deletion E containing the PrM gene
of Dengue virus serotype 4 was screened with the Primers
OoBN210

30 (ATCCCATTCCTGAATGTGGTGTTAAAGCTACTGAGCGCTTCTCTCGTCTCCGTTCTCC



MyC12 (25 mM and 0.25 | Taqg-pol ynerase (5 U/'l). The anplification was
performed using the following 15 progranme: 1) Denaturation: 4 mn 94C 2)
30 Cycl eswODbatogitsué ati on: 30 sec 94C 20 Anneal ing: 30 secPEFEPIFIOMGati on:
1-3 mn 72C 3) Elongation 7 mn 72C -3)- Store 4C 25 Based on the size of
the inserted gene the elongation tinme should at |east be 1m n/kb. The PCR
results shown in Figure 10 denonstrate the specifity of the priner

conbi nati ons used for the single insertions. 30 The priner conbi nation
0BN194/ 0BN476 is specific for deletion 2 and PrM. as insert. The expected

PCR f r agnemtcdciMe QB ORIEATRET/ ERGRY 05087 NS2: pI agnm d apBN49oBRE78 Si ze
of 678 bp (shown in | ane 3, art of the ge The prinmer conbination

oBN255/oBW@A@%WT&%A@%TA&?m YehP NP eyi & 14L and PrMB as insert.

The expected PCR 5 fragment of plasnm d pBN50 has a size of 825 bp (shown
in |ane BCR uppeerpaentsf arie raifjormfive pri el heamsiln 4y okroBRENGABBNATS i s

specific et.i.on and Pr M4, .as i nsert fxpe ra nt of
pl asm d p%ﬁ%b h@erksnze ot r6307Ubsm((‘jjsho%;%i i rr*{ja-lfigne é ?E\Agmgg%gpag of the
gel ) . sThecqutdeiin®nbi mat i BOR 0BDOBLeBNA7MgCS, specifér famd deketi DNAA and

PrM2 as insert. The ex ected PCR fragnent of pl asm d &1\139 has a size of
636 bp (SPRWIEFAFANne (RaChponefat.no.  201205)" or lvalent.  In

general the PCR reactions were prepared with a total
reaction volume of 50 pl containing 45 ul mastermix, the
sample DNA and ddH,0 as required. The mastermix should be

10 prepared with 30.75 ul DdH,0, 5 pl 10x buffer, 1 pl JdNTP-
mix (10 mM each), 2.5 ul of each primer (5 pmol/pl), 3 ul
MgCly (25 mM) and 0.25 ul Tag-polymerase (5 U/ul).

The amplification was performed wusing the following

15 programme :

1) Denaturation: 4 min 940°¢C

2) 30 Cycles:
Denaturation: 30 sec 94¢eC
20 Annealing: 30 sec 55°¢C
Elongation: 1-3 min 72°C
3) Elongation 7 min 72°C
4) Store 4°C

25 Based on the size of the inserted gene the elongation time

should at least be 1min/kb.

The PCR results shown in Figure 10 demonstrate the
specifity of the primer combinations used for the single

insertions.

30 The primer combination oBN194/0BN476 is specific for
deletion 2 and PrMl as insert. The expected PCR fragment of



part of the gel). 15 CGeneration of the reconbi nant MVA vi a honol ogous
reconbi nati on For expression of foreign genes by a reconbi nant MWA, these
genes hawwotos/opm4é nserted into the viral genone by a pro®esEPoxbioed

honol ogous reconbi nati on. For that pw#2pose, 20 the foreign gene of interest
had been cloned into an insertion vector, as described above. This vector
has to be transfected after infection of cells with MVA-BN. The

reconbi nation will take place in the cellular cytoplasmof the infected
and transfected cells. Wth help of the 25 selection and/or reporter

cassett e, pVdERiY i1SBIM $OhgeNbhakhed offn 6t7ige Bhsestidwan Meclate 8el ipper
conprising reconbinant viruses are identified and isolated. WO 03/097846
PCT/ EPO3/W504 7°f -B3¢ ¥®hbl ogous reconbi nati on For honol ogous reconbi nati on,
BHK (Baby hanster kidney) cells or CEF (prinmary chicken enbryo

fi brobl astlsy cetrimenr ecombénatipn 6 oI5 ShloEd lusiiy DMEREIDLE beéls' s

Modi fied 5 Eagl es. Medi u i hco 10% f.et al e )

VP- SFM (d rb%%"g%‘ﬁf)c +r%f%$rlf)ﬁ1/% Qﬁ @5 ﬁ'lt_ gﬁ@%e orl%asaésret?'unil?%eéeyﬂ%ég uc%ale%n
process. feddmmemeedrit @1lbenstd [$BNID t hes growing: pheise2andp t hettefor én
shoul d reach 60-80% confl uence on the day of transfection. 10 Cells were
count ed bEIRR & setReg, PESC tPE Hadbe?lbf cells has to be known for
determ nation of the multiplicity of infection (noji) for infection. For

i nf ect i onThe hepMipest o€RTPENALEGRed TBA2H0EMBEES Sor M- SPRELEEF ut &RiFne so

t hat 500 i [ ' - pr [ nboRf r¥LENSAEPERE W T
give a m&%%t%%lﬁngﬁ%ﬁggeggsééﬁ%%gi oﬂge %‘%@?de &o%ge a tgr rsleeglyfng. The
plasmid pBN40 has a size of 607 bp (shown in lane 5, lower

10 part of the gel).

The primer combination o0BN93/0BN477 i1s specific for
deletion A and PrM2 as insert. The expected PCR fragment of
plasmid pPBN39 has a size of 636 bp (shown in lane 11, lower
part of the gel).

15 Generation of the recombinant  MVA via homologous

recombination

For expression of foreign genes by a recombinant MVA, these
genes have to be inserted into the wviral genome by a
process called homologous recombination. For that purpose,
20 the foreign gene of interest had been cloned into an
insertion vector, as described above. This vector has to be
transfected after infection of cells with MVA-BN. The
recombination will take place in the cellular cytoplasm of
the infected and transfected cells. With help of the
25 selection and/or reporter cassette, which is also contained
in the insertion vector, cells comprising recombinant

viruses are identified and isolated.



mediumis renoved fromcells and cells are infected wwth 50041 of diluted
virus for 1 hour rocking at room tenperature. The inoculumis renoved and
cell s ar ewaashens420 wi th DMVMEM VP- SFM | nfected cells are IPETEPOI0D4BML
DMEM FCS and VP-SFM L- d utam ne resectively while setting up
transfection reaction (Q agen Effectene Kit). For transfection, the
"Effectene" transfection kit (Qagen) is used. Atransfection mx is
prepared of 1-5 ug of 25 linearized insertion vector (total anount for
multiple transfection) with buffer EC to give a final volune of 150 Al.
Add 8.0 Axcmpliapoes pecogdhibAiorortex and incubate at roomtenperature
for 5 mn. Then, 25 gl of Effectene are added per gg DNA after vortexing
st ock t ub&oandhthel @gogs| uteermbinati e t FdKoudghbpybyhams texi g Gry)

i ncubated a r oo erature for. 10 mn. 600 o] F nd VP. WO
031 099846 PLHFERGSFBE0 AP Lg o eRTCar AR NS r%goﬁfé)c lf"vée:‘ﬁ'\%), Laal Sgd"‘dre%,

m xed andsesdbsedqientl ywelhe piaaless tuansdeammn bylbscadded Malified cel | s,
which are already covered with nedium GCently the dish is rocked to mx

the transFaetesn Megdem orfibpeR uBBYl o 30kt at agel bt S87E W {ERS3942 over
ni ght. Thepn - e I umyl s, -F el ‘ i M FCS
or VP- SF?/FL-%@U?(%‘TI%\% ?%’Eﬁbgt i%?]n Oilgqg}nﬁlﬁil}%g{ lﬁ%{ ?]?g%aén t??iérflglgf TreIE

har vest i ngrotlhetdehl pracesscraped into nmedium then the cell suspension is
transferred to an adequate tube and 10 frozen at -20C for short-term

st orage oreat s- 8Redf @b bengtitlar mrsttiicagaovlinge dhaaie endr MhdrdfoM/A | n a
first round, cells were infected with MVA-BN accardi % to the

above- desEPPHEE FSG(oc d10 P vePet HerR s ofidl Fie 8Vt Pan et et -
i nserthoncueglor, BNAO, ¢oPL Rl BERErEN&REYng, as the number of cells

has to be known for determination of the multiplicity of

infection (moi) for infection.

For infection, the MVA stock is diluted in DMEM/FCS or VP-
SFM/L-Glutamine so that 500 ul dilution contain an
15 appropriate amount of virus that will give a moi of 0.01.
Cells are assumed to be divided once after seeding. The
medium is removed from cells and cells are infected with
500pul of diluted wvirus for 1 hour rocking at room
temperature. The inoculum is removed and cells are washed
20 with DMEM/VP-SFM. Infected cells are left in 1.6ml DMEM/FCS
and VP-SFM/L- Glutamine respectively while setting wup

transfection reaction (Qiagen Effectene Xit).

For transfection, the “Effectene” transfection kit (Qiagen)
is used. A transfection mix 1is prepared of 1-5 ug of
25 linearized insertion wvector (total amount for multiple
transfection) with buffer EC to give a final volume of 150
ul. Add 8.0 ul Enhancer per ug DNA, vortex and incubate at
room temperature for 5 min. Then, 25 pl of Effectene are
added per ug DNA after wvortexing stock tube and the
30 solution is mixed thoroughly by vortexing and incubated at

room temperature for 10 min. 600 pul of DMEM/FCS and VP-



gene of Dengue virus serotype 4 and as reporter gene the EGPF gene. Since
the transfected vector contains a reporter gene, EG-P, the synthesized
protei n iwodavestabl e | atest on day three in cells infecPed/Rms/b50a7
reconmbi nant virus. 20 Resulting recomdi-nant viruses have to be purified by
pl aque purification. For plaque purification infected cells (fluorescing
or stained) are isolated with a pipet tip, resuspended and aspirated in
2001 PBS or nmedium Then a fresh culture dish 25 containing about 10E6
cells is infected with 10041 of the resuspended plaques. After 48h cells
are takensgm/iLRG3004hinkBS. rBMAecrsierliyact edrér onaddspensimixkaid sardkened
with PCR analysis. A claone that shows the expected hands_is.chose and

fresh 6- weRPsSEREEBS e TR ebPRASW THRHRTTErEH Bhburts &t R <RA rus.
Overl ayi ”geﬁ’ig,"‘%&lﬁcﬂ“ %Qe_l(@la&%r ecaYoLds WPLH3/RAT84R. PELLERG3/{QR047

-35 further spreading of virus. After 48h infected cells conprising a
reconbi nadti ski Lesrokére duoe riisoltitee ¢ rafisifegpricse dges tion.e gewtErh wimri | no

wi | d-type A- BN_can b tect. i e PCR anal ysi 5_After. 4 rqunds of
pl aque%/ puFPfEEaPlLef < & oﬁ%ﬁjﬁgr‘i‘fﬁ% rgt}ﬁséei OVWAyﬁ’ng%,' \?\%’ree Fntd% dd%y PCR
assays usiBgiamPhidefeeiéd sabeekbielcpdanpldd yingsk heMEXpeCcEe@d i naertion
(0oBN210 and oBN478, as described above) and as control a prinmer pair

speci f i caPFFY/FeECoghPRiLAG -t FEIURSE oo Ssicoa tdéed o tE 11 0o BNA53:
GITGAAGGATTCACTTCCGTGGA, SEQ I D NO.: 9 and oBN454:
GCATTCACABATTOFATESTGAGTC,ELISEQE 1D sNa e BEranese rifdton mefdimrnp thar WETA- Pr VA

Cells were infected with MA-PrMA_according to the de ib
pr ot ocol 5&?%?%53%18?%?8%%? ytffraélﬁs EEng 1\_7\/C|t)t i 1?%%35(%}:& oﬁﬁééct%g}d pBN39
cont aimi ngrbhenPelM gene offdergdet-term storage or at —-80°C for long

term storage.

Insertion of PrM4 into MVA

In a first round, cells were infected with MVA-BN according
to the above-described protocol and were additionally
15 transfected with insertion vector pBN40 containing the PrM
gene of Dengue virus serotype 4 and as reporter gene the
EGPF gene. Since the transfected vector contains a reporter
gene, EGFP, the synthesized protein is detectable latest on
day three in cells infected with a recombinant virus.
20 Resulting recombinant viruses have to be purified by plaque

purification.

For plague purification infected cells (fluorescing or
stained) are isolated with a pipet tip, resuspended and
aspirated in 200ul PBS or medium. Then a fresh culture dish
25 containing about 10E6 cells is infected with 100ul of the
resuspended plaques. After 48h cells are taken up in 300ul
PBS. DNA is extracted from suspension and screened with PCR
analysis. A clone that shows the expected bands is chosen
and fresh 6—well plates are infected with different amounts

30 of this virus. Overlaying the wells with 1% agarose avoids



virus serotype 2 and as selection gene the NPT Il, a neonycin resistance
gene. For purification of reconbi nant MA expressing an antibiotic

resi st ancwogemngrssdir ee rounds of virus anplificati on undePCIHPeBO¥E
conditions before 20 plaque purificatisen are recommended. For

neonyci nphosphot ransf erase sel ection 418 is added to the nmedium (418 is
a derivative of neonmycin and inhibits the protein-biosynthesis by
interference with the action of the ribosomes. NPT gene activity

i nactivates (418 by 25 phosphorylation. After 16 rounds of plaque
purificat faptueder speeaidng o ectiram .r e@ditirnami8hyi riusfes;t ddvVA-RrFINKH Pr M2,
were identified by PCR ass s u5|n a priner pair ,sel.e tlvely anpl i fying
t he expecF@@PFﬁ§éP9|6nr€Gg %ﬁ&?7018§e3615é§éfi %bove) and as
control rimer pair speC|f|caIIy WO 03/.097846 PCT/ EP03/ 05047 - 36
recogn|2|ﬁglﬁh@rpﬁ§§ﬁﬁﬁoﬁssﬁ?@e@§@§t“@ﬁlA POBMA AR tyPe JBfHh&daRRve) and

0BNA52: GRLICATCAGMATGACTORATOMG:; SEQ 1D NO: 11). Addi tionally al so

i nsertion ifito del et |s ‘verified with the priner pairs:

0BN210 BN478 and 0BN453 oBN4 n_aof t a
first ?ou%gg 5e||sO e i e%%a%ue ?Hrkéﬁéghaggcgg |ngqgfgﬂiﬁgwyﬁg%£
descri bedvprobesmal, wedargtenaddiilddonyl IPCR tisaksiseatsdthgnia primsar tgeane vect or

pBN49 containing the PrM 10 gene of Dengue virus serofype 1 anﬁ as reporter
gene the SRBESLIVREYgeH®P FobY Hiprahlge & BSGEad vHReREFH prigBEEA 0

synt hesi zgg\hhkp prot ﬁégck§bg8t eHRR)e O da¥% RS JIN & C@lh meknf tled wi th

a reconbi nant virus. Resulting recombinant viruses were purified by plaque
purificat specif5caflfler t@cogundsngf phequénpertiovatsoper edohblFemt E

VITUSES. | BN453: GTTGAAGGATTCACTTCCGTGGA, SEQ ID NO.: 9 and oBN454:

GCATTCACAGATTCTATTGTGAGTC, SEQ ID NO.: 10)

Insertion of PrM2 into MVA-PrM4

Cells were infected with MVA-PrM4 according to the above
described protocol and were additionally transfected with
15 insertion wvector pBN39 containing the PrM gene of Dengue
virus serotype 2 and as selection gene the NPT II, a
neomycin resistance gene. For purification of recombinant
MVA expressing an antibiotic resistance gene three rounds
of virus amplification under selective conditions before
20 plaqgue purification are recommended. For
neomycinphosphotransferase selection G418 is added to the
medium. G418 is a derivative of neomycin and inhibits the
protein-biosynthesis by interference with the action of the
ribosomes. NPT gene activity inactivates G418 by

25 phosphorylation.

After 16 rounds of plague purification under mneomycin
selection recombinant viruses, MVA-PrM4 /PrM2, were
identified by PCR assays using a primer palr selectively
amplifying the expected insertion (oBN93 and oBN477, as

30 described above) and as control a primer pair specifically



MWA-PrML, were identified by PCR assays using a priner pair selectively
anplifying the expected insertion (0BN194 and o0BN476, as descri bed above)
and as cowOrodloom4pri ner pair specifically recognizi ng thecirmpes/oioon site
deletion 2 20 (0oBN54: CGGGGTACCCGACGRARCAAGGAACTGTAGCAGAGECATC, SEQ ID NO. :
12 and oBN56: AACTGCAGTTGITCGTATGTCATAAATTCTTTAATTAT, SEQ ID NO.: 13)
Insertion of PrvB into MVA In a first round, cells were infected with

MVA- BN according 25 to the above described protocol and were additionally
transfected with insertion vector pBN50 containing the PrM gene of Dengue

vVirus serpéypgndzand asheepotséertpgene diee Ets:imﬁicgene\.(EWhr sizor t ened
to gpt stands for _ phosphori bosyl transferase

8ene%ﬁ Resul tlng ﬁgonblnant
WO 03/ 097838 PETREPCRP@5DU7 20R7 Nides WerE-piirrfed 5T T-adirds o

pl aque puggé GRt i upgder RRASPRELROSY! ta&@,esfﬁf@&eclr@; abpl bsmuseheet i on by
addi tion nmycop enol ¢ acid, xanthin and hypoxanthin. Mcophenolic acid

( MPA) |nhdbleslonoginesnnmephﬁspﬁaWeiﬁldéhyﬁrpgemQSeE&ﬁdﬂ$ES@BN§LOn—
bIocka e of yn a nhi bition of viral replication in nost
cel | 9 nes® Bﬁ#ﬁ%saﬁ o8éggggcan §§4§6ercone by expressing Ecogpt from a
constltutlve pronDter and prOV|ding t he substrates xanthine and

hypoxant hi_ne. 10 Res &g onblnant viruses, MWA-PrMB, were identified
by PCR aggﬁﬁgtﬁgpnﬁ BaMV sel ectively anmplifying the expected

ey pocFE EarEES gg%&%&‘“%uﬁge%%gf s REACRRAVE) el i AUl Olaidr | Ter

pair speC| ogn|2|n insertron’s
CAACTCTCTEQTTEHJTAﬁﬁbvéEEEéibﬁfbé%D prickt @l 0BMED0 we@AT GASAGICARTATATG
SEQ ID NO.: 15). Cainfection of MVA-PrML and A- Pr MB
transfected with insertion wvector pBN49 containing the PrM
10 gene of Dengue virus serotype 1 and as reporter gene the
hbfp, the gene for humanized blue fluorescing protein. The
synthesized hbfp protein is detectable on day three in
cells infected with a recombinant wvirus. Resulting

recombinant viruses were purified by plaque purification.

15 After 10 rounds of plaque purification recombinant viruses,
MVA-PrMl, were identified by PCR assays using a primer pair
selectively amplifying the expected insertion (oBN194 and
OBN476, as described above) and as control a primer pair
specifically recognizing the insertion site deletion 2

20 (OBN54: CGGGGTACCCGACGAACAAGGAACTGTAGCAGAGGCATC, SEQ ID
NO.: 12 and oBN56: AACTGCAGTTGTTCGTATGTCATAAATTCTTTAATTAT,
SEQ ID NO.: 13)

Insertion of PrM3 into MVA

In a first round, cells were infected with MVA-BN according
25 to the above described protocol and were additionally
transfected with insertion wvector pBN50 containing the PrM
gene of Dengue virus serotype 3 and as reporter gene the
Ecogpt gene (Ecogpt or shortened to gpt stands for

phosphoribosyltransferase gene) . Resulting recombinant



The cells were infected with equal amounts of MVA-PrML and MWA- Pr M8
according to the above protocol. After 3 rounds of plaque purification
under phospliopmssey| t ransferase 20 nmetabol i sm sel ecti on of PolTEP3/HIAT esci ng
cl ones of reconbinant viruses were affal yzed by PCR using the priner pairs
(0oBN255 and oBN479. oBN499 and oBN500. oBN194 and o0BN476. oBN54 and oBN56
as described above). Resulting reconbinant viruses were designated

MWA- Pr ML/ PrM3. 25 Coi nfection of MA-PrML/ PrMB and MWA-Pr M/ PrM4 The cells
were infected with equal anpbunts of MVA-PrML/PrM3 and MWA-Pr M/ Pr VA
accordi ngriputbe akaeve puoidced . bl ajueoundsi bifcaplamaeapuperioatednunder
phosphri bosyl transferase. netaboli sm and neonyci selectifn. Reconginant
viruses WROSY 00PBR6PPETPEBY3 5057 CT2ES iﬁﬁﬁ%ﬁé}%§%re§ﬁ SRELBRue ™Y

f1ourescengg; yerg ispl a}ﬁﬁi@ogﬂf%ofélalayczi@, by RCR 1USi RGd heyRbkaRhRAI I S
(oBN255 and oBN479. 0BN499 and oBN500. 0BN194 and oBN476. 0oBN54 and oBN56.

0BN93 andip@dhdlignobBM47dcardd ¢BRAL2. ipBhR10sandnoBinzs. mohopBRESBaded
0BN454 as_descri bed above). The PCR analysis _of t recombi nant_, vi rus

(d oné 2o§1gh¥<gﬁi39?%?ﬁ8 79 FSIFR M H2n OFEagﬁom%hfei%uﬁ%ﬁr éyf%he\ﬁﬁi le in
t he upperapar ti-ofi yihe Gel othe ididf erepl i PERibASUIA Smekt tdwelT eqardeisnant
virus are shown, the |lower part provides 10 the results_of the_sanme PCR
react i onsTlist héoebapeolcarp| REnPUSTEaEe| RYI SEPHSSIEheF909RD AREM1LE show a

| kb and a c K L gl [ I BN21Q4QBNA78 is
specific %%Qggg g?%%nﬂtaéﬁggﬁr%ﬁdagggxgg?gg %ﬁgngk%%%tgge%CR fragnment of
15 t he resndbhppokanithiilseand the plasm d pBN4O has a size of 607 bp (shown
in lane 2). The prinmer conbinati on oBN453/ 0BN454 is specific for

10 Resulting recombinant viruses, MVA-PrM3, were identified by
PCR assays using a primer pair selectively amplifying the
expected insertion (oBN255 and oBN479, as described above)
and as control a primer pair specifically recognizing the
insertion site TI4L (oBN499: CAACTCTCTTCTTGATTACC, SEQ ID

15 NO.: 14 and oBN500: CGATCAAAGTCAATCTATG, SEQ ID NO.: 15).

Coinfection of MVA-PrM1 and MVA-PrM3

The cells were infected with equal amounts of MVA-PrMl and
MVA-PrM3 according to the above protocol. After 3 rounds of
plague purification under phosphribosyltransferase
20 metabolism selection of Dblue fluorescing <c¢lones of
recombinant viruses were analyzed by PCR using the primer
pairs (oBN255 and oBN479. oBN499 and oBN500. o0BN194 and
OBN476. o0BN54 and oBN56 as described above). Resulting

recombinant viruses were designated MVA-PrM1/PrM3.

25 Coinfection of MVA-PrM1/PrM3 and MVA-PrMZ2/PrlM4

The cells were infected with equal amounts of MVA-PrMl/PrM3
and MVA-PrM2/PrM4 according to the above protocol. Plaque
purification was performed under phosphribosyltransferase

metabolism and neomycin selection. Recombinant viruses



del etion E. The expected PCR fragnment of the reconmbinant virus is 2.7 kb,
t he expected band of the wld-type virus 20 2.3 kb (shown in lane 3). Also
in the upweoro3perste of the gel a band specific for a w | d- P¢pEPI3/OIE7 can be
identified. This neans that the reco¥bi nant virus preparation is not vyet
conpletely free of wild-type virus. Further plaque purificationis
necessary. 25 The priner conbinati on oBN93/0oBN477 is specific for deletion
A and PrM2 as insert. The expected PCR fragnent of the reconbi nant virus
and the plasm d pBN39 has a size of 636 bp (shown in |ane 4). The priner

conbi nat I eBMY 74 0BG | sngpedivkl o TaireSienisd elveoa Asdlecexpentied PCR
fragnment of the reconbi nant WO 03/ 097846 PCT/EP03/05047 -39 virus is 4.1
kb, the eXpeltaaf bandPeR vR&NG Fast pramerr ;78 7098 {Shaimci AET'and: 5). In

t he upper, of _the haih sPecif C 7@, W dlid Y P@ rggNggn be
i dentiifi et f% %P?he?ﬂggnglnatloﬁﬁgBNZESI%%%%79 i's speC|fFE for

|ntergenuﬂﬂﬂﬁgiamd14bBEAa7PrNBB®$77nsami OENéSQXpecﬂﬁalpcﬁndf@E@ﬁ%&t of the

r econmbi nant v u nd pl a size of 825 bp (shown in

| ane 8). %# QHéi?ﬁﬁéﬁ%ﬁﬁ?cé%%ﬁ#i%@?&%ﬁ@ﬁﬁﬁls specific for the
|ntergen|c regi on of 14L., The expected PCR fragnent ,of th 10 re i nant
virus is 8%3 adsact e@handior TEREMRLRE % tyﬁérV?rugcéo§ekb§§gﬁomn in

| ane 7). Jhe.prdfms &ﬁﬂbfaﬁ‘{»' %Mogu%%é/ qéNﬂusns sspeeidifefor. weiekion 2

and PrM as 1nsert. e expected fragment of ~ the reconbi nant virus and
the plasmin pBNAGphes @agitzeffthd596¥8thp (idwrent |RGRe Bysullhe pfinmer

conbi nat i n, 0BN54/ 0BN56 ecific for deletjion, 2 The Xp.

fragment 'of€the&® P@géﬁﬁPﬁaﬁf F ugtfg SHOWL LhEM 1 offer T PEELTHABSR
10 the results of the same PCR reactions of the control
plasmids (as indicated). Lane 1, 10 and 11 show a 1lkb and a

100bp molecular marker.

The primer combination o0BN210/0BN478 is specific for
deletion E and PrM4 as insert. The expected PCR fragment of
15 the recombinant virus and the plasmid pBN40 has a size of

607 bp (shown in lane 2).

The primer combination o0BN453/0BN454 is specific for
deletion E. The expected PCR fragment of the recombinant
virus is 2.7 kb, the expected band of the wild—type virus
20 2.3 kb (shown in lane 3). Also in the upper part of the gel
a band specific for a wild-type virus can be identified.
This means that the recombinant virus preparation is not
yvet completely free of wild-type virus. Further plaque

purification is necessary.

25 The ©primer combination oBN93/0BN477 is specific for
deletion A and PrM2 as insert. The expected PCR fragment of
the recombinant virus and the plasmid pBN39 has a size of

636 bp (shown in lane 4).

The primer combination o0BN477/0BN452 1is specific for
30 deletion A. The expected PCR fragment of the recombinant



1.6 kb, the expected band of the wild-type virus 0.9 kb (shown in lane 9).
In the upper part of the gel a band 20 specific for a wild-type virus can
be i dent iwDed/09RUdé er nati vel y, one can produce 4 different PCIEPOZE3047
coinfect cells with all four viruses-¥nd screen for a reconbi nant.

| mprovenents can al so be achieved with reconbi nation 25 vectors, which
contain further selection- or resistance markers. WO 03/097846

PCT/ EPO3/ 05047 -40- Exanple 2 Insertion vectors 5 Reconbination vector for
intergenic region 136-137 (I GR 136-137) For the insertion of exogenous
sequencesvirie tike MA kgenene akplhe eso-1eald esf | sher ganide tyegi oniKusGR)
136-137 10 corresponding to the genone position 129.940 a p]asm d vector
was const Pudt & whikdie opPr iLe8€ about IBODREp UBPSEh @25 ki Eﬁesg erftes

adj acent Lo bhe lasentl ol sSid g B0 polatbed hef kankidgseguences from the

genom ¢ N Sui tabl e pririrers can be designed. Such priners

conpri se 1o extensians Wb, Lestll ot on, 807YMRash! o3 WL WLl Dey used
to clone tHE fFANK] ng sequences into a vector plasm d. n between this
flanki pg segeenessc awglectidan gehepPrdasast taskesti nhed scasctedy PAQWPT | |

gene (neonycine resistance) under the transcrjptional confral a

poxvi r al %aﬁﬁ@%t O (Pe TAFHOISRAY iRy é’?m\és %‘%I@Tﬁ%ﬁ‘&iiﬁ%ﬁ?@ﬁwﬁe

i nsertion_of,:addi I 85 X09epUE sequences to be inserted into
| GR 136- 1?786%%clo).%%§ek%ﬁgh \?ect or constru)ct according to the present

inventionfﬁ%(%§f$8§e@o%&iﬁggioﬁzoéﬁ&@@%gaNSOO is specific for the
intergenic region of I4L. The expected PCR fragment of the
10 recombinant virus is 1.0 kb, the expected band of the wild-

type virus 0.3 kb (shown in lane 7).

The primer combination oBN194/0BN476 1is specific for
deletion 2 and PrMl as insert. The expected PCR fragment of
the recombinant wvirus and the plasmid pBN49 has a size of

15 678 bp (shown in lane 8).

The primer combination oBN54/0BN56 is specific for deletion
2. The expected PCR fragment of the recombinant virus is
1.6 kb, the expected band of the wild-type virus 0.9 kb
(shown in lane 9). In the upper part of the gel a band

20 specific for a wild-type virus can be identified.

Alternatively, one can produce 4 different wviruses,
coinfect cells with all four wviruses and screen for a

recombinant.

Improvements can also be achieved with recombination
25 vectors, which contain further selection- or resistance

markers.



25 Reconbi nation vector for intergenic region 07-08 (IGR 07- 08) For the

i nsertion of exogenous sequences into the MWVA 30 genone in the intergenic
regi on (1v@R)030T8A8 corresponding to the genome position P2TAPO3/0:4Pl asm d
vect or was WO 03/097846 PCT/ EPO3/ 05040 - -41 constructed which conprises
about 600 bp of the flanking sequences adjacent to the insertion site. To
isolate the flanking sequences fromthe genom c MVA-BN DNA suitable PCR
prinmers can be designed. Such prinmers conprise extensions 5 with
restriction enzyne sites, which will be used to clone the flanking
sequences Exdmphev2&ctor plasmd. In between this flanking sequences, a
sel ection gene cassette is introduced, e.g., Ecogpt gene (Guanin-
Phosphori bosyl transferase) under the transcriptional 10 control of a
poxviral pronoter (P). Additionally, there is a cloning site for the

i nserti on DASYEHAPR OiRFEYERes or exogenous sequences to be inserted into
| GR 07-08 (Pacl). ©One such vector construct according to the present
invention is disclosed in Fig. 13 (pBNX88). 15 Reconbination vector for

i nt er géni cReeghbmddidd (HdaRald- f4%) Eotetrbeniaserdgion ofl3&addEhousGR
sequences %ﬂ%91§2f MVA 20 genone at the intergenic region (I1GR) 44-45
correspond t he genone position 37.330, a plasmd vector was
constructed which conprises about 600 bp of the flanking sequences
adjacent to the insertion site. To isolate the flanking sequences fromthe
genom ¢ MAQBN A suiseatlienPCRI25ekPyaRPSS c afPBeerie®s gridt-0 Stéle pMVhaer s

conprise e&éﬁ@ﬁéogﬁ; the so-called intergenic region (IGR) 136-137
10 corresponding to the genome position 129.940 a plasmid
vector was constructed which comprises about 600 bp of the
flanking sequences adjacent to the insertion site. To
isolate the flanking sequences from the genomic MVA-BN DNA
suitable PCR primers can be designed. Such primers comprise
15 extensions with restriction enzyme sites, which will be
used to clone the flanking sequences into a vector plasmid.
In between this flanking sequences, a selection gene
cassette 1s introduced, e.g. NPT II gene (neomycine
resistance) under the transcriptional control of a poxviral
20 promoter (P). Additionally there is a cloning site for the
insertion of additional genes or exogenous sequences to be
inserted into IGR 136-137 (PacI). One such vector construct
according to the present invention is disclosed in Fig. 12
(pBNX67) .
25
Recombination vector for intergenic region 07-08 (IGR 07-

08)

For the insertion of exogenous sequences into the MVA
30 genome in the intergenic region (IGR) 07-08 corresponding

to the genome pogition 12.800, a plasmid vector was



wWith restriction enzyne sites, which will be used to clone the flanking
sequences into a vector plasmd. In between this flanking sequences, a

sel ecti orwgan@IBsacsette is introduced, e.g., NPT |l genePChaEpayeiome

resi stance) under 30 the transcriptioflal control of a poxviral pronoter
(P). Additionally there is a cloning site for the insertion of additional
genes or exogenous sequences to be inserted into WO 03/097846

PCT/ EPO3/ 05047 -42 ICGR 44-45 (Pacl). One such vector construct according
to the present invention is disclosed in Fig. 14 (pBNX87). Construction

of reconbipABLrREXYE! WEhiIGHTPELEHAYsESVebautd dBIbpg@ s graes liankdgicat ed in
its genone Insertion vectors For the insertion of the three PrM %?nes of
serotype 2¢dBengesafdifDeRguéhA riRSe IR Ri/BSgenthrel SPhREE

i ndependegiangﬁigﬂpgggghQQSV%%ﬁf %h\@eb%ngﬁﬁfé WTREER YRG! QLS (EAistr as

descri bed ove - sequences ogous to the MVA genore for
targeti ngprimeest icam bye hdevliggeds GmdhﬂpxmméxﬂlC¢mnrﬁsenaﬂﬁﬁnﬁﬂﬂn815

vector_contajns a selectlon and reparter cassette. PrM eguences
of three BehBuESFitras §8P0F?5%?EVé$ ﬁ%ﬁﬁﬁ?dﬁifi Rﬁd@ 5 & sc?‘ ed in
Exanpl e 1inAs #1881 ihg t BEqhBALEE] Q@lt‘éﬁcé Okee@BSt s, | SRl ¥etidkn
contai ned the PrM of gbengue virus serotype 4 (Fig. 15 - 20 pBN27). The

i nserti onthiéet of lavhingucsedioenter, 072 085 et laiored g9ne Pﬂﬂﬁﬁe%gd@ Vi rus
3445 COnPATREHCERe P M of hiigue vi rHoGer ot ype SLFi g 17 CEBNAT) . 25
CGener at i ophetphbeibeegnbir-aasifdAeyi a homdwgoushe transcriptional
10 control of a poxviral promoter (P). Additionally, there is
a cloning site for the insertion of additional genes or
exogenous sequences to be inserted into IGR 07-08 (PacI).
One such vector construct according to the present
invention is disclosed in Fig. 13 (pBNX88).
15
Recombination vector for intergenic region 44-45 (IGR 44-

45)

For the insertion of exogenous sequences into the MVA
20 genome at the intergenic region (IGR) 44-45 corresponding
to the genome position 37.330, a plasmid vector was
constructed which comprises about 600 bp of the flanking
sequences adjacent to the insertion site. To isolate the
flanking sequences from the genomic MVA-BN DNA suitable PCR
25 primers can be designed. Such primers comprise extensions
with restriction enzyme sites, which will be used to clone
the flanking sequences into a vector plasmid. In between
this flanking sequences, a selection gene cassette 1is
introduced, e.g., NPT II gene (neomycine resistance) under
30 the transcriptional control of a poxviral promoter (P).
Additionally there is a cloning site for the insertion of

additional genes or exogenous sequences to be inserted into



reconbi nati on The generation of reconbi nant MVA by honol ogous 30

reconbi nati on was perforned as described in Exanple 1. The insertion sites
for the Pwbws/oPshB8 and PrM 2 in the MVA genone are depi ctP€a/EPN3/650¢7 18. WO
03/ 097846 PCT/ EP03/ 05047 -43- Inseri42on of PrM4 into MWA In a first

round, cells were infected with MVA-BN according 5 to the above-descri bed
protocol and were additionally transfected with the insertion vector pBN27
containing the PrMgene of Dengue virus serotype 4 and as a reporter gene
the EGFP gene. Since the transfected vector contains a reporter gene,

EGFP, the E§Rt Hdsidbed(Prol ki nOhe datd@ctwbteod 0 doatséstuctn alegotdiee ito cells

infected with a recopbinant .virus. .Resulting,reconbi pant vi s have to
be purifig%h%ypr%?%ﬂggl ﬁ??F?8§t?8ndé§c38§8$ib@dg?ﬂ'EignﬁpgN%g§ fter four
rounds of plaque purification reconbinant viruses, MWA- PrM4, were

identified by PCR assays using a prinmer pair 15 selectively anplifying the
i nserti on SPRELFEREBRER139E (RFMErUvRannt RVFALIEC groPExisdmg | peneralles;

and oggugb ?mgggégﬁgﬁ%gﬁggtgﬂ@gﬂr%E%?LEkﬂ : %%%omgnsertion of PrM2 into

WA S were Infected wt acc I'ng to the above- descri bed
protocol and were additionally transfected with the insertion vector pBN34
contai ning_the PrMgene of Dengue virus serotype 2 and as a reporter gene
the BFP 25 48REEIQENEBCERESt ransfect ed vector contains a reporter gene,
BFP, the synthesized protein is detectable latest on day three in cells

infected with a reconbinant virus. Resulting reconbinant viruses have to
be purifieﬂobythaQQgertion of the three PrM genes of serotype 2, 3

10 and 4 of Dengue virus in the MVA genome, three independent
recombination vectors were used.
These vectors contain - as described in detail above -
sequences homologous to the MVA genome for targeting
insertion by homologous recombination. Additionally each
15 vector contains a selection and reporter gene cassette.
The PrM sequences of three Dengue virus serotypes were
synthetically made as described in Example 1.
As result, the insertion vector construct for IGR1I36-137
contained the PrM of Dengue virus serotype 4 (Fig. 15 -
20 pBN27). The insertion vector construct for IGR 07-08
contained the PrM of Dengue virus serotype 2 (Fig. 16 -
pPBN34), and the insertion vector construct for IGR 44-45
contained the PrxrM of Dengue virus serotype 3 (Fig. 17 -
©PBN47) .
25
Generation of the recombinant MVA via homologous

recombination

The generation of recombinant MVA by homologous
30 recombination was performed as described in Example 1.
The insertion sites for the PrM4, PrM3 and PrM 2 in the MVA

genome are depicted in Fig. 18.



purification as described in Exanple 1. After six rounds of 30 plaque
purification reconbi nant virus MWA-PrMi+PrM was further passaged and

anpl i fi edwerid/ogrsas ude st ock was prepared. The reconbi nantPCraEPos/aemt i fi ed
by PCR assays WD 03/097846 PCT/ EP0O3/080647 -44 using a priner pair
selectively anplifying the insertion site |IGRO7-08 (oBN 903:

ct ggat aaat acgaggacgtg. SEQ ID NO.: 18; and OBN904: gacaatt atccgacgcaccg;
SEQID NO.: 19). 5 Insertion of PrM3 into MWA Cells were infected with
MWA- Pr M+4 according to the above- described protocol and were additionally
transfected with the insertion vector pBN47 containing the PrMgene of 10
Dengue virus serotype 3 and as a reporter gene the EGFP gene. Since the

t r ansf ect dSPedOr Ednthdithd a?“rt@pém%er gene, EGFP, the synthesized protein
is detectable latest on day three in cells infected with a reconbi nant
virus. Resulting reconbinant viruses have to be purified by plaque 15

puri fi cat iTon aasidescridved! i welXlanpier el inffecded hridd ABIMEN asfcqy dique

purification recombinant viruses,. WA-PrMA+3+2, _ were identifi.ed PCR
assaysg usity ﬁ*ﬁri r?é’rovﬁeﬁdrescgé St \p@%;og,@ i Bhg THE i n‘—’}s‘%éjttilo%n%]t%
| GRA4- 45 (@BNYGLct LOhtAgACERs aCAsegaLadt ¢8ctSEQuBR2MOcordiirandy GBNGOS 20

cggat gaaaaatttttggaag. SEQ ID NO.: 21). The PCR anal ysis of the reconbi nant
vi rus conpEisigera Rengee DERGYR YPFQEVIPE M g8REs 3Ss SSHEMPI TP EE™99. PCR

experi ments, ar g-psr f oL ed %SCE&QGC’CJ} &£ @fm‘% 28RELTRE

conbi nat i oneoBﬁﬁg& inrg@bB%‘%l % S spemaﬁ c for | 36- 137, V\%i c}% cont ai ns

the PrMl iveperdttican ddriqy. HEEP, | oler spahkéyizdtie pexpedned sPCRfeapiet  of

t he reconbi nant virus has a size of ikb, S ()qm}%én lglflle 4, 5 e}rrabd. 63 as t he

pl asmill pd€itEsfe VdntRY| %rﬁ% B} . c¢héSe ofith & recombinan
virus. Resulting recombinant viruses have to be purified by
plaque purification as described in Example 1. After four
rounds of plaque purification recombinant wviruses, MVA-
PrM4, were identified by PCR assays using a primer pair

15 selectively amplifying the insertion site IGR136-137

(oBN1008: gataccgatcacgttcta. SEQ ID NO.: 16; and oBN1009
ggatatgattatgtagag. SEQ ID NO.: 17).

Insertion of PrM 2 into MVA
20
Cells were infected with MVA-PrM4 according to the above-
described protocol and were additionally. transfected with
the insertion vector pBN34 containing the PrM gene of
Dengue virus serotype 2 and as a reporter gene the BFP
25 gene. Since the transfected vector contains a reporter
gene, BFP, the synthesized protein is detectable latest on
day three in cells infected with a recombinant wvirus.
Resulting recombinant viruses have to be purified by pladgue
purification as described in Example 1. After six rounds of
30 plague purification recombinant virus MVA-PrM4+PrM2 was
further passaged and amplified and a crude stock was

prepared. The recombinant was identified by PCR assays



30 control, devoid of PrM4 shows the expected fragnment of 190 bp (I ane
2). Lane M shows the nol ecul ar weight marker and lanes 1, 3 and 7 are
enpty. Thwopsiossre conmbi nati on 0BN902 WO 03/ 097846 PCT/ EPORC@BP4Y050475 and
0BN903 is specific for 1GRO7-08, whicH-contains the PrM insertion (Fig.
19, upper panel). The expected PCR fragnent of the reconbinant virus has a
size of 960bp (shown in |ane 4-6) as the plasm d positive control (lane 5
8). The enpty vector control, devoid of PrM2 shows the expected fragnent
of 190 bp (lane 2). The prinmer conbinati on oBN9O4 and oBN905 is specific
for | GRA4-dSingwhi abr ot apas 1t hee RedvBlvelker empA 1EFilgg lthe nilddkeetpanel ) .

The expect rec onbi.nant. virus has a 1 f 932bp
(shown in anecﬁbg?qgggtﬁg%gig%éld ﬁ%ﬁ?tﬁﬁﬁﬁ%%ﬁc%ﬁ%neg%é.Eﬁh@ erpt y
vector contg pl andeyeigo ot Ea%attab@mgaw@a@é@ecsgg foaggent 10§ 185 bp

(lane 2). WD 03/097846 PCT/ EP03/05047 -46 Applicant's or agent's file BN
46 PCT International application No. reference nunber | NDI CATI ONS RELATI NG

TO A DgPOSHJED-M GROORGAM,SM ; LPCT Al e 13bis) A The indications nmade

bel ow rel ate tothe nlcroorganlsnlr erred to in the description on page ,
| ine 40 B. | DENTI FI CATI ONOFDEPCSI T Further deposits are identified on an

addl 1 onalcShrel O NE 0L deBoBh B LALAULL 00, ECACT, EuroRoan o
postal codgeaagiised nb!*bto@%'lt rghd OfrefBPlidRd tMoelzalaiol ogyn Se Resear A th
Sal i sbury Wltshire SP4 QJ
the insertion vector PBN47 containing the PrM gene of
10 Dengue virus serotype 3 and as a reporter gene the EGFP
gene. Since the transfected vector contains a reporter
gene, EGFP, the synthesized protein is detectable latest on
day three in cells infected with a recombinant wvirus.
Resulting recombinant viruses have to be purified by plague
15 purification as described in Example 1. After three rounds
of plaque purification recombinant wviruses, MVA-PrM4+3+2,
were identified by PCR assays wusing a primer pair
selectively amplifying the insertion site IGR44-45 (oBN904:
cgttagacaacacaccgacgatgg. SEQ ID NO.: 20; and oBN905
20 cggatgaaaaatttttggaag. SEQ ID NO.: 21).

The PCR analysis of the recombinant wvirus comprising the
three Dengue virus PrM genes is shown in Fig. 19. PCR
experiments are performed as described in Example 1. The
25 primer combination oBN1008 and oBN1009 is specific for
IGR136-137, which contains the PrM4 insertion (Fig. 109,
lower panel). The expected PCR fragment of the recombinant
virus has a size of 1lkb (shown in lane 4, 5 and 6) as the
plasmid positive control (lane 8). The empty <vector
30 control, devoid of PrM 4 shows the expected fragment of 190
bp (lane 2). Lane M shows the molecular weight marker and

lanes 1, 3 and 7 are empty. The primer combination oBN902



United Kingdom Date of deposit Accession Nunmber Decenmber 7, 2000 00120707
C. ADDI TI ONAL | NDI CATI ONS (|l eave blank if not applicable) This information
i s conti nMed3osrsahn additional sheet |In respect of all dePCyrERvEsBt ates to
whi ch such action is possible and to-45She extent that it is legally

perm ssi bl e under the | aw of the designated State, it is requested that a
sanpl e of the deposited m croorganismbe nmade avail able only by the issue
thereof to an i ndependent expert, in accordance wth the rel evant patent

| egislation. E.g., EPC Rule 28 (4); UK Patent Rules 1995, Schedule 2,

Par agr aph @&1d AeSNPABI ahs Regeicatfiion 8025C8R07BAS, s wkatentonietinSecthens 22

and 33(3) gener al L.y sim]l ar rovi si ons nutati s tandi s f gt her
esi gnat e afa SRSEE tibe PATESPPOR TR ARE VKOE

(ifthe i ndﬁf@gm&mts affe patf %@één@ﬁ&éﬁ@at\ﬂ@@t %&)—3 & SERARJEE & SHI NG
OF | NDI CATI ONS (| eavebl anki f not appl i cabl e) The indications |isted bel ow
will be subhewedirolene 14ntcer e | bhal PBassad nmsditi(perontrehegéneeal
nat ur e 5of di ¢ S on r of %Fo it

recei Vi ng éCBPH cg use o vgggofn%%%gﬁldna?%zgg@uuge on y§ThSi}gso“§ieelfle

recei ved tdathecirandt i ﬁmal_:;mpntl cati on1®0 bp (lane 2). The prlmer

Thi ssheet wasr.ecei vedbyt hel nt er nat i onal Bur eauon: - Aut hori zed off

Aut hor i zedF Biginaion” oBNGO4 _apgd mBNRALS l?or?ﬁ%’ﬁl%4f€ful§gﬁé‘é2§l5m

03/ 097846 P 7 END id PAR T THE
|NTERNATl5%%Eﬁgﬁ%%%g§?¢%cﬁh%FP$ﬁg %QSéE%T %aq%iééCCRGAﬁﬁgﬁghgﬁéég?%E'

PURPOSES C]fhEPAQ’EI&ECPmﬁ@mmmTlermiWWAmumdl a

RESEARCH I\STL TOIE,GBY  (ERAVNMORERSTRASSE 198, ;82152 MTIASRIED |

control (lane 8). The empty vector control, devoid of PrM 2

shows the expected fragment of 185 bp (lane 2).



NAMVE AND ADDRESS L OF DEPGCSI TOR |. | DENTI FI CATI ON OF THE M CROORGANI SM

I dentification reference given by the Accession nunber given by the

DEPQCSI TORVOIOBIERNATI ONAL DEPCSI TARY AUTHORI TY: MWA-575 VOOIA®PEHTS041 | .

SCI ENTI FI C DESCRI PTI ON AND/ OR PROPOSE® -TAXONOM C DESI GNATI ON The

m croorgani smidentified under | above was acconpanied by: X A scientific
descri ptApgianfsofagtsfilcoposed dhgps@eq ¢ desirgrrtitnilamlicatoNr kK wi th a cross where
app|ica fcenr DECEL D AND. ACCEPTANMCE.-Thi Nt or.n Lona enosito

Aut hority accepts the mcr oorﬁgni smidentified under | above, which was

received by it on 7FPRARARSRELEHNGIOA RERGSITERMICROORGANISNG o5 t )+ | V.
RECEI PT OF REQUEST FOR CONVERSI ON T STgilglr%@rgani smidentified under |
above was received by this Internat onat pository Authority on (date of
the original deposit) and A request to convert the original

deposit to a

deposit ottt BHeraeS eaty—was e ety Ot crate—o ecetpty of
request AroTPe‘%dS?ﬂ?‘éPﬁ‘ C By rolaedp the PRI ARG T ; °FORY AUTHORI TY Name: Dr| P
J Packer_St'effa =" 8y { g represent the

| nt er nats. ab@truiepacoMsBrosAut hor ity or  of - aukdi@bdp&Rde Qlnfific@nad s8dcdal sheet [
Addr ess—ECACC-CAMR—Porton—bewn—bate—Sal-sbury—SP4— O3 \Ahere—Rul-e

6. 4(d) [ApptafersiaggERidaaACCs t he date on which the status of internatioral
depositlary authority Ve&radfdlectien E&EheUWPEE (sol e page) 1991 WD 03/ 097946
PCT/ EPO3/05047  -48-

Address of depositary institution (including postal code and country)

Centre for Applied Microbiology & Research .
Salisbury

Wiltshire SP4 OJG

United Kingdom

Date of deposit AccessionNumber

December 7, 2000 00120707

C. ADDITIONAL INDICATIONS (leave blank ifnot applicable) ~ Thisinformation s continued onanadditionalsheet [ _|

In respect of all designated States to which such action is possible and to the extent that it is legally
permissable under the law of the designated State, it is requested that a sample of the deposited
microorganism be made available only by the issue thereof to an independent expert, in accordance
with the relevant patent legislation. E.g., EPC Rule 28 (4); UK Patent Rules 1995, Schedule 2,
Paragraph 3; Australian Regulation 3.25(3); Danish Patents Act Sections 22 and 33(3) and
generally similar provisions mutatis mutandis for any other designated State;

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (ifthe indications are noi for all designated States)

E. SEPARATE FURNISHING OF INDICATIONS (leave blankifnotapplicable)

The indications listed below will be submitted to the Intemational Bureau later (specify the general nature of the indications e.g., "Accession
Number of Deposit")

Forreceiving Officeuse only For International Bureauuse only

E This sheet wasreceived

./

> Authorized officer
IMre. H. Fransz

intetnational application D This sheet was received by the International Bureau on:

Form PCT/ROf34 (Tuly 1992)



APPENDI X 3 Page 24 BUDAPEST TREATY ON THE | NTERNATI ONAL RECOGNI TI ON OF THE
DEPCSI T OF M CROORGANI SM5 FOR THE PURPOSES OF PATENT PROCEDURE

| NTERNATIONAB/0FBRM r T TO BAVARI AN NORDI C RESEARCH VI ABI [PCTRPBI/#SDENENT

| NSTI TUTE GVBH | ssued pursant to Rul e#7:0.2 by the FRAUNHOFERSTRASSE 18B

| NTERNATI ONAL DEPCOSI TARY AUTHORI TY abom32152 MARTI NSRI ED i dentified on the
fol | owi ng page GERVANY NAVE AND ADDRESS OF THE PARTY TO WHOM THE

VI ABI LI TY OF STATEMENT L IS I SSUED 1°°°DEPCSI TOR |1 . | DE(I\;TV:BEI gATI ON OF THE
M CROORGANI SM Nane: BAV. PRICRISIACY RESE ARGHMINGT| TUTE ccession
nunmber given by the [INT [ Rl ep B L R FaoaddgOR TY: 00120707

Ad reSs: FRAUNHOFERSTRASSE|18B D- 82152 MARTI NSRI ED Date of the deposit or

D& eane CERVANY 7TH Decenper 2068 1. VI ABI LI TY STATEMENT The
VI agd %Tlﬁ'Iy. G§[ ‘& M croor ganismidentified under Il above was tested on 2.
‘ggﬁt’; ggglgsggg% said mcroorganismwas F-1 3 viable a 3 no longer viable
ate the date of the ori gi nal deposit or, where a new deposit or a

transfer has been made, the nost relevant date (date of the new deposit or
date of tRe=tkARSies). 2 In the cases referred to in Rule 10.2 (a) (ii) and
(iji1), ref & PER9STPe nost recent viability test. 3 Mark with a cross the
appl i cabl e box. j

I. IDENTIFICATION OF THE MICROORGANISM

Identification reference given by the Accession number given by the
DEPOSITOR: INTERNATIONAL DEPOSITARY AUTHORITY:
MVA-575 ) V00120707

II. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under I above was accompanied by:

X A scientific description

A proposed taxonomic designation

(Mark with a cross where applicable)

III. RECEIPT AND ACCEPTANCE

This International Depository Authority accepts the microorganism identified under I above,
which was received by it on 7™ December 2000 (date of the original deposit)*

iv. RECEIPT OF REQUEST FOR CONVERSION

The microorganism identified under I above was received by this International

Depository Authority on (date of the original deposit) and

A request to convert the orlglnal deposit to a deposit under the Budapest Treaty

was received by it on (date of receipt of reguest for conversion)

Iv. INTERNATIONAL DEPOSITORY AUTHORITY

Name: Dr P J Packer Signature (s) of person(s) having the power

to represent the International Depository
Authority or of-.authorized officials(s):
Address: ECACC

CAMR N !
Porton Down Date: ' -» . & .‘ﬁ‘“ﬁ-f
Salisbury SP4 0JG

1 wWhere Rule 6.4(d) applies, such date is the date on which the status of international depositary
authority was acquired

Form BP/4 (sole page) 1991



Form BP/ 4 (first page) WO 03/097846 PCT/ EP03/05047 -49 Appendix 3 Page 25
| V. CONDI TI ONS UNDER WHI CH THE VI ABI LI TY TEST HAS BEEN PERFORMED { MWA-575
- V0012090 03h7846/1 RUS WAS Tl TRATED ON BHK CELLS TC1D50 =PLC@P83/03047

| NTERNATI ONAL DEPCSI TARY AUTHORI TY Ne#$e: Dr P J Packer ECACC CAMR

Si gnature(s) of person(s) having theessp@wes to0 represent the International
Depositary Address: Porton Down Authority or of authorized official(s):
Salisbury Wltshire j SP4 QIG Date: T 4 Fill inif the information has
been requested and if th %‘Taﬁf’f%@*ﬂtléﬁﬁl\’}&wf%e negative. Form BP/9
(second and | ast page) V\n!e)ri‘pf(%%zi)O%SbF 0SB0y Rirtia sl 50 Certificate of

Anal ysis Product Description MVA-575 Accessi on Nunber 00120707 Test
Description: Determ nation of TC IIf%qép‘(.eil\m(TﬁoNA(I:‘yFPR(”)dpat hic Virus titration. (SOP
ECF_@CI 055) Cell Acceptancg Criterion/Specification/Criteria: Negative

cont, I w no sign of etepadi-eyeffects. The Test Sanple is

se Eé’%é}%&&%@gggﬁgggt 0 in 4°'wells gfued pusditct mee @et by thenes for each

di | @EEE@F@@Q%QQ?? hic effects indiiGabeieh BAkrViolldan] s Present. Virus titre
is e Wl ated using the bel ow equati on where x is the value obtained from
a standard TCI D50 Table as a result of the distribution of the wells

di splaying less than 4 positive wells per dilution, and y is the val ue of
the HUGRESIOONUEY of PgrPavhere all 4 well's are positive: TCID50 = 1 x 10' +X

THE VIABILITY OF STATEMENT
l IS ISSUED I

I. DEPOSITOR ’ II. IDENTIFICATION OF THE MICROORGANISM

Name : BAVARIAN NORDIC RESEARCH INSTITUTE GMBH Accession number given by the
INTERNATIONAL DEPOSITORY AUTHORITY:
00120707
Address: FRAUNHOFERSTRASSE 18B
D-82152 MARTINSRIED Date of the deposit or of the transfer:
GERMANY 7™ December 2000

I1I. VIABILITY STATEMENT

The viability of the microorganism identified under II above was tested
on !, On that date, the said microorganism was

3 viable

no longer viable

1 Indicate the date of the original deposit or, where a new deposit or a transfer has been
made, the most relevant date (date of the new deposit or date of the transfer).
2 in :he cases referred to in Rule 10.2 (a) (ii) and (iii), refer to the most recent viability
est.
3 Mark with a cross the applicable box.

Form BP/4 (first page)



y Date: 19/01/01 Result: Indicator Cell Line: BHK 21 CLONE 13 Negative
Control: NO CPE Test Sanple: CPE Distribution of less that 4 positive
well's: 4,w0,030978% 0.50 Y:. 10-5 TCID50 = 1 x 10' + 0. SOPCI(EP03/05D@6. 5
Overall Result: Virus Present Test De®cription: The Detection of Mycopl asna
by Isolation on Mycoplasma Pig Serum Agar and in Mycopl asma Horse Serum
Broth. SOP QC/ MYCO 01/ 02 Accept agcgmdggteri on/ Specification: Al positive
controls (M pneunoniae & M oral &) nust show evi dence of mycopl asna by
typi cal colony formation on agar ptsattes. Broths are subcultured onto
Mycopl asma Pig Serum Agar where evidence of nycoplasma by typical colony
formation is evaluated All negative control agar plates must show no
evi depce Qfwifidt Ak kur MM TREe dak Gk Bpde@iimrAe POSi tive test result i
evi dence of nycoplasma by typical colony formation on agar. A negative
resylt will show no such evidence. Test Nunmber: 21702 Date: 12/02/01
Result: Positive Control: Positive Negative Control: Negative Test
Resyl't?*Reg4f¥¥8€” Overal | Result: PASS Authorised by....... ( ~( ..

.. . .|-THIS.vIiRUS was TITRATEDEBAGCcEiHeadn.0f 1@aal ity ..J~ . ) ...... Date Page 1 of |
WD (3/ 097846 PCT/ EP03/ 05047 -51

v

v. INTERNATIONAL DEPOSITARY AUTHORITY
Name : Dr P J Packer
ECACC CAMR Signature(s) of person(s)'having the'power
Address: Porton Down to represent the International Depositary
: : Authority or of authorized official(s):
Salisbury
Wiltshire ] Ay !
SP4 0JG bate: 33(3fx) &PSV,,U ~

4 Fill in if the information has been requested and if the results of the test were negative.

Form BP/9 (second and last page)



Certificate of Analysis Product Description M/A-575 Accession Nunber
00120707 Test Description: Detection of Mycoplasma using a Vero indicator
cell |inewandoptsechst 33258 fluorescent detection systempCEEP03/05047
QC/ MYCQO 07/ 05 Acceptance Criterion/ Sp#cification: The Vero cells in the
negative control are clearly seen as fluorescing nuclei with no _
cytoplasm c fluorescence. Positive control (M orale) nust show evidence
of nycopl asma as fluorescing nuclei plus extra nuclear fluorescence of
nycopl asma DNA. Positive test results appear as extra nuclear fluorescence
of nycopl asma DNA. Negative Geptﬁicatevof%wagswm ¢ fluorescence. Test
Nunber: 21702 Date: 12/02/01 Result: Positive | ntrol I POISDK[SISV'?' {\Iegatl ve
Control : i Resul tx ) ive Overall Result: es
Descripti (?Q{igfg%g%? elgf bact%ﬁ%sgnd fungi by isolation on Tryptone Soya
Broth (TSB) and in uid Thioglycol'late Medium (FTGV). SOP QC/ BF/ 01/02
Accept ance—Criterion/-Speci-fieatton—AH—posttire—eont+ols—{(BaciH-is—
subti | us, TehtoRickipdndM S ARERGRMESoratth,(SHagthHimical iRl GARSY. ( ﬁée/&%pggl of
m crobial growth (turbidity) and the negative controls show no evidence of
m crobi al growt h (clAespjancel@vitertaniSpearificatidnTriteris) Disdative\eontloR ShouldShowlioRighlbt Y 1N
any of the test broths. Alytopiifiotfistss Hhel Tsthtample g kerfaly dilu@dabiive weds tof
result. Test Nunber: 2170®licapyeet lﬁnisz'/f@%dbxglut@ea @ygb?athﬁw&ﬁ%ﬁcaglaﬁ WFVILSI: is

iti i osen tjtrggs ca Rig tetbeloegpatianweiere @uetha | vilue
Eg:luf It Yep Agggat lve Contr c?)){)faingzlié( ggi alst\zgzlard TCQI;IPDSO Taéil)?e as aresult %e distribution of the wells

) displaying less than 4 positive wells per dilution, and y is the value of the
highest dilution where all 4 wells are positive:

TCIDss= 1 x 10"

y
Date: 19/01/01
Result: Indicator Cell Line: BHK 21 CLONE 13
Negative Control: NO CPE
Test Sample: CPE
Distribution of less that 4 positive wells: 4, 4,0
X: 0.50
Y: . 10°
TCIDs,= 1 x10'*%%
10°
- 106.5
Overall Result: Virus Present
Test Description: The Detection of Mycoplasma by Isolation on Mycoplasma Pig Serum Agar and
in Mycoplasma Horse Serum Broth.
SOP QC/MYCO0/01/02
Acceptance Criterion/Specification: All positive controls (M. pneumoniae & M. orale)

must show evidence of mycoplasma by typical colony formation on agar plates. Broths
are subcultured onto Mycoplasma Pig Serum Agar where evidence of mycoplasma by
typical colony formation is evaluated. All negative control agar plates must show no
evidence of microbial growth,
The criteria for a positive test result is evidence of mycoplasma by typical colony
formation on agar. A negative result will show no such evidence.

Test Number: 21702

Date: 12/02/01
Result: Positive Control: Positive
Negative Control: Negative
Test Resuit: Negative
Overall Result: PASS
Authorised by....... ES.M;\)L..» ................... ECACC, Head of Quality..r?../..g.{f:.'.". ..... Date

Page 1 of 1



}-~ L Authorised by ........ A ECACC, Head
of Quality... J...... Dat e Page 2 of 4 WD 03/097846 PCT/ EP03/ 05047 -52
Appl i cantwe oonomgent' s file gN 46 PCT | ntemati onal appl i catPiCarE®3/05047

ref erencenunber | NDI CATI ONS RELATI NG SIO ADEPOSI TED 1VHCROORGANI SM  ( PCT

Rul e 13bis) A The indications made

bel owr el at et ot hem cr oor gani snr ef eer - r edt oi nt hedescription on page lo ~ b ,
line ~:r7l B. | DENTIFICATI ONOFDEPOSI T Further deposits are identified on an
addi tional sheet Name of debrtifigatetof AimalysivC European Col | ection
of Cell Cultures Address of depositary institution (Including postal code
and count BrpdutieDégeeiption Appl iMWAVETS obi ol ogy & Research Sal i sbury

W It shire ARdssiddCNddabdred Ki ngigpeigat e of deposit Accessi onNunber February
14, 2001 01021411 C. ADDI TI ONAL | NDI CATI ONS (| eave bl anki f not appl i cabl e)
This information is continued on an additional sheet O In respect of all
designated-States to which such action |s possible and to the extent that
it is | egdiestPesepiption: ssablDstectiod ef Mychpasimawsinfa eheindiesi glidiheaid Bbahse 3358 1S
requested that a sanpl e diorgsgent syseg. m croorgani smbe made avail abl e
only by the |ssue ther eofSOF&CéMY Wendent expert, in accordance with the
rel evant patent l%;oa e 28 (4); UK Patent Rules 1995,

Schedul e 2, Péf‘rc%le uoicf”"e\uc £ nT'lQlé/ fﬁ’l ”bﬁ"ie ’Beg?B’ ‘3’)’""* BEsleah spagent s Act
Sections 22 and 3_3( 5 N ! %?L‘%‘EF/ P’ﬁ’eh’ﬂlt‘%ndl s
for any other designg gs,gj £ ook fve ol e}ﬁﬁ‘l‘% SRR =4 Ores(ﬁnceg SERBPCATI ONS
ARE MADE (i ft hei ndi qa% &\Ig}ﬁam,en@gg tRE & Lhts i PARATE

nce

FURNI SHI NG OF | NDI CATI ONS (| eavebl anki f not app e I hdi cati ons
| i sted bel ow wTedt Nambaubnitoced to the Internati onal Bur eau | ater
(specj t hegener al nahneoft hei ndi cations e.g.,"' Accession

Date: 12/02/01
Result:
Positive Control: Positive
Negative Control: Negative
Test Result: Negative
Overall Result: PASS
Test Description: Detection of bacteria and fungi by isolation on Tryptone Soya Broth (TSB) and

in Fluid Thioglycollate Medium (FTGM). SOP QC/BF/01/02

Acceptance Criterion/Specification: All positive controls (Bacillis subtilus, Clostridium
sporogenes and Candida albicans) show evidence of microbial growth (turbidity) and the negative
controls show no evidence of microbial growth (clear).

The criteria for a positive test is turbidity in any of the test broths. All broths should be clear for
negative test result,

Test Number: 21702

Date: 12/02/01
Result:
Positive Control: Positive
Negative Control: Negative
Test Result: Negative
Overal] Result: PASS
0
TN, far.
Authorised by........ Ll e ECACC, Head of Quality.. < S0 Date

Page2of 4



Nuwr ber of Deposit') For receiving Ofice use only For International Bureau
use only This sheet was received with theinterna' al application [] This
sheet waswew®aioymdbyt hel nt er nat i onal Bureauon: Aut hori zed @Cfrirpes/osaut hori zed
officer NirC H Fransz Form PCT GL352-y 1992) V\D 03/ 097846 PCT/ EP03/ 05047

- 53 APPENRRH Sor Paua -4 BUBAPEST TREATYT Ilmgéinaﬁ b RA T T ONAE—RECOGNT ON

OF THE DR M CROORGARNSRECT FOR THE PURP ES OF PATENT PROCEDURE| TO
| NTERNATI ONAL FORM PROF DR ANTON MAYR VEI LHEIMER STR 1 D- 82319 STARNBERG
GERVANY NANVE AND ADDRESS OF DEPOSITOR L |. | DENTIFI CATION OF THE

M CROORGANI SM I denti fi cation reference given by the Accessi on nunber given
by the DEPGCSI TOR | NNBRMATONIYALADRNCOS ABEPOSAEDHARIROBRGANERO- MVA- 200
01021411 11. SCIENTIFI C DESCRI PTI ON ANDY OR PROPOSED TAXONOM C DESI GNATI ON
The nicroorgani smidentified under FCABEVEYAas acconpani ed by: A
scientific descrlptlon F-1 A proposed t axonom ¢ de5|gnat|on (Nhrk mnth a
cross whe C
Deposi t oy~ Rlﬁt‘lﬁ@?“’inscns?d‘ﬁ%t’é@b‘le@ﬂli“ﬁ“é"’rﬁi“é‘?rE)fEiP@%iﬁFeé?ﬁr‘Ptﬂé nti f i ed under I

onpage line

Uﬁ

abov,,

B. IDENTIFICATIONO¥DEPOSIT Further deposits are identified onanadditional sheet D

Nameofdepositary institution ECACC
European Collection of Celi Cultures

Address of depositary institution (including postal code and country)

Centre for Applied Microbiology & Research
Salisbury

Wiltshire 3P4 OJG

United Kingdom

Dateofdeposit AccessionNumber

February 14, 2001 01021411

C. ADDITIONAL INDICATIONS (leave blank if not applicable) Thisinformationis continued on anadditional sheet | _|

in respect of all designated States to which such action is possible and to the extent that it is legally
permissable under the law of the designated State, it is requested that a sample of the deposited
microorganism be made available only by the issue thereof to an independent expert, in accordance
with the relevant patent legislation. E.g., EPC Rule 28 (4); UK Patent Rules 1995, Schedule 2,
Paragraph 3; Australian Regulation 3.25(3); Danish Patents Act Sections 22 and 33(3) and
generally similar provisions mutatis mutandis for any other designated State;

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADRE (if the indications are not for all designated States)

E. SEPARATE FURNISHING OF INDICATIONS (leaveblankifnot applicable)

The indications listed below will be submitted to the International Bureau later (specify the general nature of the indications e.g,, "Accession
Number of Deposit”)

Forreceiving Officeuse only ForInternational Bureauusconly sy

g This sheet was received with the internati

Zf// oid

‘M. H.. Fransz

S

al application I:] This sheet wasreceived by the International Bureau on:

Authorized officer

I

Authorized officer




whi ch was received by it on 14 February 2001 (date of the original

deposit)' 1V. RECEIPT OF REQUEST FOR CONVERSI ON The m cr oorgani sm

i denti fi edounmers4é above was received by this Internati on®CT/HPOPORUT Ory
Authority on (date of the original dejosit) and A request to convert the
original deposit to a deposit under the Budapest Treaty was received by it
on (date of receipt of request for ggpyersion) V. | NTERNATI ONAL DEPCSI T
UTHORITY :#) Nanme: Dr D H Lewi's Signature(s) of person(s) having the power
to represent the International Deposf¥drfYy -- Address: ECACC Authority or
of authorized officials( %{ suD/EAdVRRRor promee Dovpabatke @ 1 1 Sal i sbury SP4 QIG
L~ 6 1 Were Rule 6.4(d) "k Fi%%méﬁig@’ﬂiiﬂéi&”ﬁ?é°iﬁﬁﬁ§“fﬂ%te on which the status
of [ fit er nati onal depositar authority was acquired Form BP/ 4 (sol e page)
19P1 WD 03/ 097846 PCT/ EP03/105047 " SATAPPERN#Y X 3 Page. 24 BUDAPEST TREATY
ON mggmggmm ONAL RECOGNI TION OF THE DEPOSI T OF M CROORGANI SMs  FOR THE
PURPOSES stakvsBATENT PROCEDURE | NTERNATI ONAL FORM O VI ABI LI TY STATEMENT PROF
DR ARFON MAYR | ssued pursant to Rule 10.2 by the WEI LHEIMER STR 1

| NTERNATI ONAL DEPGCSI TARY AUTHORITY D 82319 STARNBERG i dentified on the

foll ow ng page GERVANY

NAME AND ADDRESS
l OF DEPOSITOR '

I. IDENTIFICATION OF THE MICROORGANISM

Identification reference given by the Accession number given by the
DEPOSITOR: INTERNATIONAL DEPOSITARY AUTHORITY:
VERO-MVA-200 ' 01021411

II. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under I above was accompanied by:

X A scientific description

"| A proposed taxonomic designation

(Mark with a cross where applicable)

III. RECEIPT AND ACCEPTANCE

This International Depository Buthority accepts the microorganism 1dent1f1ed under I above,
which was received by it on 14 February 2001 (date of the original deposit)?

Iv. RECEIPT OF REQUEST FOR CONVERSION

The microorganism identified under I above was received by this International

Depository Authority on (date of the original deposit) and
A request to convert the original deposit to a deposit under the Budapest Treaty
was received by it on d (date of receipt of request for conversion)
Iv. | INTERNATIONAL DEPOS{%UTHORITY
Name: Dr D H Lewis Signature(s) of person(s) having the power
. to represent the International Depository
Authority or of authorized officialsi(s):
Address: ECACC
CAMR

5= [
Porton Down Date: [ . ? Z{‘Z!'/l
Salisbury SP4 0JG ’

. Where Rule 6.4(d) applies, such date is the date on which the status of international depositary
authority was acquired

1

Foxm BP/4 ({sole page) 1991



NAMVE AND ADDRESS OF THE PARTY WHOM THE VI ABI LI TY OF STATEMENT | S | SSUED
TOL |I. DEPCSITOR II. |DENTIFICATION OF THE M CROORGANI SM Nane: PROF DR
ANTON NMAYWROAGmem3é on nunber gi ven by the | NTERNATI ONAL DEPOSIEPCRYS047
AUTHORI TY: 01021411 Address: WEILHEH¥ER STR 1 D 82319 STARNBERG Dat e of
t he deposit or of the transfer: GCERVANY 14 February 2001 I1I. VIABILITY
STATEMENT The viability of the mcroorganismidentified under Il above was
tested on 2. On that date, the said mrerFrmengani smwas a viable 171 no

| onger viable 1 Indicate the date of the Qriginal deposit or, where a new
deposit or a transfer has been made, the npbst rel evant date (date of the
new deposit or date of the EAREERETAY SNIE DFRITANS referred to in Rule
10.2 (a) (ii) and (iii), refemwrrirg vkresss trame@cotovys abi | ity test. 3 Mark
with a cross the applicable box. Eorm.BRLA.Lfirst page) WO 03/097846

PCT/ EP03/ 05047 -55- Appendix 3 Page 25 |V. CONDI TI ONS UNDER WHI CH THE
Vi ASI tol TY TEST HAS BEEN PERF D 4 VERO MVA-200 WAS TI TRATED ON VERO
S

CEL TO CONFI RM VI ABI LI TY. V. NEERNARE@INAL DEPOSI TARY AUTHORI TY 0 J)
. H - Issued pursant to Rule 10.2 by the

Name: Sgﬁﬂgﬁﬂ"’ﬁg@{’“ S - INTERNATIONAL DEPOSITARY AUTHORITY
D-82319 STARNRERG . identified on the following page
GERMANY )

NAME AND ADDRESS OF THE PARTY

TO WHOM THE VIABILITY OF STATEMENT
IS ISSUED \

I. DEPOSITOR ' II. IDENTIFICATION OF THE MICROORGANISM
Name : ) PROF DR ANTON MAYR Accession number given by the
) INTERNATIONAL DEPOSITORY AUTHORITY:
01021411
Address: WEILHEIMER STR. 1
D-82319 STARNBERG Date of the deposit or of the transfer:
GERMANY 14 February 2001
II. VIABILITY STATEMENT

The viability of the microorganism identified under II above was tested
on : *.  On that date, the said microorganism was

X 3 viable

no longer viable

1 Indicate the date of the original deposit or, where a new deposit or a transfer has been
made, the most relevant date (date of the new deposit or date of the transfer).

2 In the cases referred to in Rule 10.2 (a) (ii) and (iii), refer to the most recent viability
test.
3 Mark with a cross the applicable box.

Form BP/4 '(first page)



ECACC CAMR Signature(s) 0 ', '- crz:.y ttfe power to represent e

I nternational Depositary Address: Port on Down Authority or of authorized
of ficial (wp:03/08shté sbury Wltshire SP4 QIG Date: 4 Fill i mCrTfEPDSY@S047

i nformati on has been requested and i{f55st-he results of the test were
negative. Form BP/9 (second and | ast page) WO 03/097846 PCT/ EPO3/ 05047
-56 Applicant's or agent's file BN 46 PCT International applicationNo.
referencenunber | NDI CATI ONS RELALLNG FO A DEPCSI TED M CROORGANI SM ( PCT
Rul e 13bis) A The indications made ~be| ow rel ate tothem croorgani sm.
refferrredtointhedescription onpé’ge ltpp ,line !. B.

| DENTI FI CATI ONOFDEPQSI T Further deposits are identified on an additional

shget—Narre—of—deposttaryrnstitut+on—ECACCEuropean—Cottect+on—of—ceH

Cul{trur es conprtdwe s@e0frIce o iRy TESTSHAR BERY iPergorfgo'c| udi ng postal code and
LSRWAY Coantro for Analiaod MM v.ohbi-al O _Nocoareceh Al i ok L \l\l’l_tbhj

COLI‘IL y} OTITC T 1T Ol I‘\|J|JFT CCT VT \.al U UI Uﬂy oL N\CoTal \.al"l JAT 1 OUUI y’ vy I Corrr e

O

SP4 QJG United Kingdom Dat eof deposit Accessi onNunber Cctober 14, 199
991 01A3T*€° ADDITFTENAL RN CAT | RS (¥4 EDbl ank i f not applicable) This
i nflormation is continued on an additional sheet fl In respect of all
dedignated States to which such action is possible and to the extent that
it|is legally perm ssable under the |aw of the designated State, it is
requested that a sanple of the deposited nicroorganismbe nade availaple
onlly by the issue thereof to an independent expert, in accordance wth the
relievant patent legislation. E.g., EPC Rule 28 (4); UK Patent Rul es 19p5,
Schedul e 2, : -

v. INTERNATIONAL DEPOSITARY AUTHORITY »// \
4
‘ . v ‘/
Name: Dr D H Lewis 4
ECACC CAMR Signature(s) \o € power

to represent e International Depositary

Address: Por’t.:on Down Ruthority or of authorized official(s):
Salisbury
Wiltshire .
SP4 0JG Date: 13/.‘-;/ (Z4&3

4 Fill in if the information has been requested and if the results of the test were negative.

Form BP/9 (second and last page)



Par agraph 3; Australian Regul ation 3.25(3); Danish Patents Act Sections 22
and 33(3) and generally simlar provisions nutatis nmutandis for any other
desi gnat ed0Ssadmi6 D. DESI GNATED STATES FOR WHI CH | NDI CAT| GRS/ERRENADE

(i ftheindi cat i ons ar enotfor al | desi gna5t6edSt at es) E. SEPARATE FURNI SHI NG OF
| NDI CATI & : s 1ea||r\| 1Ot H-cabt - rons—tisted-—below wi |l |
be subm t@&%ﬁgﬁﬁﬁew nterna?’i“éﬁg&; BureaumtT au'tlbgarldpﬂ(l%g&eig&the general nat ur ¢ of
the indications e.g., 'Accession Nunber of Deposit For receivingOfi
useonl For International Bureauuse only Thissheetwasreceivedw tht e
emational appl' ion This sheet was receivedby.the International Bureau on:

Z Aut horized of fi cer muidasronsatiraiiNceey A BIrosn@bMEROIREXNERO2) WO 03/ 097846
PCT/ EPO3/ 05047 -57- APPENDI X 3 Page 14 BUDAPEST TREATY ON THE

| NTERNATI ONAL RECOGNI TI ON OF THE' DEPOBHI3EF M CROORGANI SMS FOR THE
PURPOSES CF PATENT PROCEDURE F F.DR DR H C. MULT. ANTON MAYR | NTERNATI ONAL

FORM VEIL . ‘
MTMNFWQ dent i fi cat i on ref erehce
NTERNATI ONAL

DEPCSI TOH
DEPGSI TARY- Mﬂﬁi&ﬁéﬁvorn‘éﬁ%ﬁ MVA V99101431 izdrmerd&QltEnM&lmﬁ hfonkRbRlEL: (E:]d

gi ven by
AND/ OR PRORPOSED-TAXONOM-C-DESI-GNATL-ON-The m-croor gani-sm identified

above was N@Eﬁfé‘ﬁﬁ‘éﬁ}nﬁﬂm%ﬁ%% scientific description F-1 A proposed
t axononi ¢ designation (ENRPE GPlesionfCEbSWUdher e appl i cabl e)

Address of depositary institution (including postal code and country)

Centre for Applied Microbiology & Research
Salisbury

Wiltshire SP4 0JG

United Kingdom

Dateofdeposit Accession Number

October 14, 1999 99101431

C. ADDITIONAL INDICATIONS (leave blank if not applicable) This informationis continued on anadditional sheet D

In respect of all designated States to which such action is possible and to the extent that it is legally
permissable under the law of the designated State, it is requested that a sample of the deposited
microorganism be made available only by the issue thereof to an independent expert, in accordance
with the relevant patent legislation. E.g., EPC Rule 28 (4); UK Patent Rules 1995, Schedule 2,
Paragraph 3; Australian Regulation 3.25(3); Danish Patents Act Sections 22 and 33(3) and
generally similar pravisions mutatis mutandis for any other designated State;

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States)

E. SEPARATE FURNISHING OFINDICATIONS (leave blankifnotapplicable)

The indications listed below will be submitted to the International Bureau later (specify the general nature of the indications eg., "Accession
Number of Deposit”)

Forreceiving Offi

E Thissheetwas recelved withthe

W ForInternational Bureauuse only s emem—
irfernational applj i6n D This sheet wasreceived by the International Bureau on:
!&/ Authorized officer
ipob
N

WRO/IM‘!}My 1992)

Authorized officer




[11. RECEI PT AND ACCEPTANCE This International Depository Authority accepts
the m croorganismidentified under | above, which was received by it on
14TH Cct owero3h9B96 (date of the original deposit)' 1V. RECECREPONIFREQUEST
FOR CONVERSI ON The m croorgani smi dem7-fi ed under | above was received by
this International Depository Authority on (date of the original deposit)
and A request to convert the original deposit to a deposit under the
Budapest Treaty was received by it op.fdate of receipt of request for
conversion) |V. | NTERNATI ONAL DEPCSI TORY AUTHORI TY Nane: Dr P J Packer
Signature(s) of person(s) having the 8t to represent the International
Depository Authority or of @zemmmm’eddmlfnﬁilm@hﬂs@s%: Addr ess: ECACC CAMR
r~ Porton Down Date: J~i ™8 -8hpy S IF oM ke g vifere Rul e 6.4(d)

appl t€s, such date is the te on which the status of international
deplosiot.ax. yr-1.aubitorinby mwas  acqui r ed"ESPHTBPFE" (sol e page) 1991 WO 03/ 097846
PCT/ Eﬁ%ﬁ%‘ﬁimg -58- APPENDI X 3 Page 24 BUDAPEST TREATY ON THE

| NTEERATY ONAL RECOGNI TI ON OF THE DEPCSI T OF M CROORGANI SM5 FOR THE
PURPOSES OF PATENT PROCEDURE | NTERNATI ONAL FORM TO PROF. DR. DR H. C. MULT.
ANTON MAYR VI ABI LI TY STATEMENT WEI LHEI MER STR. | |ssued pursant to Rule
10.2 by the D 82319 STARNBERG | NTERNATI ONAL DEPGCSI TARY AUTHORI TY GERMANY

i delit—i f i edvaen atoheodeed | ovviEl page

OF DEPOSITOR

I. IDENTIFICATION OF THE MICROORGANISM

Identification reference given by the Accession number given by the
DEPOSITOR: . INTERNATIONAL DEPOSITARY -AUTHORITY:
VERO-MVA V99101431

; IT. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

| The microorganism identified under I above was accompanied by:

X A scientific description

A proposed taxonomic designation

(Mark with a cross where applicable)

III. RECEIPT AND ACCEPTANCE

Th;s International Depository Authority accepts the microorganism identified under I above,
which was received by it on  14™ October 1999 (date of the original deposit)!

iv. RECEIPT OF REQUEST FOR CONVERSION

The microorganism identified under I above was received by this International
Depository Authority on (date of the original deposit) and
A request to convert the original deposit to a deposit under the Budapest Treaty

was received by it on {date 'of receipt of request for conversion)
Iv. INTERNATIONAL DEPOSITORY AUTHORITY
Name: Dr P J Packer Signature(s) of person(s) having the power
to represent the International Depository
Authority or of authorized officials(s):
Address: ECACC : ¢
CAMR c 7. }’SO .
Porton Down Date: 217/ 2 [ oo b l‘cé'd,,-", '

Salisbury SP4 0OJG

1 Where Bule 6.4(d) applies, such date is the date on which the status of international depositary
authority was acquired

Form BP/4 (sole page) T 1991



NAVE AND ADDRESS OF THE PARTY TO WHOM THE VI ABI LI TY OF STATEMENT | S | SSUED
L 1. DEPCSI TOR II. | DENTIFI CATI ON OF THE M CROORGANI SM Nane:

PROF. DR. DROM3@oM. T. ANTON MAYR Accessi on nunber given by PCHE&EPOMIFERNATI ONAL
DEPCSI TORY AUTHORI TY: V99101431 Addrs8ss: WEILHEI MER STR. 1 D 82319
STARNBERG Dat e of the deposit or of the transfer: GERVANY 141H Cct ober
1999 1I. VIABILITY STATEMENT The viability of the m croorgani smidentified
under |l above was tested on z. On that date, the said m croorgani smwas

F1 ' viable F-] 3 no longer viable 1 Indicate the date of the original
deposit or, where a new deposit or a Ft"‘ﬁf’aﬁ*f’sfer has been nmade, the nost

rel evant dat e (date of the Nemre pRsiht @t atrenatothe transfer). 2 In the
cases referred to in Rul e 1052 Dyr0 CANIEMY er t 0 t he npst recent
viability test. 3 Mark wit h a g?%ugg@‘!fshog%égglqﬁfql ca% & box. Form BP/ 4 (first
page) WO 03/ 097846 PCT/ EP03/ 05047 regerronahfdKdi x 3 Page 25 |V. CONDI TI ONS
UN WH CH THE VI ABI LI TY="TEST HAS BEEN PERFORVED 4 ' VERO- WA - 99101431

TH VI RUS WAS GROWN ON VERO| CELLS, DI NG O THE DEPCSI TORS | NSTRUCTI ONS.
mﬁgg '\/\%B TABIIEY 1 I NG C¥. EEG"E AFTER 48 HOURS. A LI TRE
OF 60 X2510br E FORM NG UNI TS/ NLNTWESI 9QEIBRY AUAORITNTERNATI ONAL

DEPCBFPARY AUTHORI TY Nane: Dr P J P&cket™ g st =

NAME AND ADDRESS OF THE PARTY
TO WHOM THE VIABILITY OF STATEMENT

IS ISSUED ’

I. DEPOSITOR IT. IDENTIFiCATION OF THE MICROORGANISM
Name: "PROF.DR,.DR.H.C.MULT. ANTON MAYR Accession number given by the
INTERNATIONAL DEPOSITORY AUTHORITY:
V99101431
Address: WEILHEIMER STR. 1 :
: D-82319 STARNBERG Date of the deposit or of the transfer:
GERMANY 14™ October 1999

II. VIABILITY STATEMENT

The viability of the microorganism identified under II above was tested
on 2, On that date, the said mlcroorganlsm was

X. 3 viable

no longer viable

1 Indicate the date of the original deposit or, where a new deposit or a transfer has been
made, the most relevant date (date of the new deposit ‘or date of the transfer).

2 In the cases referred to in Rule 10.2 {a) (ii) and (iii), refer to the most recent viability
test,
3 Mark with a cross the applicable box.

Form BP/4 (first page)



ECACC CAMR Signature(s) of person(s) having the power to represent the

I nternational Depositary Address: POtorl Down Authority or of authorized
of ficial (&D:03/08mké sbury Wltshire SP4 QIG Date: G-~3i 1 YETAEPB3DI047T N i f
the informati on has been requested an®-if the results of the test were
negative. Form BP/9 (second and | ast page) WO 03/097846 PCT/ EPO3/ 05047
-60 Applicant's or agent's file BN 46 PCT International applicationNo.
reference number | NDI CATI ONS RELATLNG TO A DEPCSI TED NI | CROORGANI SM - ( PCT
Rul e 13bis) A The indications made bel ow relate to the nicroor gani sm
referredto in the description ofigage 43 , |ine B. | DENTI FI CATI ONOFDEPCSI T
Further deposits are identified on an additional sheet Nanme of depositary
i ngtitut-enECACC European—Collection of CellCultures Address.of
depasi t akdtpiridsd bpkl ix@dt GIabldird =008 aden GBE@@ANd country) Centre for
Applied Mcrobiology & Research Salishury WIltshire SP4 QIG United
Ki ngdom Dat e of deposit Accessi onNunber August 30, 2000 00083008 C.
ADDVTRPERAL. 291NBEICATI ONS (| eavebl anki f not applicable) This information is
continued on an additional sheet |In respect of all designated States fto
whj| e SRR HRHEHOMOPN TERO g@@sécbrlmmmm @ERORI@OR XNFRICTIDNSAL THELVIAUS whsegadiky .
per MSEALI s e T AW Pt he® HeTi Griat &l "SLE 1% IS/ P SHUBEr -t hat a
sanpl e of the deposited microorganismbe nmade avail able only by the ifssue
thereof to an i ndependent expert, in accordance wth the rel evant patient
| egislation. E.g., EPC Rule 28 (4); UK Patent Rules 1995, Schedule 2,
Panagraph 3; Australian Regulation 3.25(3); Danish Patents Act Sections 22
andg 33(3) and : '

v. INTERNATIONAL DEPOSITARY AUTHORITY

Name : br P J Packer
ECACC cauR sianatare (o) of personts) naving e porer
. ional Depositary
Address: Pochnl Down AButhority or of authorized official(s):
Salisbury .
Wiltshire ; Do
i 4T HY Lo R R P
SP4 0JG - bate: zf’/;lc’ Pﬁ\\"\!\i—;

4 Fill in if the information has been requested ahd if the resnlts of the test were negative.

Form BP/9 (second and last page)



generally simlar provisions nutatis nmutandis for any other designated
State; D. DESI GNATED STATES FOR WHI CH | NDI CATI ONS AREMADE

(1 fthei nowoaniogrss@r enot f or al | desi gnat edSt at es) E. SEPARAPETHPRMBIH NG OF

| NDI CATI ONS (| eavebl anki f not appl i cabt®)- The indications |isted below w ||l
be subrn'tted to the International Bureau | ater (speck t hegeneral nature of
t he i ndi cat NS Eallae —Accesston—Nombemmgiaepmsidny—r—ForrecervigpD fi e
useo For | iRt ‘%ﬁaﬁ. onal Bur eSU6&%Tonly  This gﬁjg%t wasreceiv th '
ernational application » This sheet was recei vedby the |International Bureau
on: Authorized officer Frarvsz Authorized officer FormPC 0/1 (July 1992)
WD 03/ 097846 PCT/ EPOBYIIESHDNS REUATING TOABRPOSITED MECRPAGR@ANIZYpendi x 3 Page
25 |'V. CONDI TI ONS UNDER WHI CH THE VI ABI LI TY TEST HAS BEEN PERFORMED 4
V00083008 - MVA-BN VI ABI LI TY OF WAPBNUABSTESTED BY GROWN NG THE VI RUS ON
BHK CELLS AND CALCULATI NG THE TCD50. V. | NTERNATI ONAL DEPOSI TARY AUTHORI TY

Name: Dr J—Packer—FGACC—CAMR-SHghat-ure{S) pe+soer{s—havirg—t-he—paner
to repr es‘én?’e“fdﬁﬁ“’” atd"é’t"‘lﬁ“éff“rt"ﬁ‘}’i‘%iF“°‘5§§5‘65§‘ﬁf°5‘?d§?‘ I‘A‘Hiﬂ”’ég‘s Porton Down Authorfity
or of au h&?ﬁed—ﬁh—ﬂﬁ—éﬁ——%‘ i of SPA QIG Date: [l'-l/c=" -

-11 ai " se.JoévmidAToNOFDEPdsiie | nf or mat i on ham}b,e@mtsraequasmdacaﬂadauhtet me
results p . :
APPENDI X 1?“’??5‘5%’5“?21‘“““‘“°“ ECACC

European Collection of Cell Cultures

Address of depositary institution (including postal code and country)

Centre for Applied Microbiology & Research
Salisbury

Wiltshire SP4 OJG

United Kingdom

Date of deposit AccessionNumber

August 30, 2000 00083008

C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet D

In respect of all designated States to which such action is possible and to the extent that it is legally
permissable under the law of the designated State, it is requested that a sample of the deposited
microorganism be made available only by the issue thereof to an independent expert, in accordance
with the relevant patent legislation. E.g., EPC Rule 28 (4}; UK Patent Rules 1995, Schedule 2,
Paragraph 3; Australian Regulation 3.25(3); Danish Patents Act Sections 22 and 33(3) and
generally similar provisions mutatis mutandis for any other designated State;

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (ifthe indications are not for all designated States)

E. SEPARATE FURNISHING OF INDICATIONS (leaveblankifnotapplicable)

The indications listed below will be submitted to the International Bureau later (specify the general nature of the indications e.g., "Accession

Number of Deposit")
/} /
Forreceivi gO ﬁe!useo l'fﬂ ForInternational Bureauusconly — ey
E This sheet was receiv yl thgirfernational application D This sheet was received by the International Bureau on:

Authorized officer 4 éMl’G H. Fransz Authorized officer

Form PC 4&0@7 (uly 1992)
<



BUDAPEST TREATY ON THE | NTERNATI ONAL RECOGNI TI ON OF THE DEPOSI T OF
M CROORGANI SM5 FOR THE PURPCOSES OF PATENT PROCEDURE | NTERNATI ONAL FORM TO
BAVARI AN WORBIEZSRESEARCH VI ABI LI TY STATEMENT | NSTI TUTE GVBETIEPSsIesd4pur sant
to Rule 10.2 by the FRAUNHOFERSTRASSH-18B | NTERNATI ONAL DEPGCSI TARY

AUTHORI TY D-82152 MARTINSRIED identified on the foll ow ng page GERVANY
NAMVE AND ADDRESS OF THE PARTY TO WHOM THE VI ABI LI TY OF STATEMENT L IS

| SSBED /¢ DEPOSETOR | 1. | DENTI FI CATI ON OF THE M CROORGANI SM  Nane: BAVARI AN
NORDI C RESEARCH Accessi on nunber gi ven by the | NSTI TUTE GvBH | NTERNATI ONAL
DEPOSI TORY AUTHORI TY: V00083008, r,ess: FRAUNHOFERSTRASSE 18B D- 82152
MARTI NSRI ED Dat e of the deposit or o the transfer: GERMANY 30TH August
2000 Il. VIABILITY STATEMENT The %#%ability of the mcroorganismidentified
under Il above was tested on Z. On that date, the said m croorgani Smwas

vi able E-1 no longe ori-gi-hal—depos or,
whet &.a r&w:ﬂe&&&bﬁz w@fcxaaﬁwxmsﬁreﬁmshaﬁs meismmmde the nost rel evant datle
(date_of the new deposit or date of the transfer) 2 In the cases referjred
to in Rule.10.2 (a) (ii) and (iii), refer to the nost recent vi ability
test. 3 Mark W|th a cross the applicable box. WO 03/097846 PCT/ EPO3/ 05047

V00083008 - MVA-BN
-63

VIABILITY OF MVA-BN WAS TESTED BY GROWING THE VIRUS ON BHK CELLS AND CALCULATING THE TCD50.

v. INTERNATIONAL DEPOSITARY AUTHORITY

Name : Dr P J Packer ture (8) of (s) h h
Signaturé{s) of persen(s) having the powex
ECACC CAMR to represent the International Depositary
Address: Porton Down Authority or of authorized cfficial(s):
Salisbury
Wiltshire i ? !
SP4 0JG pate: {f[i2fcv \)3 acs/

4 Fill in if the information has been requested and if the results of the test were negative.



APPENDI X 3 Page 14 BUDAPEST TREATY ON THE | NTERNATI ONAL RECOGNI TI ON OF
THE DEPCSI T OF M CROORGANI SM5 FOR THE PURPCSES OF PATENT PROCEDURE TO

| NTERNAT | vONAB/0578RM  BAVARI AN NORDI C RESEARCH | NSTI TUTE GVBET/EP03/05047
FRAUNHOFERSTRASSE 18B D- 82152 MARTIN8RI ED GERVANY L NAMVE AND ADDRESS OF
DEPOSI TOR J | . | DENTI FI CATI ON OF THE M CROORGANI SM I dentification reference
gi ven by the Accession nunber given by the DEPGCSI TOR | NTERNATI ONAL
DEPGCSI TARY- AUTHORI TY:  MWA- BN V00063008 |1. SCIENTI FI C DESCRI PTI ON AND/ OR
PROPOSED TAXONOM C DESI GNATI ON The nieeswp@r:gani smi dentified under | above
was. acconpanied by: 1q A scientific description F-1 A proposed taxonom c
designation (Mark with a cross where 3pp| icable) 111. RECEIPT AND
ACCEPTANCE This Internati > ¥ HAGRT NP accepts the

m croorgani smidentified gn gﬁf@%ﬁ%éﬁﬁﬁgﬁl%cei ved by it on 30TH
August 2000 (date of the original deposit)’ |V. RECEIPT OF REQUEST FOR
CONVERSI ON The m croorganismidentifi ed under | above was received by this
| ntlernati onal Depository Apthority on (date of the original deposit) and
Are t the original vdepasistardvera deposit under the Budapest
Tr ea%gﬁzgs&g%é%g%g%é{ by it oh (dat &sgf nggﬁi); §§§§§£§°£${%§%§t for conversion)
V. [RIERNATRONAL DEPCSI TORY AUTHEIN G on the fo1ioving page

GERMANY

NAME AND ADDRESS OF THE PARTY

TO WHOM THE VIABILITY OF STATEMENT
l I5 ISSUED ’

I. DEPOSITOR II. IDENTIFICATION OF THE MICROORGANISM_
Name : BAVARIAN NORDIC RESEARCH Accession number given by the
INSTITUTE GMBH INTERNATIONAL DEPOSITORY AUTHORITY:
v00083008
Address: FRAUNHOFERSTRASSE 18B
D~B82152 MARTINSRIED Date of the deposit or of the transfer:
GERMANY 30™ August 2000
II. VIABILITY STATEMENT

The viability of the microorganism identified under IT above was tested
on : ?, On that date, the said microorganism was

X 3 viable

no longer viable

Indicate the date of the original deposit or, where a new deposit or a transfer has been
made, the most relevant date (date of the new deposit or date of the transfer).

2 "In the cases referred to in Rule 10.2 (a) (ii) and (iii), refer to the most recent viability
: test. )

3 Mark with a cross the applicable box.



Name: O P J Packer Signature(s) of person(s) having the power to
represent the International Depository Authority or of authorized

of fi ci al sWe)03/09Rdelr ess: ECACC CAMR Porton Down Date: {|LARCcTS203/8%0uTYy SP4
QIG 1 Wiere Rule 6.4(d) applies, sucteddate is the date on which the status
of international depositary authority was acquired Form BP/ 4 (sol e page)
1991 WD 03/097846 PCT/ EP03/05047 -64 Certificate of Analysis Product
Descri pti on MVA- BN Accessi on Number 0}(\%%%30038 Test Description: The _
Det ecti on of Mycopl asma by isol ati on on Wcopl asma Pig serum Agar and in
Mycopl asma Horse Serum Broth. SOP QC/ M¥@(¥401102 Acceptance .

Criterion/ Specification.- Al lgpeshk ke &0t L@bSarkdMi pneunont ae & M orale)
nmust show evi dence of nycopﬁca@m’aorb?t Erogtlr ot @lcgeeyeafoysmat i on on agar

pl atess Broths are subculttyed Bh USP%C"S&‘T&%W"% £ Serum Agar where

evi defice of nycopl asma by typi cal noelvengef esmat i on 1S eval uated. Al
negat eI goprroResegar pl ates nust show no evidence of mcrobial grow h.
The ChidRiiaml QL 14 positive test result is evidence of nycoplasna by

t ypi cabzlgzofseriysrifoor mat i on on agar. A negative result will show no such

evi defice.’ Test Nunber; 21487 Date; 27/11/00 Result: Positive Control;
Positive Nagative Control: Negative Test Result: Negative Overall

Resul t: PAS@ue awp appress

OF DEPOSITOR |

I, . IDENTIFICATION OF THE MICRQORGANISM

Identification reference given by the Accession number given by the
DEPOSITOR: INTERNATIONAL DEPOSITARY: AUTHORITY:
MVA-BN V00083008

II. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under I above was accompanied by:

X A scientific description

A proposed taxonomic designation

(Mark with a cross where applicable)

III., RECEIPT AND ACCEPTANCE

This International Depository Authority accepts the microorganism identified under I above,
which was received by it on 30™ August 2000 (date of the original deposit)!

1v. RECEIPT OF R‘EQUEST FOR CONVERSION

The microorganism identified under I above was received by this International

Depository Authority on (date of the original deposit) and

A request to convert the original deposit to a deposit under the Budapest Treaty

was received by it on . ‘{date of receipt of request for conversion)
Iv. INTERNATIONAL DEPOSITORY. AUTHORITY

Name : Dr P J Packer ' Signature(s) of person(s) having the power

to represent the International Depository

Authority or of authorized officials(s):
Address: ECACC

CAMR

Porton Down ‘ l?ate: i}slz‘l{‘(‘(‘_: : iti/ ‘1/,_";‘

Salisbury SP4 0JG

1 where Rule 6.4(d) applies, such date is the date on which the status of international depositary
authority was acquired

Form BP/4 (sole page) 1991




Test Description: Detection of Mycoplasma using a Vero indicator cell line
and Hoechst 33258 fluorescent detection system SOP QC/ MyCQO 07/ 05

Accept ancwo@siopmné on/ Speci fi cati on: The Vero cells in thepagg@os/msTontr ol
are clearly seen as fluorescing nuci@i- with no cytoplasm c fluorescence.
Positive control (M brale) nmust show evidence of nycoplasma as
fluorescing nuclei plus extra nuclear fluorescence of mycoplasma DNA
Positive test results appear as extra nuclear fluorescence of nycopl asna
DNA. Negative results show no cytoplasm c fluorescence. Test Nunber: 21487

Date: 27/11/00 Result: Pos(Qay 0, L1y Negative Control:
Negative Test Result: Negati veﬁfggtgl #fR‘gﬁfﬂys{%ASS Aut hori sed by

........ A SR L pn ECACC, Head of Quaiity.....!li.~. 17?2~
Dace Pag?cﬁ;'éif 03/ 0978 4ot RNEP03/ 05047 - 65 Certificate of Analysis
Product Description MVA-BN Accessi on Number 00083008 Test Descri ption;
Detection_af bacteria and fungi by isolation on Tryptone Soya Broth (TSB)
and in FegtiRiscTiptiog| y c ol Tha DeedibrhtMycdphadifay. 1soktihh SthBbpiddhd Pid A6k ARdr ans ©
Criterion/Specification:Mygop iHorsg SergmyAtorlol s (Bacillis subril us,
O ostridium sporogenes SERIXGPEH9%/ bi cans) show evi dence of microbi al
growt h (turbi didylan@ ik hs,/ 6. ‘H'.v? coptrals show no evi dence of microbial
growth (clear). éﬁ‘e}mﬁ{ sh&vﬁ:{v@:ﬁfn;%op%ﬁéﬁjp ::l;l}e %gﬁ—l;fo%ﬁ onF:dfe[ tM1 alg%%’. of the
test broths. All brafshsuskaieh® Myophkmtiz §iim A J Ve rmybommid oy TESt
Nunber: 21487 Dat eypicdlibbiylfothatidness aluated. All negative control agar plates must show no

cvidencs of microbial growth,

The criteria for 2 positive test result is evidence of mycoplasma by typical colony
formatiqn on agar. A ncgative result will show no such cvidence.

Test Number; 21487

Date: 27/11/00

Result:
Positive Control; Positiva
Nagative Control: Negative
Test Result: Negative
Overall Result: PASS

Test Description: Detection of Mycoplasma using a Vero indicator cell line and Hoechst 33258
: fluorescent detection system.

SOP QC/MYCO/07/05

Acceptance Criterion/Specification: The Vero cells in the negative conwol are clearly seen ag
fluorescing nuclel with no cytoplasmic fluorescence, Positive control (M. orale) must
show evidence of mycoplasma as fluorescing nuclei plus extra nuclear fluorescence of
mycoplasma DNA, Positive test results appear as-extra nuclear fluorescence of '

- mycoplasma DNA. Negative results show no cytoplasmic fluorescence.

Test Number: 21487

Date: 27/11/00

Result: :
Positive Contral: Positive
Negative Control: Negative
Test Result: Negative
Overall Result: PASS
Authorised by......... 0’59‘1}’ ................. ECACC, Head of Quality.....!i.}.!?—:’.é‘.’.. Dare

Pagelof 2



Positive Control: Positive Negative Control: Negative Test result:
Negative Overall Result: PASS Test Description: Determ nation of TCl Dso of
cyt opat hiwoMBnems4é i trati on. (SOP ECACC/ 055) Cell Accept amCa/EP03/05047
Criterion/ Specification/Criteria: Neg@&tive controls should show no sign of
Cytopathic effects. The Test Sanple is serially diluted into in 4 wells of

I ndicator cell lines for each dilution. Cytopathic effects indicate that
virus is present. Virus titre is cal cul ated using the bel ow equati on where

x is the value obtained f e .Jable as a result of the
distribution of the wells C&?Mﬁﬁéﬁ%& positive wells per
dilutio @Qﬁq ' . val u f e highest dilution where all 4 wells are
posi ti V%:::cssm t’ip &?( 10" me: 01/ 12/ 00 Result: Indicator Cell Line:
BHk21 (&one B at i ve : NO CPE Test Sanple: CPE Distribution
of less_.that 4 positive wells: 4, 4, 4, 3, 0 X 1.25 Y: 103 TC1D50 = 1 x

10" O' 25Tcsi Desdriptib@! 25 Ouisdtial 4 R&SULJ\'I n li’s%aE)Jn on a al
pt tigh dcb ‘Fun)] y B 1SR St c@é&zﬁ’r&%g@?agrndaal ity

Aut horised by......... inl Fiuid Thioglyscallate Medium (ETGM), SOP QCIBEA
...... tf(?.fr... Date Page 2 or 2 WO 03/097846 PCT/ EPO3/05047 -66- CLAI M
Acceptance Criterion/Speciflcation: All positive controls (Bacillis subrilus, Clostridium

sporogenes and Candida albicans) show evidence of microbial growth (turbidity) and the negative
contro!s show no evidence of microbial growth (clear).

The criteria for a positive test is turbidity in any of the test broths. All broths should be clear for
negative test resulr, ‘ ‘

Test Number: 21487

Date: . 27/11/00
Result:
Positive Control; Posttive
Negative Control: Negative
Test Result: Negative
OQverall Result: PASS
Test Description: Determination of TCIDs; of cytopathic Virus titration. (SOP ECACC/055) Cell

Acceptance Criterion/Specification/Criteria: Negative controls should show no sign of
Cytopathic effects. The Test Sample is serially diluted into in 4 wells of
indicator cell lines for each dilution. Cytopathic effects indicate that virus is
present. Virus titre is calculated using the below equation where x is the value
o‘_utamed from a standard TCID, Table as a result of the distribution of the wells
displaying less than 4 positive wells per dilution, and y is the value of the
highest dilution where all 4 wells are positive:

TCIDg= 1 x10'™

. . M y
Date: . 01/12/00
Result: . :
Indicator Cell Line: BHK21 (Clone 13)
Negative Control: - NO CPE
Test Sample: CPE
Distribution of less that 4 positive wells:  4,4,4,3,0
X 125
Y: 10°?
TCIDg= L x10'*0#
107
- 105.25
Overall Resuly Virus Present
**¥ End of Cerulicate¥~¥
Authorised by.......... QSQ‘/L .......... ECACC, Head of Quality.....4{(2{c... Date

Page2of 2



1. A reconbi nant poxvirus conprising at |east two honol ogous foreign
genes, wherein each of said genes is 5 inserted into a different insertion
site of tweosiosmhe genone. 2. The reconbi nant poxvirus acecrdiPagioioa7 cl ai m
1, wherein the genes have a honvol ogyséof at | east 50% 10 3. A reconbi nant
poxvirus conprising at |east two honol ogous foreign genes, said genes
havi ng a honol ogy of at |east 60% 15 4. The reconbi nant poxvirus
according to claim?2 or 3, wherein the genes have a honol ogy of 65-75% 5.
The reconbi nant poxvirus according to clains 1 to 4, wherein the genes are
derived fromaftayigirus. 20 6. The reconbi nant poxvirus according to
claim5, wherein the flavivirus is a Dengue virus. 7. The reconbi nant
poxvirus according to claim5 or 6, 25 wherein the genes are at |east two
honol ogous genes derived fromat |east two different serotypes of the
virus. VO 03/ 097846 PGRHEPOAL0SQ4L, 118 8. Jfior{ £EQUDI ANt DI TUS,
according to clains wherelin the genes are at |east two PrM genes.
9. The red’mrmmuq)oiwmgnac@@newngwh@relm nea&ht @8, sabdwhemredsn fhe
genes are 4 Pr nes., 10. The_reco |nant oxvirus, according to clains 1
to 9, 3 whet'& FF GOA r §s FSTESUERE e Jﬁ?ﬁﬁ.(¥ﬂet Ec olbt fant
poxvi rus ag&assk ng to claim 10, mhereln the Vaccinia virus is a Mdified
Vaccinia Ankara (MA) virus. 12. The reconbi nant poxvirus according claim
11, wherein

2. The recombinant poxvirus according to claim 1, wherein

the genes have a homology of at least 50%.

10
3. A recombinant poxvirus comprising at least two
homologous foreign genes, said genes having a homology of
at least 60%.

15 4. The recombinant poxvirus according to claim 2 or 3,
wherein the genes have a homology of 65-75%.
5. The recombinant poxvirusg according to claims 1 to 4,
wherein the genes are derived from a flavivirus.

20

6. The recombinant poxvirus according to claim 5, wherein

the flavivirus is a Dengue virus.

7. The recombinant poxvirus according to claim 5 or 6,
25 wherein the genes are at least two homologous genes derived

from at least two different serotypes of the wvirus.



15 the WA is WA-BN deposited at the European Collection of Animal Cell
Cul tures (ECACC) under nunber V00083008. 13. The reconbi nant poxvirus
accordi ngwoosobmiers 1 to 12, wherein the poxvirus is replPcratPoposodefi ci ent
or 20 replication inconpetent in manéfal i an cells, including human cells.
14. The reconbi nant poxvirus according to clains 1 to 13, wherein the
genes are inserted into a naturally occurring 25 deletion site and/or into
an intergenic region of the poxviral genome. WO 03/097846 PCT/ EP03/ 05047
-68 15. The reconbi nant poxvirus according clains 1 to 14 as nedi cament or

vacci ne. ¥. AMNACCIECoROMRiAS] BExiheusecdyrmMy PEXVELHSmsS 5aaeordi ng to
any of the claims 1 to 14. 17. A pharnaceutical conposition conprising the
r econbi nanthgiear rie ferdiane 3k kgef e RfMigenasto 14 and a
pharmaceutically acceptable carrier, diluent, 10 adjuvant and/or additive.
18. The reconbi nant poxvirus according to any of the clains 1 to 14, the
vacci ne according to claim16 or the conposition according to claim?17 for
af f ecti ng,9 .pr efBreabt gcdibbimaiuici pgxrvanus M rddsgonse olaamki Bi ng> adj nal ,
including .a human.. 19. Use of the reconbi nant poxvirus according to any of
the cl di mePELG T AHDIOIVIRS Fepar a5 0TS nedi cament. 20 20. A nethod for
affecting, preferably inducing, an immune response in a living animal,

i ncluding a human, conprising admnistering a therapeutically effective

amount of the reconbinant poxvirus according to any of the clainms 1 to
10. The recombinant poxvirus according to claims 1 to 9,

wherein the poxvirus is a Vaccinia wvirus.

10 11. The recombinant poxvirus according to claim 10,
wherein the Vaccinia virus is a Modified Vaccinia Ankara

(MVA) wvirus.

12. The recombinant poxvirus according claim 11, wherein
15 the MVA is MVA-BN deposited at the European Collection of
Animal Cell Cultures (ECACC) under number V00083008.

13. The recombinant poxvirus according to claims 1 to 12,
wherein the poxvirus is replication deficient or
20 replication incompetent in mammalian cells, including human

cells.

14. The recombinant poxvirus according to claims 1 to 13,
wherein the genes are inserted into a naturally occurring
25 deletion site and/or into an intergenic region of the

poxviral genome.



25 14, the vaccine according to claim16 or the conposition according to
claim17 to the animal or human to be treated. WO 03/097846 PCT/ EPO3/ 05047
-69 21. AvoaBlostsasrpri si ng the reconbi nant poxvirus accor diPe@/EPV®0DUAI NB 1
to 14. 22. A nethod for producing a fr@conbi nant poxvirus 5 according to

claims 1 to 14 conprising the steps of - infecting a cell with a poxvirus;
- transfecting the infected cell with a first vector construct conprising
a gene being heterologous to the poxviral genone, and a genom Cc poOXVirus

sequence 10 capable of directing the integration of the heterol ogous gene

into an insertime sté€o@bihliftr POXVikalk GRNUIWIing | &ethdyhngo i 501 gki ng
and, optionally, purifying the generated reconbinant poxvirus; 15 -
r epeat i ng TSl GHeREL se PSP RSi ng the reconbi nant  poxvirus obtained from
previous steps for infecting the cell and an additional vector construct
conprising a further gene being heterologous to the poxviral genone and
honol ogous to the gene of the first vector 20 construct. 23. A kit
conpri singlé. tvid oramrigmeyeciampedrdtiouct $heeachecombinant cporrisiing a
gene under_ transcriptional control _ 25 of aHSOféiral expressi on control

f

el enent, VHET T T e~ Yeies PhctiRied #10F bk rent vectors are

honol ogous genes, and wherein each gene is flanked by a poxviral DNA
sequence WD 03/097846 PCT/ EP03/05047 -70

17. A pharmaceutical composition comprising the
recombinant poxvirus according to any of the claims 1 to 14
and a pharmaceutically acceptable carrier, diluent,

10 adjuvant and/or additive.

18. The recombinant poxvirus according to any of the
claimg 1 to 14, the wvaccine according to claim 16 or the
composition according to claim 17 for affecting, preferably
15  inducing, an immune response of a living animal, including

a human.

19. Use of the recombinant poxvirus according to any of

the claims 1 to 14 for the preparation of a medicament.

v

20

20. A method for affecting, preferably inducing, an immune
response in a living animal, including a human, comprising
administering a therapeutically effective amount of the
recombinant poxvirus according to any of the claims 1 to
25 14, the vaccine according to claim 16 or the composition

according to claim 17 to the animal or human to be treated.



capable of directing the integration of the gene into a poxviral genone,
and - neans for identifying and/or selecting reconbinant poxviruses,
have i ncowpasadmds 5 sai d honol ogous genes into their gen®ce/EPAN0SOThe Kit
according to claim 23, wherein each h@®nol ogous gene is flanked by a
DNA sequence capable of directing the integration of said
honol ogous gene of each 10 vector construct into a different insertion site
of the poxviral genome. 25. A DNA sequence derived from or honol ogous to
the reconbi nant poxviral genome of the reconbi nant poxvirus 15 according
to clainms Zh toaldgevhersinprsahid DS eguebrBi QAR ipessridtud eastotong
honol ogous genes and at | east part of the sequences of the poxviral

poxvira

genone. 26:° Alfdmkod ftor Joktecting cells infected with the
poxvirus according to clains 1 to 14,

whi ch

20 reconbi nant
said nethod conprising adm nistering

t he DNA sequence according to claim?25 to said cells. 27. A nethod for
identifying the reconbi nant poxvirus 25 according to clains 1 to 14,
met hod cof#r. sitzng matdhodi stierd ngprhdubNAgsequencecanbdndintg twoxVarus25 to

sai d v%ru

10

15

20

25

S.

according to claims 1 to 14 comprising the steps of

23.

infecting a cell with a poxvirus;

transfecting the infected cell with a £first wvector
construct comprising a gene being heterologous to the
poxviral genome, and a genomic poxvirus seqguence
capable of directing the integration of the
heterologous gene into an insertion site of the

poxviral genome;

identifying, isolating and, optionally, purifying the

generated recombinant poxvirus;

repeating the above steps by using the recombinant
poxvirus obtained from previous steps for infecting
the cell and an additional vector construct comprising
a further gene being heterologous to the poxviral
genome and homologous to the gene of the first vector

construct.

A kit comprising

- two or more vector constructs, each construct
comprising a gene under transcriptional control
of a ©poxviral expression control element,
wherein the genes included in the different
vectors are homologous genes, and wherein each

gene 1is flanked by a poxviral DNA sequence

sai d



10

15

20

25

WO 03/097846 PCT/EP03/05047
-70 -

capable of directing the integration of the gene

into a poxviral genome, and

- means for identifying and/or selecting
recombinant poxviruses, which have incorporated

said homologous genes into their genome.

24. The kit according to claim 23, wherein each homologous
gene is flanked by a poxviral DNA sequence capable of
directing the integration of said homologoﬁs gene of each
vector construct into a different insertion site of the

poxviral genome.

25. A DNA sequence derived from or homologous to the
recombinant poxviral genome of the recombinant poxvirus
according to claims 1 to 14, wherein said DNA sequence
comprises at least two homologous genes and at least part

of the sequences of the poxviral genome.

26. A method for detecting cells infected with the
recombinant poxvirus according to claims 1 to 14, said
method comprising administering the DNA seqﬁence according

to claim 25 to said cells.

27. A method for identifying the recombinant poxvirus
according to claims 1 to 14, said method comprising
administering the DNA sequence according to claim 25 to

said virus.



