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relates to a reconbi nant poxvirus 5 capable of expressing two or nore
honol ogous foreign genes. Said genes are heterol ogous to the viral genone,
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- subtypes of a microorganism. The invention further relates

€ ” 10 to a method for preparing such recombinant poxvirus and to
the use 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 1living organism is 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, diseagses 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 wvariety 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 is mainly based on the




production of antigen-specific antibodies and the generation 01 y QCT gﬂgﬁ
macr ophagasoageb7kynphocytes, e.g. cytotoxic T-cells (CIL), Mf“\%ﬁ% jfIc
i mmune response is responsible for the fact that an indivi 8ua

recovers froma 5 specific infection is protected against this specific

infection but still is susceptible for other infectious diseases. in
general, a second infection with the sanme or a very simlar infectious
agent causes nmuch mlder synptons or no synptons at all. This so-called

i muni ty [ or a Long tinme, in.sone cases eyen |ifelong. .The
under | yi n%‘%g:‘u?tg%tohi s c%j tena?lé:%gﬁerne 70 as maﬁ%lgbcf%]a?s merfBty, whigh
be used f geneazeciinatioh paoposkageW thd heyvihehsryese] nat.igon ayamider:i s
descri bed vvhgie a(n i.ndi vidual is_challenged with a harm ess, partial or
15 i nact i vat&dPornidf -t He'§ nfRREIHLS AgBHRet seaPPEse, it oresrmisiblriuce,
an i mmunolfegi caher esgeRserhr-sakd {ngi v gy . Mb?%é@é‘géréo £.009 I(%stl ng
- if not lifelong - immunity against the specific infectious agent. The
human 3maFPg6%fdiseasdersicaused byprvdeictlesl viagasinst20 dard ol spad i fise

bel ongs t .am I,y _of Paxviridae, a |ar famly of conplex DNA viruses
that repl ?é“%tggtﬁﬁﬂl h%/ut Vit \iasf'rﬁ dﬁqu%%?e]a‘? e%é’ﬂfd ?E{}@ft éﬁ}%‘@:%@ﬁ s. The
fam |y of dPex¥kesdagncganbeadi,VideddoRio itFedwen sHhfiafld €Sne or a

Chor dopoxvi ri nae and Entonopoxvirinae based on 25 vertebrate and 1 nsect

host rang¥S*ThéMHdedopoxkeehries coaprts edvesisdematherd Idee gomartzom

Or t hopoxvik-uggs - oAU pexvhruses :(Fiel i_rol.0 .ed. by Fields.B. N,

Li ppi ncot t - Raveﬁg%bfﬁéhgrgs%h?{d e |l'£si osgj %%&geqoég%gﬁh&ecy?@l%f > £ Chapt er

83). 30 The lgewmeraind, Olbhcpmeri cases eorpr i SeSeMaid Ol hvi riiflerdReing :

~causative _agent of h n sma%ljpox and al so other viruses 1' OCT 2006 WD
03/097846e%%%FEP6§/6§g%?-ﬁ? erred to as Immunological memory, which

can be used for vaccination proposes.

can .

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

immunity against the specific infectious agent.

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

cytoplasma of vertebrate and invertebrate cells.

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

2> wvertebrate 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, TISBN: 0O-
7817-0253-4, Chapter 83).

30 The genera of Orthopoxviruses comprises variola virus, the

causative agent of human smallpox, and also other viruses



wi th econom cal inportance, e.g. canel pox, cowpox, sheeppox, gaﬁ Q&I 2006
ymonkeypox Magginia virus. Al nmenbers of this genus arer/en@sically
rel ated and have simlar norphol ogy os-host range. Restriction
endonucl ease 5 maps have even shown hi gh sequence identity fromup to 90%
‘et ween different nmenbers 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
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. f . - -
from cowpoxor variola virus rol onged serial passages, the living

representaidepef, a gowtewtd, ncimonkawysozor m@bevacpi@éjactvéf-”uéeneﬁlé
reconbination. Additionally, in course of .the hi nBny stkal ns of
15 Vacci Afelpey® &5 sERSThESBUE ey erﬁef’_s‘:t?é"la&;i\{fdeﬁ%t%g%?\é‘aite varyi ng

i munogeni 611y, AN 268 c1HRN Git edode YahykNgredegieed o tendpotertseale
conplications, the nost sefious of which is post-vaccinial encephalitis.
However, mamy bévet bese sthaimsiiet esageanteor 1Bt {k¥ctRal 97 &Garist 20

smal | pox.. For exanpl.e the strains NY Resarve; Myetih swer e
used pri rﬁﬁ*‘?‘f’?e?ng%g,geﬁﬁﬂtemfa &t ﬁgﬁ@%n\lgrf%@%er n, Cécl)pen aagcen, Li ster
and WA werenisgd foprovacey oai @M rdl Eurppess3Asitdresult of the worl dw de
vacci nation programwi th these different strains of W in 25 1980 the WHO

fi .nal Iy dﬁ%&@iﬁgat Qgr ucqessf uls %@'Iﬁéﬁﬁé Qﬂi:xﬁlﬂfn ﬂtarii}&i aag/é:rms;ha’ltodma W S
mainly used as a | aboratory strain, but beside this it is still considered
as the prosetypatoflestt hopoxviastusdd0 wiieeksi .sfalfso‘.:}tlﬁe VWW W
003/ 8075380 ~OET SOBBOPET] ER03/ o047 40010l oy ed. By Frel s BN
Li ppi ncot t,BaveRr RubHiSher §rom 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 historxy, many atrains 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 is post-vacciniél encephalitis. However, many of
these strains were used for the vaccination against
20 smallpox. For example the strains NYCBOH, Western HReserve
{ a or Wyeth were used primarily in US, while the strain
Bnkara, 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 virus.

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

30 of the most intensively characterized viruses (Fields



3rd edition 1996, |ISBN:. 0-7817-0253-4, Chapter 83 and 84). Eez
recently ovbesiogmexviruses have been used for the |nsert|og @ éggggg {EE
of foreign genes. The basic 5 techniqueg.for inserting forelgn genes into
live infectious poxvirus involves reconbinati on between pox DNA sequences
flanking a foreign genetic elenent in a donor plasm d and honol ogous

sequences present in the rescuing poxvirus. Cenetic reconbinationis, in
general , the exchange of 10 honol ogous sections of DNA between two strands

of DNA | Wireebhgi nevi.r usessRNAgBy fep! %&%B%%éot‘é%ﬁﬁy%%o%ubﬁﬁc“ ons of

nucl ei ¢ acjgd are sections of nucleic aci ‘t he
sane sequénc&Bimgc|lENG de IRiEed) - TR 025 3 1o athipadd @B eyl take. pl ace
naturally during the 15 replication or manufacture of new viral genones
wi thin anVVi ehectrenkdosecenkly Bilser gpoeti gufesomBiRatham bakugen Vi ral
genes may, QgCuUr durln the viral replication cycle that takes place in a
host cell, Wwhi¢ L P c FERTHTH O vit o oKBRENdigeEent Ther cor

ot her :geneétnnf;@@etrfeet §neR-Arse Cﬁdloéhgﬁ O%\Jgt?é ﬁﬂ%é‘ higat 19291 1.3 used

i nterchangeably in constructing the sec enomne a sé%%hd
co- i nf ect PAGV¥F s 1niyodfviesh Feeoiina siohobekegens pmet hoithats eefichld@sf i r st

viral geng reSS|on of .the [nserted_ DNA genetic¢ sequence
25 by the %%% %H%d |§%&] %%ﬁ ?Eﬁcrgaﬁ??gt Pﬂoebdﬂﬁ?QFOH%asmFﬁr§P- t he
i nserti onhsholdgobe lm@@l@@@emé@& regi @he Ofretsf&%l‘ﬂgr Ugokligpder that
the nodif] ed vlrus remains viable. The second condition for expression of

i nserted CE1Q (IRCYRRERNEROB B pr okt ereriaralhe ptrlf@peleméﬂaa@eonstﬂ pto
o 02 ansrd e Oh <BedbRs! o T PROTRLEh ) Tl RS e
usefulnes%e%#a¥@60nbuﬁeﬂtRNmemeyesspmgceeDgA Hbkpabhblie Be¥kiHsssukf ace
antigen QH%%%RC Eggkyﬁgég %E%%lons 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 viral genomes within an
infected host cell. Thus, genetic recombination between
viral genes may occur during the wviral replication cycle
that takes place in a host cell, which is co-infected with
two or more different viruses or other genetic constructs.
20 A section 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 1is

homologous with that of the first viral genome,

Successful expression of the inserted DNA genetic sequence
25 Dby the modified infectious virus reguires two conditions.
First, the insertion should be inte a nonessential region
of the wvirus in order that the modified virus 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 expraessed.



hemaggl utinin (1 nfHA) or Plasnodi um know esi sporozoite antige 8 &R :ZQ&
vacci nes %Ug@%{grophyl axis of infectious 5 diseases has p@ﬁﬁpgﬁﬁ'@_ st d
and revi ewed ( mth, et al. [1984] Bigtechnology and Genetic Engi neering
Reviews 2, 383-407). A further advantage of W is the capacity to take up
frul tiple foreign sequences, genes or antigens within a 10 single W genone
(Smth & Moss [1983], Gene, 25(1): 21-28). Furthernore, it has been
reported that it is possible to elicit imunity to a nunber of

het er ol ogous i nfecti.ous _diseases w. th.a_sing in i of g polyval ent
vacci ne TREr kIS IS [ 1885) ,r%%lmglrj\%léléﬁ ol kﬁzzgggg%%g%gﬁ?' 15 ge

éxanpl e ofjebheiexpr 8ssiomHf sivari@ysannti bgansuByrs) , siindlleenzias weser i bed
by Bray et al. It was shown that a reconbinant W whjch,is ca abl.%to
express thesagdifténént (SnLHEur 8F pPoREPAGIER e5t r PESESy e 4,
nanely th capsid_(C),. pre- r pq%jq@e_:‘ Jofrimidsiand 20
two non-s PE%?%?%{I a%r)%tig%ngfa%%gﬁfe&ei%% serotype 351535 nanmel y NS1 and
NS2a, thaddtbeaabil Hay tedi ofleatnatcetedgandstexibordl dgousDergfuedi r us
serotype 4 challenge (Bray et al., [1989], Virolo 2853- The Dengue
virus wit h1PBélf eFokerBRPpeTY DRRGuE AT ?%gé«?%trﬁ"ﬁ‘g 1@%2%“-"?) hf’hr ough
Dengue vi E%_agrﬂ?t.ype 4 (Den-4), is one inportant nenber of the Flavivirus
genus wit respect to infections of humans. Dengue virus infection
produces di sgas h ran romf -1 ke t O sever eake fat al
illness, %englﬁg %%rr%%t%%%?%g evgé% ( F)llé30§1\§/£\ngfh sho%:%%yndr one (DSL%%.
Dengue outdneakd ecofbireiert osbgueacesj or gpnbs i eheaintth geneb| ¥athatdehsel y

popul ated areas of 18 OCT 2906, WO 03/097 4% CT/ EPO3/ O -654 1t

‘if_r opi ¢&l &ABIIEL VN SIS eGP BN SRS nE% %ﬁb ‘E%%%t o?gs)@r'ees%%u%%%ht.
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,

e
s E)

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 virug serotype 4 (Den-4),
is 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




The concern over the spread of Dengue infection and ot her dise&@eﬁﬂﬁn?gﬁed
by nosqui &g bogongcFl avi viruses in many 5 parts of the “Drﬁgnﬁﬁﬁm%&§m

in nore efforts being nmade towards thg devel opnent of Dengué vaccines,

whi ch could prevent both Dengue fever (DF), and Dengue haenorrhagic fever
(DHF) and in vaccines useful to protect the vaccinated individual against

i nfections induced by sonme or 10 all nosquito-borne flaviviruses. Wile
nost cases of DF are manifested after the first infection by any of the

four serotypes,.g.kaLge pglfe f F cases gccur.in_subjects . who are
infected for th]é P3&cond tq{(fren%y a oelr%q;pelfg%(?% s ieFFerg!r?%qflrlé:r% the 15
first infeettngssaretgpandahtDengue virus. These observations give rise to™

t he hypot hesis that sequential infection of an individual having

anti bodi eshagabnstranevdenghe serebipebpendflid f efpattvbhusngei@hype at an
appropriate interval may result in DHF in a certain nunber 20 of cases.
Accor di ngPy5e9888 i iatferedgdnhsrosaBisersoype dBeavhviruFesulin | magy

compl ese BaPLECLYORNBIFNSlg BRNOUS M TSy LT RGEL Ol e eBUL 5Oy AIRIN
infection"wth the sane ngue virus sftrarn.” EvEn nore inportant, a person
vacci nat edo®5rdgaitist deecdepoikype, chaYaniaciraasedesi, skitof cldeveldpi ng
severe conplications such as Depngue haenorrhagic fever when said person is

i nfect ed PFOHTA- DA VERGESSt YV HF of (TF) «di AREr HRNER? o SEOTTRGIL R

mul tival epby¥acciipgrt hata£pnt gh nsapkigeas fromal | +30 fedrDengye i rus
serotypes is desired. 16 OCT 2006 WO 03/ 097846 PCT/ EPO3/05047 7 r So far

it had.be§ﬂ0§é@@§%@e§ﬂﬂévéﬂ@pér@gﬁmhstvénéﬁptioascﬁné@CBﬁ inivX isogea opanel  of
reco”ﬂﬁnaQilv%BsSSfQoy%orne flaviviruses. . C

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
15  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 by a different virus serotype at an

appropriate interval may result in DHF in a certain number

20 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
25 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

30 four Dengue virus serotypes is desired.



encodi ng sequencés of a different viruses (Mss, [1990] Irmunql o)A 2006

317-327) . BB HSRkss SUCh a nmul tival ent 5 vaccine conprises seyapsdosos7
di sadvantages. Firstly, it is cunbersene to generate several independent

reconbi nant V. Beside the separated production processes, also quality
control and quality assurance is highly tinme consum ng. Secondly, an
infection with a m xture of reconbi nant 10 viruses expressing different
gequences al ways bears the risk that the infection event is not

particul arlgo wetdr batanged. Fhenmak0ghbskells that peabYrbndiMid¥adhient
reconbi nants, but not all different reconbi nants conprised in the

ful ti val entVarEeEieRe WY | tiipfiast targeieleldfs. reremdingsas oV m gchbeVdn
uneven di st j f Eﬁgg?% napt _ Vvij{. s. _Anot her reas m gh
interfer encéeriscq%ﬁe%’%e%% e [ fgjr%en r%clfgterieﬁlécntv%/ﬁiﬁé%s %Sisé i&u%ggwng

si ngl e cel IIsmurticdhgy nt epf, er anges 2arje. kKrnrowieas- phengfenoa ofwultivalent
superinfection., In this case, only sone antigens, but not 20 all different

anti gens of V&M Hul GRFRBRCY acEVRE i | FispiHant§use - exipresisbd f ddm is
infected celyghandnd hys, I h %Jé]gj t : igpt. As
a consequence, i rrrrnﬁne pr gtegg?%g%t \;%\nd?‘{%atel gJE)Iltl alne %?yf%g%?%%gﬁéoﬁg'of
the antigemssipig ithd asdopgmsdboviptdodgcaids qonpletses Maieqr qhetiten

agai nst the various anfigens. presented or presentaple by the nultival ent
vacci ne. | r?c%gcgonfaéﬁ %fla 1\t}g’cc"i‘%‘émé%%‘?%stlsDe]ﬁb%aP¥i i nFEREPHHRYt he

approach ofsexdadly val ght yaeekbneohasylhg disagdvaptage okhatebbmbhgant
di fferent sequences are expressed in different 30 anmounts or in an

o e T S e
T8 [ 1988] L VPR sef gharedthan o T JEcat il PoT Then r§1¥| yw?igky
for a patiéstlarAred ncomphiet e madeci natilskn uskng that only  individual
recombinants, but not all different recombinants comprised
in the multivalent wvaccine 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
sﬁperinfection. In this case, only some antigens, but not
20 all different antigens of the multivalent wvaccine will
finally be expressed from infected cells and, thus,
presented to the immune system of a patient. As 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

presented or presentable by the multivalent vaccine.

In the context of a vaccine against Dengue virus infection
the approach of a multivalent vaccine 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.,




a panel of reconbinant Vaccinia viruses wll only provide an inp% 05
protecti ORy@fAjoRSk Some, but not against all 5 serotypes |rJ@
Unfortunately, in case of Dengue infggction an inconplete vaCC|na€|on is
extrenely wunacceptable, since it increases the risk of |ethal
conplications such as Dengue henorrhagic fever. 10 OQbject of the Invention
It is, therefore, an object of the present invention to provide a stable,
effective and reliabl e vaccine against infectious diseases, which can be

caused by th tr variant, .subtype or serotype o

said 15 f?é 1032 dl%§8§ %%USgﬁg%ﬂlcr%%? affi'sth Tt %?%ﬁ?%ﬁ%%%rlgbject
of the presghlyinyeryi esrte papvede. Ansiabbgpletieshivenandonhehisable
vacci ne agai nst _Dengue virus infections, which allows reliable vaccination

agai nst @l Paaéﬂag@é vﬁ@@@ﬂ%@mtyp@gcczm@eﬁfaWé@Sde@dﬂ pPildH BEOVHEe
e Lol N BLERE NG ILERL On L3, PASEC Lihd Nepl e e e ae 1309 @

POXVi rus % ogous enes er|ve rom eren UStrar ns
vari arit s, ssubtypes of Bengtgpesrak. aUnfofeahaaa$y251ﬂ|&aa&eocauemgge
nlcroorganl al ready nentloned above, there are, for exanple

gr oups, f?%%%a%r s&fot ypesogr T%%gu&ﬁEQ%ﬁ?Qﬁﬁ%tlnﬁsmhlﬁﬁtgﬁge&m

CO”DFIS'n@né@@gﬁ@ﬁ@letypgineé 0QRES i@pvrardbs tﬂﬁége@fsﬁnceglnge%ﬁglcaDSId
(C protein, e gene encodi ng the pre-nmenbrane (PrM or 6 COCT

03/ 09784 6cEuT] ERel 98917ugh nseResyopeh¢Bprphagbenfevionever, the nuclelc
acid sequence of the sane type of gene is not conpletely identical and not
perfectly honol ogous, respectively, in all 4 serotypes: For exanple,
sequence conparison (with Lasergene 4.05 Mgalign,

10 Object of the Invention

It is, therefore, an object of the present invention to
provide a stable, effective and reliable wvaccine 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 infectiong, which allows reliable wvaccination 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, variants, 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 wvirus 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



5 Macintosh) between the PrM genes of Dengue virus serotype 1, ¥4 H brae
{PrM -4) 9§X&&#gg6a sequence identity of 66.5-72.9% i.e.pcApBRRRLEY Of
appr. 65- 079 ¥s assuned that diffgrences and variations, respectively,
in the genes of different subtypes of infectious disease causing 10

41i croorgani sns are the reasons why vacci nati on agai nst one subtype does
not automatically result in protection against infections wth other
variants of the same microorganism It was, therefore, the idea to

generate a reconbi nant virus, ing¢luding closel el ated. or genes
deri ved fFBNFiggﬁiﬂ%gréﬂ?ﬂﬁﬁ%%ﬂ:ﬁéwe%$ de%?eV%r?%%‘gpggh types d$98%$otypes
of an inf ekl Qitgndl eoCapsiddy 18 CREOr gafip Bk clipnavemntianl arsd bt eady

i ndi cat ed above, honol ogous reconbi nati on between honol ogous sequences
occur dur pegfdsd iy fend ldeousy crespadt BVehYt akes2 bl a‘%eS%’g‘PWéBﬁS secttons of

DNA that 31820 DOt ReId.eol LYo oDl 990Uy L 18Seious o chpoated Las the

i nsertion% oﬁﬁlogo S genes H% a single viral genone would result in
honol ogousizidenidiat botwasad, thiaussrii ngedes ebifolenofuie hel fus eserdtype
honol ogous genes. However, when enerating % reconbi nant po va S, of
conprising- 25/i P i 88dgehot® i 12dasteY B For & gRCgRTBS S wittF 5 omol ogy of

at |east QQY%s i, s L?%.p,?cé%ﬁ{oigwdotfhéﬁpfai ds-hegol egous gepemedemai n
stably inserted into the viral genone. Even if honol ogous genes,
pr.ef er abl yhwitt hiiaf hormiogy ofidararlotienst Bespeartvehser tBdthAt §EBREf er ent

insertion sjtes, the viral genone, _t he nes al so remin. st .j.nserted
18 OCT 2068 wﬁgeg%%%&a 5 050%7  irfeetiohs” e ggﬁléﬁé%‘al n

hi's ggse milde WaSgEXPasd edrthahe RRCHMINAMPIvEYEN St Dot wagaisatdone
honol ogous genes would additionally result in |oss of viral gene

inportantSmhtyﬁﬁqﬁ¢¢$c%@to@u§©m§hécﬁﬂﬁusf&ﬁalFoﬁﬂtH§O§?F§P°PiP8a39§Fe,
infections with other variants of the same microorganism.
Tt was, therefore, the idea to generate a recombinant virus
including closely related or homologous genes derived from
15 different straing,. clades, variants, subtypes or serotypes
of an infectious disease causing microorganism. However, as
also already indicated above, homologous recombination
bé&ween homologous sequences occur during the viral life
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

o

would result in homologous recombination and, thus, in

deletions of the inserted homologous genes.

However, when generating a recombinant poxvirus comprising
25 din its gencme at least two foreign genes with a homology of
at least 60%, it was unexpectedly £found that said
homologous genes remain stably inserted. inte the wviral

genome .

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

the wviral genome, the genes also remain stably inserted




5 respectively, i.e., it was expected that the viral life cyc ql?
seriousl y yagofiphgged. Since, additionally, the frequency pﬁfj fﬁé‘}gg’%&n gqﬁon
is proportional to the distance betwggn two |inked genes, T “eXpect ed
t hat frequency of reconbination events between two or nore honol ogous
genes 10 located in different insertion sites would be high and, thus,
result in deletions of said genes and/or in severe interferences.
Accordingly, it was extremely surprising that no reconbi nati on events

d, s (- h I ined_stably i ted.into th
15 £ fer AL SaBy 1o i ORGP t bR T GEROmet ALeOr BB ROTh for

art, a recembithanitpoxvigwsnt €0bkawRiend $07@1 WA GheM HhaxkVigdds,q such
as Japanesg  Encaphalitis Virus (JEV), Yellow Fever Virus (YFV) and Dengue
Virus, ar89RABIWAREUEY PSSt tNoins 19ES 376) Vikehe\@gne0imaektgehe fder i ved
fromsal dahp@ykyeahsen WA Cchdseshed Al 8-SIAM G ALIP 304. o e same
insertion site. Additionally, sequence conparison w a“surt ablé conput er
sof t war e feaserfeviels, 05 Megal ign, wadcierpeshpdr evieat edha Horml ogy fef t he
genes insertfd int$ébh%?poxviral "%gnone and 25 derived from JEV of

20. 2% 29. %6 F r BHTYRV S6F 10915344 A2 JRmagsl: { Fone Pengdeivirngldy, the

22. 8% 29. BYeq@baty abfdiretRBHRA AR 1185 1 HM0-98513P00 deseS iR nce
insertion of Dengue virus antigens into the same insertion site of

Modi fi ed DEEERRRatwer LinkakaganemVALE wepeekplkyed3Bhint Eeleticoncdite | 1.

'J8 COCT 20 4 P03/ 05047 11 US P . 5,338, 683
'discribesggﬁggéggéggég 83%%£g§$¥§ﬁFe%ft%%r6%%0??%%e§%V§E898P§iﬁeﬁgﬁbs into

two diff f eteodtednder t@bfifereas ofnsersiingl esieeanbidiand PRXVAIHS; ahewever,
bot h genes, have a honol ogy of 25.2%only. 5 Sequence conparison between
i nfl uenzatoPfusTRSE gttt fftRtions of “said genes and/or in severe

interferences. Accordingly, it was extremely surprising
that no recombination events occurred, but that the
homclogous 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%-209.5%.

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

30 into deletion site IT.




and nucl eoprotein gene inserted into the same insertion site §def&li §0)5
site Ill1) of a Mddified Vaccinia Virus Ankara (M/A) resul nol ogy
of 49.1% WRUBLYEM No. 5, 676, 950 Su*ter et al., [1994]&@2;&135‘31%05‘70
1032). 10 US Patent No. 5,891, 442 di scl'gses a recombi nant poXVi r us
eont-ai ni ng the codi ng sequence for the polyprotein VP2, VP3 and VP4 of

i nfectious bursal disease. Said genes were fused and, thus, inserted into
a single insertion site and have a honDIogy of 41. 99@50 3% 15 Finally, US

ot i ni g UL SREEIR S H DD God SERIBLAGNL S SILICROX LT VR ag 1o

cont ai ni ng “pseudor abi'es” ahtigens

imserted iwfo thesameirifsegliespsbtein! ng&ﬁ@%&r Vintd Cafb bedstad.eshi hat
according to the prior 20 art honol ogous genes or sequences having a

honol ogy of-N&er Qi®astS5pe% apE al Emﬁertquﬂn@qn’re EBEL 0 a BOWRTRC .
insertion gjte édgg1ﬂgy%\grﬁg @ﬁfqggl :}o the present invention,
ono

honol ogous genes or ~ sequences ave ogy O at | east 50% i.e., a
honol o of 50% - 100W at | east..50% i dent i cal, nucl et i de bases.
Cones o Gl T b B 5 E Ber o BOR T B o ST HET B Tiber ng

het er ol ogoasid |ﬂu&ﬂ@o@@6t@&h oéeﬁ@e iryase iAvention, skhe tefisertion
“honol ogous”, or "honol ogy" is wused when genes or sequences are conpared to

each ot her 5136 wiéféasithe EeERs Iiéﬁeﬂgﬁ"fgewedlfé eMeusinge 16L106T 2006
VO 03/ 097846, BCT BRRA(03044;1 cdd 31 %tﬁ&%%g a?f S@Q“fﬂc%grﬁayéﬁgdﬁ@er e

genes or sequences are conpared to ., sai

refer to &,BNA §6@uemmxﬁﬁn(ﬁtlaﬁlrlf&ﬂmﬂxzrmﬁcmmm@almy fommd. associ at ed
éLth a poxvirus as used according to the 5 invention. Accordingly, the

r

pr esento i nugntpatenel ales §psal, L@gOoN NAMsROXY | e EOIRIErE NFoRtiheast
two genes which
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 pseudorables 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
{f 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 seguences are compared to each other,

30 whereas the terms “foreign” gene, rexogenous” or



are heterologous in conparison to the viral genone, but which ??@CT
honnlogou§ggnnng_each other. The term "genes" "refers to codiné equegmgg,
whi ch encHP 76 proteins, 10 pol ypeptides, peptides, aPETVERRBOSYMAI t he
like. Proteins, polypeptides or peptil8lies translated from honol ogous genes
fulfill the same tasks and show t he same functional properties. Honol ogous -
genes are regularly derived from different, but related sources or
organi sms. According to 15 one enbodi nent of the present invention, the
honol ogy in the coding sequences is preferably 70%to 80% nore

pr ef er abl YPBO%H W% Or SEQWERESL0WY% NBSE pidrer §BBCFs &F HBABFBEFSof 65%

to 75% S&P&ec&ﬁﬁaff?&%@i&]%é“ BEXYLLYS éﬁ&ﬂggi{@ to Lhesprasgnt re%gr
i nvention conprises the re evant genet?c informafion™1n oné  single
i nfecti ousouni tDNRx sagoaecei Misgharisclia amtyyrd have rermol Iy skoohiduneven

i nfection_and unba anc%gbex ression of the different hgnnlogous seguences.
Thus, t he®7eeohbiTant™? Poxvi r BORELH R ngSt o*FRe presehtiffvehfi o

Conprissi NEnp&ee 250 Capabb L3 PhgB¥Pr €88l RE--SQVR! ahnLlsely BE1Lven ghogest
rel ated genes or al nost identical sequences in one infected cell is

parti cul aF¢gomdizRageouYitus tdempeneind i e dfeastul tivealeenes awbiiabs. This
advant age_ | rticularly interesting for the .30 devel opnent of yaccines
agai nst d?fs%ag%g’,er% 0 ucanl%ecoéngﬁéfogy é%vé?ﬁ KEHS'%%I ﬁerréqma%’ed%gf%r ai ns
or ser ot ygesclof agelhéXdl2fOds WA 094846 FREEAEPOBAOSGlehm 18geukkys, |ike

e.g. Dengue_virus. Reconbi nant poxviruses _conprising honol ogous genes of
di ff er ent Tetigliet0i CPingerRgpECey e HB3Eh| KBESe t he- Exanpreseinhe

h0m_0|ﬁﬂo%o%@ﬁt%eéﬁqg%g%ﬁﬁe%c,Coéﬁi:_{‘geﬁg tLhey PLAgEN i 2 | BYERLLAR can be ..
derived fromany m croorgani sm ‘such as any Virus excepf the vector virus,
any bact epdlypermmydes 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 pbxvirus according to the present
20 invention comprises the relevant genetic information in one
single infectious unit or in one virus particle only, there
is no rigk 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

miltivalent vaccines.

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

caused by several closely related strains or serotypes of a




derived froman infectious or pathogenic m croorgani sm ang-fpsg

from di f f 3R ains or 10 clades,_%g[iants, subt ypes oﬁq%ero€§pes o]
said mcroorganism The ternms "strain®™ or "clade" are technical terns,
el l known to the practitioner, referring to the taxonony of

m cr oor gani sns. The taxonom c systemclassifies all so far 15 characteri sed
mi croorgani snms into the hierarchic order of Famlies, Genera, species,
strains (Fields Virol ogy, ed. b Fields B.N. ,. LipRi.ncot.t- i shers,
4th editi6hrU2001}15n; Ieegt'heD(%’iQEJ@ri & + hé‘eﬁedr%‘goelrnsa%otf aﬁlﬁ%gs their
phyl ogenet g rekah,onslinR,1 RydEene i@ eIPId s eslil dextth trenkersiashivdlrughar e
common characteristics, and a species is defined as a polythetic class

t hat consteétatesea arepldecariifgpd iliveddes Fehret@ipi es a particul ar

ecol ogical niche. The term"strain" or "clade" describes a mcroorgani sm
i.e. Virushewhial ishanes ¢éeesommpae@bechasaererirsiings td ighe BHGTEnt

nor phol ogy or genone structure ., an rgani sation u i es | i gi ca
propert i e3NVER éonhd%ﬁmrgﬁgéﬁe?i‘é%cge%?gg‘piw Iﬁjé%ﬁ(?%%ﬂ%@{%ﬁﬁ’st lrsplggt ?ioér)l
attenuat i gﬂyorvpg{lgoggga&%gt:y-tﬁae FEHED S Vasiai, s a0y baetetipes” gyt her

di stingui shes between nenbers of the 30 sane strain, also called subtypes,
‘whi ch shoWuhauisvi dnalpalta g0Te 2096 AMO1E311097 848 PAIPEPIE D504 9°1€F4-F

i nfection spectra or _antigeni.c properties d t i e ! jations.
Accor di ng>EFUET 5t hEfF e Sﬁ%ﬁgﬁt %fo?hé%brgggﬁ%tgkggat?%nqgf%gp %%Dlogous
genes Or §QaWRRERSAlS Sel®Ghetk frostebalviyutesn @iéferabt ystraimesor whi ch
belong to the genera of Flaviviruses, such as preferable - bu% noéai&nited
{t{o - DengGeadiasus, WESTiaRE® vi r¥idleyP3spanese entEphdPFtis ©

microorganism.

fungus or parasite. Preferably, the honol ogous genes or sequeng Rﬁﬁ
GO,

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 oxder of
Families, Genera, species, strains (Fields Virology, ad. by
Fields B.N., DLippincott-Raven Publishers, 4% edition
2001). While the criteria for the members of Family is
their phylogenetic relationship, a Genera comprises all

20 members which share common characteristics, and a species

f_e‘)"n_

is defined as a polythetic class that constitutes a
replicating lineage and occupies a particular ecological
niche. The term “strain” or vclade® describes a
microorganilsmn, 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, tigssue tropism, geographic distribution,
attenuation or pathogenicity. The term “variants® or
“gserotypes" further distinguishes Dbetween members of the

30 same strain, also called subtypes, which show individual



virus; which belong to the genera of Retroviruses, such as pr qfﬁr@glg =

but not I%@ﬁ(&,@g - Human | munodeficiency 10 Virus (HV); which bel B@ﬁto .

the genera of Enteroviruses, such as _preferable - but notPGH/EFBENH o -

Hand, Foot and Mbuth di sease, EV71; Which belong to the genera of -

Rot avi ruses or which belong to the genera of Othonyxoviruses, such as

preferable - but not limted to 15 Influenza virus. Mst preferred are

honol ogous genes derived froma Flavivirus. According to a further -

pr ef erredie odi msntg t he honol ogous genes are sel ected from Dengue virus

genes, prefteraptSt C PN En & or SRE3ICBECpr RF R EBTIEE, HT e Lor ePEREBI y PrM

Most 20 piedahiedrares hos@s ogous genes derived fromdifferent serotypes of

the virus, wherein said genes nay be derived fromone, two, three or from

all of the-4Ee i LU Lt VRES a3 ' I . :

enbodi nent the fr\}?jng‘f%g%ugurz%gegenes actirlé%g%lr (Cagcﬁjgﬂ{%r%%éd%??e;g{ﬁ%ﬁﬁ@nst ai ns

or cl adesthe Priéme bbdgus heghomel ogaus sgenesicar=e setect edlécoadt herogag/ pol

codi ng sequence, nore_preferably fromthe en codi ng sequence or further

pr ef egabl‘ﬂr/ T a %%%‘%ﬁ%?%nv#usﬁr u&’?’&f:; \éézﬁﬂ’P@'r e gt $8YeFR Ve€odi ng

sequencesy] B30 Vi act Oguvhl Uss Spi-bablgnhar 1 hgypregant 1iayenkiqn, is

sel ected fromthe group of poxviruses, which can be easily 10 OCT 2006 WO

03/ 09784 PEVEPYIA V504 7Weps  Wiuleuredris <ol edopdnkest ceteghaditésg.

avi an hosg. J . but ' re.highly repli i,on deficient or. actually

not repls‘ihclgﬁ néﬂfln uﬁgéﬁgr%ﬁu%ﬁ e(%e%’.a ﬁcfgg{ed%rnogwt%u%%%‘e Breferred

embodi nentsefdweaigoxvi-r it Snaccofidiingd ocd he present IiwvestEeNcisnsgl ect ed
canarypox viruses (Plotkin at al. [1995] Dev

from1 he group €0 [is;jg%
Bi ol 8t antEr Vol BRY! ppWeET Relong | bp sheawenprgosit Enteroviruses, [

such as preferable - but not limited to - Hand, Foot and

Mouth disease, EV71l; which belong to the genera of-
Rotaviruses oY which belong to the genera of
Orthomyxoviruses, such as preferable - but not limited to-
15 Influenza wvirus. MNost preferred are homologous genes

derived from a Flavivirug,

Accoxding to a further preferred embodiment, the homologous
genes are selected from Dengue virus genes, preferably C,
NS1 and/or NS2, or preferably E, more preferably PrM. Most
20 preferred are homologous genes derived from different
serotypes of the virus, 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 wvector virus suitable for the present invention is

selected from the group of poxviruses, which can be easily



Vaccine, Vol 13. No. 6: pp 539-549), fow pox viruses (Afonso<#geﬁgy[ﬁm§0]

J Viral, -3831. Fields 10 Virology, ed. by Fields B ‘ -
Lippincotspgggéﬁsggblishers, 4t h edit%on 2001, Chapter 85? 5%5%”?35%)

pengui n pox viruses (Stannard et al.'°I998] J Gen Viral, 79, pp 1637-’
1649) or derivatives thereof. Since these viruses belong to the genera of
Avi poxviruses they can be easily cultured and 15 anplified in avian cells.

However, in mammalian or human cells they are replication defective, which
means that _essenti,ally no or

early i nfectious pr Vi Vi re
produced. “BEGFEH G %Lefq}?‘?%g?oré%%%‘h%n?sbfet%é"p"’r“g‘g%gnthel!én%g%@o% 20 a
Vaccini a witusghid efeLr abbi1an raheruaties VRgGidiieht Wi usctuslusetbfor the
generation of reconbi nant poxviruses conprising two or nore honol ogous
genes. Al tlepldirattines kndwmatkatovdeensi aC9lkfises (W) may under go
honol ogous reconbi nati on of short honol ogous sequences and 25 thereby may
del et e homelcogdisigsequencesméHowreyfcatreal .  erflkgliglentGenetng2: PPBBLYBT) t he
inventors provide a _recanbinant Vaccini a virus .i ncludi o] o)
sequentes &GP &Pabk iﬁ@@?f%ﬁ:ih?%e?F%O%eﬁﬁhe%eﬁﬁ?gegiﬁ%%ﬁg ?@e
parti cul ab‘ﬁbdﬁ‘%&ﬁﬁiﬁgmgi RGR AR POt Sedlovellprlinalet 301 al [e2@ly] short
sequences fromup to 300 base pairs (bp) were sufficient to_induc enom ¢
rear rangeisit Rioll déiteridon bl 1640CPR2 V@Y@SIEQYQQGIﬁ?ﬁ@#@Sié%gﬁ 16-

honnlogouS%gﬁgﬁggce§h; Vacci nj a VQLUZE)lh%3@L%%bhyioggalpwgv|91r£§é§,

expect th er sequerices would 1'n réconmbi'nation évents with an
even hi gherafurahabidityal. Hopeyeo] agcovdiagy,topbhe3piésdABli.nvEnelda even

sequences 5 conprising conpl ete honol ogous, gepes can_be stgb ﬁ.i sgrted
into the JESHEODS  \adei iva BATIAS Brfe- - HOPPIRAPEFRAGSYSRx &56F 4"

vaccini a vjthUs 48108 2001, chapter 85: page 2916), penguin pox
viruses (Stanmard 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
egsentially 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 seguences 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 palrs (bp} were

sufficient to induce genomic rearrangement and deletion of



hi ghly attenuated and host range restricted Vaccinia strain, I\@Mﬁﬂ
Vacci ni a ﬁ%(&r@é A) (Sutter, G et al. 10 [1994], Vaccine 121: 032 %
MVA has b&eh y&rePated by about 570 serial passages on chYeRERP3ERHy o
fibroblasts of the Ankara strain of Vatcinia virus (CVA) (for review see
Mayr, A., et al. [1975], infection 3, 6-14). As a consequence of these

| ong-term passages CVA del eted about 15 31 kil obases of its genomc
sequence. The resulting virus strain, MWA, was described as highly host
cell restricted Meyer, H et al., J. Gen. Virol. 72, 1031-1038 [1991)). A
typi cal DSt PHPHSI SHHCTETES t hEt YRECHebnd dépysi-t cihat Prard itddisean

Col | ecti ogo@f gANi Mg Celd it url:?l%}i]:gn Bhokhe 20,86P8S! tvjé&%‘l@.um?ﬁu(femcc

V00120707. I n another enbodi ment t A-Vero strain or erivative

t her eof caAchmbisetiagcordiengst owtiihk presertvennvéitier. Thebadtiddity .

MVA- Ver o has_been deposited at the European ,Collection of Animal Cell '
Gl tures UANETSEhe SGage S Por 228 R T BEACHTVE8S D549 F 7oy SHONEEFFO21411.

The s&f et yombrikhegWbm¥eeeel Bomefhbgehed gayichi ehaginealsit 20NemMicalerang
physi cal characteristics as described in the International Patent

Appl i cat i SREPCHPEPEEROP203E VAcEdRpar Vé6HSto normal MA, M/A-Vero has one
addi tional genom c deletion. 30 The term "derivatives" of a virus according
to the présent pnevedtimdhinef er sexomplegerdy ai rasesnshowingit hessaime 9 OCT

2006 WO 846 PCT/ EP03105047. 7 _characteristic features_ _as .the parent
Vi rus bu?ﬁé‘%}g\;\}]ngatgerﬁlggg ceHh (ljkh%s%r ﬁ%?%epaF%%BFci%Fg ggfr%:r?elmgti N
anot her esbpdinenModdEalkdi Nhddidhe PhrSEAt (MORSNt (iR disesc WA+BMN 1 MWA- BN

has been deposited at the European 5 Collection of Animal Cell Cultures -
with the él%g%éi]ti ofrGfidRer LEcACGE 3 0oaB3008VABhagi hgemvaBrevrtadddni vat i ve |

ther eof aaBéﬁEi%Wba%e§%Q§‘ﬂd&ﬁ%@@gxéﬂec£§cﬁ&ﬂeéﬁ%%?o $i068blasts of
the Ankara strain of Vaccinia wvirus (CVA) (for review see
Mayr, &A., et al. [1975], 1Infection 3, 6-14). As a
conseguence of these long-term passages CVA deleted about
15 31 kilobases of its genomic segquence. The resulting wvirus
strain, MVA, was described as highly host cell restricted
{(Meyer, 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 V00120707.

In another embodiment the MVA-Veroc strain or a derivative
thereof can be used according to the present invention. The
strain MVA-Vero has Dbeen deposited at the European
Collection of 2Animal Cell Cultures under the deposition
25 number ECACC V99101431 and ECACC 01021411. The safety of
the MVA-Vero is reflected by bilological, 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 virus according to the present

invention refers to progeny viruses showing the same




it has been shown that the MVA-BN virus is an extrenely hi gh1 t&quﬁ}m
virus, der‘jﬁjggoy _Jn Mbdi fi ed Vacci nia 10 Ankara virus. Thegg_&/t% osh
e rll '

nmost prefe odi ment, MA-BN or_derivatives thereof arnrng’ two
or nore honol ogous genes according to the present invention is used as
viral vector. The term "derivative of MVA-BN' describes a virus, which has
~the sane functional characteristics 15 conpared to WA-BN. The features of
MVA- BN, the description of biological assays allow ng the eval uation

whet her an MWA is M/A-BN and a derivative thereof apd mstbh%gsﬁglol owi ng the
gener at i oif TEF- MR 01 ddrAVEERTFes2 her¥of PArE destt T had 4 H2142480

(i ncor porﬁii%fkéleérﬁiék By rcﬁ{eerc?anrﬁ)re Q&G‘rt%a%kf %Qs\/\@}énbﬂeexam ne a functi onal
characteristic of MVA-BN or derivatives thereof is its attenuation and

lack of iplicabign L DuBasHaCat L6eLLs nlNc8 LREONDLARAL PAYYALYS,

according to the present 1nvention the expression of the exogenous
sequences uses 2HVeeEN .ol Myd-pieflenablhyedry depoxuicedl &t ardsy i ptkonabn

control elenent, nore ef erably by _an WA, canary, pox, .fow, pox,. .or
pengui R p&?nf]r%%’%jc‘?l? ptc?%n%n% rgﬁlgl eﬁ‘éﬁ?uﬁ?snﬂé& prider QBEQSat%ECi ni a
virus prompigfer Peresical vo-_bb%f@@éi. Pt PNk 1 6gNLKal - epents aeekdihget 0 the

present 30 invention conprise furthernore every transcriptional control
el ement f uietientlaipastponbarabapsvemis1vecTiag0és\\oeo8redrd46since

PCT/ EPO3/ 0504 18 The insertion of.the _ex nQus..sequences rdhng to
the pr ese]gt[ }Zﬁ\?eﬁ?(?%rﬁ PEOBPerdhH |§h8i ig&"ceég?i‘ﬁ% U3 nosn-argss?%%%fgggipegi on
of the vi nisgigengpent@easseni-al regraned afeos gMoldagied wperinéadi ng

(f-r;amas (ORF) of poxviral 5 genes, which are non-essential for the poxviral
ife dfcl fnkaraovipuer gdmer afegiconsin vhre hhees cPrBEerheds FERE G RFBEween

two ORF,  aken CORS! JET €89 +00788S e RbRLore 0008 23050 Rlo  or more
homologous genes according to the present invention is used

as viral wvector. 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 lack of

replication in human HaCat cells.

In a recombinant poxvirus according to the present
invention the expression of the exogenous seguences is
25 controlled preferably by a poxviral transcriptional control
element, more preferably by an MVA, canary pox, fowl pox,
or penguin pox transcriptionmal 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.



to the present invention. in another enbodi nent of the inventiqn C§h§
exogenousy gﬂ@ﬁé%s are inserted at a 10 naturally occurri n‘g délfe@i_ n 286k e
of the M. (S ¥ (disclosed in PCT/EP96/ 02926 and. incor BoFEPeWSEr ei n by
reference). The orientation of the i id8ited DNA does not have an influence
~on the functionality or stability of the 15 reconbinant virus according
the present invention. Since the reconbi nant poxvirus according to the
invention is highly growmh restricted and, thus, highly attenuated, it is-
an ideal candidate for the treatnent of a wide range of mammal s including
humans and“8veftSSHhifeR cBhptofi SEPTT MFratRIUFRFRS, 2ERBTPRETert® i M¥@nt i on

al so providesca: PhAERSUL Cals COIRARLIAY andh AlsGq VARG N6 f Yok nduci ng -
an i mrune response in a living aninmal body,” including a human. The
phar maceugisegn tdedpasidiicon afaythgensrald weamelawd aonessent2bahoregions
phar maceutical |y acaecf)t.abl e and/ or appr.oved.carrier addi_tives, .

a

ant i bi oti 85° pFeSer vativeST s Wanfeige vbhtLes andBr sCibi¥T5EH2, such

auxi | i air y geubst, aR@g eIk D eroile@sentSdll TRr InEPdlviihandte 1éng or
enul sifyi gﬁ agents, pH buffering substances, or the I|ike. Suitable
carriers &F€°30T0FFOEANYy qatrigas sl wsseiviie ddiaroieass ebnelecen

pr ot ei ns, I C L d CLlcC i l.ygl ligc J 6 WO
03/ 097846t%%3%%4§§n?§§%¥%%i élé n%%l %%%reip‘%lé% ﬁ%%lalc‘%rf s,g%‘%%%%g i d
copol yner $p | thed peggregatiesentti onhe hkeindidiet henpoeliataiy opfof the

vacci nes, .t he reconbi nant poxvirus according to the invention is converted

into a S5 PRYSGPEgi cdNy KLOGENT FHMSARS G b RFe-Fas et orf t he

eXper k@ncaaici BNa yPr eRanali Oy of aPPXVi SAS ¥PeLi neg Used heFa vagghaaki on
agai nst smal | pox (as described by Stickl,
{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 regponse in a living animal body, including a

human.

.The pharmaceutical composition may generally include cone 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



H. et al. [1974] Dtsch. ned. Wschr. 99, 2386-2392). For exanp &,08he)s
Jpurified virus is stored at -80C wth a titre 10 of 5xl| CE C ,

f ormul at WO HO8B8Et 10nM Tris, 140 mM,_NaC pH 7.4. For the preparation of
vacci ne shots, e.g., 10E2-10E8 parti"&?’es of the virus are lyophilized in
100 mM of phosphate-buffered saline (PBS) in the presence of 2% peptone
and 1% human al bumin in an anpoul e, preferably a 15 gl ass anpoul e.

Al ternatively, the vaccine shots can be produced by stepw se freeze-drying

of the virus_ in a _fornmulation. This fornulation.can i.n.additjgnal
addi ti vesa@Héh. aBORARIES 2HEt ram- IS ugdM gl ?/'Silgite,coiﬂ%g&?nggg’or ib

pol yvi nyl i e ihen ;ads such as 20 antioxidants or inert gas,
stabili zeg%é%‘r%érlggghb?%aﬁt prlot eins (e.g. human serum al bum n) suitable

for in viyo mnistragi The glass; apoulg.i scbhamisealtedoard rean be
.stored be%l%e%%fc%]?\%p%%gng rérr%%r ature for’ sev%r al nonths. However, as
| ong as ngcpeedigx st sot hetaspoulaviestsbor edis25 pereveradfy at™tenpérat ures

bel ow -20C. For _vaccination or therapy the ophi lLisate i | ved
in0 B tonY5lﬁiloﬁﬂC§ﬁlé[ql?€di%‘?%‘sg?{ﬁ i %‘?ﬁm‘ p&]é%gr 83f1y%§h3?{'s&?10% %g"u%eg{ %Egl i ne
or Tris byffer,.and admin stes ed-gidheri sysdepealiyoorvdacaldy udace. 30

parenteral, subCutaneous, i1ntravenous, intranuscul ar, by carifi Ckafl on or
any ot her £pat hraofc agni nost Rabilostk rove oD c)@;soé?g%’l?@do%if ol <+

PCT/ EPO3/ 05047 -20 th kill ed practitioner. The d fc _ad@bni stgagt i on,
the dosetand®t hélnurr%)ﬁ%ﬁ%lf1 Q&ﬁ%'st?%gi‘oﬁ\gsc%ﬁ b%ggp?iB%ngg@gg t hose
skilled ipbheiat dit khomedBaanels Hovevered nist-8¢otmontly & petient is
fvacci nated with a second shot about 5 one nonth to ii X \A@Eterks afltéebr e
{firstivacoifnd+OEShBEIDsFL r SesRbBLARRE Wit Aot 8y 4t he Pr eSent

i nventi onNia%l uglgd 7f_%r_ tgagri Qh%o%i%ﬂa%@oﬁ hgs exaaeneus sashidg seguences
10E2-10E8 particles of the wvirus are lyophilized in 100 ml
of phosphate-buffered saline (PBS) in the presence of 2%
peptone and 1% human albumin iﬁ an ampoule, preferably a
15 glass ampoule. Alternmatively, the vaccine shots can be
produced by stepwise freeze-drying of the wvirus in a
formulation. This formulation can contain addicional
additives such as mannitol, dextran, sugar, glycine,
lactose or polyvinylpyrrolidone or other aids such as

20 apntioxidants or inert gas, stabilizers or recombinant

s,

k. proteing (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 Ilyophilisate can be
dissolved in 0.1 to 0.5 ml of an agueous gsolution,
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




into a target cell. The introduction of an exogenous codi ng seqﬁg}ce into
ypépili 865

a target c‘ghlo (pe used to produce in vitro 10 proteins, poﬂ
pepti des, tf’@%ﬁé and epitopes, respectively. Furthernor BCTERSS/ 44 hod f or

i ntroduction of a honol ogous or of a Meterol ogous sequence into cells may
be applied for in vitro and in vivo therapy. For in vitro therapy,

i solated cells that have been previously (ex vivo) 15 infected with the
reconbi nant poxvirus according to the invention are adnministered to the
l'iving aniﬁ{ﬁal bod fgr i nducing an i mune response. For in vivo therapy,
the reco ehaﬁ]Fl%qﬁ i PFectadardieny tBre heoday et iashndrsi stiradciidny,  the

adm ni st ergg:d 054 L V] i el f i i an 20 j nmune sponse.
In this case, the&fg:lgleshgglr)régun ir?lgg?%léﬁ%%ﬁtg%g% i%%%lcu eat?%%mélrzee%ﬁ? ctly
infected iMadscshilivd iwi the errd tinrecknbivhamdardesor didigedar t host

i nvention. dﬁ‘fxﬁo‘?{l ié\f ectci.on t.he cells synthesize the proteins,

pol ypept i d&s " peptT dBE LEF iy sRCCHIR @ a¥EtRneodeFoms tHetex@e@abus 25
codi ngssequeneemanto sHhsapuen | o asants LAeM QL PALLS: of hgreof on the
cellular surface. Specialized cells of the immune systemrecognize the
present at Gz el i r [Wars i piides,. antigens
and epitopes and Ia%%]tezﬁrskp)%égi%%@nﬁg%%%r&%%ﬁgl\gfﬁ%@l?% obt ai n
r econbi namsgsbXirin ides iorttahiisient ofxdge nausy@aslis g SRIUE NER g did @ a

poxvi r al re |1 2006 03/ 097846 PCT/ EP03/ 05047 -21-
known to ?‘ﬁle%g%r %&ﬁgg% ﬁe]e]ula i T the HrO U di A difal 3, SEPRENGRY Herpi—a

descri bed sennidie:cexan es wthaanalsmde sleduesd O copietad f1omthe

following references: Ml ecular cloning, A laboratory Manual. Second 5
Edi ti of. B °Fei8&nbr BERYPEPELIARE t Se¢pinded. Maiiaterss @obld erSiromes Har bor .
Labor at or y..R 4 v989: ' t eghni qu nd know how for standard
Laporal or eRiRRt AT HBAGIdARE-d STUY o LA MNP A or? P
homologous or of a heterologous sequence into cells may be

applied for in vitro and in wvivo 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 immune response. For in vivo therapy, the
recombinant poxvirus according to the invention ig 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,
preptides or antigens, which are encoded in the exXogenous
25 coding sequences and, subsequently, present them or parts
thereof on the cellular surface. Specialized cells of the
immune system recognize the presentation of such foreign
pbroteins, 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



as cloning of DNA, DNA and RNA isolation, western blot analysiig (BT

and PCR anplification techniques. 10 - Virol ogy Met hods JEdited by
Brian W Neh)3/¥ri#té Hil | ar 0 Kangro. Academic Press. 1996%@5&@9

techni ques for the handling and mani‘gdrati on of viruses. Ml ecul ar
Virology: A Practical Approach. Edited by AJ Davison and RMElliott. The
Practical Approach Series. IRL 15 Press at Oxford University Press. xford
1:993. Chapter 9: Expression of genes by Vaccinia virus vectors. Current

Protocols in Ml ecul ar Biology. Publisher: John WIey and San Inc.. 1998.
Chapt er 1&nosectionth¥: peBgoresdilohiet pRotEPNSLh rf*é%jrfﬁﬁlicﬁ?f‘ 1 s*98i ng

Vaccinia 20 viral. vector: ..descri t i S d. know how £ afedhe€=a
handl i ng, el Qp%llla%i 0 S%%?%%nle iqéeﬁ%nggn ?léjﬁga%? ?\NA_ For the generation
of reconbidianiorReXyi &dSESORCERE df AYLbWing heePeesenesi nvention different

met hods may be applicable: The DNA sequence to be inserted int he .vi rus
may be 25 pl acdépietlan ECIBIAD| asthi d W?Wi n?“@n%ﬁ]qch Dﬁﬁéogd
homol 0gous, 4.0, 3¢k 0n Ok AL t BerPORYE LUSKNaRabeeuahasels edcold

ely, the I

- Sepera equence to be Tnserted is igated to a promoter. The
pronot er - gaReihd nkagboirs Lapositbaye dras st .hel P3 As nflescohaes uEECBBLEREE t he

DA Sequertiis’ ki PG~ ot PEgF bR-DR oo BRACaRt SLRLAG o AORDR Tt 3808 v

03/ 097846 RCT/BRO3QP04F m@2 pREseshdalrzocisoldbeones uddirgrpl hinid
construct 1s anplified by growth within E. coli bacteria and isol at ed.

The i sol atath by as#i dRTeACA ah*dgl’@ﬁeaml\iééﬁétééauéﬁééniﬁuﬁé- inserted is
&l ang it the Bokorpae. s MRt pat el R s L a o BT the
plasm d angii1ihe @i kahg@enoRBadeRsperiricwel. y 199i6vesleacpakesr Gechpdiaiesd
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 39:
Expregsion of genes by Vaccinia virus vectors.
- Current Protocols in Molecular Biology. Publisher:
John Wiley and Son Inc. 1998. Chapter 16, section IV:
Expression of proteins in mammalian cells using Vaccinia
20 viral vector: describes techniques and know-how for the

handling, manipulation and genetic engineering of MVA.

A N

For the generation of recombinant poxviruses according to

the present invention different methods may be applicable:

The DNA sequence Lto 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 is
positioned in the plasmid construct so that the promoter-

.30 gene linkage is flanked on both ends by DNa homologous to a

DN2& sequence flanking a region of pox DNA containing a non-




by the presence of foreign DNA sequences. According to a nore %gﬁrrﬁﬁb
enbodi mentW %3%243' of a 10 suitable cell culture as, e.g., Cé Ig, S
i nfected wh f%xvi rus. The infected cell is, subsequentHGI/ERIB/AIST ect ed
with a first plasmid vector conprising?*he foreign gene, preferably under
the transcriptional control of a poxvirus expression control elenent. As
expl ai ned above, the plasm d 15 vector al so conprises sequences capabl e of
directing the insertion of the exogenous sequence into a selected part of
t he poxviral gepone. Optionally, the plasm d vector contains also a
cassette cSﬁﬁgFEFﬁ a &er ahaeor resullédnoon werenioper abhptkinked it a

poxviral paRADi el a2 Sut.t sel.ection genes are, e.g., the
genes encod?ﬁg the Gryglegnl%ﬁ}gr‘gg%lgﬁ% %:'otceollﬁl, ke jc?o?fléa%,d%ﬁ@&wci n,
phosphor i b&59| 1Fahstedrpdesnidotbatannikgr sheThRa Yo Okcsplasl 2R Ye

mar ker cas inplifies the jdentification and isolation of the
gener at ed ?g%%ﬁ%?ﬁagg SEapsEerEes mdevercel r @ebhBraant - poxvichiskean al so

be identiénedydy PEBAeabrel09y(cmpbsequ , afurther cell i.s infected
with the recombi pant poxvirus obt & ned asgﬂéléécr i%'ﬁetg{ ab%% aRd*traHsrect ed
With a secBRECRRELRFLORohpEveenghangtngoushbok DRAhanDERGOWS at:@itthangene

included 30ndnythesfi vector. ‘In case, this gene shal| be included into
a different |neertio eg{lotméa’ofr?%e%%&‘(}?f%'l aéHS%E,a tREEYLpRocmededé edo

03/ 097846 PCTHEPQ3 @58dde @8 roeehnd MELt9EqabsOedi ffers in the sequence
directing the integration of the honol ogous gene into the genone of the

poxvi rus. A¢erdirofolegols Iﬁ&@@”@ﬂ@ﬁéﬁ%éc%d\bbﬁgmﬁﬁg@e 5ec8%H nant \éi rus
conprising two _honol ogous genes can be 5 1sol ated. For introduci ng nbre
than tWo MOt YEhesultyire athe ¢ egomiPANteYlsusist hafetepa Rb.th

| nfecti on @by ANsT opld oL ALELEPEE] P4 Y Y0 Lhe. Tecopbinant virus

with a first plasmid vector comprising the foreign gene,

preferably under the transcriptional comtrol of a poxvirus
expression control element. As explained above, the plasmid

15  wvecktor also comprises sequences capable of directing the
insertion of the exogenous sequence into a selected part of

the poxviral genome. Optionally, the plasmid wvector
contains also a casgsette comprising a marker and/or
selection gene operably linked to a poxviral promoter.

20 Suitable marker or selection genes are, e.g., the genes
encoding the Green Fluorescent Protein, fR-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. Subsequently, a further cell

is infected with the recombinant poxvirus obtained as
described above and transfected with a second wvector
comprising a gene, which ig 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



isolated in previous steps for infection and by using a furt t
conprising a further honol ogous gene for 10 transfection. hPE g%fv&%

t he st epsWOP{0ATdet i on and transfection as described abO\}?éfé[sj @ s

i nterchangeable, i.e., a suitable cel"l”“may at first be transfected by the
plasm d vector conprising the foreign gene and, then, infected with the
15 poxvirus. As a further alternative, it is also possible to introduce
each honol ogous gene into different viruses, coinfect a cell with all the
obt ai ned reconbi nant viruses and screen for a reconbinant in¢l udi al |
horol ogousegends.vectagr Thésnvdint fens f 4it Here ppourees® a RIEEEsRgr i@?%g t wo
or nore | asm d _vector_constructs capabl e iIrecting i i on of
expr essabFBECHGAGISFo R ggﬂ%s Oﬁ‘f%Otghéls p%‘?(r\g/)elt r%ége%%%egggggﬁdegiggﬁtabl e
cloning shhaysueh. PhavEd YREIISyEOSPriseomeenoes oapabteedf directing
the 25 insertion of the exogenous sequence to selected parts in tt}?e
poxviral gesowBingmt oVarlRy, COmEF VEEtDr §WYEoMTIEEINE eFTion 67 matker

gene casseties, JHhe kil fLUrLNer, GONPLLSes \RANS: AU Homsllbuehisonged s sel ect
Vi r Uses, P¢R®Sre T@conbi nant fore one or several of t he honol ogous_genes
30 and optihenal t¥ca seteabinandr warker dgdre, stasertad (pdecsapg vaedor

constructs. 16 OCT 2006 WO 03/ 09784 CT/ EPO3/ 05047 _ 24 . Accordi
anot her f GFEREE SSHIGH nBhe CHPTIE tgéfn U uggg ﬁ%ogg&&%%gesy%ﬁ%arts

thereof derimed 4 om0l Aol O0as-0 the reeanbiBantamDXyyT ussialy tae
present invention. Such sequences conprise at |east part of the 5

exogenous fseditenc evearpr stogoat sfpasta a furageent DOROEAECF  IHE hdABI ogous
gene accordin o the present invention and at |east a fragnment of the
éenom’l% p&HAFITILEYeftience

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 fFurther alternative, it is also possible to introduce
each homologous gene into different viruses, 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 wvector constructs capable of directing Lhe
integration of expressable, homologous genes into the
poxvirus genome. Beside a suitable cloning site such

plasmid vectors comprise sequences capable of directing the

25 jinsertion of the exogernous sequence to selescted parts in

the poxviral genome. Optionally, such vectors comprise
selection or marker gene 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

said vector constructs.



according to the present invention, said genom c poxvirus seqiggﬁ@z ?
preferably_flanking the exogenous sequence. 10 Such DNA sequen an @5
used to i d@ﬂt“?%"%‘? isolate the virus or its derivatives, PETGPOISOUSI NQ
themto generate PCR-primers, hybridiZati on probes or in array

technol ogi es. Short Description of the Figures 15 Figure 1. Schenmatic
presentation of the insertion sites of the four PrM (= pre-nenbrane) genes
(serotype 1-4) in the MA genone according to Exanple 1. Figures 2-9 and
12-17: Insertion plasmd vector constructs indicating the name of the
vector, itAC&dinnd the adchecal fzathen oémbddimseguences oiniahefest such
as: AmR = jcilljn,.resistance gene, bfp = blue florescence protein -
gene, dA :lr?eﬂple eisonb A DGR OF E?a’a%:t Ereti ofeBlVedodpto & col i
guanosi nphospiiasgesy o t rarst eraceaens: EEEEVEI ghapged.greep. tlopescence
protein 25 gene, F1 = flanking sequence 1, F2 = flanking sequence 2, 14L =
" i nt er geni CFEFHOIPA ALSUFER 2equgRe genicompagisen, aNPTeaktt paebmpdi nthe

resi st 3aNCegeNe ol 3 | L uUs e r7.5 = Vaccinia propoter 7.5, PrM
= pre-menbrane gene So%%éjuem%ﬁ%és{“ﬂ%u el‘reall%tdi%af]f‘?%“??‘gn? PR of the
four serotiypeshofiadowdergers, acpbraihgpebi then afeddranki Mg sensenses 16

OCT 2006 0%097846 PgTI EP03/ 05047 -25- Figure 10: PCR verification of
the vectorttl of¥F§ &t r AFEGME&Tof Sfoukh8i f PERERLCI NRREY L BAS v cRe@RenEHBNAO,

pPBN50, pBMAQo+#BMNZP) o Ea | pspLgs; yas e | i fferent PCR
primer conbinati g%g. Eac%gcgjnﬁ)éiér%t?on [ s’qgleé%’ec%g?g %c?\rﬁogﬁec 310(%{“{}1% gPr M
sequence iSRByr@REd davfersiely di stilniotg | tiserddarersite. sddngaiee 11: PCR
verification of the reconbinant poxvirus including four honol ogous Dengue -
vi r us 1Pr Mgefe PN Exaephencdy. cvhi ke insdderoppeenpary ofr tihesgale tHige '
di fferent PCR . . . )

virug or 1ts derivatives, e.g. by using them to generate

PCR-primers, hybridization probes or in array technologies.

Short Description of the Figures

15 Figure 1l: 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 vector, its size and the

20 localization of the sequences of interest such as:

AmpR = ampicillin resistance gene, bfp = blue florescence
protein gene, dA = deletion 2, dE = deletion E, d2 =
deiletion 2, Ecogpt = E. colij guanosinphosphoribosyl-

transferase gene, EGFP = enhanced green florescence protein‘
25 gene, Fl = flanking sequence 1, F2 = flanking sequence 2,
T4L = intergenic region TI4L, IGR = intergenic region, NPT
ITI = neomycin resistance gene, P = poxvirus promoter, pPr7.5
= 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.




10 results of the reconbinant virus are shown, the | ower part i rggi‘rdg@st he
results of the sanme PCR reactions of the control plasmds /kgg)l"’&ﬁt 4
The pl asmE%¥EA#4i ni ng the honol ogous sequences are nama'd’gﬁg " PBN49 or
pBN50. PrM stands for the inserted p'rzé-‘nenbrane genes of Dengue virus, 15
wherein the nunbers indicate fromwhich of the four serotypes it derives.
dA = deletion A, dE = deletion E, d2 = deletion 2, 14L = intergenic region
4L describes the insertion site of the exogenous DNA. Figure 18:
Schematic presentation of the insertion sites_of _20 three PrM genes
(serotype Fg@zﬁre} n LA MECRendRETddEatdcEy b EXBApl /F T guFe®1emIpcR
verifical | anQlodfie,r egomiqant Aeedtdis. 1iddding, t heee homlgenus, Dengue
virus PrMgenesinserted into intergenic regions (Exanple 2). The upper
panel showsNR t herwesul pENGD )t. h&@aPER afeacte agnbaspeds f wasf @espﬁﬂ/lzwlﬂlﬁe

m ddl e panel shows the results of the PCR reactions ,specific for Pr.M, and
the | ower %aﬁéf%§ﬁﬁﬁ§ theR r BT o‘FO“‘]?%aW?eag:ﬁcgnsc%rB%Jcli]ﬁlcO? of “Pr M.

Lane 8sshaws.dhe; sapg,: BER gaqtins mfyt hegeonts oinpbgsated. ihaneodeshows
the 30 enpty vector control MVA. PrMstands for the inserted pre- nenbrane

genes of DErguewirimssewhersi sithe nunbers WO 03/ 097846 16 OCT 2006
PCT/ EPO3/ 05047 26 indicate fromwhich of the four serotypes it derives. M
= Ml eculmigwes ghitl. :mapker . vdhef f okt doiing fex abpl eseydiipliame h@OXVLEUFst r at e

the present 5 invention. It wll be well understo y a_persan _ski-l | ed
in the art*iR=dInE Foavi dudrekadpresPrPA9HG W%?@g gfaﬂ'gér p(%é{ta%é) % a

way that Iiyitgnthe appl igabildder qlathecst eenQjogycps ovh dedrbyict her
resent invention to this exanples. 10 ..
10 results of the recombinant wvirus are shown, the lower part

provides the results of the same PCR reactions of the
control plasmids as indicated. The plasmids containing the
homologoué sequences are named pBN39, pBN4S ox pBNS0. PrM
stands for the inserted pre-membrane genes of Dengue virus,
15 wherein the numbers indicate fxrom 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 exogenous DNA.

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

to Example 2.

Figure 19: PCR verification 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 virus, wherein the numbers



18 OCT 2006 WO 03/097846 PCT/ EP03/05047 27 Exanple 1 Insergt] tect ors
I nserti onl\%}iﬁg@% Jgor del etion A For the insertion of exogenous1 &m 088
into the 6 none at the so-called deletion A or del ePCHRPA3/05047
respectively, corresponding to the ge“r?éms position 7608- 7609, a plasm d
vector was constructed, which conprises about 600 bp of the flanking
sequences adjacent to the deletion site A To isolate the flanking
sequences fromthe 10 genom ¢ MVA-BN DNA, suitable PCR priners can be
designed with suitable conputer software (DNAsis, Hitashi software
engeneer i AGLiSHTBriim WsAFh Sfchhs i fews sonprises éxt etesiiorss Wil h=
restricti g 1€y 1 jGh will be wused to clone the flanking
sequencesg"lfbnto arg\%e(%:"%etolﬁg%ﬁ \eqlﬁs‘gn]ﬁ{cﬁr'ﬁ I n between these flanking sequences, a
sel ection gene cassette is introduced, e.g a NPT Il gene (neonycin

resi stance) under the transcriptional control of a poxviral pronoter.
Addi ti onalgl% éﬁ@ioe is a cloning site for the .insertion of additional
genes or g YEA et EER18° b1 28 ifngEbesd Lildts tdata i e presant Oone

such vect amveeRsignuctTe ageer diyad & hﬁn@%%s@é‘&di B¥Ere%t Q0. 45 disc]psgd in

Figure 2 (pBNX10). Insertion vector for etion For” the 1 nsertion of
exogenous geguRfceT b ntieat he v Apresigedomxaatplidye $0- cal | wdy delagt iloa E or

del eti L] Ing. with th RQSi ti
170480- 17 0T £ o vits "B SR PTot LU Ui ERCC GRBIT S22 1 kUL o0t Bp of
the flankitegheequencepraiiatant dp thee 16 Ader2006 WRADSIO97848  this

PCT/ EPO3/ 05047 28
examples, —

10



deletion site E. The vector is designed and constructed |Iike ﬂgsﬂgfbﬁmﬁ

above. In between the flanking sequences is |located an E (,green
f | uor esceWeE3@¥ditei n, d onetech) under the transcriptiongiﬁ@@§?§%§gof a

poxviral 5 pronoter. Additionally, théfe is a cloning site for the
insertion of additional genes or sequences to be inserted into deletion
site AL One such vector construct according to the present invention is
disclosed in Figure 3 (pBNX32). Insertion vector for deletion 2 10 For the
i nsertion of exogenous sequences into the MWVA genone at the so-called
deletion 2, corresponding wth the genone position 20718-20719, a vector
Was const Egempde Inwhi ch conpri ses about 600 bp of the flanking sequences
‘adj acent to the deletion site 2. The vector is designed and 15 constructed
| i ke descri bed above. In between the flanking sequences is |located an hbfp
gene (humdASEEFUPFUF T[T escing protein, . Pavalkis GN et al.) under the
transcriptional control of a poxviral pronoter. Additionally, there is a

cloning site for,the insertion of .addjtional genes or sequences to be
insertediQﬂﬁ?ﬁﬁﬂQﬁi%ﬁFE%{téoﬁ.8%%%géﬁghévector construct according to the

present igavention kg %%%ﬁb ed el N Figursn4 (RBNGERes | nerid | eheveasvar for
i ntergeneti € region, T or the insertion of exogenous sequences in_ the

25 i nter gepeidme: r egi-on, tet weenrchheeGRF dEdletdrd 142,  ogor rEskRIHdithg to t he
genone position 56760, a vector , _copstrycted, which ¢ rise out 600
bp of the Iﬁ%ﬁﬁwe%%qu&%%e%?ﬂ% B t i%?%?%%nﬁqsgﬁedﬁo?ﬁg? t he
14L 1 ocuspgolie wectorchdadeshOned anpd copsttuetedd) i kaidh desmpirbedsabove.
}n between J%e fl'anki ng sequences is 1 OCT 2006 WO 03/097846 PCT/ERQ3/05047
{29 | ocattediian 6BGoghp gefe ther §hankingdSeRBeEnsRss phgs #HBEY| -£0  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, Hitasghi software
engeneering, San Bruno, USA) . Such primers comprise
extensions with restriction enzyme sites, which will be
used to clone the flanking seguences into a vector plasmid.

15 In between these flanking seguences, a selection gene
cassette is introduced, e.g a NPT II gene (neomycin
resistance) under the transcriptiomal control of a poxviral

promoter. Additionally, there is a cloning site for the

{ N

insertion of additional genes Or eXOgenous sequernces to be
20 inserced 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 seguences adjacent to the




transferase gene isolated from E.coli) under the transcriptional_control

of - a poxvi\%glogg onoter. Additionally, there is a cloning sitk8f0eT 3485

i nsertion Hathi ti onal genes or sequences to be insert elCHEPE@G/(ShE
intergenetic region after the 14L ORF.286ne such vector construct according
to the present invention is disclosed in Figure 5 (pBNX39). Construction

of reconbi nant poxvirus conprising several 10 honol ogous genes integrated
inits genone. Insertion vectors For the insertion of the four PrM genes of -
the four _serotypes of. Dengue virus in the MVA genone four independent

r econbi nafilegﬁtx}é’t‘}t orstSefe (Bl vestThesies vdetdonecontad n coras raesesd bed in

details a < e | agous to the MVA.genone for targetin
hoke WeSeqYRRs %ﬂ%g{%i ] %etw%\%i i{,]il%nggﬁg}]% g

i nsertion by honologous rec ation. CEC ©Scdritains a -

sel ecti onlogetedporder RaRP cagsabt e. (Fh8eRr Msegiencas, of t he-Jreum Dengue
synthetical |y made by oligo annealing and PCR

virus ser e e 0 i

anpl i fi Ca?.&)éﬁ?%?\é\ﬁs PPH%?&&&%&&’W%H&WM@%W@M& a poxviimas
promoter ekeneats. t Al exPr esabpR cassgtt & o i s ression.cassette
was, then, cloned into the cl oi%?ng sfqt eC'Lg% tshe&r% ler\%nfggi)é%sef T ohRect or
const ruct $RSg5tagny edy|ladditHenalsegenon vecbegueorsid Ucd bear igelketieen A
cont ai ned; Br of, .Dengue,_virus serotype 2 (Figure 6 - pBN39). The
i nserti onl{’/lggt §FM§§§§ r et (r)]‘lg de1 8t FeTR2 v Tai AedS HheCPr RC§OREISH Dengue

Vi rus serbbyphelp{&Ebght eifvent PBNWOY. aTBe1bRs8r 1} 0P ¥GCLOK qg@f«k@g?t for
intergenic WD 03/097846 16 OCT 2006 PCT/ EP03/ 05047 ~-30 region L

contai ned the PrM gene of Dengue virus serotype 3 (Figure 8 - pBN50). The

i nserti onIueer6loaORSEEUEt £bOT de gk @bhop E contained the PrMgene of Dengue. .

virus serotype , .
10 For the insertion of exogenous segquences 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 degigned and
15 constructed like described above. In between the flanking
sequences is located an hbfp gene {hhumanized 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 sequenices in  the
26 intergenetic region, between the ORF I3L and TI4L,
corresponding to the genome position 56760, a wvector was
constructed, which comprises about 600 bp of the flanking
sequences adjacent to the intergenetic region at the I4I,
locus. The vector is designed and constructed like

30 described above. In between the flanking seguences is




4 (Figure 9 - pBNM0). 5 PCR verification of the insertion vect\‘BﬁsU%rZ{]ﬂﬁ

verification of the cloning strategies, PCR assays were 47 FOr
t hese PCRVE438Y84¢ he sel ected pri mer g%al rs are a conbi na?ﬁgﬁﬁgwﬂpri mer

specifically binding to the specific“tlanking sequence relative to the
insertion site 10 and a second primer specifically binding to one of the
hi ghl'y honol ogous Dengue virus PrM genes. The insertion vector for deletion
A containing the PrMgene -of Dengue virus serotype 2 was screened with the

Primers 0BN93 ( OGCGGATCCATGCTGAACATCTTGAACAGGAGACGCAGA LD NO, . 15 1)
and 0BN4 7D (eEATGATAAGAGNTIGIATTAG! ©SEGAD %\Té?f}dsz).o%h%loﬁgsgﬁgﬁgnsl\%ct or for

deletion 2 containing the PrM Depgye Vig Us, 581 ot ypeiek washecr eened
wth the AL ARy gaEnd” ! S8 a8 '

( ATGTTGAAGATAAT GANCASEAGCAAMARATAT GTGACCAT GCT CATeATECTICTGRL 0Fg ter -
CCACAGCCCTGGCGITCCATCT. SEQ ID NO @ 3) and oBN476 . . ¢
( GATTTT GEHRTICATIEENCT GERTES $8Q3 [‘?Jr\‘%ﬁ}%n%)?ltr%eﬁ?ﬁs‘é??i SREGECTOr for

i nter enié:d%lq%cﬁaﬂ4 &g@éaicﬂi n%e'%%gml;%g\/l genenef Desgtie=di riusssekbeype 3

was SCreene th rimers oB v

( CCTTAAT CGAATHGTGAT GF CATERATECREERACCABEATTART ABE - sfar| FuNb, Va5) 4nd
oBN479 ( GCTCCCATTCAATTCACATTGG S I D NQ : .6); s Lnsert igvester for
del eti on ERORFAFhi ﬁgtct%‘gﬁé}% Bgnggeofpﬁsn%%g %/%?%-lggéglgoﬁype 4 was screened

Wi th theTf&:TﬁG%géreogN A 9) .
( ATCCCAT TGTGGTGITAAAGCTACTGAGCGCTTCTCTCGTCTCCGITCTCC 16 OCT 2006 WO
03/ 097846 PCT/ EPO3/ 05047 -31- GCTCTGGGTGCATGICCCATAC. SEQ ID NO.: 7) and

©OBNA78 (@@@I@E@I TATAGATAEGmbSE@nED PBkciiBhs REHupxbeitgersever
(perfor med Tn a Thermal cycler GeneAnp A 9700 (Perkin Elnmer) using the Taq
DNA Pl ynBomskolptis genes integrated in its genome.

Insertion vectors

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

independent recombination vectors were uged.

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

vector contains a selection- or reporter gene cassette.

wa The PrM sequences of the four Dengue virus serotypes were
20 synthetically made vy 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 vector constructs.

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

- pBN49). The insertion vector comstruct for intergenic




5 containing | Ox PCR buffer, MCl2 buffer and Taq DNA pol yner as? (gﬁghg
Cat . no. 2%§%§A)97%5 equivalent. In general the PCR reactions we g p g@d
with a tota reaction volune of 50 Al containing 45 gl naBCEERIINGS04he

sanpl e DNA and ddH20 as required. The Hast ermi x shoul d be C 10 pr epar ed
with 30.75 gl DdH20, 5 gl I Ox buffer, 1 | dNTP- mx (10 mmeach), 2.5 Al of
each prinmer (5 pnol/1), 3 g MWdA2 (25 mMVM) and 0.25 gl Tag-pol ynerase (5
Ul). The anplification was perfornmed using the following 15 progranme: 1) -
Denaturation:, 4 mnh 94C 2) 30 Cycles: Denaturation: 30 sec 94C 20

Anneal i ng:F 0Tt BsCotdiRed i ghe Br¥ giene72C PerBlungaition Semityg2C  4)

Store 4C 25 Basgdr-Ongt he Shge, pf insert.ed gene the elongation ti
shoul d at ] east be | min/ k%]? %?Je) Pég%r elsusl'e?%tls%om}{e?' Fi §IPEE G dendtist r at e
the specidalgfion Fhecqurtiarered oribé naEMoGenESed MRmdRe SiAG & dions.
30 The prizner 1GR ipatio N194/ 0BN476 is specific for deletion and
PrM as ir%gngtl. n%e@eipé’w)PCR fragnment of 18 OCT 2006 WO 031097846

PCT/ EPO3/ 05047 -32_ plasm d pBN49 has a size of 678 by (shown in |lane 3,

upper . par f the.gel). The prinmer conbination oBN255/0BN479 is specific
for int e#&’é?givffﬁzd%@ﬁ)l B CAndher NBs&y iieferiectis expected PCR 5 fragnent

Gel . The SFT Ner TELNBEASY B GHRL PO DR B S e | Eortsayd were |
performed. For these PCR assays the selected primer pairs
are a combination of a primer specifically binding to the
specific flanking sequence relative to the insertion site
10 and a second primer specifically binding to one of thea

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

OBNS3 {CGCGGATCCATGCTGAACATCTTGAACAGGAGACGCAGA. SEQ ID NO. :
15 1) and oBN477 (CATGATAAGAGATTGTATCAC. 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
{ATGTTGAACATAATGAACAGGAGGAAAAGATCTGTGACCATGCTCCTCATGCTGCTGC
20 CCACAGCCCTGGCGTTCCATCT. SEQ ID NO.: 3} and OBN4AT 6
{(GATTTTGCTATTCAGTGCACTGGATE . 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 {(GCTCCCATTCAATTCACATTCG. SEQ ID NO.: 6).

The insertion vector for deletion E containing the PrM gene

of Dengue virus serotype 4 was screened with the Primers

OBNZ210
30 (ATCCCATTCCTGAATGTGGTGTTAAAGCTACTGAGCGCTTCTCTCGTCTCCGTTCTCC



deletion E and PrMi as insert. The expected PCR fragnment of pf{as@Ud pHgeo
has a size of 607 by (shown in lane 5, |ower 10 part of E%Eg 10471 NE
priner coMBi0H418¢h oBN93/ 0BNA77 is spgcific for deletion Aand Prie as
insert. The expected PCR fragnent of" 1|o'l asm d pBN39 has a size of 636 bp
{shown in lane 11, lower part of the gel)_ 15 Ceneration of the

reconbi nant MVA vi a honol ogous reconbi nati on For expression of foreign
genes by a reconbi nant MVA, these genes have to be inserted into the viral
genonme by a process called honol ogous reconbi natiion,] For__t hat oBMLRgse, 20
the for eiGHIRFHECBECARERECEATRAd be®i cl dhkd NRto an’)in ion vector, as

descri bed 0 ' t e-ntfzansfegted after infection of
cells wi thgﬁﬁﬁgﬁ\gﬂ#%%%ggég%ﬁgﬁﬁét Sgﬁ Wl Fét'ékgqbl ace in the cellular
cytoplasmof the iinfected and_transfect el /1 h.beh p-okehhemgS

sel ecti o@%d?ﬁpeféﬁﬁ%& acraessléﬁg?rr\%cﬁcﬁgi ga a‘#}zeorﬁc(%int g?ﬁedr in t heg
insertiongyget o?egﬁﬂls BONBF} Si Ngik@COrd Nnag \INAS & lareetiagent Fiited and

i sol ated. 100CT2006 WO 03/097846 PCT/ EP03/ 05047 Honol .og
recontsi natvohaEointomdOEgo SR eborfistat i WC%HKbP%EW h&mst e?[ua% dney)

cells or rimary chi cken %Ey fibs@bbasts) ogel kesuakaleneededn n 6
wel | pl at%fﬁégﬁasmmﬁ{oﬁ%%ecco s‘rﬁ%di fiﬁed 5 iEagIOes Medium G bco BRL) +
10% f et al geakf-aser ume( FESR Orea¥PiSEM (@:beo BREpazedmivi ik (2 GRS ne for

a serumfree production process. Cells need to still e g9 ng
phase andreeRsieforelumtogfd Feath Gﬁpéé%négﬁfl%gn%% E)ﬂrallstt%gErl g)’/ of

transfect ggﬂ 1&%@115@%@%259%@% fie. seedi Pgstasmthe shiondler kef cel | s
éqrasto be ngvvn or determnation of the nultiplicity of op
. 10 prepared with 30.75 pl DAH0, 5 ul Ox buffer, 1 pl JINTP-

mix (10 mM each), Z,B'Qi of each primer (5 pmol/pl), 3 ul

MgCly (25 mM) and 0.25 gl Tag-polymerase (5 U/pl).

The amplification was performed using the following

15 Programne

1) Denaturation: 4 min 94°C

2) 30 Cycles:
Denaturation: 30 sec 94°C
20 Annealing: 30 sec 55eC
' 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




infection (noi) for infection. For infection, the MVA stock i s.’]%i ?Etfeg d n
DVEM FCS oné/%mﬁ@k/l L-dJ utam ne so that 500 Al dilution contain”a 1 006
appropri at e anou of virus that wll gi ve a noi of 0.01. QUCTEBP@MNS4EAssuned
to be divided once after seeding. The *hediumis renoved fromcells and
cells are infected wth 5001 of diluted virus for 1 hour rocking at room
tenperature. The inoculumis renoved and cells are washed 20 with
DMEM VP- SFM I nfected cells are left in 1.6m DVEM FCS and VP-SFM L-

G ut am ne rﬁs ectively while setting up transfection reaction (Q agen
Ef f ect ene Ki F‘E‘.“lﬁoPBNfﬂﬁn@ﬁéctai ¢z Hed "EF 8 dop ehshown absf etieod  kidprl@ agen)

i's used. Aphkangkegt .o eﬂ%‘ is prepared of 1-5 g of 25 linearized
insertion vector (total anpbunt for multiple transfection) with buffer EC to

give a finafvolue f .. Add 8. nhancer per gg DNA,_ . vortex and

incubate at ® o%gngﬁg%pef%%gﬁﬁg 3T R SrﬁeCH?Néﬁgl bF EgPEEfLé_ﬁ@ af®r added

per gg DNAiateegendet exyignstack dndpeand 4hei 3050 Uihan kS M-X8d por
ortexing and incubated at roomtenperature Tor 10 mn. 600

t hor oughly .by v ) _
Al of %{I/EI\/FF%%I“%}?IH 0B To-a5mt D 0N Y® b8A097 8HEzPOTE EPRS 0504 Tsho@d- in

SFM L- G ut agh8eo ! espgeti ¥ely, oar d m xed and subsequently, the whole
transfection mx is adde% to ?ﬁe&%egigg? “which are already covered with

medi um  Geqf Ly ish_[8. ked to_j sfection reaction.

| ncubation 5 ta%ggng?acgogﬁl% l\ﬁﬂh%%&é\uﬁ]gﬁts THRERékiCdayOthe
medi um i s deheved: aRdemépbacedasi thsbreshTRVEMEBES 08 ¥Pr SEMhaBiutani ne.
| ncubation_is co téﬁﬁ&q until day 3. For harvesting, the cells are scraped

into nedi UiT2THE cBfF quspéRsiodn 609 thransdhkowredin olancaleqiawert ube
and 1d fregzen & +ROGEPy short-termstorage or at -80C for long term
st or age. RS

The primer combination oBN93/0BN477 is specific for
deletion A and PrM2 as insert. The expected PCR fragment of
plasmid pBN39 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
brocess 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 isoclated.



Insertion of Prvd into WA In a first round, cells were infe cﬁ@@'t%upa
-WA- BN according to the above-described protocol and wer M/&i?p)a y 15
t ransf ect W& O}{0PT$4¢ nserti on vector pBN4O containing the Prm € of Dengue
virus serotype 4 and as reporter gené33the EGPF gene. Since the transfected
wvector contains a reporter gene, EG-P, the synthesized proteinis
detectable latest on day three in cells infected with a reconbi nant virus.
20 Resul ting.reconbi nant viruses have to be purified by plaque
purification. For plaque purification infected cells (fluorescing or

st ai ned) afmdlaganed SFPRCEIPFPRR tip, resuspended and aspirated in 200l

PBS or nedium _ Then a fresh culture dish ontalnin LOF®, Ils is

infected W%h 26BPlEEMTR rr@&&ﬁ@ﬁ&ﬁ&é&lﬂm ég]‘%s.(t%btyergzgﬁgggél 1's arée:ﬁt aken

up in 300l,qRBS. oD S ixﬁéf%eéhié}(?&hsétﬁlﬁﬂﬁ@if’i‘bﬁﬁﬁdlﬁﬁtgkmmtd“r@m
ows t

analysis. Aclone that s e expected bands is chosen, and %r sh. 6-wel |
pl at es ar esdarfestt éd vt vedilf f ptehesavsimcs BUEBf ERIPSFGUS ¥ ST ng t he

wells with 1% agarose avoi 18 2006, 0. 0 P, 504+ - 35-
FUrther st g T Uy uS AR drleh | Y Bet 8 dolFe  campr o re a

reconbi nanfp S (85 8R6 &re.)i sol aledl / ThLsGpnoerdoee fiog reepeet @y BRE®I no
w | d-type MVA-BN can be detected in the PCR analysis. 5 After 4 rounds of
pl aque purpfodattioynreceaBFAant viruses, MWA-PrM4, were identified by PCR

assays using a priner pair selectively anplifyi ng t he expec%led %nserti on
(0BN210 arze1oBNAFSd Bs Hesekibadiabshe) onruing BBAEFORTG- pHPREF-BAFT

speci fical l.y recogni zing {he i nser iuo it t} 1 28ion.
I TCAAGCATACF CEE A Osi%%ﬁ FRETARA P oRhE, 080 SritraaBhéetion
(GGATT%CA@gﬂgAmggG%@iﬁme%Qaéaah@ sedBinbnserst itdre ciufbdP PAL 6SM/A- Pr Vi

has to be known for determination of the multiplicity of

infection (moil) for infection.

For infection, the MVA stock is diluted in DMEM/FCS or VEP-
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

500l of diluted wirus for 1 hour rocking at room
temperature. The inoculum is removed and cells are washed

P 20 with DMEM/VP-SFM. Infected cells are left in 1.6ml DMEM/FCS
) and VP-SFM/L- Glutamine respectively while setting up

transfection reaction (Qiagen Effectene Kit).

For transfection, the “Effectene” transfection kit (Qiagen)

is used. A transfection mix is prepared of 1-5 pug of

95  linearized insertion vector (total amount for maltiple
transfection) with buffér EC to give a final wvolume of 150

ul. Add 8.0 ul'Enhancer per ug DNA, vortex and incubate at

room temperature for 5 min. Then, 25 tl of Effectene are
added per ug DNA after vortexing stock tube and the

30 solution is mixed thoroughly by vortexing and incubated at

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



Cells were infected with MVA-PrMA according to the above dechibggT gﬁb
pr ot ocol q&g(ﬁﬁéﬁw?dditionally transfected with 15 insertion véector Z 9
containing th gene of Dengue virus serotype 2 and as SETEEPVEA4Hene
the NPT |1, a neomycin resistance geh#." For purification of reconbinant
MVA expressing an antibiotic resistance gene three rounds of virus
anplification under selective conditions before 20 plaque purification are
reconmended. For neonyci nphosphot ransferase selection (418 is added to the-

medi um G4é§ ii a.derivative of neonycin and inhibits the .
prot ei n- bi GSMERELHSABYEnt eF PEPRABEVRILY R t heract iasded, t havinadosemss. NPT

gene act | viiksbachiYdl esi@1inbyo 29 hllosaharyl aflons AL A6, fougds of
pl aque purification uhder neonycin Selection recoibi nant” VIt SE%,

MVA- Pr M4/ PERR Lswerndridideatef isdaabyyPCRyveassay withi gl Neen Py’ the
selectivelé.sﬁ giféiggdthe ex&eched insertion (oBN93 and oBN477, as 30
descri bed a%ovg? ahd &85 bRt PoE S16r EReRsSECE1ePe&PrCEALRy IBCBETEION6 WO

03/ 09786 P&ELEPD360204L 336C_wik@CegRiosi Bgelhg;bnser b,an sitedel etjion A
(oBN477: as described above agé oBN455§ GT%TC%ﬁ%%éﬁA%#%AE%%EA?%&A%%e SEQ
ID NO.: 115edapti disorkangred send nsepiroadofviPEME iawlo DM ATCDNOE V-

ified w h i irs:. oBN210. 5 oBN478 and oB - _0BN454.
Vnser tron Sr e REREEeR rheund FIGHC 15 R REY A" RaPoT) Mrwcded wit
MVA- BN i th d i bed tocol, and were additional
T anot et oot PRET RELHISon EDEC oY LR RAG . EBRREH: A DNBSP ke 0 heha tBE
Dengue Vi raslseraisgendi oind ias tepRLter~gena.d hey hQ&Q%uflé*aé 9en faha
p

humani zed bl ue fluorescing protein. The synthesized h proteln IS
detect§b|efﬁﬂza%yathrggoﬁnfor_short—term storage or at -80°C for long

term storage.

Insertion of PrM4d 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 transfedted 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
aspilrated in 200ul PBS or medium. Then a fresh culture dish
25 containing about 10E6 cells is infected with 100p1 of the
resuspended plagues. 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-@@11 plates are infected with different amounts

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




cells infected with a reconbinant virus. Resulting reconbi nant §il{is&§06
were purified b | ague purification. 15 After 10 rounds 7

purifi catW%ﬁyP%%ﬁ’ﬁbi nant viruses, MA-PrM, were identi flﬁgyﬁit;%& assays
using a prinmer pair selectively anplTfying the expected insertion (oBN194
-and o0BN476, as descri bed above) and as control a prinmer pair specifically
recogni zing the insertion site deletion 2 20 (0oBN54:
ECGEGTACCCGACGAACAAGGAACTGTAGCAGAGGCATC, SEQ ID NO.: 12 and oBN56:

AACTGCAGTTGTTCGTATGTCATAAATTCTTTAATTAT O 1D NQy: 13)cJnserticnief PrivB
into WA Fnrhberr sEPEeafdnSTeldTs Wered™ nf éh%eeed: WitH" I\/:}i) BN according 25 to

Tthe above desctibed pr olhcol, @ngieeaid tdhanaliy idaarsibet ed wi th
i nsertion vettor p 0 containing the PrM gene of Dengue virus serotype 3

and as reporter gene the . & {({ECogpt @11 dhepienehtaN gpin dteaands
for phos%ﬁ&?i E’cr)ss%flet%rué}r%sfleslrzg[g%%aeneg. Resul ting reconbi nant 180CT206 WO
03/ 097846 gRECE-ERQB/0504% BEY-andTwses. were purified by 3 rounds of plaque

purification under phosphribosyltransferase nmetabolism sel ection by

addi tign gggt@{_,cqphle@&llgsa@Edpm@m@ipmanﬁdWmmmww\blﬂﬂﬂfopW?% aci d
(MPA) inhibits inosine nonophosphate 5 dehydr ogenase.rqndar sulds ]!:)élir

bl ockage &iVApRLMe W%eﬁ@t@gﬁe@n?ﬁfb?@?oﬁs% Yitat"feplication i n nost
cell lines. ., Thi.s bl oc .can._he .qyer Y3 explessiing Eoamptid randa
constitut is\?éLepcrth‘r?fD%b‘Le\g éﬁ%%?g\g}fl i ntgltfhgﬁgﬁggtrat es xanthine . and .
hypoxant higigia 70, Resuldd=yitesbnbboeal winduses, CRVATPEME, Rier ¥ dBAtTfi ed

by PCR assays using a prinmer pajr sel.ectiyvel | 1 fying Hhecrexpected
(iF;nserti on EFBNIE5CahdY o BRETYS™ 14 scriDed A %rv%% an tas control a pri mer

ai r_gpeci i T haLRGTEReTTHOGeEERONSED @Dl HD . (0BNASE: oBN454:
PnCT A T B AR
GCATTCACAGATTCTATTGTCGAGTC, SEQ ID NOG.: 10)

Insertion of PrM2 into MVA-PrM4

Cells were infected with MVA-~Prid according to the above
described protocél and were additiomally transfected with
15 insertion vector pBN39 containing the pPrM gene of Dengue
virus serotype 2 and as selection gene the NPT 1L, &
neomycin resistance gene. For purification oFf recombinant
MVA expressing an antibiotic resistance gene three rounds

of wvirus amplification under selective conditions before

P

20 plague purification are recommended. For
neomycinphosphotransferase selection G418 is added to the
medium. G418 is a derivative of neomycin and iphibits the
protein-biosynthesis by interference with the action of the
ribosomes. NPT gene activity  inactivates G418 by

25 phosphorylation.

After 16 rounds of. plagque purification wunder neomycin
gselection recombinant viruses, MVA-PrM4 /PrM2, were
identified by PCR assays using a primer pair selectively
amplifying the expected insertion (oRN93 and oBN477, as

30 described above) and as control a primer pair specifically




15 NO . 14 and oBN500: CGATCAAAGTCAATCTATG SEQ ID NO : 15). C?inggqthmm
of MWA- Pr MboaRfdeMVA- PrM3 The cells were infected with equal am)urat of
MVA-PrML and MVA-PrMB according to the above protocol. Af PET/EBOYGA+s of

pl aque purification under phosphri bos) % ransferase 20 netabol i sm sel ecti on

of blue fluorescing clones of reconbinant viruses were anal yzed by PCR
using the prinmer pairs (0oBN255 and oBN479. oBN499 and oBN500. 0oBN194 and
0BN476. oBN54 and oBN56 as descri bed above). Resulting reconbinant viruses -
wer e desi I%LD%ELC? J1\/1\/A- Pr I\Q/ PrNM3. 25 Coinfection of MVA-PrML/ PrMB and

MVA- Pr M2/ Pt & 0 | S er SR WiTR eqedietdamsunts ¢PBNWATPr MeAPT VB

and WA- Pradd & Wedceiidiidlg adt hergkoye pPeEeL, CAEngAC@HéA%&%i on was ~
per formed under phosphri bosyl transferase netabol i smand néonycin !

sel ecti on.SHecEhbNRant Wi)r-uskddingl @eTl 20961 = W\Di03LAL 1846 o038 M4 into

PCT/ EPO3/ QR0A4Y: 4 idugi ng.a en and blue flourescence were isolated and
anal yzed by PCR USsi ng ?ﬁe %fln%re%aiwrlgﬁ(o 5P FFOBRAES : oBRMYS  and

0BN5005 oBNIW “h caruBMNENGL 5 D BNwBraasls 0BN56. 0BN93 -and oBN477. oBN477 and
oBN452. 0oBN210 and oBN478. 5 oBN453 and oBN454 as descri bed above). The
PCR anal ysis of the reconmbinant virus (Clone 20) conprising all four PrM
genes i s shoeriioigfire-M1.; ¥ lpe¢yain the upper part of the gel the
different PCR results of the reconbinant virus are shown, the | ower part

provi des 1@ thdimssultennl, tdwellsameRCR IRactddneiOh IR GO EQrgPhasni ds
(as indicated. Lane, 1 10 .and 11 show a | kb_and a 100bp nol ecul ar narker.
The pri mer corbinafoN SoBRETEF SBRE7EPYSteRRS f#RAf overeel addbini ®rahty Pr M4

as insert trbmefexpeat agi RCR fLaorest oL e%%m! Vigus the
pl asmid pBNAO has a size of 607 bp (sh‘éﬁn%éi ERRabE ORI o/ e A0
conbi nét i SF6BNUG3PERIMSS Wigusperdfdttyfor 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 <virus. Resulting

recombinant viruses were purified by plague purification.

15 After 10 rounds of plague purification recombinant viruses,
MVA-PrM1, were identified by PCR assays using a primer pair
selectively amplifyiqg the expected insertion (oBN194 and
0BN476, 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;: AACTGCAGTTGTTCGTATGTCATARATTCTTTAATTAT,
SEQ ID NO.: 13)

Insertion of PrM3 into MVA

In a first round, cells were infected with MVA-BN accordiﬁg
25 to the above described Protocol and were additionally
transfected with insertion vector pBN50 containing the PrM
gene of Dengue wvirus serotype 3 and as xreporter gene the
Ecogpt gene (Ecogpt or shortened to gpt stands for

phosphoribosyltransferase gene) . Resulting recombinant




del etion E. The expected PCR fragment of the reconbinant virubgi 8C2. 70(gb,
the expected band of the wild-type virus 20 2.3 kb (shown ji4@R@sedy- Al so
in the upP&O3Paroof the gel a band specific for a wild-type virus can be
identified. This means that the reconbinant virus preparation is not yet
conpletely free of wild-type virus. Further plaque purificationis
necessary. 25 The prinmer 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_ |]a ) F5 dde PR i mer
conbi nat | SATEBRE7 MEERUER T IL 15k Y ¢ f%‘?m{)%% ag &S eATB‘lrﬁe expect ed PCR

fragment r j - 2006:M0 @31092346:PCHERIS/8504 by - 39-
virus is %Bftekt%g t %%%%g%%%ﬁﬁ%% of the wild-type virus, 2.7 k%aj(Lshown in
| ane 5) . addittHeruppdr paropfendie gelcis. baratépeci fRE BYPEW Iy pe
virus can_be identifjed. The prli conpi Lon: | oBNAZ8nbspapeei fic
for 5 int%®r LG orﬁ(ﬂﬁ% a%ﬁg I\/Bllgglllggéért?ﬂ %%ﬁgxpecté%hPCI% f ragment
of theyre e $&1Saand e s dbpBikAgha £ apst zee ofYBRBEHHS( shown
in lane 6). The primer conbi nation oBN499/ 0BN500 ;s %Lge%i fie‘ﬁlf or .1 he

i nt er geni @rcegivhibfitigon Jhe véxsdct BEPPEFRRELGENEMt B 5the ‘o +&25nbi nant
virus is 1.0 kb, the expected ba e W |- HRE N riSodh 8 Kbofishown in
| ane 7). %Sprbl?:}‘r%&?‘%gﬁbicﬁa ﬁaoén) %ﬁ%ﬁ#%BﬁYmeq}ps spe(ﬁ%i C f%? del etion 2
and PrM asyidiseritidhepespectedaRERotvagieny che shésteesmsi FaRtN us and
t he pl asm’dchl\Mg has a size of 15 678 bp (shown in lane 8). The priner

_ conbi nat i GABBENBAPEBNEBIS -specific for deletion 2. The expected PCR

-ragnment of the reconbinant virus is 1.6 kb, the expected band.aof
'lg-uppeiwé$wktbm@ kpcombinant viruses, MVA-PrM3, were féeﬂ%f%f%d.%ge

PCR assays using a primer pair selectively amplifying the
expected insertion {oBNZ55 and oBN479, as described above)
and as control a primer pair specifically recognizing the
insertion site T4L (0oBN499: CAACTCTCTTCTTGATTACC, SEQ ID
15 NO.: 14 and oBN500: CGATCAAAGTCAATCTATG, SEQ ID NO.: 15} .

Coinfection of MVA-PrMl 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
ﬁ, 20 metabolism selection of Dblue fluorescing clones of
recombinant viruses were analyzed by PCR using the primer
pairs (oBN255 and oBN479. oBN49%2 and oBN500. o0BN194 and
oBN476. oBNS4 and oOBNG6 as described above) . Resulting

recombinant viruses were designated MVA-PrMi/PrM3.

25 Coinfection of MVA-PrM1/PrM3 and MVA-PrMz/Prid

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

metabolism and neomycin selection. Recombinant viruses



(shown in lane 9). In the upper part of the gel a band 20 speﬂi%i@f% 6';1
Wil d-type yigimotal be identified. Alternatively, one can produc it
different viruses, coinfect cells with all four viruses af{TdEH8E4for a
reconbi nant. | nprovenents can al so be ¥thi eved with reconbination 25
vectors, which contain further selection- or resistance nmarkers. 18 OCT
2006 WO 03/097846 PCT/ EPO3/ 05047 -40- Exanple 2 Insertion vectors 5
Reconbi nati on vector for intergenic region 136-137 (I GR 136-137) For the
i nsertion of . exogenous s@%ggences into the WA genone at the so-called

i nt er geni c-TEHT O (PGIToE36- 48¢ bloec of faspovrientet vetise embmeedosntl on

129. 940 a plamspish iegt BERWAS 18NS HEU i i aboyt p of
the flankin sequ\eljﬁ%es adj a(l:e%t tg hgq}e\#;éﬁ%%%ngél%l\séﬁ%oan 58191%%8'( he
f1 anki ng %@&%e@nﬂr ofFThBOge g I AWANBN BRI 76U tai®e PGRAPr bBRES .can be

desi gned. uedy pLiner ris xtensions with restriction enzyne
sites, which w | lngg 83@%29'(0 %’%ﬁgjt W@EI Qﬁwﬁﬁé'seaﬁ]g%é@saPﬁt@B?i‘—l%%et or
plasm 8. dBN4TES werh dENSS 4 |80k SBIENGSSye A, SEl ection gene cassette is
i ntroduced, e.g. NPT Il gene (neonmycine resistance) under the

transcri ptimenalpcronti@l1vafi 2 BexVichal ggcgg@gﬂgﬁl& () v Addi L gnal Ié/oihere
is acloning site for the insertion of additional genes o} exogenou

sequences AF e sings értledf dwr oPHGRIEBEs 138 (Bash) .irOTe queh VECt@hile
construct ;. acGQ di 0 o] nt invention.is disclosed in Fig. 12
(pBNX67). 25 Recon%g%%t F"tc’}%%vé’&ff ???"E% orc n’rf]l’e\?ggﬁff%e@&itor?c@?-foﬁamﬂ@ Y-
the recombinant wvirus are shown, the lower part provides

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 oBN210/0BN478 is specific for
deletion E and PrM4 as insert. The expected PCR fragment of
15 the recombinant wvirus and the plasmid pBN40 has a size of

607 bp (shown in lane 2).

The primer combination oBN453/0BN454 is specific for
deletion E. The expected PCR fragment of the recombinant
virus is 2.7 kb, the expected band of the wild—tyﬁe 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 wvirus preparation is not
yet completely free of wild~type virus. Further plague

burification is necessary.

25 The primer combination oBN93/0BN477 is specific for
deletion A and PrM2 as insert. The expected PCR fragment of
the recombinant wvirus and the plasmid PBN39 has a size of

636 bp (shown in lane 4).

The primer combination ©BN477/0BN452 is specific for
30 deletion A. The expected PCR fragment of the recombinant



08) For the insertion of exogenous sequences into the WA 304geB&e 20§ t he
i ntergenic reqgion (I1GR) 07-08 corresponding to the geno bid04; 12. 800,
a pl asm OSSP Nas | 8 OCT 2006 \/\QQ%/ 097846 PCT/ EPCB/ 08011 2 %"
constructed which conpri ses about 600 by of the flanking sequences

-adj acent to the insertion site. To isolate the flanking sequences fromthe
genom ¢ MVA-BN DNA suitable PCR prinmers can be designed. Such priners
conprise extensions 5 with restriction enzyne sites, which will be used to
clone the flanking sequences into a vector plasm.d.  |n between {his

f1 anki ng yéguences, LalséPectith FFERfET s%??g P§ t%ﬁiﬁ%d%ﬁ&%% e.'g.. Ecogpt

Gene (Guagi - BhosBRRLLDASY| 1sanshpr ase) widarpidie panpsori phionzt. 10
control of "a poxviral pronoter (P). Additionally, there is _a ¢cloning site
for the i meerd sl faddiod onabi @nesperviexggerdule skdtiehtest o be
dnserted into IGR 07-08 (Pacl). One such vector construct according to the

present imentpOmmés dicsebisedion FicENZES /(GFBMAS8) 195 Ferdbihat Fon
vector for intergenic region_44-45 (|1 GR 44- 45) For t i i
exogenéusLﬂ&ﬁﬁﬁﬁ%&?iﬁ?%lPHeI$@Aan§0%£¥%nﬂ§eﬂgﬁﬁé}Trﬁ%ﬁgﬁﬁﬁ%ﬁ%ﬂgigﬁR(le

44-45 corr N0, £t PRt he 06RRIBARESE QB 3%A38Ae plpkmsdi KENBCtbaswas
constructe I ch conprises about 600 bp of the flanking sequences

adj acent tz diheeicSedRbobpsisbowloinsdhaeebthe flanki ng sequences fromthe
genom ¢ MVA- BN DNA suitable PCR 25 priners can be designed. Such priners
conpri se exi@nghonsr Wohbieatibat icENOATNEIX ebs wivesh Tac| I£9%e GE€d to
clone the flanking sequences into a vector plasm I no¢t bk

[l anki ng seeeerees;carsereet i%n e TREeTed for! PrRERYEE

) 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 virus and the plasmid pBN49 has a gize of

15 678 bp {(shown in lane 3).

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

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

Alternatively, one can produce 4 different viruses,

coinfect cells with all four wviruses and screen for a

recombinant.

Improvements can also be achieved with recombination
25 wvectors, which contain  further selection~ or resistance

markers.



introduced, e.g., NPT |l gene (neonycine resistance) under 30 tHeg {CT ggmi
transcripthﬂpéh)%ﬂgtrol of a poxviral pronoter (P). Additionally ther s -
a cloning site PGt he insertion of addi ti onal genes or eX6JémeEas0+7
sequences to be inserted into WO 03/ 097846 16 OCT 2006 PCT/ CP03/ 05047 -42
| GR 44-45 (Pacl). One such vector construct according to the present
invention is disclosed in Fig. 14 (pBNX87). Construction of reconbi nant
poxvirus conprising several 5 honol ogous genes integrated in its genone
Insertion vg QﬁﬁfeFQr the insertion of the three PrM genes of serotype 2, 3
10 and 4 of goge—+¥irus in the MVA genone, three independent

reconbi nati on vectors were used. These vectors contain - as described in
detail above - sequences honol ogous to the MVA genone for targeting
insertion bynkespiegoyscEgegnbi nation. 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 Exanple 1. As
result,E§heRgggﬁE%£ggivgctor gonst uct .for 1 GR136-137, contained the PrM of
Dengue Virus serotype 3R Y5 1950 pBRETYeTRe Fo@eqn i I vdcdtor (IGR
construct fos6+GR7P7-08 contained the PrM of Dengue virus serotype 2 (Fig.
16 - pBN34), and the insertion vector construct for |ICGR 44-45 contai ned
the PrM of Dengue virus serotype 3 (Fig. 17 - pBN47). 25 Ceneration of the
r ecombi nant = MVA ¢ S econbi nati on The generat,i on of _reconbi nant
MWA by horml%%out?QSg%%gg%b%na??ongﬁ “PEPF or i FE e scrithed the Blfipl e

1. The insedename sitresther ddieddy PuMBrabeli Br M&yidh t NEdWA 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 Dbetween this flanking sequences, a selection gene
cassette 1is introduced, e.g. NPT II gene (neomycine
resistance) under the transcriptional control of a poxviral

20 promoter (P). Additionally therxe is a cloning site for the
insertion of additional genes or exogenous sequeénces 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 Ffor 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 position 12.800, a plasmid vector was



genone are depicted in Fig. 18. 16 OCT 2006 WO 03/097846 PCT/£goBLO5eppE 43
1insertion_of PrMAGl into WA In a first round, cells were infegcfRdo¥sbh

WA- BN ac@’(?r(a}(o%s“‘ 5 to the above-descrjbed protocol and were additionally
transfected with the insertion vector pBN27 containing the PrM gene of
‘Dengue virus serotype 4 and as a reporter gene the EGFP gene. Since the
transfected vector contains a reporter gene, EG-P, the synthesized protein
i's detectable 10 |l atest on day three in cells infected with a reconbi nant

virus. Resulting reconbinant viruses have to purified
puri fi cat iCORSEFURERS | BBYChn SERITES. 2RPYES %ﬁguﬁop r 8§nc‘f§'yeof P%?%%ﬁ%g
purificat is%%{eq{g%i@rf)i %@Ijgcgh{:u_sgos, e VA RIMA 1 oser €1t dentriof iiethb It PCBhassays

using a pri selectively anplifying the insertion,si tf I%SG- 137
(0BNL00S: Fatrdciagatcapgncea. f8EQ theNIEnonse M- BBNRFposuitable
ggatatgattatgtagag. SEQ ID.NQ : 17). .lnserti. f cd 0t 0 MYA38R=Cel |'s
were inf eé?@g“%gst hCRRADS: NERLERT Ingut':’?)l léj”%%br%ve&r%é%?bgﬁ prot ocol and
ver e agdi tjonal L yst+aosf 86t ed Wikh sitdes i nagrdd an Medterup8i3aocehPaEPNi ng
the PrM gene of Dengue virus serotype 2 and as a repor.ter %?ng EQ%EEFP 25
gene. Si ndére h&lanknsbect eTSRELHr 1@6ﬁ’taﬁn¥e’ét9%pé’ﬂ1aecf“1dgen L BEP “the

synt hesi zed protein.is detectab at est dayot hree d N LRldet denf et ed
with a rectg?fg? naﬁtar\’}f]r%%. S‘%%%%ﬁ‘?%g raZco |enant0 Vi rggagles have to be
purified bynpraguesapurificaticqan as desEeodyed i n Exaapbe 1. AfEANRdng

rounds of 30 plaque purification reconbinant vir WA- Pr VA+Pr: MR - 1
further paizes@lorhecarprreredesads cr St ock R8s E):ngéfgr&%ﬁ%%

{econqdu”%ongoidgﬁt%“ﬁ%&&ﬁ%éf}ﬁﬁéﬁéﬂér1QP§£TAaQQEionally, there is
” a cloning site for the insertion of additional gemes or
exogenous sequences to be inserted into IGR 07-08 (Pacl).
One such vector construct according to the present
invention is disclosed in Fig. 13 (pBNX88).
15 |
Recombination vector for intergenic regionm 44-45 (IGR 44—

45)

For the insertion of exogenous seguences into the MVA
20 genome at the intergenic region (IGR) 44-45 corresponding

to the genome position 37.330, a plasmid vector was

P

constructed which comprises about 600 bp of the Fflanking
sequences adjacent to the insertion site. To isolate the
flanking sequences from the genomic MVA-EN 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 is
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 seqguences to be inserted into




anmpl i fyi ngwighgbiagertion site | GRO7- 08 (00BN 903: ctggat aaat ac
SEQ I D NO.: 18; and OBN904: gacaat t at gcgacgcaccg; SEQ ID NE/

WO 03/ 097846 PCT/ EPO3/ 05047 _44_ using a primer pair selectiy 78%
s ggggt .

Insertion of PrMI 3 into MVA Cells weré infected with MVA-PrM+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 EG-FP gene. Since the transfected

vector cont @gRs 4@%@100(@&&1%99655 %‘Tﬁ} %QSFéé‘”té:g;%\%tfrﬁzd ;%%%%)g@ﬁgt 5 1 us

detectable | atest on day three in cells Irnrect 3
Resul ting rERenprasmetvinusasibavest dibelpset§ iadrby . phaqueskispyrification
as described in Exanple 1. After three rounds of plaque purification
reconbi nant viruses, MWA-PrM+3+2, were identified by PCR assays using a

primer pairCossteattiehy OPlidatmeddif: | Pesklivl Si - 45_( 0BN9Q4:
cgttaga;aa cac{? acjgat gg. SEQ ID NO : 20; and (%Oghﬁfb:%i%g Sg%eraq
cggat gadaaattre ‘g%% %) ISpes | rkewraped  ighetPQRemomeysi s of the recombi nant
virus conprising the three Dengue virus PrMgenes is shown in Fig. 19. PCR
experinments are performed as described in Exanple 1. The 25 priner

conbi nat i onl@BMNIODY? anacdbBNE009 is specific for |1GRL36-137, which contains
the Prvd insertion (Fig. 19, |ower panel). The expected PCR fragnent of
the reconbinant virus has a size of |kb (shown in lane 4, 5 and 6) as the

pl asm d posFdd vien€onhEak-+(bane 8)cpal t ector 30 control, deyoid of
PrM 4 shows the expected fragment of b%ﬂ%{lgﬁrelef) .Offasf%%% 'tge

mol eculdr @G rRerguadvikanednl thd anh Gealcmetred hen@ebaBEent

These vectors contain - as described in detail above -

sequenceg 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 wvirus serotypes were

synthetically made as described in Example 1.

As result, the insertion wvector construct for IGR136-137

contained the PrM of Dengue virus serotype 4 (Fig. 15 -~
20 pBN27). The insertion vector construct for IGR 07-08

contained the PxM of Dengue virus serotype 2 (Fig. 16 -

PBN34), and the insertion wvector construct for IGR 44-45

contained the PrM of Dengue virus serotype 3 (Fig. 17 -
pBN47) .
25

Generation of the recombinant MVA via homologous

recombination

The generation of recombinant MVE 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.




and oBN903 is specific for | GRO7-08, which contains the Prime idsgrilD

{Fig. 19, uggergﬁanel). The expected PCR fragment of the ggagihbsaant virus
has a si zZ¥9JF%8 'Bp (shown in lane 4;6) as the plasmd positive control
(lane 5 8). The.enpty vector control, devoid of PrM2 shows the expected
fragnment of 190 bp (lane 2). The primer conbinati on oBN904 and oBN9O0O5 is
specific for 1GR44-45, which contains the PrM3 insertion (Fig. 19, mddle
panel ). The expected PCR fragnment of the reconbi nant virus has a 10 size
of 932bp (shown in |lane 4-6) as the plasm d positive control (lane 8). The
enpty vector control, devoid of PrM2 shows the expected fragnment of 185

bp (lane 2),.10. Q5T 2006, M0; 034097846 PCT/ EP03/ 05047 -46- Applicant's or
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virus. Resulting recombinant viruses have to be puriile v
placgue purification as described in Example 1. After four
rounds of plague purification recombinant viruses, MVA~-
PrMd, were identified by PCR assays usi_ng a primer pair
15 selectively amplifying the insertion site IGR136-137
{0oBN1008: gataccgatcacgttcta. SEQ ID NO.: 16; and oBN10OO09Y

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 virus.
Resulting recombinant viruses have to be purified by plaque
purification as described in Example 1. After six rounds of
30 plague purification recombinant virus MVA-PrM4+PrMZ2 was
further passaged and amplified and a crude stock was

prepared. The recombinant was identified by PCR assays
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10 Dengue virus serotype 3 and as a reporter gene the EGFP
gene. Since the transfected vector contains a reportexr
gene, EGFP, the synthesized pProtein is detectable latest on
day three in cells infected with a recombinant virus.
Resulting recombinant viruses have to be purified by plaque

15 purification as described in Example 1. After three rounds
of plague purification recombinant viruses, MVA-PYM4+3+2,
were identified by PCR assays using a primer pair
selectively amplj_fying the insertion site IGR44-45 (oBNO0O4:
cgttagacaacacaccgacgatgg. SEQ ID NO.: 20; and oBN905

20 cggatgaaaaatttttggaag. SEQ ID NO.: 21).

The PCR analysis of the recombinant virus 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 OBN100% is specific for
IGR136-137, which contains the PrM4 insertion (Fig. 19,
lower panel)}. The expectéd PCR fragment of the recombinant
virus has a gize of 1kb (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
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which contains the PrM3 insertion (Fig. 19, middle panel) .
The expected PCR fragment of the recombinant virus has a

g" 10 size of 932bp (shown in lane 4-6) as the plasmid posgitive

- . control (lane 8). The empty wvector control, devoid of PxM 2

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




t
BAVARI AN NORDI C RESEARCH VI ABI LI TY STATEMENT | NSTI TUTE GVBH |'s @-Fr
to Rule 1Q, h RAUNHOFERSTRASSE 18B | NTERNATI ONAL DEPOSI 'SFP§$ f’ﬂﬂ@
AUTHORI TY éogé?ﬂéiﬁeNARTl NSRI ED i dentified on the foll ow ngPoageos/SERVANY
NAME AND ADDRESS O: THE PARTY L TO WH&™M THE VI ABI LI TY OF STATEMENT 1S

BAVARI AN
| SSUED " —4—__4_DEMFI ELCATION..OF THE M CROORGANI SM Nane:

N?RDI C RESkAkX f TUTE GEBHsAcrtessi on|Htetiergiciieiopy t he | NTERNATI EﬂIAL
DEPCSI TORY AUTHCRI Y. AQdress: TWNHG;E )

7"1 Decenber
MARTI NSRI ED Date of 4hgrcleResd hi) é}"r()% RRI\/ANY

2000 |1, VIABILITY STATVERT® ~~q" Thé via eRd EEED%WEWWOWM sm

i dentified under Il above was test eqP@rRu,?e 13 that date, the said

m croorganismwas D viable no longer viable 1 Indicate the date of the

original_deposit or, where a new deposit or a transfer tt:ats peen ;m“agle,
nost rel @Va'ﬂitmdﬂﬁtn@mz(dgﬁ]t)@reﬁf&toﬁt&@cr&ﬁﬂtsgt% L L3 of —the—transter)-
t he casgs bﬁfa@r_gﬂgo I n 1;3( a) i), refer to the nost

t he
n

2
z

c%to mthede nE

_(I)

n o b ; 4
ent VT Fest——3 ~e*f“ h-_3—CF |
Efe |Cr st p)l SU'E'N'IL BEONET R 03/ 097846 PCT/ E%ﬁﬂeﬂﬁﬁﬁﬂmenﬂ&ﬁedﬁﬂﬂ%ﬁé:ﬁsl@etF@e
25 1V. CRhD
MVA-575]- V0012 ?507 THI %@2 S, TJJRATED ON BEE CELLS TCIDso = 10s.s |V.
| NTERNATI ONAL DEPGCSI TARY AUTHOREGHpn of Cel Cultures

Address of depositary institution (i {including postal code and country)
Centre for Applied Microbiology & Research
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Date ofdeposit Accession Number

December 7, 2000 00120707
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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 anly by the issue
with the relevant patent legislation. E. g., EPC Rule

thereof {o an independent expert, in accordance
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;
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For International Bureau use only
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Nane: Dr P J Packer ECACC CAMR Signature(s) of person(s) haVi\?\ﬁgthpa
to represent the International Depositary Address; Porton Do Autho

or of aut NRP¥EIsBWfficial (s): Salisbury Wlitshire “j~ SPARCEHREEIHE:
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2006 WO 03/097846 PCT/ EP03/ 05047 Cert.if icate of Anal ysis Product

Descri pti on MVA-575 Accession Number 00120707 Test Descri ption:
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XI. IRENTIFICATION OF THE MICROORGANISM
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MVA-~5735 i V00120707
IT. SCIENTIFIC DESCRIPTION RND/OR PROPOSED TAXONGMIC DESIGNATION

The microorganism identified under I above was accompanied by:

b4 A scientific description

A proposed taxonomic designation

{Mark with & tross where applicable)

I1r. RECEIRT AND ACCEPTANCE

B Th%s Internaticnal Depository Buthority accepts the microorganism identified under I above,
{' which was received by it on 7™ December 2000 {date of the original depesit)’®

v, RECEIPT OF REQUEST FOR CONVERSION

The microoxganism jdentified under I above was received by this International

Depository Anthority on . (date of the original deposit} and

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

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

v, INTERNATIONAL DEPOSITORY AUTHORTITY
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to represent the International Depository
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Test Description: The Detection of Mycoplasma by Isolation on - cq%aidﬁg
Pig Serum‘,ﬁ%%r and in Mycoplasnma Horse Serum Broth. SOP QC/ MYCOFO 2
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M orale) nmnust show evidence of nycopfasma by typical colony formation on
agar plates. Broths are subculturedzompx Mycopl asma Pi g Serum Agar where
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APPENDI X 3 ' Page 14 BUDAPEST TREATY TITERNATI ONAL _ RECOGNI TION OF
THE DEPGSI T OF M CROORGANI SM5  FOR Hidipy PURPOSES6F PATENT PROCEDURE L

H)I'.D

=

Date: 19/01/01 i
Result: Indicator Celf Line: BHK 21 CLONE 13
Negative Control: NO CPE
Test Sample: CPE
Distribution of less that 4 positive wells: 4,40
X: 0.50
Y . 1o
TCIDgy= 1 x10'*0%
10°
_ 106.5
Overall Resuit: Virus Present
Test Deseription: The Detection of Mycoplasma by Isolation on Mycoplasma Pig Serum Agar and
in Mycoplasma Horse Serum Broth.
SOP QC/MYCO/M01/2
Acceptance Criterion/Specification: All positive controls (M. pretanoniae & M. orale)

must show evidence of mycoplasma by typical colony formation on agar plates. Broths
are _subcultured onto Mycgp[asma Pig Serum Agar where evidence of mycoplasma by
ty;?tcai coiony‘formation 1s evaluated. All negative conirol agar plates must show no
evidence of microbial growth,

The criteria for a positive test result is evidence of raycoplasma by typical colony

formation on agar. A negative result will show no such evidence.
Test Number: 21702 '

Date: 12/02/01
Resuit: Positive Control: Positive
Negative Control; Negative
Test Result: Negative
Overall Result: PASS
Sl 2/,
Authorised by....... 1Y S ECACC, Head anuality..éK}.{gi ..... Date

Pagelof 1




TO | NTERNATI ONAL FORM M PROF DR ANTON MAYR WEI LHEI NER STR 14

STARNBERG GERVANY NAME AND ADDRESS L OF DEPCSITOR r . g’& TI ON OF
THE M CROPRCARESM (| dentification ref erencegl ven by the BE"E " ‘nunber

gi ven by the DEPOSI TOR | NTERNATI ONAY! DEPCSI TARY, AUTHORI TY: VERO MVA- 200
01021411 11. SCIENTIFI C DESCRI PTI O\I AND/ OR PROPCSED TAXONOM C DESI GNATI ON
The m croorgani smidentified under above was acconpani ed by: A
scientific description A propgse ax no destgnation (Mark with a cross
where applicable) 111. CEEIEQ' &f ﬂ%@Eﬂfc $ES | nternati onal

Depository Authority accept s the mcroorganismidentified under | above,

" Whi ch was lredertBesciiption on 14M¥%eb6Tlary 2001 (date of the original

deposit)' AdtessRECE1HRbOF REQUEBIZEFTWR CONVERSI ON The mi croor gani sm

identified under | above was received by this International Depository

Authority on (date of the original deposit) and A request to convert the

4""“-‘\.‘

ori gi nal deps —W
on (date &esfr[&é%watn of EQHOFWGO@BW@% 9r° ‘“fh‘?ﬁ“”F EF@QA?P@\?AE%EPOSI T
UTHORI TY Nane: Dr D H Le r %‘?&E‘}?‘ggﬁ -of person(s) having the power to

represent the Internation Aut hority or of aut hori zed

of fi I cials(s): QJ:&%?CnEQA%eQﬁ:'\:{Em He Ve {9 Eetlir(? i th@o mttv@%én%ol are cle!xr[y%g ‘A as

Sal i sbury SP4 fluorescing nuclei 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: 21702

Date: 12/G2/01
Result:
Positive Conirol: Positive
Negative Control: Negative
Test Result: Negative
Overall Result: PASS
Test Description: Detection of bacteria and fungi by isolation on Tryptone Soya Broth (T8B) and

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

Acceptanee 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 s turbidity in any of the test broths. All broths should be clear for

{ negative test result.

Test Number: 217062

Date: 12/02/01

Result:
Positive Control: Positive
Negative Control: Negative
Test Result: Negative
Overall Result: PASS
fc 0 .

Authorised by........ Lo ECACC, Head of Quahty...‘.‘..{:f.f.’.’ ...... Date

Page 2 of 4 '




1 Where Rule 6.4(d) applies, such date is the date on Which tlv'%e us of
I nternational depositary authority was acquired Form BP/ 4 (sol i%@tyé’ﬂﬁ&%l
1 8 oCT 2088 WG4y 097846 PCT/ EPO3/ 05047 54- APPENDI X 3 PrO®/ERM:/BUPAPEST
TREATY ON THE | NTERNATI ONAL RECOGNI H¥N OF THE DEPCSI T OF M CROORGANI SMS
FOR THE PYURRGSItSe: &ghntsBATENT P w FNTERNE - EORM— O AR TY .
STATEMENT LR ANTON_MAYR Leld PULSE VI LHE] MER

atio ] . .
le 10.2 by the
STR. 1 | NTERNATI ONAL DEPGCSI TARY AUTHORI TY D- 82319 STARNBERG i dentified on
the followi ng page GERVANY - - NAME. AND ADDRESS OF THE PARTY L WHOM THE

VI ABI LI TY OF STATEMENT |S ISSUED S. DEPGSI TOR I1. | DENTI FI CATI ON OF THE
M CROORGANI SM  Nane: MRUCADRNSNECAINAYR ARrressiEpnIoraobreagismen by t he

| NTERNATI ONAL DEPGCSI TORY AUTHORI TY: Address: WEILHEI MER STR 1 01021411

D- 82319 STARNBERG Dat e of the deposi “oFd# he transfer: GERVANY 14
February 2001 I1. VIABILITY STATEMENT The viability of the m croorgani sm

i qent R eA~ ; linicattons u' eI e]tﬂcl ' o n' ” i 9“ e 5.: > ARSI
mi cr oor gai s wWas 3 ) b1 & A B g deseiptipm di cat e the date of thhe
ori gi nal Hono St ar—vhBrs = I’Hﬁnﬁ%p’l”-ﬁ%a—{—f“aﬂs-fﬂ -has been_ nmde, it he

most rel e/Hn@Emlflﬂ(l@l‘aI@Emsm he new deposit @nedabss@fenkifdoninhRel SLe) 7

Nameofdepositary institation ECACC
European Collection of Celf Culfures

Address of depositary institution (iuchiding posial code and country)
Cenfre for Applied Microbiology & Research

Salisbury

Wilishire SP4 0JG

United Kingdom

Dateof deposit AccessionNumber
February 14, 2001 01021411

€. ADDITIONAL INDICATIONS (feave blank if naf{rpplicable) Thisinformation is continued on anadditional sheet D

in respect of all designated States to which such action is possible and fo the extent that it is Jegally
pgrmlssablg: under the law of the designated State, itis 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 (d); UK Patent Rules 1995, Schedule 2,
Paragraph 3; Australian Regulafion 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 (if theindications are not for alf designated States)

E. SEPARATE FURNISHING OF INDICATIGNS fleaveblankifnotapplicable)

| The indications listed below will be submitted to the Intemational ] indicati “ i
Nianter of Dopesits Bureau later (specify the general nanure of the indications ez, "Accessior

= Forreceiving Officeuse only ForInternational Bureau use only
E This sheet was recefved with the internag ] application D This sheet wasreceived by the International Bureaton:
d{ f J/, 70 // ]
Authorized officer 4 . Authorized officer
/‘V ‘Mre. H. Fransz
Forrn PCT® /._L}Stbffﬁy 1992)
e

=




2 In the cases referred to in Rule 10.2 (a) (ii) and (iii), reff@ gg‘g’twﬁ
nost recent viability test. 3 Mark wwth a cross the applicabl e box. orm
BP/ 4 (firwto@mageyscl OCT 2006 WO 03/ 097846 PCT/ EPO3/ 05047 BSHEPAHPYAHI x 3 -
# Page 25 | V. CONDI TI ONS UNDER WHI CHS3HE VI ABI LI TY TEST HAS BEEN PERFORMED
VERO- WA- 200 WAS TI TRATED ON VERO CELLS TO CONFI RM VI ABI LI TY. V.

| NTERNATI ONAL DEPCSI TARY AUTHORI TY Nawe: sDr D H Lewi s. ECACC CAMR Si gnat ure
(-s) o e power to represent e International Depositary Address: Porton
Down Authority or of authorized of fi il (s): Salisbury Wltshire SP4 QIG
Date: 4 Fill in if the inforyetEsFOIREATASY DEETYr yested and if the results of
the test were negative. FOrHERIY s tCoNloalldaal ~page) 18 OCT 2006 WO
03//Q97846 PCT/ EP03/ 05047 6 Applicant's or agent's file

| nflemat i onal appl i cati onNo. Iref er eACEWIMIEr BN 46 PCT | NDI CATI ONS RELATI NG

TO APEROSITER™ CROORGANI SM (PCT Rule 13bis) "'.. A The indications
madebel swrehaket ot bent i croorgani snrefenedto intlredescription onpage A |line
- - 25EEAY | ) ENFJFI CATI ONOFDEPOSI T Furt herdeposits are identified on an

addi ti onal sheet Naneof depositaryinstitutuon ECACC European Col |l ection of
Cell Cultures Address of depositary institution (including postal code and
COT_T)) Gald k@ bekssAPPI iidI M cr obi ol ogy & Research -

OF DEPOSITOR

I. IDENTIFICATION OF THE MICROORGANISE

(, Identificaticon reference given by the ‘Accession number given by the

e DEPOSITOR: INTERNATTONAL, DEPOSITARY AUTHORITY:
VERO-MVA-200 ’ 01021411
II. SCIENTIFIC DESCRIPTION AND/GR PROPOSED TAXONOMIC DESIGHATION

The microorganism identified under I above was accompanied by: .

X A scientific description

"I A proposed taxonomic designation
i

{(Mark with a cross where applicable)

III. RECEIPT MND RCCEPTANCE

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

™

Iv. RECEIPT OF REQUEST FOR CCNVERSION

The micrecorganism identified under I above was received by this Intermational

Depository Auvthority on {date of the original deposit} and
A request to cenvert the original deposit to a deposit under the Budapesi Treaty
was receiwved by it on ) (date of receipt of request for conversion)
A ‘
V. INTERNATIONAL DEPOS{T FTHORITY
Name: Dr D H Lewis {. Signature!s) of person{s) having the power
\ 4 to represent the International Depository
Authority or of authorized officials(s):
Address: ECACC

CAMR . fa
E‘oa;ton Down Date: ,-'S/\%/Z(f@/l

Salisbury SP4 QJG

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

Form BP/4 (sole page} 1991




Salisbury WItshire SP4 QJG United Ki ngdom Dat eof deposi t Accessi[j)ﬁ\lunber
Cct ober 14, 1999 99101431 C. ADDI TI ONAL | NDI CATI ONS 18 2006
(I eavebl anXP#8Y78#0Il i cabl e) This information iscontinued PpCI/EP03/05047
onanaddi ti onal sheet In respect of ald{s4designated States to which such
action is possible and to the extent that it is legally perm ssable under
the law of the designated State, it is requested that a sanple of the
deposited m croorgani smbe made avai lzatshkexonly by the issue thereof to an
i ndependent expert, in accordance wth,fhg relevant patent |egislation.
E.g., EPC Rule 28 (4); UK Pat ent Rul es 1995, Schedule 2, Paragraph 3;
Austral i an Regul ation 3. 25(@@6mgﬁﬁﬂgﬁg;%m&§g&ysons 22 and 33(3) and -
general ly simlar provisions rfer oeirgrepms andirsvefredcediy ot her desi gnat ed

State; D. DESI GNATED STATES FOR VWHI Gl LNRALCATLONS ARE MADE

(i fllgeki,diwiolisarejiotfoi-alidesignatedStatet) E. SEPARATE FURNI SHI NG
OF | NOPCATI ONS (| eavebl anki f ot appl i cabl €) The indications |isted bel ow
will |be submtted to the |Intdrnati omaburBusieauet at er (speczfi nhegener al

nahae FftBe'ifdi®at | ot ueg., ' Accet rf puspdir el fo. gsit ForreceivingOfi
euseorﬁgjé%%?ﬁh%@ti onal Bureauuse &ﬁ%ﬁﬁﬁ%igﬂ%&m@?&i vedwi tlrt ej
emat i & MEppl on n This sheetwas recai vedbyt he I nternational Bureau on:

Aut hori zedofficer ,-. Authorizedofficer . Fralt~z Fo /RO 134/1luiy 1992) 1
oCT ZOOQM%QD? 097846 E_PCT/ EP03/ 05047 -57- APPENDI X 3 Page 14 BUDAPEST
TREAT YeoGhon! ”éiﬁaws&m RECOGNI TI ON OF THE DEPCSI T OF M CROORGANI SMB
FOR THE PURPOSESS®R PATENT P DURE PR OF. DR. DR H. C. MULT. ANTON MAYR

| NTERNATI ONAL FORM  VEI LHEI MER STR. | D- 82319 STARNBERG GERMANY NAME AND
ADDRESS ‘

I. DEPOSITOR
Ir, IDENTIFICATION OF THE MICROORGANISM
Hame : 0
me . PROF DR ANTON MAYR Accession number given by the
TNTERNATIONAL DEPOSITORY AUTHORITY:
Address: WEILHEIMER STR. 1 o102ty
-8231
GERMAN? STARNBERG Date of the deposit ox of the transfer:
14 February 2001
II. VIABILITY STATEMENT

zﬁe viab'ility of the microorganism identified under I1 above was tested
On that date, the said nicroorganism was

X 3 viable

no longer viable . o \

L Indicate the date of the ari

ginal deposit orx i
made, the MOSt teloparn qors jal r where a new deposit or a transfer has been

{date of the few deposit or date of the transfer}.

2 In the cases referred to in Rule

foar, 10.2 (a) (di) and (iii), refer to the most recent viability

Mark with 2 cross the applicable box,

Form BP/4 “(first page)




1 OF DEPCSITOR IL |I. | DENTIFICATION OF THE M CROORGANI SM | denti{gc@giomgﬁ
reference given by the Accession nunber given by the DEPOSITOR °-

| NTERNATIVONAB/ODBROS| TARY - AUTHORI TY:  VERO- WA V99101431 PEFEPSHSENT) FI C
DESCRI PTI ON AND/ OR PROPCSED TAXONOM CDESI GNATI ON The mi cr oor gani sm
identified under | above was acconpanied by: A scientific description El A
proposed taxonom ¢ designation (Mark with a cross where applicable) I11.
RECEI PT AND ACCEPTANCE Thi s | nt essaatii ®@nal Depository Authority accepts the
m croorgani smidentified under | pagQ%\é& whi ch was received by it on 14T"
Oct ober 1999 (date of the origi nal eposit)"' 1V. RECEIPT OF REQUEST FOR
CONVERSI ON The m croorgani smidentified under | above was received by this
‘| nterrattonat—Peposi-tory Authorityon(date of the ©ri gi nal deposit) and
A rleguestobrriee ek FIICh BEORISEIFYAIESH B 06 ERFBEP deposit under the Budappst
Tr gaty—was—recet-vet—by-—+t—on—{dateof ~recerpt—of Tequest for Conversi on)

I V.} | NTERNATI ONAL DEPCSI TORY AUTHORI TY Nane: Dr P J Packer Signature(s) o
per [SEREEY2HalF TG TR Oh SR F & F8PFreséitthe I nternati onal Depository
Autjhority or of authorized officials(s): Address: ECACC ~ CAME Porteh
Down Date: Clrsfol ~ ~ Salisbury SP4 QJG | Were Rule 6.4(d) applies
such date is the date on which the status of international depositary
autfhority was acquired Form BP/ 4 (sol e page) 1991 10 OCT 2006 WO 03/ 097846
PCTy/ EPO3/ 05047 58 APPENDI X 3 Page 24'

f

V. " INTERNATIONAL DEPCSITARY AUTHORITY V A
. by
Hame : Dr D H Lewis 'S‘ I:h-—"m v
Signature{s) \o & power
ECACC CAMR to represent bdile International Depositary
Address: Porton Down Buthority ox of authorized official(s):
Salisbury
Wiltshire j e
: &1 g
SP4 0JG pate 1'5/?/ Tt

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

P

Form BP/9 (second and last page)




BUDAPEST TREATY ON THE | NTERNATI ONAL RECOGNI TI ON OF THE DEPOSI T

M CROORGANI SMS  FOR THE PURPOSES OF PATENT PROCEDURE | NTERNATI M%:MQDEF .
F. DR DR HYO.0¥0R7$46 ANTON ASAYR VI ABI LI TY STATEMENT WEI LHEI VERES§IRs0d7 | ssued
pursant to Rule 10.2 by the D 82319 SBARNBERG | NTERNATI ONAL DEPGCSI TARY

AUTHOR! TY [ARERWANYaRaent T ed—om—te—fot iwﬁmiwwms&@:
THE PARTY LByt THE v ABL L PSR STATEMENT 1S |SSUED L 1. DEPOSI TOR| 11.
| DENTI FI CATI ON OF THE M CROORGANI SM Nane: PROF. DR DR H G MOLT. ANTON VAYS

i on nunber given by the | NTERNATI ONAL DEPCSI TORY AUTHORI TY: _
CSS%L& Address? V\E LH)él MER STR. 1 D 82319 STARNBERG Date of the deposit
or of the transfer: GERNVANYNERELATNGADeY DEPRIAED vcNOAREANENY STATEMENT The
viability of the microorganismidentified under Il above was tested on 2.
On that date, the said mcroorgani sn@eRsic1ishbl e no | onger viable 1
I ndi cate the date of the original deposit or, where a new deposit or a

transfer pfas-heen—made —the—mpst—-elevani_date (date of the new deposit or
e ?‘Fl‘é{‘ﬁas“f’“é‘%’%é di“’fr‘ﬁﬂ“t*‘r-‘féﬁcfea!%@"ﬁ dointtedtsorrgon n Rul e
DFOHFB%E .

10.2 (a) (ii)] and
((j?;[ ie) Ofrte1 vi%hi . k with a cross the
appl i cabl pBbBRTIFIEOTONEBAFDs(E | 1St page) 9 6 dlnlragUdGre AL ORER A e [
Jigomgofdcﬁos?t?&insﬁmﬁon ECACC :

PCT/ EPO3/
Eurppean Collection of Celt Culiures

Address of depositary instimtion (including postal code and countiy)
Centre for Applied Microbiclogy & Research

Salisbury

Wiltshire SP4 0JG

United Kingdom

Dateofdeposit Accession Number

October 14, 1999 98101431

C. ADDITIONAL INDICATIONS fleave blantk if not applicable} Thisinformation is continued onan zdditional 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 desi
microorganism be made avaitable onl
with the relevant patent legislation. E,

gnated State, it is requested that a sample of the deposited
y by the issue thereof to an independent expert, in accordance
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 INDICATIOI\.IS ART. MADE (if the indications ave net for all designated States)

E. SEPARATE FURNISHING OF INDICATIONS {leave blankifnot applicable}

The indications listed helow will be submitte
Nittnber of Deposit)

d to the International Bureau later (yeciy fie general nature of the indications ey, “decession

i Forreceiving Office

ly/
E This sheetwas received with theinte

mational applisation
Authorized officer |~ &/
~ 'c{éﬁ. . Franaz
e
i

Form TRO/134 [July 1992)
/ﬁ, f

ForInternational Bureanuse only

D This sheet was received by the Intemational Burean on:

Authorized officer




Appendi x 3 Page 25 |V. CONDI TI ONS UNDER WHI CH THE VI ABI LI TY TESk S .
'PERFORVMED ' VERO- WA - 99101431 THE VI RUS WAS GROMN ON VERO CELL N
TO THE DERQS:HOR® | NSTRUCTI ONS. THE VI RUS WAS VI ABLE PROPUTERG/G@YITOPATHI C
EFFECT AFTER 48 HOURS. A LI TRE OF 6 X5106 PLAQUE FORM NG UNI TS/ M. WAS
.OBTAI NED. V. | NTERNATI ONAL DEPOSI TARY AUTHORI TY 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 Wltshire g SP4 QIG - Date: C/ 31pl~+qqC k-Ir 4
Fill inif the information has been réiésdted and if the results of the
test were negative. C Form Biffsr(second nandrekastmpage) 10 OCT 2006 WO
103/ 097846 PCT/ EP03/ 05047 6B {TERpEo% T ”i%ﬁ%ﬁi‘i“ “file BN 46 PCT

| nt t i onal appl i cati onNo: eference nunber | NDI CATI ONS RELATI NG TO

ADEP&xSH FEbB:. McGROORGANIEM  ( PCT Rul @™E3BTEAY- &A™ Thei ndi cati ons
mde%‘ﬁﬁﬁ%&ﬁt ot hem cr oor gani snr ef erredt oi nt he description onpage 41

i neg WFI CATI ONOFDEPCSI T Furt herdeposits areidentifred

onanaddi ti onal sheet Naneof depositaryinstiurtion ECACC European Col |l ection
of Cell Cultures Address of depositary institution (including postal code
and count,) Centre for Applied Mcrobiology & Research Salisbury

WIltshire SR4 & @onress

OF DEPOSITOR ‘

I. IDENTIFICATION OF THE MICROORGBNISM

fdentification reference given by the Accession number given by the
DEPOSITOR: : - THTERNATILONAL DEPOSITARY -ADTHORITY:
VERO-MVA 799101431

.l IT. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGRATION

J The microorganism identified under I abave was accompanied by:

X B scientific description

D~

A proposed taxcnomic designation

(Mark with a cross where applicablea}

I17. RECEIPT AND ACCEPTANCE

This Internaticnal Depository Authority accepts the microorganism identified under I above,
which was received by it on  :4™ October 1999 {date of the original deposit)’

iv. RECEIPT QF REQUEST FOR CONVERSiON

The microorganism identified under I above was received by this Interpnational

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)

IvV. INTERNATIONAL DEPOSITORY AUTHORITY

Name: Dr P J Packer Signature (s} of persdn{s} having the powex

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

Address: ECACC / !
CAMR .7 )’S’) .
Porton Pown Date: “::?/‘?-_-, [O i | Y

Salisbury 5P4 OJG

1  TWhere Rule 6.4{d) applies, such date is the date on which the status of internaticnal depositary

authoxity was acquired

Form BP/4 ([sole page) ) ©o1991




Uni t ed Ki ngdom Dat eof deposit Accessi onNunber August 30, 2000 0?@89@38 [ﬁ]
ADDI T1 ONAL | NDI CATI ONS (| eave bl m ki fnol applicable) This infornitiC 2016

i scont i nué¥RAXMIEH t i onal sbheet I n respect of all designatgdr/Bedicest o

whi ch such action is possible and to-t5Be extent that it is legally

perm ssabl 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

t hereof to an i ndependent expert, in %)%r{gance with the rel evant patent

| egi slation. E.g., EPC Rule 28 (4); atent Rul es 1995, Schedul e 2,
Paragraph 3; Australian Regul ation 3. 253! Danish Patents Act Sections 22
and 33(3) and generally sini b@ke=fi A¥irs @RS MHakioss MUt andi s for any ot her
designated State; D. DESI C?@AW%‘@A@%@W PAHEICHACHENDINGAT] ONS ARE MADE -
(iftiteiiidicatfoitsareiiotfoi-alldalgliatedetater): E. SEPARATE FURN SHI NG
OF | NDI CATI ONS (| eavebi nt ki f nat appiF&eisios =pive | ndi cations |isted bel ow
wi-l || Re submtted to the ITernational Bureau | ater (specify the gene al

na I%f)? JRhei ndi cai onseg. , j""‘accessiV(I)Arll?,I- ITNyurrbTeE{ﬂmof Deposit') Forreceivi ilO

fi 0BUSE Skt (ier WAV 'BHal Bur eauuseRi] Yot b GheSiMastecei v th

mat | ongfappieeed i on [] Thi s sheet idgretieiry othoyrtare aivtintyat | onal Bur eauon:

Aut hoFF28d of fi cer Authorizedof fi ¢&8F PP &fz2° Y61 PPE fkol | (July 1992) 1
8 OCT 2006 WD 03/097846 PCT/ EP03/05047 -61- Form BP/ 4 (first page) -
Appendi a3 PAGES éﬁ?ﬁlﬂ\{’“ CONDI TI ONS UNDER WHI CH THE VI ABI LI TY TEST HAS BEEN
PERFORMED m¥YG@E83 s-rmﬁléﬁr BN VI ABI LITY OF MWA-BN WAS TESTED BY GROW NG THE
VI RYS ON BHR CEEf"S AND CALCYLATI NG THE TCD50. V. | NTERNATI ONAL DEPCSI TARY
AUT | TY Nanme: Dr P J Packdqr ECACC CAMR Signature(s) of person(s) having
t he r to represent t I nternational Depositary Address; Porton Down®
Aut hority or of authorized official(s): Salisbury : : '

1. DEPOSITOR II. IDENTIFiCATIDN OF THE MICROORGANISM

Name: "PROF.DR.DR.K.C,.MULT. ANTON MAYR Accession number given by the
INTEBNATIONRL DEPOSTTORY AQOTHCORITY:

V93101431
Address: WEILHEIMER STR. 1

gé823;3 STARNBERG Date of the deposit or of the transfer:
MR 7 14™ October 1899

II. VIABILITY STATEMENT

Zze viability of the microorganism identified under IT above was tested .
*. On that date, the said microorganism was

X |? viable

no longer viable

kl Indicate the date of the original deposit or, whére 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

tost. ta} (ii) and (iii), refer teo the most recent viability

3 Mark with a cross the applicable hox.

Form BP/4 {first page}




Wltshire 1 q/ SP4 QJG Date: 4 Fill in if the information has geaﬁ
requested and if the results of the test were negative. 16 OCT& 0 Mﬂ%
03/ 09784 6wleG@B/daRdg/ 05047 62 APPENDI X 3 Page 24 BUDAPEST FIRENDYOENT THE

| NTERNATI ONAL .  RECOGNI TI ON OF THE BEPOSI T OF M CROORGANI SMs  FOR THE
PURPOSES OF PATENT PROCEDURE | NTERNATI ONAL FORM - - [ST101V' RI AN NORDI C
RESEARCH VI ABI LI TY STATEMENT | NSTI TUTE GVMBH | ssued pursant to Rule 10.2 by
the FRAUNHOFERSTRASSE 18B INTE@FN@ITJHC]yAL DEPCSI TARY AUTHORI TY D-82152
MARTI NSRI ED i dentified on the foflow ng page GERVANY - - NAVME AND ADDRESS
OF THE PARTY TO WHOM THE VI ABI LI P¥e@* STATEMENT |S | SSUED 1. DEPCSI TOR I1.
}-DENTI FI CATI ON OF THE M CROORGANI SM Name: BAVARI AN NORDI C RESEARCH
Accessi.an_.nuibher _qgiven b he | N TE G\VB - a\ DERCSLTOE
AUTHOR! T¥ouorrddler RS moe RAMNEGEERSTHRASSE: -8B AR063008 D- 82152 MARTI NSRI ED
Datie_of the deposit or _of the transfer: = GERMANY 30:" August 2000~}
VI ABI LI TY STATEMENT The viability of the microorganismidentified undef I
aboweronms -testied on On that date, the said microorganismwas viable | |j a
no | onger viable 1 Indicate the data of the original deposit or, whereja
new aepasi tasonod dirvanskes abasizen: mrdeyort hetoss T elteyan wdatwiy dat e | of
t hel HRARF 8 POSTT o FraEt ET B0 EABS ¢ PAIEEEF ). X ¥ MRVE S PE B e 8red™ ™o in
Rule. 10.2 (a) (ii) and (iii), refer to the nost recent viability

V. INTERNATTONAL DEPOSITARY AUTHORITY

Name : Dr P J Packer (s)" of s} bavi n
Signature{s) of person(s aving the power
ECACC CAMR to represent the International Depositary
hAddress: Peorton Down Authority or of authorized official{s):
Salisbury ) j
Wiltshire . L ;} ot
5P4 0JG . Date: gl)[ci ﬁ‘{ﬂ“\t L~

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

Form BP/9 {second and last page)



test. 3 Mark with a cross the applicable box. 1 S OCT 2006 V\DO@/M%@
PCT/ EPO3/ 03047 -63- APPENDI X 3 Page 14 - BUDAPEST TREATY ON TH Uit
| NTERNATI GNAlo3RECEGNI TI ON OF THE DEPCSI T OF M CROORGANI SMSpcfr/@Ro3lddhs 7
PURPCOSES OF PATENT PROCEDURE TO | NTERNATI ONAL FORM M BAVARI AN NORDI C
RESEARCH | NSTI TUTE GVBH FRAONHOFERSTRASSE 181 D- 82152 14ARTI NSRI ED

GERMVANY NWS S—DBEPCSHFER f———-DENTLEL-GATION-OFTHE

M CROORGANkSHE=haent | f1 cat i onBY¥ &RTence ¢ \;eénﬁmbfppgralém%cessi on nunber gijen
by the DEPGCSI TOR | NTERNATI ONAL DEPOSI TARY AUTHORI'TY:  WA-BN V00083008
I'1. SCIENTI FI C DESCRI PTI ON AND/ OR PROPOSED TAXONOM C DESI GNATI ON The

m croor gani sm i dent i finedcAmdes RELAABQY €0 WREPOTEOIPERIRhdi s A scientific
description -j A proposed taxonom c designation (Mark with a cross where
applicable) 111.. RECEI PT AND ACCEPHANGEI3FI s | nternati onal Depository
Aut hority accepts the m croorganismidentified under | above, which was
recei ved py—-t—en—-30T~ August. 2000 (date of the original_deposit)' |V

RECEI PT Cr_A): F{E@JES’];’S .WIWERgpi@qrgmisméxc&mcdtoiuthedescription

onpage ,line

B. IDENTIFICATION OFDEPOSIT Further deposits areidentified onan additionatsheet | _|

Nameofdepositary institution EpACC
European Collection of Cell Cultures

Address of depositary instination (nclding postal code and counry)
Gentre for Applied Microbiology & Research

Salisbury
Wilishire SP4 OJG
United Kingdom
Date of deposit Accession Number
August 30, 2000 ' (0083008
C. ADDITIONAL INDICATIONS (leave blark if not applicabie) This information is continved on anadditionalsheet |_|

In respect of alt 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 Seclions 22 and 33(3) and
generally simifar provisions 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 OF INDICATIONS {feaveblani:ifnot applicabie)

The indications listed below will be subrnitted to the [ntemational Burean later {fpecily the general nanre of the indications ¢.g,, “decession

Nember of Deposit')
Forreceivi i%(ﬁ;f?njr" ForInternational Bureanuseonly =~ =————
E Ttﬁssheetwasrcccivyi thehtsmational application D This sheet wasreceived by the International Bureau on:

i
Authorized officer / ; Anthorized offi
A . nez uthorized officer
/ ! Mrs. H. Fre

Foyfzﬁon;/ (fuly 1992)




The microorgani smidentified under | above was received by th| acy vl
International Depository Authority on (date of the original %osm) and
‘A requestwbaseemnert the original deposit to a deposit und€l/EPAEIBidapest
Treaty was received by it on (date ofék¥ecei pt of request for conversion)
IV, I NTERNATI ONAL DEPCSI TORY AUTHORI TY Name: Dr P | Packer - Signature(s)
of person(s) having the power to represent the International Depository
Aut lhorisesp dEirgf P&tlt hori zed official s(s): Address: ECACC CAME, Porton Down
Date: Salisbury SP4 DIG 1 Were Rule 6.4(d) applies, such date is the date
on which the status of internat ICI#% Jdepositary authority was acquired
‘Form RP14 (sol e page) 1991 | 2006. WO 03/ 097846 PCT/ EPO3/ 05047 -64
Certificate of Analysis Pr oduct EX98ET i pti on MVA- BN Accessi on Nunber
00083008 Test Description: The Detection of Mycopl asma by I sol ati on on
Mycopl asma_Pi.g Serum Agar and in M/coplasma—Horse—SertmBroth—SCP
QWO 01402 A Gent ﬂﬁ&ﬁm@fvtnfaﬁ&hoﬂ&éﬁﬁe@mfmlp@ﬁbmn Al positive controls (M
pne montae & M orat e) nmust show evi dence_of m1r‘nn| ashe by Lypl cat—ecol ny
forgation on agar plates. Broths are subcultured onto Mycoplasma Pig Serum
Agarr where evidence of nycoplasma by typical colony formation is
eval yepeer® AP Fegati ve control agar plates nust show no evidence of
m chobial growh. The criteria for a positive test result is evidence of

mycop 4 PRy qum;(d Qld 8 234 cAcheg@t du¥ @cokesul t wi | |
show ﬁ“ﬂgﬁcqy%’%‘/%gé’%?é“%@a orber: 21487 Date: 27/11/00 Result:

V. INTERNATIONAL DEPOSITARY AUTHORITY

rames pr £ 7 P”agcaker Signature{s) of person (&) having the power -
ECACC C to represent the Intermational Depositary
Address: Porton Down Authority or of avthorized official.(s}:
Salisbury
Wiltshire 7 - et \,? b
SP4 0JG pate: [ f12fct \'5 i

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




Positive Control: Positive Negative Control: Negative Test R g T
Negative Overall Result: PASS Test Description: Detection of ﬁdﬁ $I a@ﬁ&ﬁ
using a Vewo fgis¢gat or cell |ine and Hoechst 33258 fl uoregepppofihection
system SOP QC/ MYCQO 07105 Acceptance @ni-terion/specification: The Vero
cells in the negative control are clearly seen as- fluorescing nuclei wth
no cytoplasmc fluorescence. Positive control (M arale) nust show

evi dence of nycoplasma as fluorescing nuclei plus extra nuclear
fluorescence of nycoplasma DNA, PosibiM@xkest results appear as extra
nucl-ear fluorescence of nycoplasnma DNA. Negative results show no

cytopl asmic fluorescence. Test Number:**$1487 Date: 27/11/00 Result:
Positive Control: Positi Ve g %ég%i’éii eI rpsoivreriegatti o ve  Test Resul t
Negative Overall Result: PA A&&@Eﬁ%&%ﬁr 'moceong - || ECACC, Head of
Quality..... | Date Page 1 of 2 1 OOT 2006 WD 03/ 097846 PCT/ EPO3/ 05047
-6- rtificate of Analysis ProdU¢F"PESErBti on MVA- BN Accessi on Number
00083®08 Test Description: tection of bacteria and fungi by isolation on

Try tQ_{}}QIA§QMﬁ1(ﬁ{E§EAQH(TSB) and i n JEhd.g Thipglycoll ate Medium (FTGV) . SOP
QC/ BRr&1Ifu@Rcvhgcept ance Crit eri on/ Speet bd-gat tOmre M2 vpasi tive controls

(Baei IS SilihElt8, Casrrid/ um ﬁﬁﬁ@é’i’tﬁﬁ Paifﬁﬁgﬁ?f'ﬁﬁ’% a/ bi cans) show
evi demwerrof m crobial growh (turbidity) geﬁe?tl ve controls show no
evi dence of microbial growh (clear) The CI‘I teria for a positive teat is
turbidity in any of the test broths. Al broths should be clear for

WAME AND ADDRESS OF THE PARTY

TO WHOM THE VIABILITY OF STATEMENT
IS ISBUED }

I. DEPOS '
. ITOR . IT. IDENTIFICATION OF THE MICROORGANISM
Wamee: BAVARIAN NORDIC RESERRCH Accession number given by the

INSTITUTE GMBH INTERRATIONAL DEPOSITORY AUTHORITY:

V00083

Address: FRAUNHQFERSTR‘ASSE 1an oo

2;82133 MARTINSRIED Date of the deposit or of the transfer:

‘ RMA 30™ August 2000
II. VIABILITY STATEMENT

zge viability of the microorganism 1dent1f1ed under II above was tested
On that date, the said microorganism was

X * viable

no longer viable

Indicate the date of the ori
ginal deposit or, where a new deposit or a transfer h
made, the most relevant date (date of the new depasit or date of the transfer). 7 heen

2 ) "In the cases referred to in Rule 10.2 {a) (ii} and {iii)

test. . refer to the most recent viability

. 3 Mark with a cross the applicable box.




negative teat result. Test Nunber: 21487 Date: 27/11/00 t' Reialﬁm 006
Positive Control; Positive Negative Control: Negative Test ResHlT?

Negat i ve w@¢etekls Result -, PASS Test Descri ption: Detern RET/EBH/BIHTTCI Dso
of cytopathic Virus titration. (SOP H3ACC/ 055) Cell Acceptance

Criterion/ Specification/Criteria: Negative controls should show no sign of
Cytopathic effects. The Test Sanple is serially diluted intoin 4 wells of
indi-cator cell lines for each dilution. topathic effects indicate that
virus is present. Virus titre is cal €if8t'ed using the bel ow equation where
X is the value obtained froma standarsde TCl Dss Table as a result of the
distribution of the wells digpbayi-R3+ &S8e titeRadopOsSi tive wel I s per
‘dilution, and y is the val wecoefiribher rigiogivestor didreppdrmranhere all 4 wells are
positive: TCID50 = 1 x 10"—y RBEt &F*GT T2F60° RESUITT: I ndicator Cell Line:
BHKleT"(CI one 13) Negative nt r ol :wiN@aGREL Fest Sanpl e: CPE Distribution
of |'esgrtRabrodc posartd ve wel ls: 4,4,4,3,0 X 123 Y: 10-r TC1D50 1 x

| 01+0MEQTUTE GMBi all Result: Virus Present Q n~ Ead ot em care Authorised
by. . .E%??.%%?ﬁiimﬁ ............ ECACC, Head of Quality Quality...... Jt?

A- - DafEB**Page 2or z la OCT 2006 -66 '

NDME AND ADDRESS
[ CF DEPOSITGR l

1. . IDENTIFICATICN QOF THE MICROORGANISM

Identification reference given by the Accession number given by the
DEPCSITOR: ’ INTERNATIONAL DEPOSITARY - AUTHORITY:
MeA-BN voQ083008

I1. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under I ahove was accompanied by:

¥ 1A scientific description

A proposed taxonomic designation

[Mark with & cross where applicable}

I1I.. RECEIPT AND ACCEPTANCE

| This International Depository Ruthority accepts the microorganism identified under I above,
which was received by it on 30™ August 2000 (date of the original deposit]®

Iv. RECEIPT OF R.EQUES'I‘ FOR CONVERSION.

The microorganism identified under 1 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 conversicn)

Iv. INTERNATIONAL DEPOSITORY. AUTHORITY

Name ; Dr P J Packer i Signature (s} of person(s) having the power

to represent the International Depository

: Authority or of auwthorized officlals(s):
Address: ECACC

CAMR

Porton Down | pDate: ]}S Ql‘({‘(}__g : iLl/ i 1/&:‘;

Salisbury SP4 0JG

1 Where Rule §.4(d) applies, such date is the date on which the status of international depositary

authority was acquired

Form BPF/4 (sole page) } 19951




CLAIMS 1. A reconbinant poxvirus conprising at |east two homol ogous
foreign genes with a honol ogy of at |east 50% 5 wherein each 418 szgWes
is inserteWamersasdi fferent insertion site of the viral geRgHs: e
wherein the at |east two honol ogous f@reign genes are honol ogous In
conparison to each other. 10 2. A reconbi nant poxvirus conprising at |east
two honol ogous foreign genes, said genes having a honol ogy of at |east
60% wherein the at |east two honol ogous foreign genes are honol ogous in
conparison to each other. 15 3. The reconbi nant poxvirus according to claim

1 or 2, wherein the genes 4 | .0 f - 75% 4. The reconbi nant
poxvi rus according to clai mh@iqglge%gfe‘grp %ﬁenes are derived froma
fl avi vi r usProdebbesifitiofconbi NAREA. virus according to claim4, wherein
the flavi vapetSsib® Muddbioue Vir 83nghe recoirbi nant poxvirus according to
claim4 or 5, 25 wherein the genesS are at |east two honol ogous genes
derived f:n:{‘om.ai lLeast two different serotypes of the virus. 7. The
r ecombi nant®{Reyiries  ac c omel DetgrtibrontMyadpiEmsioy 16120 BT R mathe_geres are
at |east two PrM genes. Snwwmﬂaﬁ@mmbsmhmpp;v?“roasﬂwg corﬁdﬁae _'%A%"Irﬁ’?% 4
to 7, wherein the genes SRFQCMPEQOYEhes. 10 OCT 2006 -67 9. The -
reconbi nant poxakdnbis ording to clainms 1 to 8 wherein the poxvirus is a
Vacci ni a virus. SPl_QfﬁEtﬁ'&:ﬁ’%% %1 g&ﬁ?’\ﬁ’?”t’fe "?;.'Eeig)iﬂﬂiwﬁgmvr@ae@ﬁ i ol

: - : na s
wherein the Vacci ni areitcbifarel Sncé Y alhs g%ﬂgﬁrw e;?e@% e oy lémngrg;ﬁ;js.

typ ‘ ' y i i { H i P
-

The criteria for 2 positive test result is ovi
: it evidence of mycoplasma by typical colon
formation on agar. A ncgative result will show no such cvidence. o Y

Tost Numbers 21457

Date: 27/11/00

Result:
Positive Conitrol; Positive
Negative Control: Negative
Test Result: - Negative
Qverall Result: PASS

Tesf Degcription: Detection of Mycoplasma using a Vero indicator cell line and Hoechst 33258

fluorescent detection system.
SQF QC/MYCO/07/05

Acceptance CritFrionlSptE:iﬁcaﬁnn: The Vera cells in the negative control are clearly seen as
ﬂuuream_ng nuclel with no cytoplasmic fluorescence, Positive control (M. orale) must
show evidence of mycoplasma as fluorescing nuclei plus extra nuclear flu;arescence af
mycoplasma DNA, Positive test results appear as-extra nuclear fluorescence of ‘

- mycoplasma DNA. Negative results show no cytoplasmic fluorescence,

Test Number:  2]487

Dale: 27/11/00
Result: :
Positive Coarrol: Positive
Negative Control: Nepgative
Test Result: Negative
Overall Result: PASS
Authorised by......... Q.SQA' ................. ECACC, Head of Quaiity.....!_-[.!.!?—,lt_ﬂ.‘;.. Date

Page 1of 2




10 11. The reconbi nant poxvirus according claim 10, wherein tq%ﬁﬁg s
WA- BN deposited at the European Collection of Animal Cell Cul 2005
(ECACC) undess/wgyper VO0083008. 12. The reconbi nant poxvi meg/ERéFei0dT ng t o
claims 1 to 15 11, wherein the poxvibsus is replication deficient or
replication inconpetent in manmalian cells, including human cells. 13. The
reconbi nant poxvirus according to clains 1 to 20 12, wherein the genes are
inserted into a naturally occurring deletion site and/or into an

intergenic region of the i n The reconbi nant poxvirus
according clains 1 to 13 ag?é%ﬁﬁtagéa&geﬁ%@ﬁxg&i ne. 15. A vaccine

conpri si reconbi nant q%yi according to any of the clains 1 to

th
13. 30 FAvdResPescrinton: i o r%’o tion conprising the reconbinant
POXVi r usheEeEsd 'Hﬁ?fg“‘?&' any of%4982088 ains 1 to 13 and a pharnaceutically
acceptable carrier, diluent, adjuvant and/or additive. 16 -OCT 2006 -68
17. The #.aR0RipRant POXYddbs oRGCOLAL Bt Oy Al¥oRls F0Rone 81,2 MR, Fshadt 3.t he
vacci ne according to cliaemdiRioQycoliiem=dPOaM. | DB @osoiidizng to claim 16 for
affecting, 5 preferably inducing, an imune response of ‘a living aninal,
including a wncd GritetipeSpefiflation: r ec ottbicrityvteonyolk (Facils sebolyo Cirigwt 0 any of
the claims 1Py8seseptCandids fbiedys shor esidergs of iedinl sravwd frbigity) aighenggativane. ~ 19.

The use accordPHg BH 1 4riees Tor e B i@ at i gn j.C t or
vacci ne for eﬁr ﬁgﬂﬁﬁiﬂﬁ’?t‘e" %?‘é SRy 'ﬁ‘g%c%fm%ﬁa?'&?fggﬁﬁgg@%%g@?ﬁ a living

animal, 15 including a human. 20. An isolated cell conprising the
reconmbi nant ERANdmbRr: 21487 '

P

Date: . 21V
( Result:
- Positive Control: Positive
Negative Conerol: Negative
Test Resule Negative
Qverall Result: PASS
Test Description; Determination of TCIDs, of cytopathic Virus titration. (SOP ECACC/Q55) Cell

Acceptance Criterion/Specification/Criteria: Negative conrrols should show no sign of
Cytopathic effects. The Test Sample is serially diluted into in 4 wells of
indicatar cell lines for each dilution. Cytopathic effects indicate that virus is
present. Virus titre is calculated using the below cquation where X is the value
obtzined from a standard TCIDs, 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:

TCIDyg= 1 x1i0™™

) - y
Date; . 01/12/00
Result: : : o
£ Indicator Cell Line: BHKZ21 (Clone 13)
' Negative Control: - NO CPE
Test Sampte: CPE
Distribution of less that 4 positive wells;  4.4,4,3,0
x: ' 123
Y: 107
TCIDs= L x10'*%*
100
= 1¢
Overall Rosult: Virus Prosent

**FInd of Certificate¥ ¥ v

Aupthorized by.......... Q é..q'.‘/..L.........‘.-.....ECACC, Head or Quality......‘(ﬂ’?—.[s?r... Date

Pagelol 2




according to clainms 1 to 13. 20 21. A nmethod for producing a refgqgt?ant
poxvirus according to clains 1 to 13 in vitro conprising the step of
infecting a cell with a poxvirus; - tggansfecting the infected cell with a
first vector 25 construct conprising a gene being heterologous to the
poxviral genome, and a genom c poxvirus sequence capable of directing the
i ntegraticmrIMs the heterol ogous gene into an insertion site of the
poxviral genome; 30 - identifying, isolating and, optionally, purifying

t he generated reconbi nant poxvirus; - repeating the above steps by using

the recomi nani rQQXh{isnObe-Rped,d r@éﬂgpffé’ir%lsaét%ﬁ Ofyo i Nfecting the
cell and an additional vector 1 OCT 200 -69 Tonstruct conprising a

further detreobegonys hererat ogouss twither poxmdredy gehonte ambsthdfid ogous to
the gene of the first vector_construct..5 22. kit conprising .- two or
ot € Foct Grotoi 410 S Ot COTRTT vt et Mo ekt Trar:

transcri pihemed i ot it ®l o Of clde POXWAT afer@XiE €55d O ELM H Othe eitenent , wherein
the genes_included in the 10 different vectors are honol ogous genes with a

honol ogy 3%t Twasiompbpaewe FoRolFydRNYRMEe hemokgRiiogets in
DA Sequeni aiabe o radiTho the i niearation 15 of the gene into a
poxviral genome, and - neans for identifying and/or selecting reconbinant
pOXViﬁysefl mnicggég%gﬁnant poxvirus comprising at least two

homologoug foreign geneg, gaid genes having a homology of

at least 60%, wherein the at least two homologous foreign

genes are homologous in comparison to each other.

15 3. The recombinant poxvirus according to claim 1 or 2,

wherein the genes have a homology of &65-75%.

4. The recombinant poxvirus according to claims 1 to 3,
wherein the genes are derived from a flavivirus.

20

| 5. The recombinant poxvirus according to claim 4,

wherein the flavivirus is a Dengue virus.

6. The recombinant poxvirus according to claim 4 or 5,
25 wherein the genes are at least two homologous genes
derived from at least two different serotypes of the

virus.

7. The recombinant poxvirus according to claims 4 to 6,

30 wherein the genes are at least two PrM genes.

8. The recombinant poxvirus according to claims 4 to 7,

wherein the genes are 4 PrN genes.




i ncor porated said honol ogous genes into their genone. 20 23.  Th %it
according to claim22, wherein each honol ogous gene is flank&§ 5@ aZ006
poxviral DNA sequence capable of dirgcting the integration of said

honol ogous gene of each vector construct into a different insertion 25
site of the poxviral genonme. 24. A DNA sequence derived from or honol ogous
to the reconbinant poxviral genone of the reconbi nant poxvirus according
toclainms_ 1 to 13, wherejn said DNA sequence_ 30 conprises at |east two

homol ogoud: genB Fritf PP RARE BRFFYLTYF PR MRS AR e gokvi T al
genone. Zg.oA-Rthed fok detecting vsalated sehls infected with the

reconbi nant poxvirus according to clains 1 to 13, 16 OC s 2006 _70_ said
met hod conprising adm ni stering the DNA sequence according to claim?24 to
said cells. 26. A nmethod for identifying the reconbi nant poxvirus 5
according to clainms 1 to 13, said nethod conprising adm nistering the DNA
sequence BECOrThd grd Corfih Bhdih 24pdBviHigd hodst$ihd) vbtEDahi &X Vvivo. 27. A
met hod for identifyiq& t he recopbi nant poxvirus _10 according to any of the
precedi ng"edErhR Bhe oVascizid dVIiFes hbd *IpAisied YW%@%SA%@@OW ding a
sanpl e bet&§ﬁyﬁgﬁ§%ponprise the reconbi nant poxvirus; contacting the
sanple with a DNA priner capable 15 of selectively anplifying the at | east
two honol ogous foreign genes; and/or contacting the sanple with a DNA
pri ey, cappbl ey, of, L ESQON 209,408 LS L L O 84 & PLi ko VIl - ggpome: and
the MVA is MVA-BN deposited at the European Collection of

Animal Cell Cultures (ECACC) under number V00083008.

12. The recombinant poxvirus according to claims 1 to
16 11, wherein the poxvirus 1s replication deficient or
replicaticon incompetent in mammalian cells, including

human cells.

13. The recombinant poxvirus according to claims 1 to
20 12, wherein the genes are insgerted into a naturally
occurring deletion site and/or into an intergenic region

of the poxviral gencme.

14. The recombinant poxvirus according claims 1 to 13 as

25 medicament or vaccine.

15. A vaccine comprising the recombinant poxvirus

according to any of the claims 1 to 13.

30 16. A pharmaceutical composgition comprising the
recombinant poxvirus according to any of the claims 1 to
13 and a pharmaceutically acceptable carrier, diluent,

adjuvant and/or additive.




20 - determning if the reconbinant poxvirus is present in tq%a@ﬁpl e.
180CT2006 WO 03/ 097846 PCT/ EP03/ 05047 SEQUENCE LI STI NG <110> i 2006
Nordi ¢ A/ S <120> Reconbi nant poxvi r ussgexpr essi ng honol ogous genes inserted
into the poxvi ral genome <130> BN 46 Pa <160> 21 <170> Patentln version
3.1 <210> 1 <211> 39 <212> DNA <213> Artificial <220> <223> Priner
<400> 1 39 cgcggatcca tgctgaacat cttgaacagg agacgcaga <210> 2 <211> 21
<212> DNA <213> Artificial <220>  <223> Prinper <400> 2 21 _catgataaga
gatt gt at ca/ g <D SComnangRoxpimus M@Cording. e 131y (hithe20>  <223>

Primer <400%3 1 to 13, the vaccine according to claim 15 or the
composition according to claim 16 for affecting,
5 preferably inducing, an immune response of a living

animal, including a human.

18. Use of the recombinant poxvirus according to any of
the claims 1 to 13 for the preparation of a medicament or

10 wvaccine.

19. The use according to claim 18 for the preparation of
a medicament or vaccine for affecting, preferably
inducing, an immune response in a living animal,

15 1including a human.

20. An isolated cell comprising the recombinant poxvirus

according to claims 1 to 13.

200 21. A method for producing a recombinant poxvirus
according to claims 1 to 13 in vitro comprising the steps
of

- infecting a cell with a poxvirus;
- transfecting the infected cell with a first vector

25 construct comprising a gene being heterologous to

the poxviral genome, and a genomic poxvirusg
sequence capable of directing the integration of
the heteroclogous gene into an insertion site of
the poxviral genome;

30 - 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




atgttgaaca taat gaacag gaggaaaaga tctgtgacca tgctcctcat gct gcti%fmﬁ.o
acagccctgg cgttccatct 80 <210> 4 <211> 26 <212> DNA <213> it 2806
<220> <223> Priner <400> 4 26 gatttggcta ttcagtggac tggatg <210> 5 <211>
48 <212> DNA <213> Artificial Page 1 16 OCT 2006 WO 03/097846

PCT/ EPO3/ 05047 <220> <223> Priner <400> 5 ccttaatcga attct-catgt

cat ggat ggg 9t aaceagea rtiicaatcagtord& i g X r itk me2id bedldy> DNA  <213>
Artificial <220> <223> Prinmer <400> 6 gctcccattc aattcacatt gg 22 <210>
7 <211> 80 <212D95RKCIEIPYS AQ it RgxdiFg> genome and homologous

to the gene of the first wvector construct.

§ 22. A kit comprisging
- two or more vector constructs, each construct
comprising a dgene under transcriptional
control of a poxviral éxpression control
element, wherein the genes included in the
10 different vectors are homologous genesg with a
homology of at least 50%, the homclogous genes are
homologous in comparison to each other; and
wherein each gene is flanked by a poxviral DNA
sequence capable of directing the integration
15 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 .
20
23. The kit according to claim 22, wherein each
homologous gene is flanked by a poxviral DNA sequence
capable of directing the integration of said homologous
gene of each vector construct into a different insertion

25 site of the poxviral genome.

24. A DNA sequence derived from or homologous to the
recombinant poxviral genome of the recombinant poxvirus
according to claimg 1 to 13, wherein said DNA sequence

30 comprises at least two homologous genes and at least part

of the gsequences of the poxviral genome.

25. A method for detecting isolated cells infected with

the recombinant poxvirus according to claims 1 to 13,




<223> Prinmer <400> 7 atcccattcc tgaatgtggt gttaaagcta ctgagcg%tbgv
ctctcgtctc cgttctccge 60 tctgggtgca tgtcccatac 80 <210> 8 <2%1 222m5212>
DNA <213> Artificial <220> <223> Priorer <400> 8 gtacatggat gatatagata tg
22 <210> 9 <211> 23 <212> DNA <213> Artificial <220> <223> Prinmer

<400> 9 gttgaaggat tcacttccgt gga 23 <210> 10 <211> 25 <212> DNA <213>
Artifici adai<R2Erho@23mdrignielg a2l dife gicag ttdee aNzatdestiadiiqt gagtc 25

Page 2 16 OCT 2006 WO %?/097846 PCT/ E 03/05047 <210> 11 <211> 26 <212>
DNA according to claim 24 to sail

26. A method for identifying the recombinant poxvirus
5 according to claims 1 to 13, said method comprising
administering the DNA sequence according to claim 24 to

said virus in vitreo or ex vivo.

27. A method for identifying the recombinant poxvirus
10 according to any of the preceding claims 1 to 13, said
method comprising the steps of
- providing a sample believed to comprise the
recombinant poxvirus;
- contacting the sample with a DNA primer capable
15 of selectively amplifying the
at least two homologous foreign genes; and/or
- contacting the sample with a DNA primer capable
of recognizing the insertion
site of the viral genome; and
20 - determining i1f the recombinant poxvirus is

present in the gample.
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