WO 03/ 097845 PCT/ EP03/ 05045 Intergenic Regions As Insertion Sites In The
Genone of Modified Vaccinia Virus Ankara (MVA) The present invention

rel at es tworowei843 nsertion sites 5 useful for the integr&Cr@Posbs0exogenous
DNA sequences into the MVA genone. Background of the invention Mdified
Vaccinia Virus Ankara (MVA) is a nenber of the 10 Othopoxvirus famly and
has been generated by about 570 serial passages on chicken enbryo
fibroblasts of the Ankara strain of Vaccinia virus (CVA) (for review see
Mayr, A., et BhtefdSdfd REMEES I D Basbrdfdn ords £ONBREUEEEEMO of hese
passages the Tesulting WA ViTus 15 contalns 31 KiTobases 1e35 genom c

i nformati on conpared Medified peeimlgyhVirieAnkats (MWEA}|cted (Meyer, H.
et al., J. Gen. Virol. 72, 1031-1038 [1991]). MVA is characterized by its
extrenme attenuation, nanely by a dimnished virulence or infectiosity but
still an 20 excellent inmmunogenicity. Wen tested in a variety of aninmal
nodel s, MWAThas grevait t Onbenavbnulreiiia e ntd N novi@unin sappt essed tes

i ndi vi dual s. re ipportantly, the excellent properties of the MWVA strain
have Sgen Héggﬁgtﬁggﬁdt%ﬁ ei?Eﬁ%F@ElEFiﬁﬂ%a?XPgﬁgpgs(N@V? SeBeNCess 7p) |
Bakt. Hyg. kntAbtncOh@a 5eﬁ@%e.375'390 [1987]). During these studies in
over 120,000 humans, including high risk patients, no side effects were

seen (Stickl et al., Dtsch. nmed. Wschr. 99, 2386-2392 [1974]). It has been
further found that MVA is blocked in the |late 30 stage of the virus

Natl | CAcad SUi. VD 031 007BIBRBEPERoSFoB0 s S SBERHe. 10847 10851) . |

Accordi ngl yMoMJ{'%i]:agll l\%écrc%%lilace\}frsus Ankara (MVA) is a member of the

10 Orthopoxvirus family and has been generated by about 570
serial passages on chicken embryo fibroblasts of the
Ankara strain of Vaccinia virus (CVA) (for review see
Mayr, A., et al. {[1975], Infection 3, 6-14). As a
consequence of these passages the resulting MVA virus

15 contains 31 kilobases less genomic information compared
to CVA and is highly host cell restricted (Meyer, H. et
al., J. Gen. Virol. 72, 1031-1038 [1991]). MVA 1is
characterized by its extreme attenuation, namely by a
diminished wvirulence or infectiosity but still an

20 excellent immunogenicity. When tested in a variety of
animal models, MVA was proven to be avirulent even in
immuno-suppressed individuals. More importantly, the‘
excellent properfies of the MVA strain have Dbeen
demonstrated in extensive clinical trials (Mayxr et al.,

25 zbl. Bakt. Hyg. I, Abt. Org. B 167, 375-390 [1987]).
During these studies in over 120,000 humans, including
high risk patients, no side effects were seen (Stickl et

al., Dtsch. med. Wschr. 99, 2386-2392 [1974}]).

It has been further found that MVA is blocked in the late
30 stage of the wvirus replication cycle in mammalian cells

(Sutter, G. and Moss, B. [1992] Proc. Natl. Acad. Sci.



its DNA, synthesizes early, internmediate and | ate gene products, but is
not capable to assenble nmature infectious virions, which could be rel eased
from an 5SworBmeetsetl cell. For this reason, nanely to be repCTER03/@I045
restricted, MVA was proposed to serve as a gene expression vector. Mre
recently, MVA was used to generate recdnbi nant vaccines, expressing
antigeni c sequences inserted either 10 at the site of the tym di ne-kinase

(tk) gene UssS 59185.0b46) 195l t %cééf@il%é;hﬁ, Nd7wlr aﬂdMyO_Cfé%Iié‘Qtege' etion
wi thin the MVA %enone ( PCT/ EP96/ 02926) . though the tk insertion Tocus is

wi del y uséd-¥ oPNphe sygei@sdtdesh efrivcontiteamedios rasds lapar tgend arly for
15 the ge L of - onhi pang Vaccinia.viruses (Mackett, et al. [1982]
P.N A S %{&ﬁ%%%415§§§131)ié{] hiéOFecﬁﬁ&ag’&f Wa n%ﬁsﬁﬁgﬁﬁcaﬁvaet%? MVA. |t
was shown infeSchisidd | ngeriorat, alwhidhhatoMVA | Bemughl 8RESGSERSdhi e t O

modi ficati,0 of thggﬁenone conpared to other poxviruses, which can be 20
used for e et &15oh oFOF ebBHBi HSAECBox PRFGlds to nargriinprict al .

showed i n aydtidad, t hafa ongaef thedmyd Qéyvgseg55|%f1§%Péhe
integration of heterologous DNA into poxviral genones, nanely e

t hynmdi ne 1638 (UR) vpsted .ocus, cannot be used to 25 generate reconbi nant

MVA. Any resulting tk(-) reconbinant MA proved to be highly unstable and

upon puri Mot | areceniipdi atwhy deket edetihetd nsesiech PNA dageidietard th parts
of the genomi c DNA of MVA (Scheiflinger et al. [1996], Arch Virol 141: pp
663- 669) . 30 TETHbi FIHYCHNTY t RUEL9RTYR SREHSBrESt yrser§edomither

r ecoovbi natiton ithed kagwa prg@lentmgthig%ﬁpaiﬂélgiﬂgge hal | EguyA was
establ i shed during | ong-term passages 03/ 097845 PCT/ EPO3/ 0504 3
(US 5,185,146) or at the sgite of a naturally occurring

deletion within the MVA genome (PCT/EP96/02926).

Although the tk insertion locus is widely used for the
generation of recombinant poxviruses, particularly for

15 the generation of recombinant Vaccinia viruses (Mackett,
et al. [1982] P.N.A.S. USA 79, 7415-7419) this technology
was not applicable for MVA. It was shown by Scheiflinger
et al., that MVA is much more sensitive to modifications
of the genome compared to other poxviruses, which can be

20 used for the generation of recombinant poxviruses.
Scheiflinger et al. showed in particular that one of the
most commonly used site for the integration of
heterologous DNA into poxviral genomes, namely the
thymdine kinase (tk) gene locus, cannot be used to

25 generate recombinant MVA. Any resulting tk(-) recombinant
MVA proved to be highly unstable and upon purification
immediately deleted the inserted DNA together with parts
of the genomic DNA of MVA (Scheiflinger et al. [1996],
Arch Virol 141: pp 663-669).

30 Instability and, thus, high probability of genomic
recombination is a known problem within pox wvirology.

Actually, MVA was established during long-term passages



exploiting the fact that the viral genonme of CVA is unstable when
propagated in vitro in tissue cultured cells. Several thousands of

nucl eot i owe 038478kH) had been deleted fromthe MVA genone PCRiEiPOSI0I0MEr ef or e
is 5 characterized by 6 major and nunerous snall deletions in conparison
to the original CVA genone. The genom & organi zati on of the MVA genone has
been described recently (Antoine et al. [1998], Virology 244, 365-396).

The 178 kbeggneneinf Mife i &a@%nsghgtpat%@d vqr}qlllo gERABRE sg§ 1R3 | ggl vi dual
open reading frames (ORFs), which code for prot el ns o | east am no

acids in Wengdhlel ﬁﬂlé@hpamomgame@w tihe mghby :umf ¢OISIS®1$ES vaitakad virus
and also t ot acclni.a virus ral enhagen,
t he maj on‘?% g% d%és X SPanes Prfaé’l]rﬁ?t (rnﬁtf%/e %ﬁ%ﬁ?‘ﬁ’é et al.
[ 1998] Vi del egyd 244"on865t18@6) MVHOWRYE omaM t hwylga{l f%mé onggal |

i ncl d| ng the fragrrent ed and truncated ORFs, get transcribed and

trangl at e AT HF O BPRsPY| f FRE OXf GNcowuREratie Fnkhcflalakions Pt oi ne et
al. is use@omggon g\é;legﬁe {gﬂgéft@\m %%g 1@ rrencl ature based on Hind |11
a t 0 i i

restriction enzyne digest Is o I ndrca far, only the insertion of

exogenous II QCCULri |on sites,of the WA
genone led "% gstabn?e reg@{?gﬁl%an F-Ofvagt( P SPEE 2838t BPRnat el v,

there is oiéglcmb@%treczéﬂdlyumhﬁto@ﬁe Rat larlal ||)’1§581]U”\V:D.Qoﬂ<§‘gh¢t2@4' sites in

the WA g Add| tionally it was shown that other insertion sites,
such as, ?168“5%%% tfﬁhﬁeﬁ% |§Eu§enam@ Rdr dMP Usefdgnseky paeke@nardtion of

r ecoobi nansodyA Seheidd i ngeri Blaal 30 1996 Ar | géh%y P
663-669). WD 03/097845 PCT/E603/05045 §)4an%eCtloé Egg%%gen P
which code for proteins of at least 63 "amino acids in

length. In comparison with the highly infectious Variola
virus and also the prototype of Vaccinia virus, namely
the strain Copenhagen, the majority of ORFs of MVA are
15 fragmented or truncated (Antoine et al. [1998], Virology
244, 365-396). However, with very few exceptions all
ORFs, including the fragmented and truncated ORFs, get
transcribed and translated into ©proteins. In the
following, the nomenclature of Antoine et al. is used and
20 - where appropriate - the nomenclature based on Hind IIT

restriction enzyme digest is also indicated.

So far, only the insertion of exogenous DNA into the
naturally occurring deletion sites of the MVA genome led
to stable recombinant MVAs (PCT/EP96/02926) .
25 Unfortunately, there is only a restricted number of
naturally occurring deletion sites in the MVA genome.
Additionally it was shown that other insertion sites,
such as, e.g., the tk gene locus, are hardly useful for
the generation of recombinant MVA (Scheiflinger et al.

30 [1996]1, Arch Virol 141: pp 663-669).



It is an object of the present invention to identify further insertion
sites of the MVA genone and to provide insertion vectors, which direct the
i nserti orwofo3®Imstbgenous DNA sequences into said new y i decriEPO&a5045
insertion sites of the MVA genone. It is a further object of the present
invention to provide a reconbi nant MV, which conprises exogenous DNA
sequences stably integrated into new insertion sites of 10 the MA genone.

Det ai | ed description of thedjeentéoncddeiirugisys of the present
invention identified new sites for the insertion of exogenous DNA

sequences it 95 1g t B geroNBs oftﬂg)d%yaggnyaciq{‘;g&ﬁ}}(aq:g (J(\éll{%%%@%us. The

new insertion sites aré located in the intergenic regions f the
viral gendive;thewerigisesdiah | GRsearef the MWANgehoost ethdbetovgerbwidar e

fl anked by _two adj acent en readi frames (OREs) of the WA genone. 20
Accor di ng?/lﬁseﬁwteldﬁ’r es‘éﬁ?ggﬁ%nt i"ghlqr’}gl afegefs a t}igecoﬁﬂ?%ﬁthM/A onpri si ng

a hes er ol eg@ifrdMNA seasenceeqghasessedihhbo ar kR Rfwthe Mi&d 1 genpme.
According to the present invention, one or nore exogenous DNA sequences
may be, i ASERETINES tove o thsy dVAGREND®B It was surprisingly found that
exogenous DNA sequences renain indeed stable inserted into IGRs of the WA
genone: Adtal Agady i|Fulidated dhmat; tdfe gheonprefeWA isvenoide consi dered

as being i nstable. .1t see hat , .genes or .DNA sequences
non- essen :ija fogr SHropagR i of ’twglgﬁr GOVRFE SEE SEEFCNT ddifent ed.
Al t hough iseqt@mcesal Stalslf pLhekgghyed fieud Adat 166abteonegamisnast MVAs WO

03/ 097845 PCT/ EP03/ 05045 5 are obtai ned when het erol ogous DNA sequences
ar e!4 nser t&8¢ MVt gF¥&nat ur al | y occurring deletion sites of the MA

Detailed description of the invention

The inventors of the present invention identified new
sites for the insertion of exogenous DNA sequences into
15 the genome of Modified Vaccinia Ankara (MVA) virus. The
new insertion sites are located in the intergenic regions
(IGRs) of the wviral genome, wherein said IGRs are, in
turn, located between or are flanked by two adjacent open

reading frames (ORFs) of the MVA genome.

20 Accordingly, the ©present invention relates to a
recombinant MVA comprising a heterologous DNA sequence
inserted into an IGR of the wviral genome. According to‘
the present invention, one oOr more exogenous DNA

sequences may be inserted into one or more IGRs.

25 It was surprisingly found that exogenous DNA sequences
remain indeed stable inserted into IGRs of the MVA
genome: As already indicated above, the genome of MVA is
to be considered as being quite unstable. It seems that
genes or DNA sequences non-essential for propagation of

30 the virus are deleted or fragmented. Although it was -

also surprisingly - found that stable recombinant MVAs



genone (PCT/EP96/02926) it was - on the other hand - found that host range
genes as, e.g., the tk-locus widely 5 used for the generation of other
reconbi nawoD 0pOXIBHF uses are no suitable insertion sites i RCVNERO3/TH0esS f act
that Vero-MWA has one extra genom c del etion (PCT/EPOL/ 02703) al so
suggests that the genone is dynamc insthe sense it readily delets genes
that are not required for 10 propagation. Therefore, it could be concluded

that ins i { I Q\Q\ uenc on-essential for vira

pr opagat i g‘#{% %&%)rg%%s ge# \?\h/een ﬁ% %%ﬁ%“gese%&%%%?%ﬂ% Jo%s%llétf%‘% ed by
the virus iastawethe Wbitheatiheg noeteotide sequence ofitak ORF emeodess an ami no
15 acid sequence form n§9%¢;§-§§“ de, , pol ypeptide or_ protein, the IGRs

bet wveen t WSS KAVE/R gbeaphei ¥2S but ohayheomfhiere hegdl atory

el ements, hiphH nhat iRyt BF ahdfor enhan SOHURIGES 65 ial for
or involved in the transcrip i?ﬁ\eéll contro Q‘%f' ﬁﬂ{}e vira ge%eﬁeiegl%ssi on.

20 Thus, tUfed GRormyhbe damesiatddri nof hethegulatcompicemtr goxwfridwes vi r al
life cycl ver,..the inventors of the pres i nventi_on have al so
shown thafaﬁ{‘gxﬁe\%ﬁlr?s?g ¥ ohnsg‘fgégnhé:\} etshel%ng&éect ad@&it dd#t hat
exogenous V¥ -MBEqUaNCese Canthe $lealbht o trRaldtedd Nired heo MVA geie 25

wi thout influencing or changing the typical characteristics and gene
expr essi o I6° MBLIeRe et | FRer gppaANS| &8s dunemaspdsi alhey sensfaulit si nce no

ORF or caqd qu f is altered. regver, It was surprisingly

f ound tha?@}d%léiprggg%% %éféeéel t%lgta f%%%i g(r?\log“enerléﬂls“éﬁéd imto an 1 GR
i s H! gher pudpmyatierex prigsstafoteyvel iof aotbdei pp gentdlnsesd edttiqd o  a
deletion site Q:f t he I\/E/A ginome (see al so Exanple 1). WD 03/097845

PCT/ EP03/ 05545 & SThBEHGEPEBPPHE S&fieSEEUSFCET CRRATRERRRFLS st s with a

viral propagation into spaces between ORFs would be

expected to be deleted by the virus as well.

While the nucleotide sequence of an ORF encodes an amino
15 acid sequence forming a peptide, polypeptide or protein,
the IGRs between. two ORFs have no coding capacity, but
may comprise regulatory elements, binding sites, promoter
and/or enhancer sequences essential for or involved in
the transcriptional control of the viral gene expression.
20 Thus, the IGR may be involved in the regulatory control
of the viral life cycle. However, the inventors of the
present invention have also shown that the new insertion
sites have the unexpected advantage that exogenous DNA'
sequences can be stably inserted into the MVA genome
25 without influencing or changing the typical
characteristics and gene expression of MVA. The new
insertion sites are especially useful, since no ORF or

coding sequence of MVA is altered.

Moreover, it was surprisingly found that the expression
30 level of a foreign gene inserted into an IGR is higher
than the expression level of a foreign gene inserted into

a deletion site of the MVA genome (see also Example 1).



start codon and ends with a stop codon. Depending on the orientation of
the two adjacent ORFs the IGR, the region in between these ORFs, is

fl anked ewoOle91systhe two stop 5 codons of the two adj ace®CTERPE(500F , by
the two start codons of the two adjacent ORFs, or, by the stop codon of
the first ORF and the start codon of tle second ORF, or, by the start
codon of the first ORF and the stop codon of the second ORF. 10

Accor di ngl yhet h&cﬂ@&@ﬁﬁéoﬁe@u%%cEOBft he @W%@%ﬁa@"ﬂ? s%%%%”% thnto the
| GR may be downstreamor 3' of the stop codon of a first I'n case the

adj acent ORFarj| sedonepmel eyatomi WRR ﬂa@pthedsarreDepeeduagl on &&et he

first rt.i-0 |te downst r eam t he st n of 15 the
first ORF Prgghggg?rggarf#o% of° tHe 1St @%Fa%n&ﬁ? 9@% g@@oﬁ& 9ERE. In
case the sénobetGREnhascar Gumtgs,l tis of intad | Ochée! B i VBet Bwbherbpr st ORF,

whi ch. means iglhe orientation of _the two a%gacent ORFs points to each ot her,
t hen Xt he 26°PRBEr Qfontlet &Wo 2 IRAFIRE r EBFSof Athe BY offheodons §tabd;th

ORFs. S acblibhd 8kt hBati¥eqdlilcEascorhE 190 allachll SORPS cohaAd kN

opposite direction, but t orirentation WO adj s p0| nts
away from ébehferhér ORWhiagldl ithe? 5 tsynonyovbars of t tha pesbhdo0RAY bhat is

characteri ed art codans of the t ORFs are adjacent to
each ot her% te‘l ?%@réxfﬁéﬂﬁugfd_ﬂé gl?fﬁEepﬁgdaﬂgof'h@aﬁf‘o?eFatjP%?eoffo bot h
start COdOﬁIie EREsninokhe MVA genone occur in tw coding directions. 30
Consequently, the Pol ynmerase activity occurs fromleft to right, i.e.,

forward di A@@ék@i\n e Y, Me L1 g t \Y; e
direction). It is %ggnﬁoﬁlgﬁ ag??%g‘t\@;\%h% Jj(f)tf?é?)SA]fS - C{:i'll}%Pgei% g{fgléféjse Bl

sequence into the IGR may be downstream or 3’ of the stop
codon of a first ORF. In case the adjacent ORF, also
termed second ORF, has the same orientation as the first
ORF, this insertion site downstream of the stop codon of

15 the first ORF lies upstream or 5’ of the start codon of
the second ORF.

In case the second ORF has an opposite orientation
relative to the first ORF, which means the orientation of
the two adjacent ORFs points to each other, then the
20 insertion site lies downstream of the stop codons of both

ORFs.

As a third alternative, in case the two adjacent ORFs
read in opposite direction, but the orientation of the
two adjacent ORFs points away from each other, which is
25 synonymous with a positioning that is characterized in
that the start codons of the two ORFs are adjacent to
each other, then the exogenous DNA is inserted upstream

relative to both start codons.

ORFs in the MVA genome occur in two coding directions.
30 Consequently, the Polymerase activity occurs from left to
right, i.e., forward direction and, correspondingly, from

right to left (reverse direction). It is common practice



in poxvirology and it becanme a standard classification for Vaccinia
viruses to identify ORFs by their orientation and their position on the
di f f erentwbionddishs restriction digest fragnments of the geRCWEPOFEI04% he 5
nonmencl ature, the different Hndill fragnents are naned by descendi ng
capital letters corresponding with thei’r descending size. The ORF are
nunbered fromleft to right on each Hndlll fragnment and the orientation
of the ORFini d:dircatas, byna Gapi babake ($t ARG FOT il %&%ri'caﬁ:'i%ﬂ) 10 from
right to Left) or R (standing for transcription from left to Right).

Addi ti onal F9T" t Ha%ciniay nydausesent to puiidesdtiifon 00RFhe MNMA gehere

structure, L di n opencl at ur Si nu ri the ORF
fromthe  PETECtalERd Bogh ik opoPRET Banshe it T hat Vet o L RELT 1S

ori ent ati onestthcaicapi dagettorfRidriaios neoet e [(E99%Rle. Wokol egy 244,
365-396). As an ﬁxangle the 14L ORF, according to the old nonencl ature,
cor r @&spondsCTo Rt HRtU6B4L tRF SkEkrently HendhLs feagments afenpampddi cat ed

gifferent |y IdhdduRael LAYERLON dSas-d NEORPUERELALIES 12l AgRRECI NG O
Antoine et al. According to the present 1nventionh, he rgYogous
sequences ¢afcerdingesiee.i fhe ORE eiravonendddes] i hibet weeht tworaghacent

ORFs sel ected fr he oup conprising 001L-0Q2L, 00Q2L-003L, OO5R-006R,
006L- 007R, ‘g’go??z‘-’g&ﬁtﬁ?d% o%ﬁT%ﬁa gL?Eth’E,le@f@E-l@fgLQf 099 - BBBL,
020L-021L,is02381024kLda Q34Q10@§bit925b'W%%andﬁgg%@%@Ltrgéggigéékon

031L-032L, 032L-033L, 035L-036L, 036L-037L, 037L-038L, 039L-040L,
043119044, T¥Rm | tiat tesBeibl7Rr B49stasding HSDLtDSAECTBBLioR5ERM
052R- 053R, 1 O53R054R; R- . R-0 061L-062L, Q64L-0Q65L,
065L- 066L . oesesf%m%gﬂggn?%‘?‘gﬂfﬁ - 79%,%%6&#%81&3?, I‘E?'s”fR-ﬁ%‘z‘E?Jf
082L- 083R, puliBER IBGR, cFB6BRO8TRA 08808915t rA8HrRIORM DR R R, a

094L- 095R, Qg?R—OQ?R, 097R- 098R, 101R-102R, 103R-104R,
different nomenclature, simply numbering the ORF from the

left to the right end of the genome and indicating their

15 orientation with a capital L or R (Antoine et al. [1998],
Virology 244, 365-396). As an example the I4L ORF,
according to the old nomenclature, corresponds to the
064L ORF according to Antoine et al.. If not indicated
differently, the present invention uses the nomenclature

20 according to Antoine et al.

According to the present invention, heterologous DNA
sequences can be inserted into one or more IGRs inbetween
two adjacent ORFs selected from the group comprising:
001L-002L, 002L-003L, O005R-006R, 006L-007R, 007R-008L,

25 008L-009L, 017L-018L, 018L-019L, 019L-020L, 020L-021L,
023L-024L, 024L-025L, 025L-026L, 028R-029L, 030L-031L,
031L-032L, 032L-033L, 035L-036L, 036L-037L, 037L-038L,
039L-040L, 043L-044L, 044L-045L, 046L-047R, 049L-050L,
050L~051L, 051L-052R, 052R-053R, 053R-054R, 054R-055R,

30 055R-056L, 061L-062L, 064L-065L, 065L-066L, 066L-067L,
077L-078R, 078R-079R, 080R-081R, 081R-082L, 082L-083R,
085R-086R, 086R-087R, 088R-089L, 089L-090R, 092R-093L,
094L~095R, 096R-097R, 097R-098R, 101R-102R, 103R-104R,



WD 03/ 097845 PCT/ EPO3/ 05045 8 105L-106R, 107R-108L, 108L-109L, 109L-110L,
110L-111L, 113L-1124L, 114L-115L, 115L-116R 117L-118L, 118L-119R

122R- 1231lwO0Db3B8978124L, 124L-125L, 125L-126L, 133R-134R, 1PLREPBYH5045
136L-137L, 137L-138L, 141L-142R, 143L-144R, 5 144R-145R, 145R-146R,

146R- 147R, 147R-148R, 148R-149L, 152R-853L, 153L-154R, 154R- 155R,
156R-157L, 157L-158R, 159R-160L, 160L-161R, 162R-163R, 163R-164R,

164R- 165R, 10E35R-0B36R,1UBGRJHTR 1dH7TRJGER 1 dIOR A0IR 1 10i3R 1A4R,
175R-176R _176R-177R 178R-179R  179R 180R, 180R- 181R 10 183R 184R
184R- 185L, ~HdiR Yebr iR LR Igeh. 1 HSH ISToR 1 180 ISF0R

192R- 193R. 1A06018i37g 116, 4:he o d n égL nds to
co, oloL corresponds t0 (&{4 rzl%ﬁfclﬁ %(?ZS?LQF% N TR o KoL, 028R
LORKTR, Q28040 18T, OSRL CBMSL IR Q4L | 0 MIBLLG0I AR Balun 052K FO
E5R, 54R 7 5 0

t(5) g%ﬁ% §41_5%R %%%%3&4%7% JERROddR 1 F4RAR149989L to J5L,
092Rto H2R52083B3t0 HIRL-LGAR t @ S8R 55K08l 560 (BEEL, 1E22R AR, 123L
to Al2L, 125L to AL4L, 126L 20 to AL5L, 135Rto A24R’ 136L to AJ5L, 137L to

A26L, 141L L159B-ASOL, 140R+161R7R62R4II63R) ABSIR- LHBIR ti6LMARSRL53L to

ASGR 166RTSFALIRR TAMET 4 SR TR ICER BIRORTOR o 18R THOR o BI2R
184R t o B1GR5RI856R,01728R-BYTIR, andrlLA7RER,0 1BLRR 1 ddref qrs@@d-y_bsﬂRhe

het I ce is inserted into an I|GR flanked by two ad acent ORFs
el o cd f LOARAS 18r oS LRodriri o 15 l00 PRR00GE SROLB0R0 168 FOARER045L.

064L- 065L, 1682130k, 136bx 4% 149x Hegrol ogous or exogenous DA

sequences are sequences which, in nature, are not normally found
assoc'atedAﬁbBleng to the old nomenclature, ORF 006L corresponds

to Cl0L, 019L corresponds to C6L, 020L to N1L, 021L to
N2L, 023L to K2L, 028R to K7R, 029L to F1L, 037L to F8L,
15 045L to F15L, 050L to E3L, 052R to E5R, 054R to E7R, 055R
to EBR, 056L to E9L, 062L to I1L, 064L to I4L, 065L to
I5L, 081lR to L2R, 082L to L3L, 086R to J2R, 088R to J4R,
089L to J5L, 092R to H2R, 095R to H5R, 107R to D10OR, 108L
to DI11L, 122R to AllR, 123L to Al2L, 125L to Al4L, 126L
20 to AI5L, 135R to A24R, 136L to A25L, 137L to A26L, 141L
to A30L, 148R to A37R, 149L to A38L, 152R to A40R, 153L
to A4lL, 154R to A42R, 157L to A44L, 159R to A46R, 160L
to A47L, 165R to A56R, 166R to A57R, 167R to BIR, 170R to
B3R, 176R to B8R, 180R to BI2R, 184R to B16R, 185L to
25 B17L, and 187R to B19R.

Preferably, the heterologous sequence is inserted into an

IGR flanked by two adjacent ORFg selected from the group

comprising O007R-008L, 018L-019L, 044L-045L, 064L-065L,
30 136L-137L, 148R-149L.

Heterologous or exogenous DNA seguences are sequences

which, in nature, are not normally found associated with



WO 03/ 097845 PCT/ EPO3/ 05045 9 the poxvirus as used according to the
present invention. According to a further enbodi nent of the present

i nvent i onwotobeIsxbgenous DNA sequence conprises at | east POMEPOICHOMT)
sequence. The coding sequence is operatively 5 linked to a transcription
control elenment, preferably to a poxvioral transcription control elenent.
Additionally, also conbinations between poxviral transcription control

el ement an@ne€ oohsoviRteryal.. L4 bo ry siies_can be .used., .10
According to aggﬁyﬁher g%%&ﬁ%%gﬁ%? t %f% o%%nghg Seggqﬁgﬁggtégﬁ'also
conpri se t#6cordinge dodi ng séquehees eibakEthen® ONEF Or tEEVeblesent

transcriptkﬂgeﬁgntrol | ements. Preferably, the codi ng sequence encodes

one or noré ' protafns FSolSREGRINEs e pt ¢ @enCe of @B 8RS i gEndesstls
antigeni ¢ epet epRS.neSREh @ Ye ! hoRE %Edﬁﬁ@“ﬂgﬁﬁ%%§H|¥s Bﬁ%@ggibgﬁgogenes.

Therapeutical |y interesting genes according to't prese rnven n may

be genes déitrked fpom dirarsmotiogoum ¢anigenise bémegat hogeadesablyi Bbect i ous
i i in the_context of

m croor ganis iC di sease causi ng. cordingly, i

t he presen% gﬁ?ﬁﬁf%@h Qﬁ%ﬁg?ﬁ%?gﬁgﬁthglﬁﬁiréi%@%ﬂ?ngA%Séﬁégnéﬂéypresented
to the i maheosysibimat iansOngaNieEN ddkPIEel tLaRbéechei bk ebshably i nduce
a specific innune response and, thereby, vaccinate or prophylactically 25
protect th8 -OPgRhi iflagi-Ast aAAteFNad:t itgomaRl entyy s begamisbel n
further prg&ggred enbodi nents of the present invention the therapeutically
interesting genes are selected fromgenes of infectious viruses, e.g., -

but jpot |ightedaify- %?ngyefgk Japanese encephalitis 30 virus
Hepatitis virus B or C or |ﬁﬁ%ﬁ%5ef?ﬁk%§% enG SHOFCROUR \PNA
sequence can also comprise two or more coding segquences

linked to one or several transcription control elements.
Preferably, the coding sequence encodes one or more

proteins, polypeptides, peptides, foreign antigens or

15 antigenic epitopes, espcially those of therapeutically

interesting genes.

Therapeutically interesting genes accorxding to the
present invention may be genes derived from or homologous
to genes of pathogenous or infectious microorganisms
20 which are disease causing. Accordingly, in the context of
the present invention such therapeutically interesting
genes are presented to the immune system of an organism
in order to affect, preferably induce a specific immuné
response and, thereby, wvaccinate or prophylactically
25 protect the organism against an infection with the
microorganism. In further preferred embodiments of the
present invention the therapeutically interesting genes
are selected from genes of infectious viruses, e.g., -
but not limited to - Dengue virus, Japanese encephalitis
30 virus, Hepatitis wvirus B or C, or immunodeficiency

viruses such as HIV.



WO 03/ 097845 PCT/ EP03/ 05045 10 Genes derived from Dengue virus are
preferably NS1 and PrM genes, wherein said genes may be derived from one,
two, threwowms/o9msain al | of the 4 Dengue virus serotypes. Poa/HRBI0yene i s
preferably derived from Dengue virus 5 serotype 2 and is preferably
inserted into the IGR between the ORF40064L-065L (14L-15L). PrM genes,
preferably derived fromall of the 4 Dengue virus serotypes, are

pref erabl y Genser t@sri vié@ trhem GRnQRL Weeh, ot dyErom
007R- 008L, 044L-045L, 136L- 137L, .198g148R-%ﬁQ%&e%IZe%%%irgbpg,& tHE Pr m
gene deri v&df rétRebenyhereipusadst arsmpes 1ngpr Mel)désivadefres igH«g the | GR

of 148R- 148k Pri¥ 2.d I 0 -.Q08L rM3 into the IGR of the ORFs
044L- 0451, and Pr l\ﬁze f P%mf OE?%E ?@2 %%I??Gta?el:s%L.Be]ilguﬁcéfﬁFH’isnggethé’Hqﬁ-t her
preferred 8Wsodifintgafe t e mreserdblPvenidierd herbat e5ohogous, ;DNA

sequence ig rdgri ved_from H 'V and encodes HI'V env, wherein the HIV env
gene 1s prefEPaBFY i Aseff8d THt PIMeeTTR Petimesrted GRF® 00RZR- GOBL. 20

Fur t her nor pettBenapeuid capRygi nt St ge acgordin o the present
i nvention al so conprise di sease %ﬁt%@gb geggg‘}' \(/\{A%:‘)L‘gh hgwa fF&&Epeut i ¢
ef fect on Pr6FPrabavi vderdivedr dérpmcantér of mehabola ¢ pding@ases r5er

exanpl e, aseggg%ﬁgslljti cal :%feicﬁnte isti,ng gene_regardi ng cancer could 25 be a

cancer antigen h&s %t Yy Wit el ato speei fFRsaheitwegncer

i mune r eatheoMRFAC cos Thdiged O faofUridyel- RiEg0di RM, 8151, he 1REEsent

inv%@ti on, égg 5%5' ng sequence conprises at | east one 30 marker or

sel ection b . T—'ecﬂ’f‘?ﬁfv‘ g@ﬁ§§eﬂfﬁ A¥duceha pai i gehar desivsddnéeotno a

cel |, whergbygdeCqt LakN 88L86HEL0R W%&%qubgﬁgqﬁ§serted into the IGR
of 148R-149L, PrM 2 into the IGR 007R-008L, PrM 3 into

the IGR of the ORFs 044L-045L, and PrM 4 into the IGR
136L-137L.

15 According to a further preferred embodiment of the
bresent invention the heterologous DNA seqguence is
derived from HIV and encodes HIV env, wherein the HIV env

gene is preferably inserted into the IGR between the ORFs
007R-008L.

20 Furthermore, therapeutically interesting genes according
to the present invention also comprise disease related
genes, which have a therapeutic effect on proliferative
disorder, cancer or metabolic diseases. For example, é
therapeutically interesting gene regarding cancer could

25 be a cancer antigen that has the capacity to induce a

specific anti-cancer immune reaction.

According to a further embodiment of the present
invention, the coding sequence comprises at least one

30 marker or selection gene.

Selection genes transduce a particular resistance to a

cell, whereby a certain selection method becomes



WO 03/ 097845 PCT/ EPO3/ 05045 11 possible. The skilled practitioner is
famliar with a variety of selection genes, which can be used in a
poxviral woIBems4Anong these are, e.g., Neonycin resistamcCa/EPeseso¢NPT) or
Phosphori bosyl transferase gene 5 (gpt). Marker genes induce a col our
reaction in transduced cells, which ¢an be used to identify transduced
cells. The skilled practitioner is famliar with a variety of marker
genes, whipcissddnlicbe Thed éknblq&bxp’tra&ltls:ishém 19 Aweig itheseighe 4 he gene
encodi ng, | act osi dase (i 3-gal), J-d ucosidase (i 3-glu), Geen
Fl uor escer‘(é_"é%eﬁﬁ’ot«@ PECEPETI0F EVERSH udfEsdenC@TPr Bfei WSSAccHi dithg t o

still af d)ga,qrraqnbogygg&h of Arﬂ{g)q,lgoregﬁgg 13 ddwventign theg nous DNA

sequence conprises a spacing sequence,  which separ at s’ poxvi r

transcri ptiesd stemceolgens eiRT) and/ Ghospuomgbssgﬂlemﬂsrfax’rae;eemmous DNA
sequence fir %rpthe stop codon and/or the start codon of the adjacent ORFs.
Thi s space équence between the 20 stop/start codon of the adjacent ORF

and the ipserted coding.sequence in the exogenous DNA has the advantage to
st abi | i ze%ﬁé{%rnsgfaf@& eiﬂégﬁﬁusaDl\ﬂoi P tFRACEINTY, 1% edHAISHEGSEC onrbi nant

virus. Theelilze ofnidie spacee a8gueRee &eﬁ’@ﬂ}?bk?aﬁéd{l%a as ke sequence
is without 25 own coding or regulatory functlon According to a further

enmbodi mentChet W@p@érpgequehwnesepﬁ afamglise poxhi ral veraeserioftion

control n and/ or t odi n uenc in the exogenous DNA sequence
fromthe s%gg{ %o don ot t et g‘] ae‘%t% f.ml EasPOBNET 30 HFdISbt i de

| ong)  Accamdingg tms@ncamrtle@b@dnaeahcamhae Br.@sentidavetidyidaddhe
spaci ng se%yence separating the poxvira
B-Glucosidase (3-glu), Green Fluorescence

protein (EGFP) or Blue Fluorescence Protein.

According to still a further embodiment of the present
15 invention the exogenous DNA sequence comprises a spacing
sequence, which separates poxviral transcription control
element and/or coding sequence in the exogenous DNA
sequence from the stop codon and/or the start codon of
the adjacent ORFs. This spacer sequence between the
20 stop/start codon of the adjacent ORF and the inserted
coding sequence in the exogenous DNA has the advantage to
stabilize the inserted exogenous DNA and, thus, any
resulting recombinant virus. The size of the spacer
sequence 1is variable as long as the sequence is without

25 own coding or regulatory function.

According to a further embodiment, the spacer sequence
separating the poxviral transcription control element
and/or the coding sequence in the exogenous DNA sequence
from the stop codon of the adjacent ORF is at least one

30 nucleotide long.

According to another embodiment of the present invention,

the spacing seqguence separating the poxviral



WO 03/ 097845 PCT/ EP03/ 05045 12 transcription control elenent and/or the
codi ng sequence in the exogenous DNA sequence fromthe start codon of the
adj acent wWRM3i0378at | east 30 nucl eotides. Particularly, |inPCraPeyoishere a
typi cal Vaccinia virus pronoter elenent is 5 identified upstreamof a start
codon the insertion of exogenous DNAlﬁ‘ay not separate the pronoter el enent
from the start codon of the adjacent ORF. A typical Vaccinia pronoter

el enent canrdesdmigntidi ecobyrsrasbengnf obnd/gr thie SRTGURNGRGIARMT " for

| ate promoters (Davison & Moss, 10 J. Mot. Biaqgl. 1989; 210: 771-784) and an
AT rich d&ha‘i'sbr? FRIBHYY PlomABICe SRitithe sdqidnodm afodthes0

nucl eot i destjeodhe dxzelial 1ad AANGe 1 REAUIEd Nalard AOXUI AL py oot er
| ocat ed upstream of thel start codon otﬁlﬂ;tlhe af'sa"gnaor'?:ll n )%Elelﬁ@e&ef
Addi ti onaldagesacdtent iy typacdb Vactheiapréfesr etosotedi rdrinent-hd «di st ance

bet ween t i,nserted expgenous and the start codon of the adjacent
CRFV\!?S arrolﬁdrfe tg%elﬁ cI%B?Egggmar? nBr & eFﬁ%P? QuMBSEBBMicI%ot i des.

Accor di ng egerolis MNA Rfif &6 €ds8pRedE BBRheOLrbhe to20 JlIBRER! Axyenti on,
t he spacin seci_‘uence conprises an additional poxviral transcription
control el MCatft choden edpablee adl awamtly oDRY heAt tapdcrilptiemeiofiat he

adj acent QR t yvpi cal A, str.aj n i.C an be_used according to the
present i npventoit(%)% %o%éélg‘éer?l%r% | n%f%a l%ieeglécvr%v{)gllhe;bhfbmc?gnlWA%gafS Sfat has
been depositteebemtudrives Euragreen f£éol 1 &eéi pRronbtlRrsMabatekbnCyl tyses under

t he, deposi ti nunber ECACC V00120707. 30 Another preferred MVA strain is
WA-Rer o 8Ir gpoc}eri};‘/‘é{'vew%%;er%%@? M- VBtb apfaphs Aav e isbeslomagesi t ed at

the Eurogean eakhecthopmsteARl mad g@&cﬁ%&tgéﬁﬁeﬂegero£h%¢wut 30
nucleotides is the preferred distance to secure that a
poxviral promoter located upstream of the starttcodon of
the ORF is not influenced. Additionally, according to a

15 further preferred embodiment, the distance between the
inserted exogenous DNA and the start codon of the
adjacent ORF is around 50 nucleotides and more preferably

around 100 nucleotides.

According to a further preferred embodiment of the
20 present invention, the spacing sequence compfises an
additional poxviral transcription control element which
is capable to control the transcription of the adjacent

ORF.

25 A typical MVA strain which can be used according to the
bresent invention for generating a recombinant MVA is
MVA-575 that has been deposited at the European
Collection of Animal Cell Cultures under the deposition

nunmber ECACC V00120707.

30 Another preferred MVA strain is MVA-Vero or a derivative
thereof. MVA-Vero strains have been deposited at the

European Collection of Animal Cell Cultures under the



WO 03/ 097845 PCT/ EP03/ 05045 13 deposition nunbers ECACC V99101431 and
01021411. The safety of the MVA-Vero is reflected by biological, chemcal
and physiwelosobmafict eri stics as described in the | nternatPCarERo3/Patent
Application PCT/EP0O1/02703. In 5 conparison to other MVA strains,’ the
Ver o- WA includes one additional gendfic deletion. Still another, nore
preferred WA strain is MVA-BN. MWA- BN has been deposited at the European

Col | ect i ordeffos iAdiomal nGalbler@ul Eares Wrdblbbhe3zdepasdt i moxuarher EGACC 10
V00083008. MVA-BN virus is _an extrenely attenuated virus , al so derived from

Modi fi ed VPREST a %Ankdd® vitPls V&€e 18 s PCHHERL/ F3b28Y ot icérim
der [ vat] @m0k 13 Hd Wi ARGRNDI G008 < IS el dNANTGRN SEPTES L0
he the

progeny viruses show n sane characteristic features as par ent
Vi rus but Isttewnagidinkfler eprgesntn Gmeldrcatiros paPCs/BPOLIB29@honme.In The term

"derjivative of MVA" describes a virus, which has _the sane .functj onal

charct er CHPEL 166 ar R d OGS VAV QB L LB RAD| 0% YBFPViYRve A& BN has

the char agt@r iz¥di ¢ 129 fe /B OfadMaiBN, One of these characteristics of
MVA- BN or derivatives thereof is its attenuation and | ack of replication

|n human 14368t Geldiier]NGd S8 QbL AARE MMAVRCEOLDEND; KO s CHRAL
invention is 25 useful’ as a medicanent or vaccine. it 1s, according to a
further embdhasntbeasedidmrstted i rttr odiret | BPuropethe CeXogemnions ©ddi ng

sequence into a target cell, said, sequence being,either honol S or

het er ol og@ﬁf‘smlatajl tﬁ%gfg T5S t Hethar gt 5136 N0 %%@%85%%%

PCT{EP03/ 90433004 . MVA-BN virus is an extremely attenuated virus
also derived from Modified Vaccinia Ankara virus (see

also PCT/EP01/13628).

The term "derivatives" of a virus according to the
present invention refers to progeny viruses showing the
15 same characteristic features as the parent wvirus but
showing differences in one or more parts of its genome.
The term “derivative of MVA” describes a virus, which has
the same functional characteristics compared to MVA. For
example, a derivative of MVA-BN has the characteristic
20 features of MVA-BN. One of these characteristics of MVA-
BN or derivatives thereof is its attenuation and lack of

replication in human HaCat cells.

The recombinant MVA according to the present invention is
25 useful as a medicament or vaccine. It is, according to a
further embodiment, used for the introduction of the
exogenous coding sequence 1into a target cell, said
sequence being either homologous or heterologous to the

genome of the target cell.

30



The introduction of an exogenous codi ng sequence into a target cell may be
done in vitro to produce proteins, polypeptides, peptides, antigens or

ant i geni cwopBwepes. This nmet hod conprises the infection eCTaPaysivszel |
with 5 the reconbi nant MVA according to the invention, cultivation of the
i nfected host cell under suitable conditions, and isolation and/or

enri chnent of the polypeptide, peptide, protein, antigen, epitope and/or

virus produgedibyrsaudchent eldn dRQoFHhbNET BB Nt hegiRidied f0do &
introduction of one or nore honol ogous or one or nore heterol ogous

sequence | FeBICEelced Imdyavebgpplonsl flor THEXGt e armPdurei pEOtherapy.  For

|l hat, h b I
it oot ed WERIRRE 1R o ERERT A TR Gan i NG, (B LIRE oDt BRORr

adm ni st erei$ ombbRobl CioRgprigRismalhdotyrdoti el f 6€t bNhogr efermblythnduci ng
an inmune response. For in vivo therapy, the reconbinant poxvirus

accordi ng F8et h&SGAHTIaH: i sMIPr ecRF§ORAMIG stle? ed the  t HBVERYI PR ani mal
body for aé&f@imgloxpr%d@r%ﬁa'ey m@a&t@a 2o &0 lagmneuhaﬁgoné&tw]r%h' S

case, the cells surroun the site of i1 noculation, but also cells where

the virus C®Bditams$ort&ddt01spaateog atriey/ ol ocehistatesmt aref dthectly

infected in vivo the re i nant A according to the i nvention. After
Faddo &, &

i nfection,PY fs ¥ EﬁesPE@ hB- praft et FEL pERLTRES oPRANPT geni ¢

epi topes wfrtdetherapeuti csgenes,shighr are encoded by the exogenous
codi ng sequences and, subsequently, present themor parts thereof on the

cel hyl ar %ié‘t@@rmorcé)ectﬁé' ZRARCR] | .0 lﬁQEO&HHHQSnS}S‘?_t e &sogRb£€ the 30

presentation of such heterol ogous proteins, peptides or epitopes and
| aunch a spemdiogoismme oasponse.mSrac it dMydess hisghligngeowthto

L?S;”Ct ed aff's mté{}u%e Qﬁgfigdatfggn%%t ew(/jitro !':usldusi%f uxlz'lx];grtﬁggazt){f?at ment
For in vitro therapy, isolated cells that have been
previously (ex vivo) infected with the recombinant MVA

15 according to the invention are administered to the living
animal body for affecting, preferably inducing an immune
response. For in vivo therapy, the recombinant poxvirus
according to the invention is directly administered to
the living animal body for affecting, preferably inducing

20 an immune response. In this case, the cells surrounding
the site of inoculation, but also cells where the virus
is transported to wvia, e.g., the Dblood stream, are
directly infected in vivo by the recombinant MVA
according to the invention. After infection, these cells

25 synthesize the proteins, peptides or antigenic epitopes
of the therapeutic genes, which are encoded by the
éxogenous coding sequences and, subsequently, present
them or parts thereof on the cellular surface.
Specialized cells of the immune system recognize the

30 presentation of such heterologous proteins, peptides or

epitopes and launch a specific immune response.

Since the MVA is highly growth restricted and,. thus,

highly attenuated, it i1s useful for the treatment of a



WO 03/ 097845 PCT/ EPO3/ 05045 15 wi de range of manmmal s incl udi ng humans,

i ncl udi ng i mmune- conprom sed animals or humans. The present invention also
provi des wbas/emseuti cal conpositions and vaccines .for | Rdo@@PagjozAs i nrune
response in a living animal body, 5 including a human. The pharnaceuti cal
conposition may generally include onelSor nore pharmaceutical acceptable
and/ or approved carriers, additives, antibiotics, preservatives,

adj uvant swidid wenb® JFhinEt1abiiliAIEnSHihaas LiRndiGs ubshances can be
wat er, saline, glycerol, ethanol, wetting or enulsifying agents, pH
buf f er i ngCOTBEPRAEES, angimatlise oy Wemagis -t éfgﬂee ryssandr s tiyps @didoy | ar ge,
slowy ne i7zed e a roterLn pol ysacchari des,. pol ylactic
aci ds, po 38’?{%8%% i%ﬂégﬁgggﬁﬁgégl y?r%lra 8g]a{r:nl§1%sac?ﬂs, Va‘_’lrrcfChlérl(:‘ét';ci'(;CPr
copol yner 4nducpng aggriegaies, respbheel i k. JoLithagprepanat i erd®ef,
vacci nes, ,the reconbi nant poxvirus according to the invention is converted
inte a phYSilEFdgeca By @8cept abl e form This can be done based 20 on the
experience in the preparation of poxvirus vaccines used for vaccination
agai nst sHREl perrrEsadscelbezpiyosiSiiek nay. genegphlly[ i97dpde: sole  ned.

(o}

Wschr. 99, 23 392).__For ampl.e, the rified virus is stored at -80C
with a ti '?Fe o) %I C@ja%alfgﬁ)%rﬁ@aflor nﬁfgfegga#r%eabo%?é}lj%rmw f@pfﬁvse,damo vl
NaCl pH 7cdrrketsthe peegaraticen of wakdibietishkols, er@seriRE2~ERES

particles %f, the virus,are |yophilized in 100 mM of phosphate-buffered
sal i ne (PBSYYVPRtEhe P EiRHER YR eptoRd Lang % ikl ABdHALYN an

anpaul e, BuBLeRABLY ac@hasPHeaNRRAes-, AlLanRall vVehy.cdilg 30 Jrageifie shots
can be produced by stepw se freeze-drying of the virus'in a formilation.
Thi s fornuWkatiion cgh emulsifying agents, pH buffering substances,
or the 1like. Suitable carriers are typically large,
slowly metabolized molecules such as proteinsg,
polysaccharides, polylactic acids, polyglycollic acids,
15 polymeric amino acids, amino acid copolymers, lipid

aggregates, or the like.

For the preparation of wvaccines, the recombinant poxvirus
according to the invention 1is converted into a
physiologically acceptable form. This can be done based
20 on the experience in the preparation of poxvirus vaccines
used for wvaccination against smallpox (as described by
Stickl, H. et al.. [1974] Dtsch. med. Wschr. 99, 2386-
2392) . For example, the purified virus is stored at —8006
with a titre of 5x10E8 TCIDse/ml formulated in about 10mM
25 Tris, 140 mM NaCl pH 7.4. For the preparation of vaccine
shots, e.g., 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 in an
ampoule, preferably a glass ampoule. Alternatively, the
30 vaccine shots can be produced by stepwise freeze-drying
of the wvirus in a formulation. This formulation can
contain additional additives such as mannitol, dextran,

sugar, glycine, lactose or polyvinylpyrrolidone or other



contain additional additives such as mannitol, dextran, sugar, glycine,

| act ose or po lyvinylpyrro 1 i done or other WO 03/097845 PCT/ EPO3/ 05045
16 ai ds swolesms7samti oxi dants or inert gas, stabilizers or PCT&PosionENt
proteins (e.g. human serum al bum n) sw table for in vivo adm nistration.
The gl ass anpoule is then sealed and 18an be stored between 4C and room
tenperature 5 for several nonths. However, as long as no need exists the
anpoul e i saisi=r sdchr efserabt yoat ddetpepat unes-tbedaw, =260il1Earreacedt nation
or therapy the Iy%Phlllsate can be djssolved in O.

f
aqueous STIHTGHIA0 B @Ferabl §opfysPbreg eaF ars e e RSy and

adm ni st ergeg- ehhhehv%/sbéﬂhﬁ%E%a?ﬁohocai‘ﬂé/ ha8s &M Er akl Yohen
subcut aneous, intranmuscularly, by scarification or any other path of

adni ni st r sadreckmavd tamn thve stidddd dgprvemtn t4 Whemd Teomddenpsfrature

dm t the 15 d th mb f adm nistrati b
bt i M zed Ty PRESERLITPRERSn ATE A | e LeRGwR e P e HodBUac®  most

comonly aipat&@pdbuls Macciraied wrteffe@amgor& Shéﬁlpeﬁaeli&'egn@)éﬂﬂ:mh to six
weeks after the first vaccination shot The present invention further

rel ates to4°%5nid vectors, which can be used to generate reconbi nant MWA
according to the present invention, and also relates to certain DNA
sequences:FOIZS \Re?gmr@rtllwn t e | GRéxzxat ed-tset vﬂe@pldrlifsaam(edlagy thogo

adj acent |ses ucl ept equenc n which t enous DNA
sequence O Qterest “tan bg ‘gse?f o %i 8§Sd ﬂgly, ??\%S pI Rect or

accoo di ngptr@ﬂe&eamryesepnys;udm@ﬂdazn cgamrnée&na Iam:;seqjmm,deraﬂ&d from
or administered either systemically or locally, i.e.
parenterally, subcutaneous, intramuscularly, by
scarification or any other path of administration know to
the skilled practitioner. The mode of administration, the
15 dose and the number of administrations can be optimized
by those skilled in the art in a known manner. However,
most commonly a patient 1s vaccinated with a second shot

about one month to six weeks after the first vaccination

shot.

20

The present invention further relates to plasmid wvectors,
which can be used to generate recombinant MVA according
to the present invention, and also relates to certain DNA

sequences:

25 Regularly, the IGR located between or flanked by two
adjacent ORFs comprises nucleotide sequences in which the
exogenous DNA sequence of interest can be inserted.
Accordingly, the plasmid vector according to the present
invention comprises a DNA sequence derived from or

30 homologous to the genome of MVA, wherein said DNA
sequence comprises a complete or partial fragment of an

IGR sequence located between or flanked by two adjacent



30 honol ogous to the genone of MVA, wherein said DNA sequence conprises a
conplete or partial fragnent of an |GR sequence | ocated between or flanked
by two adwawmsn97s¥iD 03/ 097845 PCT/ EP03/ 05045 17 ORFS of t ReTEPO3DS0gRNONE.
Preferably, the plasm d vector corrpr';es inserted into said | GR-derived
sequence at |east one cloning site for the insertion of an exogenous DNA
sequence of interest and, preferably, for the 5 insertion of a poxviral
transcri pOREl odntoted el eaiengenoper aPretbyablnketheopdastidetvecsiosgous DNA

sequence. tionally, the plasm d vect or i ses reporter- and/or
sel ecti oncﬁgg?gléﬁse{?ﬁ.er?ﬁ pFRER & tofsoé%iee?:e‘fea | RS o ses

sequences ;abskhenwe1adi:a6ens 0 £5FScthé atks8ge $8hdoeorn! ekogenopar ti al
fragnent of the |GR sequéence. Sonme | GRs have been identified which do not

i nclude AYal esecdensequantesintieresiesecandsespreferphbdgni dfpsct dhe
co i ses.DNA_sequences of _the.l GR f] anking. seguences i ..8.
sequences l&sef%égpwoo djAc BN VARES, %?%Fab?g,logt K&t x(])bﬁ'% ngﬁgﬁeg@ﬁ or the

i nserti onogkrbhevheier ol ageas tdNAasequBraEerbSoboaer tENR | Rleontcheel. GR. The
DNA of the IGR fl anki ng sequences is used to direct the insertion of
E

exogenous OBRACsad¥nceshent Blefel Eor YRSEORd HFHCRIH the “2B MYA genone.
Such a pl g gz%rve [T SR, A ﬂ@naéégsetQQ!Udﬁgé CBEBEEE@,OWd@Hﬁﬂal

fragnent o I sequence Ich conprises t cloning site for the
i nserti onpekfielrebliyetedrs ogomsr DhAs s egaeeceecandt opté ohabl ydjefcerite,

| GRU 1 ankPRG o c RS oP2i fnd i S atbnPoEREE lard STOFET ably 28 cotod
from | GRs rcandREsicer espectively, selected fromthe group conprising
Some IGRs have been identified which do mnot include
nucleotide sequences. In these cases, the plasmid vector
comprises DNA sequences of the IGR flanking sequences,
15 i.e., DNA sequences of the two adjacent ORFs. Preferably,
the cloning site for the insertion of the heterologous
DNA sequence is inserted into the IGR. The DNA of the IGR
flanking sequences is used to direct the insertion of
exogenous DNA sequences into the corresponding IGR in the
20 MVA genome. Such a plasmid vector may additionally
include a complete or partial fragment of an IGR sequence
which comprises the cloning site for the insertion of the
heterologous DNA sequence and, optionally, of the

reporter- and/or selection gene cassette.

25 IGR-DNA sequences as well as IGR flanking sequences of
the two adjacent ORFs are preferably selected from IGRs
and ORFs, respectively, selected from the group

comprising

001L-002L, 002L-003L, OOBR—OO6R, 006L-007R, 007R-008L,
30 008L-009L, 017L-018L, 018L-019L, 019L-020L, 020L-021L,
023L~024L, 024L~025L, 025L-026L, 028R-029L, 030L-031L,
031L-032L, 032L-033L, 035L-036L, 036L-037L, 037L-038L,



001L-002L, 002L-003L, OO5R-006R, 006L-007R, 007R-008L, 30 008L-009L,
017L-018L, 018L-019L, 019L-020L, 020L-021L, 023L-024L, 024L-025L,
025L- 026Lwo038%¥8@29L, 030L-031L, 031L-032L, 032L-033L, OFPEIHPEHLI045

036L-037L, 037L-038L, WO 03/097845 PCT/ EPO3/ 05045 18 039L-040L, 043L-044L,

044L- 045L, 046L-047R, 049L-050L, 050L1%51L, 051L-052R, 052R- 053R,
053R-054R, 054R-055R, 055R-056L, 061L-062L, 064L-065L, 065L- 066L,
066L- 067L, 039770407 8R)4BDT.8RAAT.IR) 4AB0R4681R)40B1R4VB2LD40B2D5083R, 5
085R- 086R, ggmogm, ogsR-ogm, 089L- 090R, 092R—0§3L, 094l - 095R,
096R- 097R, V987RDoBR, 02618V283R, 0288RV264R, 054850 24B6R0°187RO1BsL,
108L-109L, 9d8RLoddf), oddfloddil, 0edd3bsdddlosdddbsddolosdiabs?d bR
117L-118L, 118L-119R ~ 122R-123L, 123[-124L, 124L-125L, 1250-126L,
133R- 134R 010L4G28R 135R8R18BR130R0RIGF1IR 13881 RIA8RL 14082 1.188BR144R,

144R-_145R, . 145R- 146R, R 147/R, 147R-148R, 148R-149L, 2R-153L,
153L°154R, O%%Ig%%é%a O%%QQ%%, 0%%31:9 B8R, OéL%ggR?é} 3%0&%%05?%1 1R
162R- 163R 0448Rd64R, 0364R46RR 091A5R0 4R6R1 0 1A6R0AA7 R 03RZRAABR,
170R-171R, 173R-174R, 15 175R-176R, 176R-177R, 178R-179R, 179R-180R,
180R- 181R, 10983R04B4RL01B4R08851.108B5L098B6R.09B6RLAB7RL1987RL188R,
188R- 189R, R; R, R R _ en a no r ably,
sel ect ed f%%%?ﬁgégg’a%%gégkégéfe%%ggtiggﬁy,EEZFZ% %%’f%gﬁgtﬁigﬁ
conpri si ngLPPRR:DOB], 1038L1040|, 1044L3109D] , 196AL1 P60, 1138L13BF],
1481L-149L. | GR derived_sequences are greferab

compPi si ngl3AR-12Rt ebf PHel3tHuehd bk~ 137b: %é#LB%QZBf aPDH@R: 32:

e gfoup 20

selected fromthe group

no. 299- 883, _SeakD Nasr3Bucr; 196r3397852)@5RSEELR, NeasRdi sor,, no. 376- 647

of Seql D No. 35;
152R-153L, 153L-154R, 154R-155R, 156R-157L, 157L-158R,

159R~160L, 160L-161R, 162R-163R, 163R-164R, 164R-165R,
165R-166R, 166R-167R, 167R~-168R, 170R-171R, 173R-174R,

15 175R-176R, 176R-177R, 178R-179R, 179R-180R, 180R-181R,
183R-184R, 184R-185L, 185L-186R, 186R-187R, 187R-188R,
188R~-189R, 189R-190R, 192R-193R.

The sequences are, more preferably, selected from IGRs
and ORFs, respectively, selected from the group
20 comprising O007R-008L,, 018L-019L, 044L-045L, O064L-065L,
136L-137L, 148L,-14091L. IGR derived sequences are,
preferably, selected from the group comprising the

nucleotide sequences
- no. 527-608 of SeqgID No. 32;
25 - no. 299-883 of SeqgID No. 33;
- no. 339-852 of SeqID No. 34;
- no. 376-647 of SeqgID No. 35;
- no. 597-855 of SeqID No. 36;

- no. 400-607 of SeqgID No. 37.



- no. 597-855 of SeqlD No. 36; - no. 400-607 of SeqlD No. 37. WD 03/097845
PCT/ EPO3/ 05045 19 I GR fl anki ng sequences of the two adjacent ORFs are,

pref er ablwp osehmei ed fromthe group conprising the nucl e®Cird®oyespuences: -
no. 1-525 and 609-1190 of Seql D No. 32; 5 - no. 101-298 and 884-1198 of
Seql D No. 33; - no. 1-338 and 853- 1269 of Seql D No. 34; - no. 1-375 and
648- 1200 of Seql D No. 35; - no. 1-596 and 856-1200 of SeqlD No. 36; - no.

1- 399 and 1688- 1083k ohg Sesh B dre37 of10tbe HMNA adduernes @REs prefeer abl y
derived fromor honologous to the genone of the MVA depqgsi,ted at ECACC
under dep®seticsabiimbersaleeussb0osiraw gEher alECHPpl £SMPE 1Fedlor ordi ng

to the present .i.nventio tJéh sequences are isolated and cloned into a 15
standard cu%%eﬁé:l\%gc%gﬁurénuc%'as pBl uescri pt (Stratagene), wherein they

flank the exogenous DNA to be inserted into_the genone. Optionally,
such a pl asni dnoveé{"é125cd?‘1ﬁ51ri65069§1&%§elogctsi D &D'rwgédrter gene cassette,

whi ch can be deleted fromthe final reconbinant virus, 20 due to a
repdiitive sequencddln@afdend B8d-ddi%8 odsFaF® Navetdods to introduce
exogenous DNA sequences by a plasmd vector into an MVA genone. and

nmet hods to obt aon Ir-egenznsards3VMIA dr @ ivddgIiondlen t3@;t he person skilled in
the art and, additionally, can be deduced fromthe 25 follow ng

references: - M equlsans GrNigug- 1A ke aiceimp Manuals; Second Edition. By
J. Sanmbrook, E.F. Fritsch and T. Maniatis. Cold Spring Harbor Laboratory

Press. 1089:_ degcribess Leehnj=puas A ki fipwd ors gt andar d nol ecul ar
bi ol ogy ’

- mno. 1-399 and 608-1081 of SeqgID No. 37.

10 The DNA sequences are preferably derived from or
homologous to the genome of the MVA deposited at ECACC
under deposition number V00083008.

To generate a plasmid vector according to the present
invention the sequences are isolated and cloned into a
15 standard cloning vector, such as pBluescript
(Stratagene), wherein they flank the exogenous DNA to be
inserted into the MVA genome. Optionally, such a plasmid
vector comprises a selection- or reporter gene cassette,
which can be deleted from the final recombinant virus,

20 due to a repetitive seguence included into said cassette.

Methods to introduce exogenous DNA sequences by a plasmid
vector into an MVA genome and methods to obtain
recombinant MVA are well known to the person skilled in
the art and, additionally, can Dbe deduced £from the
25 following references:
- Molecular Cloning, A laboratory Manual. Second
Edition. By J. Sambrook, E.F. Fritsch and T. Maniatis.
Cold Spring Harbor Laboratory Press. 1989: describes
techniques and know how for standard molecular biology

30 techniques such cloning of DNA, RNA isolation, western



30 techni ques such cloning of DNA, RNA isolation, western WD 03/097845
PCT/ EPO3/ 05045 20 bl ot analysis, RT-PCR and PCR anplification techniques;
Vi r ol ogy wetohoos4dvhnual . Edited by Brian W Nahy and Hi | [PeT/EPoXesegs O.
Academ c Press. 1996: describes technjques for the handling and

mani pul ation of viruses; 5 - Mol ecul ar %i rol ogy: A Practical Approach.
Edited by AJ Davison and RM Elliott. The Practical Approach Series. |IRL
Press at Gr}®Fdavailyedsit RWPrRESs. amif @Ck 1093 1if Gapter Qeckupgessi on of

genes by Vacci ni,a_virus ors; - Current_ Protocols_in Mlecular Biol ogy.
Publ i sher: 10 51%. rn"{‘ﬁ%y@% ?é%n HanuakhgogE by 18rig8c fidonia iy
Expressi ool proteinsol Rl | AncRldn dIShAgeYacAYA  ylsaliyegt or:

at’

descri bes technjques and know how for the handling, nmanipu on and
geneti c engfAEEFIuRS of oRvAheThenMlAngc emddinsg: io: ltdtel ot esentituvent i on,

preferably_ 15 0siied at under_ deposi.tion_punber
V000§3008, may %?%%%%%%@i?%'nﬁgﬁﬁ%%gﬁ&?p i a %"Pja"s‘%?doﬁ(/ector
accor di ng AD Ddwel grresend RMVENion:. Tmé eptidgiéde Asgrsiected-cell with an

MA and, ubsequently, identifying, isolating and, optionally, 20
purifiyi ngIsPtIhe Siccdt di PrEE 2% t HELveaewt Fon. Poees DNAOsket@nce¥Ohccor di ng

to the i nvehid Gan Hsed: ' I lird e MA ar its
derivatives %ccor di n%%% ot eorlE ﬁ?/%ﬁ%eél}%éng )e(br%g ‘ééecrs‘?%?%ar ‘?Pn%ﬁ/i%euca Y= nfected
with an MWA accbriianyt t 8rbhecpiesant Moveotiean. E2oIHae . DNAUSEQIENESS ar e,

e.0qm Used; t.0 generate PCR. priners, ridization probes or are used in
arrzlst?/. tec Or%%f o‘g‘}g?f Msagsgﬂcptijoﬁggf Fﬁ@pﬁe&urgg' 36SFgaRe BV:
Restricti @xpgsifort Nef Veeboei£9NShI HekmaRBNX3 210l A€ 1 &)acPBYYO
(Figure I b), and pBN84 (Figure |c),

viral wvector: describes techniques and know-how for the

handling, manipulation and genetic engineering of MVA.

The MVA according to the present invention, preferably
15 the MVA deposited at ECACC under deposition number
V00083008, may be produced by transfecting a cell with a
plasmid wvector according to the present invention,
infecting the transfected cell with an MVA and,
subsequently, identifying, isolating and, optionally,

20 purifiying the MVA according to the invention.

The DNA sequences according to the invention can be used
to identify or isolate the MVA or its derivatives
according to the invention and cells or individualé
infected with an MVA according to the present invention.
25 The DNA sequences are, e.g., used to generate PCR-
primers, hybridization probes or are used in array

technologies.

Short description of the Figures

30 Figure 1: Restriction map of the vector constructs PBNX39
(Figure 1la),pBNX70 (Figure 1b) and pBN84 (Figure lc)f
comprising about 600bp of MVA sequences flanking the



conpri sing about 600bp of MA sequences fl anking the WO 03/097845

PCT/ EPO3/ 05045 21 insertion site after the 14L ORF. The plasm ds

addi ti onawby3oorsps i se exogenous DNA (Ecogpt and hBFP, re®padPoyveidoyj under
the transcriptional control of a poxv2|;%r us pronoter P) between the flanking
sequences: 5 Flank 1 (F1 14L-15L) and “Flank 2 (F2 14L-15L). Firpt stands
for a repetitive sequence of Flank 1 to allow deletion of the reporter
cassette fimsentiesul tding refoabi natite vi 145, pBAB4 ( Bhgur eplagmids

addi tionall y.codes or the Denguevirus NS1 protejn (NS1 DEN).. Further 10
2bbr evi a1 BALCTR. L AT | SSPUPaRLE oBNe: BRIDt bASE pHPTE: F gure

2. Restri Cfé%eé@?v@f%/f heukRst Ot 1O NS ENGls RRNELT (EbAYES12a) 5 PBNXET
(Figure 2b) and pBN27 (Figure 2c), 15 conprising about 600bp of MA

sequences Boznkiwg torongtsert iOn detwesht echehe L ORFKIBTL ¢ Flraemkeds :

Fiank 2o Fhaut 130 T0F GBIt opos B BH: 1300550 TAL3a8H0 of” PHRE wia
genone) . Agehhdonddry &he-oratiani20 SBHXEACEFi gir @12k COMbi SEBL&¥0genous

DNA (NPT Il gene =neonycin resistance) under the transcriptional control
of a poxvit@sepiemptef Pyheetyredrige frapkehbesefi®hced. TEMpEiRIands for

a repetiti SEGHENS ; an 0 deleti .Qf ; rep,
cassette ffrl(fg;% a resu t?&é’%fu :i)g?(?r?bi Hi% 1le'l/\(f!rgsc? Swl(og?%ullyg é%%?@é
addi ti onalfor codes Dangtdel Dengueyl r usrPeddn und®sl cobENDl dfwatipaxvi rus

prongpter. Further abbreviatigns: AnpR = Anpicil.i resi stance._gene, bps =
base“pai rsE,‘ﬂTI?@@a—-tJr?ﬁ%r ngf“pRr iDoSBRAFEATT )fessijt%,ar@@:Pg%nﬁen@ or~t he
enhanced gs£ed p30-d| uorescent protein. W 03/097845 PCT/ EP03/ 05045

Figure 2: Restriction map of the vector constructs pBNX51
(Figure 2a),pBNX67 (Figure 2b) and pBN27 (Figure 2c),
15 comprising about 600bp of MVA sequences £lanking the
insertion site after the ORF 137L (Flank 1: F1136-137
corresponds to position 129340 - 129930 of the MVA
genome; Flank 2: F2136-137 corresponds to position 129931
- 130540 of the MVA genome). Additionally the wvector
20 PBNX67 (Figure 2b) comprises exogenous DNA (NPT II gene
=neomycin resistance) under the transcriptional control
of a poxvirus promoter P) between the flanking sequences.
F2rpt stands for a repetitive seqguence of Flank 2 to
allow deletion of the reporter cassette from a resulting
25 recombinant virus. pBN27 (Figure 2c¢) additionally codesg

for the Denguevirus PrM4 under control of a poxvirus

promoter. Further abbreviations: AmpR = Ampicilin
resistance gene; bps = base pairs; IRES = internal
ribosomal entry site; EGFP = gene for the enhanced green

30 fluorescent protein.



22 Figure 3. Restriction map of the vector constructs pBNX79 (Figure 3a),
pBNX86 (Figure 3b), pBNX88, (Figure 3c), pBN34 (Figure 3d) and pBN56
(Fi gure 3&p,030918pF i si ng about 600 bps of MVA sequences f [PamiiPagjoiohe
insertion site 5 between the ORF 007R ﬁnd 008L (Flank 1: FI 1GR 07-08
starts at position 12200 of the WA gé one; Flank 2: F2 1GR 07-08 stops at
position 13400 of the MVA genone). F2rpt stands for a repetitive sequence
of Fl ank Fitawmreald::0WRededeitdtdrroimdhe it efior tverctoas sttt fuam BMN8H ting 10

reconbi nant_,virus. _Additigonally the vector pBNX83 (Figure 3c) and pBNX86
(Figure 30 IEBHS i %@%xdﬂ%‘%ﬁg IﬁﬁAg_(‘lﬁPP ib) gptpw(gl‘UPT?ﬁg’%r%GﬁﬁS ’
respect i velgs ungsig e 34) anRE HEld P N@ s GO ) Ofc Qi shiot er P)

between fhe flanki'ng sequences.” F2rpt stands for a repetitive 15 sequence
of Flank Z00o hbkovwdelMA oneghetbesr eplanleing c&dset ivsérohom reddid ting

recombi nant virus., PB (FLgure 3e) itjonally.codes t V-1 env
prot®in, S SSENGEREFi &ﬂegégg cadjrﬁeapﬁg th@ﬁﬂ(gué\‘/i (rjﬁﬁs EE’%‘/IZ O@g"od(g ng
sequence Wder LY robsPtidn POAYLOUS PRV gonbMet henaahbrevirat i ons:

AnpR = Ampicilin resistance gene; bps = base pairs. Figure 4. Restriction
map of théGRecPorO08omsomsctat pBRREGiopaFi ik @0 49)F PBENXEYA( Hef®e)4b) and

pBN47" (Fi 4c C i si . 600/ E_Qé o) uen

f I anki ng t%lhﬁre |tns%rc?1|%§ﬁ site %e[&\?\%é%gﬁle&%?fgﬁ‘ andgf)m E l%; a%kcceoi: F1

| GR44- 45 stldrdvs ddlqmasird | oh Shd 30epbrtbe MHAsegerorfeonFlaanteRilfihd CR4A4- 45
stog(asJ at positiaon 37970 of the MA genone). Additionall he vect or pBNX87

(Fi flre 36 SARIERRYS S8 UScoditibist e ONPTS |VfeREF # GHddtre t he
transcri ptjcgnaeln&%m@és Of FBgRPX VEH YIS cBhBIRLEr Rbgclgluedat hesrfd anki ng

sequences. F2rpt stands for a repetitive sequence of Flank 2 to all ow
del eti on a&fott heand NPT II + EGFP, respectively) under the
transcriptional control of a poxvirus promoter P) between
the flanking sequences. F2rpt stands for a repetitive
15 sequence of Flank 2 to allow deletion of the reporter
cassette from a resulting recombinant virus. PBN56
(Figure 3e) additionally codes for the HIV-1 env protein,
and pBN34 (Figure 3d) contains the Denguevirus PrM2
coding sequence under control of a poxvirus promoter.

20 Further abbreviations: AmpR = Ampicilin resistance gene;

bps = base pairs.

Figure 4: Restriction map of the vector constructs pBNXSd
(Figure 4a), pBNX87 (Figure 4b) and pBN47 (Figure 4c)

25 comprising about 600/640 bps of MVA sequences flanking
the insertion site between the ORF 044L and 045L (Flank
1: Fl IGR44-45 starts at position 36730 of the MVA
genome; Flank 2: F2 IGR44-45 stops at position 37970 of |
the MVA genome). Additionally the vector pBNX87 (Figure

30 4b) comprises exogenous DNA (NPT II gene + EGFP) under
the transcriptional control of a poxvirus promoter P)

between the flanking seguences. F2rpt stands for a

repetitive sequence of Flank 2 to allow deletion of the



WO 03/ 097845 PCT/ EP03/ 05045 23 reporter cassette froma resulting
reconbi nant virus. PBN47 (Figure 4c) additionally codes for the
Denguevi rei® 03097885 under the control of a poxvirus pronot ePCTHEPOY/bAS
abbrevi ations: AR = Anpicilin resi stance gene; 5 bps = base pairs.
Figure 5. Restriction map of the vector constructs pBNX90 (Figure 5a),
pBNX92 (Figure 5b) and pBN54 (Figure 5c¢), conprising about 596/ 604 bps of
MWA sequenteroftankirrsdettde fuuser bi onesileibet wesrnlhesORF ¥48Rsand 149L
(Flank 1: 48- 149 starts..at, position 136900 of . the MVA genone;
H oo 2. FoiTan ae ansesdina Aty adtn Tor Che ReRUGeHoREs
Addi ti onal byn8hendeet ehe PEBOXEZ201 (FETHT BoRD) rGENBELRSEcEX0gENOUS DNA (gpt +
BFP) under the 15 transcriptional control of a poxvirus pronoter P) between
t he fl anki e Ei 5§)p®?g£ i : t he
Denguevi rulgglﬁgﬁ/lg#l %’rg%? Vgtg g%éggf o%% repet tl%/jéﬂgg%]%%%\%gglg?éF%%E’z to
al | ow del ebPen=obashepaieporter cassette froma resulting reconbi nant
virus. 20 Further abbreviations: AR = Anpicilin resistance gene; bps =
base pairs. Figure 6: Schematic presentation of the intergenic insertion
sites of MVA (Genbank Ac. W94848). 25 Figure 7: PCR analysis of IGR 14L-15L
i n reconbi hhgtrdVA: ResbribeiBeNgdPVLEUShNSTetnser betstputhe bERx34L- 1 5L.
Lane "BN' shows the PCR product using M/A-BN enpt vector. Using the NS1
reconbi nantF MIAra BeagneRNBI2 3¢Fhpyger S)zeand @éNéét ablioye 5¢)3, 4:
di fferent 4 ) 4 24 €0 nt i f
dprerent y@gﬁ;@ﬁ&ﬁg@ﬁ@@f@@@@@ B2 £ORGAN SR Qe PT £ PN 4 nfF

10 the insertion site between the ORF 148R and 1491 (Flank

1: Fl IGR148-149 starts at position 136900 of the MVA
genome; Flank 2: F2 IGR148-149 stops at position 138100
of the MVA genome). Additionally the vector pBNX92
(Figure 5b) comprises exogenous DNA (gpt + BFP) under the
15 transcriptional control of a poxvirus promoter P) between
the flanking sequences. PBN54 (Figure 5c¢) additionally
codes for the Denguevirus PrMl. F2rpt stands for a
repetitive seqguence of Flank 2 to allow deletion of the
reporter cassette from a resulting recombinant wvirus.
20 Further abbreviations: AmpR = Ampicilin resistance gene;

bps = base pairs.

Figure 6: Schematic presentation of the intergenic

insertion sites of MVA (Genbank Ac. U94848).
25

Figure 7: PCR analysis of IGR I4L-~I5L in recombinant MVA
with the Denguevirus NS1 inserted in the IGR I4L-IS5SL.
Lane “BN” shows the PCR product using MVA-BN empty
vector. Using the NS1 recombinant MVA a fragment of
30 bigger size is detectable (1, 2, 3, 4: different



wat er negative control. Figure 8 Figure 8a: PCR analysis of IGR 136-137 in
5 reconbi nant MVA with the Denguevirus PriVl inserted in the |1GR 136-137.
Lane " BN'wehams7sthe PCR product using MVA-BN enpty vect oPCTUEPOSIgS0Hhe Pr VA
reconbi nant MVA a fragnment of bigger size is detectable (nBN23, 1/10,
1/100: different concentrations of DRA). M= Mol ecul ar wei ght 10 narker,
H20 = water negative control, pBN27 = plasm d positive control. Figure 8b:

mul tiple sdafanuds Gl VeE fmia MABNIeTRE YL aw esé Dyhantatber f ekmbi nant WA
with Privh inserted in IGR 136-137 (MVA-nmBN23) 15 Figure 9: Figure '9a: PCR
anal ysi s afaiegRIgpadg ven cordeemibi nant MVA with t he Denguevirus PrM
inserted in the |IGR 07-08. Lane 3 shows the PCR product using MA-BN

enpty vector. Using the PrM2 reconbi nant MVA a fragnment 20 of bigger size
is detectable (lane 2). M= Mol ecular weight marker, lane 1 = water
negative injurd . 8ki gptgubb: Sud t ingRe shepygiswdE cdCRe 136-MVA- B enpty
vect or and the reconbi nant WA with Pr\M i,nsertegﬂ%n. I GRt 0%-.08 c

( WAR nBN2SyeCogimagily TP WipeR The RSO THR 07208 15 ecomdt nait WA
with the HAL emyinsertied d nhe di6ER,97c108. pdans-Bihshawsing herRGRT pr oduct
using MWA-BN enpty vector. Using the PrM2 reconbi nant MVA a fragnment of

bi gger si zenptyy deeecornbl Ts30g( e BxM2, reyorbirand| MYM & WAGH har ker, -
CT) P03/ 090457 SEH ot 6112 5 SUTE TR e AT Yl /a1 | G AA 05 T
r econbi nandi Mé&-att h dohe Prergue\Wdus oPr MBvA nsem-edMbhethgar weight
10 marker, H,0 = water negative control, pBN27 = plasmid
positive control.
Figure 8b: multiple step growth curve for MVA-BN empty
vector and the recombinant MVA with PrM4 inserted in IGR
136-137 (MVA-mBN23) .
15
Figure 9: Figure 9a: PCR analysis of IGR 07-08 in
recombinant MVA with the Denguevirus PrM2 inserted in the
IGR 07-08. Lane 3 shows the PCR product uéing MVA-BN
empty vector. Using the PrM2 recombinant MVA a f£ragment
20 of bigger size is detectable (lane 2). M= Molecular
weight marker, lane 1 = water negative control.
Figure 9b: multiple step growth curve for MVA-BN empty
vector and the recombinant MVA with PrM2 inserted in IGR
07-08 (MVA-mBN25).

25 h
Figure 10: PCR analysis of IGR 07-08 in recombinant MVA

with the HIV env inserted in the IGR 07-08. Lane BN shows
the PCR product using MVA-BN empty vector. Using the PrM2
recombinant MVA a fragment of bigger size is detectable
30 - (lane 1, 2, 3). M= Molecular weight marker, - = water

negative control, + = plasmid positive control.



| GR 44-45. Lane BN shows the PCR product using MVA-BN enpty vector. Using
the PrMB reconbi nant MVA a fragnent 5 of bigger size is detectable (I|ane
1-4 di ff eweros/oomefhicentrati ons of DNA). M= Mol ecul ar wei ghtPCraEPR&E05045 Wat er
negative control. Figure Ilb: multiple step growth curve for MVA-BN enpty
vector and the reconbi nant WA with PRRB inserted in IGR 10 44-45
(MVA-mBN28) . Figure 12: Figure 12a: PCR analysis of IGR 148-149 in

recombi nartigddie Witth t hegReaguend ; UsdRr %namggigedof'nfd@@ ahGR5 1485 149.
Lane BN shows the PCR product using MVA-BN 15 enpty vector. Using the PrM
r econbi nafteqaRinaytadhntwi gl Hegdensied ies ML tiad e {edna Hhe M=

Mol ecul i ght - = wat ti trol, + = plasmd iti
control - A BNsER fie pT SRS, EHEL BEE dRade s RsaRBe B 50 Vect or
and the reogdi nesdtddVA UsiAgPtMe iMoer teedibl Fht 4AVADS o MAGHRNG3) . The

f ol L\éw ng exanples will further illustrate the' present invention. It wll
be wel | utfer StdEDy 8h¥e 25 perdorratiablied (hanfe artd t rdkffierergr ovi ded

exanpl es i N MAY are 4 OoPeDiilﬁs er pretg éc{] 1%9"’?\)/&%?13 lLm s the _present
invention to these exanpl es. e scope ©o he™ invehtron i S ohly to be
i mted byatwe féddatsicepewftudie appended cl ains. 30 WO 03/ 097845

PCT/ EPO3/ Q045 Exa {1] .1 Insertion vectors pBNX39, pBNX70 and pBN84 For
the inserti"&Y 6 gelﬁtg glgé‘aué%@é’s IHAER BTt EPGe Ve FhyigW M) acent

to the 065lecRIr (ArftB e¥id ORecSmSitent SMRh FERANBPBSHLILRF26760) ©fr WA, a
Veclgr WaS44-45 (MVA~mBN28) .

Figure 12: Figure 12a: PCR analysis of IGR 148-149 in
recombinant MVA with the Denguevirus PrMl inserted in the

IGR 148-149. Lane BN shows the PCR product using MVA-BN

15 empty vector. Using the PrMl recombinant MVA a fragment
of bigger size is detectable (lane 1). M= Molecular
weight marker, - = water negative control, + = plasmid

positive control.

Figure 12b: multiple step growth curve for MVA-BN empty
20 vector and the recombinant MVA with PrM1l inserted in IGR

44-45 (MVA-mBN33).

The following examples will further illustrate the
present invention. It will be well understood by any
25 person skilled in the art that the provided examples in
no way are to be interpreted in a way that limits the
present invention to these examples. The scope of the
invention is only to be limited by the full scope of the

appended claims.

30



constructed which conprises about 1200 bp of the flanking sequences

adj acent to the. insertion site. These flanking sequence are separated

i nto two WbDanksg7sednpri sing on one flank about 610 bp of Pe/EPEHLSICRF
(alternative 10 nonenclature: 14L ORF) and on the other part about 580 bp
of the intergenic region behind the 06%L ORF as well as parts of the
proxi mate ORF. In between these flanking sequences an Ecogpt gene (gpt
stands for phosphori bosyltransfer Bgamgdaeli solated fromE.coli) and 15 a
BFP (blue fluorescence protein),' respectively, is |ocated under the
transcriptional causeadtticin arquoots ABNIZQNMEBNX70Accid imBNE4 y, there is at
| east one cloning site for the insertion of additional genes or sequences
to be inserded LREO thgecirRtiendeRf ragighdghi ndedienddd 20nERF. thxenpl ary
vector constructs according to the present invention are disclosed in
Figure 1 alnb@uoe)i¢pBrewion pBNREERE | védeor 0pBNS PRI JiRESTE} ORhe

codi Rg reg] .Qr n L ru >L.1.S | ed.kn e o Si of
pBNXgo (Fi%ﬁ?% }%)f§§5§%§%%%a Fgg%éPﬁtﬁgﬁﬁg@oﬁ%#ngﬁg'wsg v%a on%%ggous
reconbi nat tonsEonetgd ghhes canpbésensabbed Ln00 bheofVAhgeddarkbyg

honol ogous reconbi natign. For that purpose the foreig 30 ne, of interest
i s cloned ?ﬁ?%e%C%Fa§ﬂﬂEC§85t5P,%ﬁé? T HET abbve: Qﬂ?%evgg?BFng

transf ect ege&#ﬁ'eﬁ/&/@‘ abBf eeled 46Rld Snrhadecorinat éOfot akesgpbacenkn the WO
03/ 097845 PCIT/ EP03/ 05045 27 cytoplasm of the infected and transfected

cel I's. WtHflahkl pabbuthe &d eced onolnd/tde r ffhlt erORBssdBLESTRALENSI s  al so
conta ned |, LhS LBSELLi 09, VBREST nGebhS AQTBERSENGarteGBAREN3EY B uses
of the intergenic region behind the 065L ORF as well as
parts of the proximate ORF. In between these flanking
sequences an Ecogpt gene (gpt stands for
phosphoribosyltransferase gene isolated from E.coli) and
15 a BFP (blue fluorescence protein), irespectively, is
located under the transcriptional control of a poxviral
promoter. Additionally, there is at least one cloning
site for the insertion of additional genes or seguences
to be inserted into the intergenic region behind the T4L
20 ORF. Exemplary vector constructs according to the present
invention are disclosed in Figure 1 a) and b) (pBNX39,
PBNX70). In vector pBN84 (Figure lc) the coding region
for Denguevirus NS1 is inserted in the cloning site of

pBNX70 (Figure 1b).

25
Generation of the recombinant MVA +via homologous
recombination
Foreign genes can be inserted into the MVA genome by
homologous recombination. For that purpose the foreign
30 gene of interest is cloned into a plasmid vector, as

described above. This vector is transfected in MVA

infected cells. The recombination takes place in the



5 For honol ogous reconbi nati on BHK (Baby hanster kidney) <cells or CEF
(primary chicken enbryo fibroblasts) are seeded in 6 well plates using
DVEM ( Dul weamsnym4ibdi fi ed Eagles Medium G bco BRL) + 10%®Chratrad/ozmas f serum
(FCS) or VP-SFM (G bco BRL) + 4mmol/1__L-dutamine for a serumfree 10
production process. Cells need to be &ill in the growi ng phase and
therefore should reach 60-80% confl uence on the day of transfection.

Cel | s wer eceionpit &£6n beffor eheeedifurteas thd tmarefeofedelced lisas Wotibe known
for determination of the_ 15 nultiplicity of infection (noi), faor jnfectlon
For the .rﬁ%@.% Phe FPASSEER PedPruE Pt BVEISes (g vhich 1

VP- SFM L- V”\ﬂ?:ﬁ?té?néaaEnSC%%eAl 1 fMGIN RN N 8011 APPERAPH @iy arount

of virus t Ive a noi s are assuned to have

di vi ded orma:caﬁb:hnar?to seedsag . addel dedi i ed amdovedldred cells and cells
are infected with 5001 of diluted virus for 1 hour rocking at room

t enper at uripr Themonogdhism 'récdsmixv@tdl@mdmed I sBalayemnmi Wkidiney)

DVEM VP-SFM _ I nfected cells are |eft . E)gs and VP- SFM L-

d ut ani ne, C¢E5Heti vEEY, Grigmne §Eﬁ-t:?<ﬁa Lﬁ;nkf%éotﬁé LeSER ) r ek i on

(Qagen EJ&sienesKigt JyeFO o104 T 30SheCMeM (B dddSH eL@@é'l:LHé’@SfeCt' on

kit (Qagen) is used. A transfectlon mx is prepared of 1-2 ug o
li neari zedEdgbes tilediwect 6Eb¢o oBRlL) atoldt feraBocalft fprent (BEST e@lfl on)

Wi th buff ive vol f 100 1. Add 3.2 | _Enha vort ex
and incug\é?gc%@ (g Zﬁ%% afu?@“?gESBﬁ?#tﬁlﬁ:’e%? g%rlao?e ng%%7845
PCTABPO3/ 05848uc2Bokfhestenge. are added after vortexing stock tube and the
solution is mxed thoroughly by vortexing and incubated at room

tenperat ur@ipf d0ed o BA0sA 10 1 PMEM F&RMEy phase and therefore

should reach 60-80% confluence on the day of
transfection. Cells were counted before seeding, as the
number of cells has to be known for determination of the

15 multiplicity of infection (moi) for infection.

For the infection the MVA stock is diluted in DMEM/FCS or
VP-SFM/L-Glutamine so that 500 gl dilution contain an
appropriate amount of virus that will give a moi of 0.1 -
1.0. Cells are assumed to have divided once after
20 seeding. The medium is removed from cells and cells are
infected with 500yl of diluted wvirus for 1 hour rocking
at room temperature. The inoculum is removed and cells
are washed with DMEM/VP-SFM. Infected cells are left in
1.6ml DMEM/FCS and VP-SFM/L- Glutamine, respectively,
25 while setting up the transfection reaction (Qiagen

Effectene XKit).

For the transfection, the “Effectene” transfection kit
(Qiagen) is used. A transfection mix is prepared of 1-2
pg of linearized insertion vector (total amount for
30 multiple transfection) with buffer EC to give a fimal
volume of 100 pl. Add 3.2 pl Enhancer, vortex and

incubate at room temperature for 5 min. Then, 10 ul of



VP- SFM L-d ut am ne respectively, are added, m xed and 5 subsequently, the
whol e transfection mx is added to the cells, which are already covered
with nmediwmo3@esusy the dish is rocked to mx the transf®@CuiEm3/o®atti on.

| ncubation takes place at 37C with 5%02 over night. The next day the
mediumis renoved and replaced with freesh 10 DVEM FCS or

VP- SFM L-d utam ne. Incubation is continued until day 3. For harvesting,
the cells scraped_i nto iu then .t el p Lon . i nsferred
to an adedtkte tWbe *ARd afdr(%%gnag%erZBEnggﬁgﬁor%gfaefmgg?%rElgjg oérﬂégt -80C
15 for | ongs1.e¢48:5t O agR xekinSedrd Aol Bepopbricextihe kHd i hserbdtord site of
MVA In a first round, cells were infected with MVA according to the
above- desc#ti bedomr despsiragng eneiar abidi FilenalqlP #b efa ted @th

i nsertion \yec ]: Fi gur t-@j ni th pt ( gpt, or
short ened %égﬁg/,ﬁ%sg(anadél*%r rﬁ%ﬁ%ﬁ?&%@s’yl %%aens grgggg g%%g(?&asegggporter
gene5 Resulibsgqueconp) nainé wholsesrampéepulohi edxby s3 addmdthds dfhel aque

purification under. phosphribosyl 25 transferase nmetabolis |.ect.i on by
addi ti on dfelhycopherdl PECalgeaRnCRVE SR ngbi‘é%ﬁﬁ“h %ﬁ@%e ¥ic acid
(MPA) i nhibjds i ngsingJmpophasphate deRydr agenaseec g r eseddsidm. bl ockage
of purine synthesis and inhibition of viral replication in nost cell

li nes. Thi 5n@dodt dokagekenrpbaceveat cARRChyieRpP&SS: NPV EE Jo¥ls r oPRR

constitutive pragnoter. and providin he. sub a t Ris af@e
hypoxant hi%ee}f;t?V\%a@S/ 813%815&]?’/ I“:'EO%/%‘?STB&J %géRgggﬂtalé%g ?A}el(r:)cglnbl haat viruses
wer epi dentifkedrdy standarsiy ACR: AssAayishalsi Igeabptioer ipai coselmezdvel y

anplifying the expected insertion site. To anplify the 14L insertion
until day 3.

For harvesting, the cells are scraped into medium, then
the cell suspension is transferred to an adequate tube
and frozen at -20°C for short-term storage or at -80°C

15 for long-term storage.

Insertion of Ecogpt in the I4L insertion site of MVA

In a first round, cells were infected with MVA according
to the above-described protocol and were additionally
20 transfected with insertion vector pBNX39 (Figure 1la)
containing the Ecogpt gene (Ecogpt, or shortened to gpt,
stands for phosphoribosyltransferase gene) as reporter
gene. Resulting recombinant viruses were purified by 3
rounds of plague purification under phosphribosyl-
25 transferase metabolism selection by addition of
mycophenolic acid, xanthin and hypoxanthin. Mycophenolic
acid (MPA) inhibits inosine monophosphate dehydrogenase
and results in blockage of purine synthesis and
inhibition of viral replication in most cell lines. This
30 blockage can be overcome by expressing Ecogpt from a
constitutive promoter and providing the substrates

xanthine and hypoxanthine.



side priner pair, BN499 (CAA CTC TCT TCT TGA TTA CC, SEQ5 ID NO.: .1) and
BN500 (CGA TCA AAG TCA ATC TAT G SEQ ID NO.: 2) were used. In case the
DNA of thwoespos4vector virus MA is anplified the expectred/EPCRFrRgMeNt
is 328 nucleotides (nt) long, in case a reconbinant MA is anplified,

whi ch has incorporated exogenous DNA & the 10 14L insertion site, the
fragment is correspondi ngly enl arged Insertion of NS1 in the IGR064L 065L

(14L- I5L) ion _sit s ]%{PPJ dfected
wth MA a cor démgg %ec? I‘L Hove” d%s%%qm ébr%?%co and%vv‘ére ad |t| onal |y
transfect egctw\natégawaﬁix@ aq&ﬁﬁmm%(hmmﬁ@)y aoptafyimg the Ecogpt

gene for selection and BFP (Blue fluoresceng %Fel n),_as. reé)orler gene.
Resul ti ng W@@&ﬁrbﬂﬁ&ﬁft@ioﬁus%‘st%réfopui"“i“PiLé Ybyt r 6@hdst e HGte

purifi catl 0 I bagMlgot r@nsf engsepdetaboligmogelect i
addi tion o n%le Ig%%l gaggl d%ﬁxl%ﬁt h(| n an&ﬁsh ypoxant hi n. Nycophenscﬁf?c acid
(MPAS i nhity t]SOL nosonemdmm@@]@smﬁGAerehMGog‘élﬁaéé‘Caﬁ‘&Tr €suldE i ¥P bl ockage

of 25 purine sypnthesis and jnhibition Vi replicati o cel |
lines. Thi"® vl otka§&rEat IR over cGRES b&th %sgf coé“ﬁn‘:y:‘ P\()%&[%?é

const it ut iye~ps OffPA CH salthp IRFAWAI vk t 8LpeEbEET @tgs Pramideinte and328
hypoxant hi ne. Resul ti ng reconbi nant viruses were identified by standard 30

PCR assaymWM@%ﬁl nmt)pailpngel ethi ver§e arfpl |r1efi°ﬁ6>1ﬂﬁ’él Bct®y

Cre TCT TERIERETK OGBS 08P GRTRT5 B EROT BROs. b%ai B NETT)  (and
BN5@0 (CGA[ZIEQA Msﬁaﬂ@onﬂ&ﬂ'@é’ G tisEQ fiaghint 2)swecerusspondinglge t he

DNA of the errpty vector virus MWA is anplified the expected PCR fragnent
is 328 enlarged

Insertion of NS1 in the IGR064L-065L (I4L-I5L) insertion
site of MVA

15 ITn a first round, cells were infected with MVA according
to the above-described protocol and were additionally
transfected with insertion vector pBN84 (Figure lc)
containing the Ecogpt gene for selection and BFP (Blue
fluorescence protein) as reporter gene. Resulting

20 recombinant viruses were purified by 7 rounds of plaque
purification under phosphribosyl—traﬁsferase metabolism
selection by addition of mycophenolc acid, =xanthin and
hypoxanthin. Mycophenolic acid (MPA) inhibits inosine
monophosphate dehydrogenase and results in blockage of

25 purine synthesis and inhibition of wviral replication in
most cell lines. This Dblockage .can be overcome by
expressing Ecogpt from a constitutive promoter and

providing the substrates xanthine and hypoxanthine.

Resulting recombinant viruses were identified by standard
30 PCR assays using a primer pair selectively amplifying the
expected insertion site. To amplify the I4L insertion

'side primer pair, BN499 (CAA CTC TCT TCT TGA TTA CC, SEQ



nucl eotides (nt) long, in case a reconbinant MVA for NS1 5 is anplified,
whi ch has incorporated Denguevirus NS1 coding region at the 14L insertion
site, thewbDroagosmt is expected to be 1683 bp. The PCR r e®aIrtEPO3/0S0HF g. 7
show clearly the stable insertion of NS1 in the 14L insertion site after
17 rounds of virus anplification. 10 ¥esting of recMA includi ng NS1
(MVA-BN22) in vitro A T25 flask with about 80% confl uent nonol ayers of BHK

cell's was 4 lated Y h%@b chhecxi RNg sERCKTCdrhuted seolXdd7 in
VEMa vvithfiﬁ%qiﬁé%s aﬁg :éﬂggke atolrg%mAﬁ tenperature for 30 mnutes. 5 m of

MEMa wi t hNB%:FCS wasreadded .t direachsé| able AR i nEubheedm@ty30CIIPTA CO2

i ncubator. ,The fl ask, was haryested.after 48 hou h er.nat was
renoved from%h ask Qmﬁéﬁﬂlﬁdagh%(ﬁf{pef% eﬁoﬁﬁgn% %gma%#eﬁig e

super nat ark g Wef8 F&lor @t )i m &y al ifuehseab r86mbIhenpelival fvas Ngdshed with
5 m of 1xPBS tw ce and then resuspended in 1 m of hypotonic _douncing

buf fer wi tils 1ePXifdedthewbdrh | h3at esnARFROTHEPY e SHFHTEG Stin ¥ 5

m nut es at ,.000Q t peypat e redy acend ri fuges
tube at 2§°?563§‘g06%9a%q1as{‘§ SN Fe‘g‘g\%u%%:%%k?wii}t%él %&eggﬁ . MVA 1 ncl udi ng
the NS1 gengddterl ded ebeorn 683t coff WARBNPTR, mmilnpckini Rfiget d sHaasks were

al so treated the sane way as , descri bed gbov . .30 .The 4(SaL!L:lI/vi rqilj. | ysat e and
the super FASRIKverE 1R €8 FRSShbhoTellc ﬁg/ r&d end[c Mt e bufter under

non WO 03/097845 RETHEPQNRA45, ¢ 34 heatadi healed icandi tions. The proteins

were seperated on 10% SDS PACGE and transferred to nitrocell ul ose
menpganes. The blots were probed overnight wth pooled conval escent

Testing of recMVA including NS1 (MVA-BN22) in vitro

A T25 flask with about 80% confluent monolayers of BHK
cells was inoculated with 100ul of the wvirus stock
diluted to 1x107 in MEMo with 1% FCS and rocked at room
15 temperafure for 30 minutes. 5 ml of MEMa with 3% FCS was
added to each flask and incubated at 30°C in a CO;
incubator. The flask was harvested after 48 hours. The
supernatant was removed from the flask and spun at 260g
for 10 minutes at 4°C. The supernatants were stored in
20 aliquots at -80°C. The pellet was washed with 5 ml of
1xPBS twice and then resuspended in 1 ml of hypotonic
douncing buffer with 1% TX100. The cell Ilysates were
harvested and spun for 5 minutes at 16,000g and the

supernatants were stored in a microcentrifuges tube at
25 -80°C.

Flasks inoculated with MVA including GFP, MVA including
the NS1 gene in a deletion site (MVA-BNO7), and mock
infected flasks were also treated the same way as

described above.

30 The cell/viral lysate and the supernatant were treated in

non-reducing/reducing sample buffer under non-



patients' sera (PPCS) at 1:500 dilution. After washing 3 5 tinmes with 1X
PBS the blots were incubated with anti- human |1 gG HRP (DAKO) for 2 hours at
room t enp@paB9s45s After the bl ots were washed as descri b@dTEPISO45 t he

col our was devel oped using 4 chloro-I-naphtol. The western blot results
showed that NS1 in MVA-BN22 is 10 exPressed in large quantities. NS1 was
expressed in the right confirmation, as a’'di mer under non-heated condition

and as a aked 1eeRdi trien. pridie NSl wxps essperavad oonpared in
bot h I\NAE%%% %Hﬁ/ﬁ\& t):%07 'Il'he BHK celpls wer e i nocul at ed th the sane

pfu and 1B% haDSeEA@E ahdetraasﬁstq‘if§d tReni-650res L ehBREIMERIF2RAE -

expr essi on, of in B 7 rn blots
results af&86 ?EB&REdWﬁJfﬁ ISRt 2}%{] %V%)mégw%ﬁlﬂ sec#)g??%l@l ﬁoﬂ%@gﬁ%gf#ﬁat ant
with the BQ'@@eﬁQEStE;H% (@eRar et t10: BND 731 2ok Thre. rkﬁmrswaslsmghév\ed t hat
N1 expressed in cells infected with BN22 is ant] genl c and i ecognl zed
by the pbomed odrial d8cdS palbpelPtssefare| ATCIREEGS) R STn 3 expressed

in large guantit he ht ¢ & Mgkl ghodm Q;gglpahlgtqglel S

i nfected \g\nf“ﬁn 21'599%,@9 éb?‘ﬁbt) hef%]grrgr and nononer are antigenic_and are
recogni zeg eyt htﬂq@omileits:oweabeswhecpatalsendsscgebad Beifie 2tPfsertion
vector pBNX67 and pBN27

WA sequence d the new insertion
site (at C@éﬁb‘ﬁ’ewﬁésfj{ef’ﬁioff Hﬁ)m@egv\gglrnxi tr Re d‘&%@@%ﬁ and 137L WO
03/ 097845 PCT/ EP0O3/ 05045 32 vvere is st ard i ication of
the sequdhee Vs Harere ket usPRYLERe S g\mt% rl\?%bgrjsn ﬁ%g&?b s
mm%@%&t%@ | RNOviaB) exphes 9BN644 the
right confirmation, as a dimer under non- -heated condition

and ags a monomer under heated condition.

The NS1 expression was compared in both MVA-BN22 and MVA-
BNO7. The BHK cells were inoculated with the same pfu and
15 harvested after 48 hours. The results showed that the
expression of NS1 was much higher in BN22 than in BNO7.
The western blots results also showed that there is more
NS1 secreted in the supernatant with the BN22 construct

compared to BNO7.

20 The results also showed that NS1 expressed in cells
infected with BN22 is antigenic and is recognized by the

pooled convalescent patients’ sera.

Tn conclusion, NS1 is expressed in large quantities and
in the right confirmation in the BHK cells infected with
25 BN22. Both the dimer and monomer are antigenic and are

recognized by the pooled convalescent patients’ sera.

Example 2
Tnsertion vector pBNX67 and pBN27

30 The MVA sequences adjacent the new insertion site (at

genome position 129940) between the ORF 136L and 137L



5 SEQID NO.: 4) for isolating Flank 1, oBN578

( CCGCTCGAGTTCACGTTCAGCCTTCATGC;, SEQ ID NO.: 5) and o0BN579

( CCEEEECEDAINTB& ATAATATCTGGTAAG, SEQ ID NO.: 6) for isecCatEpagofuank 2.
The PCR fragnment conprising Flank 1 was treated with the 10 restriction
enzynes Sacil and Xbal and |igated to32a Sacll/Xbal di gested and
dephosphoryl at ed basic vector, such as pBluescript (Stratagene). The

resul ti ngygkas nhgom/age&hob&Ap@ltagﬂdg@at egCRr dap\bda;ﬁhaayllahed odndthigat ed to
the Xhol/Apal digested 15 PCR fragment co sing Flank 2. Optionally, a

repetiti veegequeﬁcefoflnltleafﬁﬁtzumi’l@hthﬁdfoﬁ QWlFlgoPgtl@&rﬁy PCR using the
prinmers oBN545 ( CGGCTGCAGGGTACCTTCACGTTCAGCCTTCATGC, 309 7) and
0BN546 ( CEBABGRTTTATATGCEEASBGATATASIAETTIAASEACAS, 26ER0ID BY - ané)wm ch

became HlndIII/P ndl11/Pstl site of
the resul #Pfg©=B é{lor5%21%5&%?%%@5?%&%%%2%%%?% pEINX51) A reporter
cassptte @@@DEDSN@Q :243y Fohetiiso 1promet elanNPL; 11 gene (neonycin

resi stance), y-A regi on, |RES, EGFP 25 gene %ﬁ%ngﬁrﬁ pol XA | RES- EGFP)
was Ecl 13©[Bll\T/551r80I C@G@é‘%ﬁ‘ﬁé\q@ﬁ?@?@é@ | r@tA%Gf:he PXtioP of the
nsertl on Qe b%c%dﬁ%ﬁ"f@%ﬂm%%%mﬁ@msw@f@w“6 )T4 DNA
Pol ymerasé) he) rest riction map an exerrpl ary vector construct

accor di ng floa tikics at3dcewanpike 2.5 di scI osed in Figure 2b) (pBNX67). WD
03/ 097845 PCT/ EP0O3/ 05045 33 For construction of pBN27 (Fig. 2c)the

Denguevi r ug, Prodrof £rieh@iy peofipbsihgsel ek ianahe tgiepgles PEdh ditee of
BNX67. 5 Generation of the reconbinant A VI I re nation
P 10 restriction enzymes Sacll angA/ %P 99 HEed antH
SacII/Xbal digested and dephosphorylated basic wvector,

such as pBluescript (Stratagene).

The resulting plasmid was XhoI/Apal digested,
dephosphorylated and ligated to the XhoI/Apal digested
15 PCR fragment comprising Flank 2.

Optionally, a repetitive sequence of Flank 2 which had
been isolated Dby PCR using the primers  oBN545
(CGGC’I‘GCAGGGTACCTTCACGTTCAGCCTTCATGC ; SEQ ID NO.: 7) and
OBN546 (CGGAAGCTTTATATGCTTTAGGATATTCTGTTTT; SEQ ID

20 NO.: 8) and which became HindIII/Pstl digested, was
inserted into the HindIII/PstI site of the resulting
vector. Figure 2a) shows the vector (pBNX51) .

A reporter cassette comprising a synthetic promoter, NPT
II gene (neomycin resistance), poly-A region, IRES, EGFP
25 gene (Ps—-NPTII-polyA-IRES-EGFP) was Ecll36II/Xhol
digested and inserted into the HindIII1/XhoI site of the
insertion vector, wherein the HindITI site was Dblunt
ended with T4 DNA Polymerase (Roche). A restriction map
of an exemplary vector comnstruct according to this

30 example is disclosed in Figure 2b) (pBNX67) .



The vector pBNX67 (Figure 2b) can be used to generate a reconbi nant WA
usi ng the above nentioned protocol - e.g. using pBN27 (Fig. 2c) for
honol ogouwOroiaooTsts nati on 10 results in a reconbi nant WA @®&TIBPOSQS045
Denguevirus PrMd in the intergenic region between two adj acent ORFs.
Insertion of Privh in the | GR136-137 i8ertion site of MWA In a first
round, cells were infected with MVA according 15 to the above-descri bed

protocol ang were.addiil AnalLyemds ANBLect ofk kb hassaly R,y cpbero pBNZT

(Fig. 2c) ntainin ene for Selection and EGFP (enhanced green
fl uor escenserpt@iei M) &asr epastetedentn Rasal tdimplea e®ari nahteviefises were
purified by 4 rounds of plaque 20 purification under 418 sel ecti on.
Resul ti ng BRI nant viruses were identified by standard PCR assays using
a primer pair selectively anplifying the expected insertion site. To
anplify the IGR136-137 insertion side primer pair, BNOOO
(cgttcgcatgggttacctcc, 25 SEQ ID NO. : 9) and BN901 (gacgcat gaaggct gaac, SEQ
ID N®.: IGinewaiomedofl n thee mReoMRANGNL heMEApt YWifect BPROTPISUS WA i s
anplified the expected PCR fragment is 88 nucleotides (nt) long, in case a
r econbi nanfemf%ar‘éﬁm is anplified, which has incorporated Denguevirus
PrM4 30 codi ng region

the | GR136-137, inseriio i 4 t nt is
expect ed to-PeV886°HpP %@Pdgjrgéjﬁﬁt ¥ %D %@/ %5%&4%%%%‘?%5 45 34
Fig. 8a) sheybehedshly ihe stahbethssgbblironmehtPoMadi prohecol GR186g137
insertion site after 22 rounds of virus anplification. The reconbi nant MWA
still showesing saR¥27gr dWE -ch&Act er9%t | RENRLOIRRE Bl\l?feFf’mP?eB‘Fgéa?es in5

chi gken eg:?é%g}ﬁéglg%ﬁgggo&gﬁﬁaﬁ@' 1§} anf g5 QYSpeathepuahsdpinameamal i an

cell's (Fi
the intergenic region between two adjacent ORFs.

Insertion of PrM4 in the IGR136-137 insertion site of MVA

In a first round, cells were infected with MVA according
15 to the above-described protocol and were additionally
transfected with insertion vector pBN27 (Fig. 2¢)
containing the NPT gene for selection and EGFP (enhanced
green fluorescence protein) as reporter gene. Resulting
recombinant viruses were purified by 4 rounds of plaque

20 purification under G418 selection.

Resulting recombinant viruses were identified by standard
PCR assays using a primer pair selectively amplifying the
expected insertion site. To amplify the IGR136-137
insertion side primer pair, BN900 (cgttcgcatgggttacctce,
25 SEQ ID NO.: 9) and BN901 (gacgcatgaaggctgaac, SEQ ID NO. :
10) were used. In case the DNA of the empty vector virus
MVA is amplified the expected PCR fragment is 88
nucleotides (nt) long, in case a recombinant MVA for Pri4
is amplified, which has incorporated Denguevirus Pri4
30 coding region at the IGR136-137 insertion site, the
fragment 1s expected to be 880 bp. The PCR results in



10 I nsertion vector pBNX79, pBNX86, pBNX88, pBN34 and pBN56 The MWA
sequences adj acent the new insertion site (at genone position 12800)

bet ween tWwe 0@BF78@07R and 008L were isolated by standard PCREPapDIOfiF cati on
of the sequence of interest using the following priners: 15 IGR 07/08 Flup
( CGCGAGCTCAATAAAAAAAAGTTTTAC, SEQ ID N& : 11) and IGR 07/08 Fiend

( AGGCCGCGGATGCATGTTATGCAAAA. TAT; SEQ ID NO.: 12) for isolating Flank 1;

| GR 07/ 08 f2up 29) (ST, GEMTATATEEOATAGAAE, PEEQ 1D ke : 13)
and I GR 07/08 F2end (CA CTCATCCCTTTCATG, SEQ ID NO.: 14) for
i sol ating HIRE&&%IB7Then$¥$ti¢@gm%htecom%¢¢E|n%@Fléﬂ%nqsma@ftr¥%ﬁ%% Wwith

the 25 restr enzy Saci| and _S CIITY?ZQd t Saci
di gest ed awid’e}p%%"’g%}] Im;flgd HES cl\?éac% sﬁlé ﬁ %glgl (l%egcchresagérhé
( Strat agen®owtlhe éﬁéﬂé&téglﬁtﬁém da)élaSNNthtBNA\pa'Iiﬂ' gteé’zblaobates in
dephosphoryl ated and ligated to the XhoI/ApaI ested 30 PCR fragnent
conpPi si ngCIA & 2. SWDXYD 097 8RECIPETT EPO3/( @@@45 gblehiti | yIT QW

repetitive 0. i dirheen ol ated by PCR using the
primers |&é%%%%é% fo ‘Jf‘gl%a?l‘% s e ﬁrc%m% ATATGGCATAGAAC, SEQ I D NO. :
13) and IGR-07/08 F2m d (TTTCTGCAGTGATATTTATCCAATACTA; SEQ ID 5 NO.: 15)
and which is BanHl /Pstl digested, was inserted into the BanH /Pstl site of
the resulting vector. Any reporter or therapeutical gene conprising
cassette, having e.g. a poxviral pronoter, a marker gene, a poly-A region
and optionally an I RES el enent, a %urthfr gene, 10 e.g. expressing a

t herapeutically active substance o HampLe

10 Insertion vector pBNX79, pBNX86, pBNX88, pBN34 and pBN56

The MVA sequences adjacent the new insertion site (at
genome position 12800) between the ORF 007R and 008L were
isolated by standard PCR amplification of the sequence of

interest using the following primers:

15 IGR 07/08 Flup
(CGCGAGCTCAATAAAAAAAAGTTTTAC; SEQ ID NO.: 11) and IGR
07/08 Flend (AGGCCGCGGATGCATGTTATGCAAAATAT;
SEQ ID NO.: 12) for isolating Flank 1;
IGR 07/08 F2up

20 (CCGCTCGAGCGCGGATCCCAATATATGGCATAGAAC; SEQ ID NO.: 13)
and IGR 07/08 F2end )
(CAGGGCCCTCTCATCGCTTTCATG; SEQ ID NO.: 14) for isolating
Flank 2.

The PCR fragment comprising Flank 1 was treated with the
25 restriction enzymes SacII and SacI and ligated to a
SacII/SacI digested and dephosphorylated basic vector,

such as pBluescript (Stratagene).

The resulting plasmid was Xhol/Apal digested,
dephosphorylated and ligated to the XhoI/Apal digested
30 PCR fragment comprising Flank 2.



gene product, can be blunt ended with T4 DNA Pol ynerase (Roche) after a
restriction digest and inserted into a suitable cloning site of the

pl asm d VWwOt03/097845 restriction nmap of an exenpl ary vect or PCOEPOS/0R085 15
according to this exanple is disclosed in Figure 3a) (pBNX79). Insertion
of the NPT/ EGFP sel ection cassette re¥ulted in vector pBNX86 (Fig. 3b) and
insertion of the gpt/BFP selection cassette in vector pBNX88 (Fig. 3c),

respecti vebpricaasiger ingrapexpi esSiseduienice fof a12Qkt erdpest i Bagene,
conprising a therapeutic gene and an operablyllinkedég;onnter, this
expr essi onPEANt is0latadr Ped BGR cushed Padle sP¥Ereryr I6Gns1 TR i BAuBf pBN34

(Fig. 3d) t<{3éggﬁggxggggggaéggcwgﬁg@%&eaeﬂw% ARBNX88, (Fhono . :3%%3”0' for

synt hesis o env codi ng”regi on"was Pacl cl oned
i n pBNX86 &RigIGBRbP7/G8neeatdonTorcrbeArcrcaArArTaATrCYNATRCIZAROABDOGDUS

reconbi natjon The vect.or NX86 (Fig. 3b)_an BNX88 (Fig. .3c), 0
respgﬁtiveN@;:cgﬁ)b€QQN£¥{E%g%ﬁe&&?glépﬁégoﬁéééﬁﬁe AWa%sFﬁﬁeFﬁggapove
mentioned preboeRk. pkeinYpRBN34: (Ei g 8dd rEQﬁlBQﬂ?' Qaeusrr econbi nation
results in a reconbi nant MVA WO 03/ 097845 PCT/ EPO3705045 36 carrying

Denguevi ru r J Lt I Len . ad] S.
Recombi nat Bh oF FSEIEE. (H oty e R e e R AR e P e R i a
r econbi nanhaiAg ewhi.cla gentims thendbémrnwa gemeken gheecoar pspgndi ng | CR

5 Insertion of Prv jn the | 7-08 i tion site of In a first
round, cel F89H8Fe FHF e BHOUFLHY MIR 5&%%¥d?ﬁ§me?%'tﬁb g%%%%ﬁﬁeggpﬁbed
protigcol aadgvergxgeshdinald ycherapsfecbadiy tict Neer tdulik eedeor opBN34
(Fro. 34 20 SR adhctd o 9Be B80ne' Qhaed Sen"rd "Bk Podymesage o
(Roche) after a restriction digest and inserted into a
suitable cloning site of the plasmid vector. A
restriction map of an exemplary <vector construct
15 according to this example is disclosed in Figure 3a)
(pBNX79). Insertion of the NPT/EGFP selection cassette
resulted in vector pBNX86 (Fig. 3b) and insertion of the
gpt/BFP selection cassette in vector pBNX88 (Fig. 3c),
respectively. Considering an expression unit for a
20 therapeutic gene, comprising a therapeutic gene and an
operably linked promoter, this expression unit 1is
inserted into the PaclI site. For construction of pBN34
(Fig. 3d) the Denguevirus PrM2 was cloned in pBNX88 (Fig.
3c) and for synthesis of pBN56 (Fig. 3e) the HIV env
25 coding region was Pacl cloned in pBNX86 (Fig. 3b).

Generation of the recombinant MVA wvia homologous

recombination

The vectors ©pBNX86 (Fig. 3b) and pBNX88 (Fig. 3c),
30 respectively, can be used to generate a recombinant MVA
using the above mentioned protocol. Using pBN34 (Fig. 3d)

for homologous recombination results in a recombinant MVA



gene. Resulting reconbi nant viruses were purified by 3 rounds of plaque
purification under selection by mycophenolic acid as described in Exanple
1. Resul twog3femsesrbi nant viruses were identified by stand®CA/EPLHOIER assays
using a priner pair selectively anpli f%/i ng the expected insertion site. To
anplify the 1GRO7-08 insertion side 8 i mer pair, BN902

(ctggat aaat acgaggacgtg, SEQ ID NO.: 16) and BN903 (gacaatt at ccgacgcaccg,
SEQ I D N@arryif)g webengisediris case2t hénDNAhef timdeomgeni ovectegic®0 virus
M/A is amplified the expected PCR fragnent. is 190 nucl ides. (nt) long,
in case g%‘“é@%ﬁﬁﬂ R ARIR BT S - i}ge%‘?ﬁﬁlirfa}te]d?n v@#c‘?ﬁﬂlﬁi rat ed
Denguevi rus, Prby, 9901 AL 801 0Badhe! DESLERAT108 o naRidihatlY Qv he
fragment is ‘expected to be 950 bp. The PCR results in 25 Fig. 9a) show
clearly théisttabiantiaiger tilon HIV R dene He HIGREROTB SOOI St e after
20 rounds of virus anplification. The reconbi nant MA still shows the sane
growsh characteristics as MVA-BN. It replicates in chicken enbryo
fibroblasts (CEF cells) and grows 30 attenuated in manmalian cells (Fig.
9b). WO 03Ar}AfitorPGlH BRARI GaD4he IGROKAS ilorsoft idn/ sirbe igf M | GRO7- 08
insertion site of MA In a first round, cells were infected wwth WA

accordi ng td 05t heraboyeua@sceihed Reekoqelfatdaverienddid i amadtdind
transfected with insertion vector pBN56 (Fig. 3e) containi n%, thaer]iNPT gene

for sel ectti®n taed E@Wa@esﬁé#@?@erpmoke%dtiW@r?ecﬁﬁﬁﬁ ¥ uses
were  purified by, 6.4 ounds,of ;plague pur ifleats onptinder GH4g. seleption. 10
Resul ti ng Teconbi namt viruses were identified by Sstandard CR assays usi ng
a ptonmer pantselecsived weinpiedeyifgy tdelection and BFP as reporter

gene. Resulting recombinant viruses were purified by 3

rounds of plague purification under selection by

mycophenolic acid as described in Example 1.

Resulting recombinant viruses were identified by standard
15 PCR assays using a primer pair selectively amplifying the
expected insertion site. To amplify the IGR07-08
insertion side primer pair, BN902 (ctggataaatacgaggacgtg,
SEQ ID NO.: 16) and BN903 (gacaattatccgacgecaccg, SEQ ID
NO.: 17) were used. In case the DNA of the empty vector
20 virus MVA is amplified the expected PCR fragment is 190
nucleotides (nt) long, in case a recombinant MVA for PrM2
is amplified, which has incorporated Denguevirus PrM2
coding region at the IGR07-08 insertion site, the
fragment is expected to be 950 bp. The PCR results in
25 Fig. 9a) show clearly the stable insertion of PrM2 in the
IGR0O7-08 insertion site after 20 rounds of virus
amplification. The recombinant MVA still shows the same
growth characteristics as MVA-BN. It replicates in
chicken embryo fibroblasts (CEF cells) and grows

30 attenuated in mammalian cells (Fig. 9b).



expected insertion site. To anplify the 1R07-08 insertion side priner

pair, BN902 (ctggataaatacgaggacgtg, SEQID NO : 16) and BN903
(gacaat t awoggagmgeiccg, SEQ ID NO.: 17) 15 were used. |n caca/RPag0IDMA of the
enpty vector virus WA is anplified the expected PCR fragnent is 190

nucl eotides (nt) long, in case a recdnmbinant MVA for env is anplified,

whi ch has incorporated H'V env coding region at the 1GR07-08 insertion
site, therfrapPest bt aBeciRd 20 tthder@ré74bs IhsePE€Romesiites 6 Fig. 10
show clearly the stable insertion of env in the 1GRO7-08 insertion site
after 20 Mdunds of virus anplification. Exanple 4 25 Insertion vector
pBNX80, pBNX87 and pBN47 The MA sequences adjacent the new insertion site
(at genome aoSLtsaanﬁ&aO) @éﬂwemextdlarcﬂ@mﬁw’h% WA | agepEdingol at ed by

standard PCR i cation of..the seguenc foll ow ng
priners: 89 I%%M"l SIS 6@6@&&@%{%‘? G&é?r éd&%\éﬂgnéjﬂf'\% 18)
ands\WO 03{ P9/ 8dac£Ld/ E@@.%/h050ﬂ5se13c&drﬂ?4ﬂééé‘55ken®BN56 (Flg

( AGCCCCCCGAGTGAAAGCTAGAGAGES, SEQ ID NO. @ 19) for isol tlggﬁgan

| GR44/ 45Fqut@@mc@WTmﬁAci@rAT€%ﬁﬁﬁn % 50) and

| GR44/ 45F2end CA T bt D I\Qrus')e]g) f @erei sol ating
Fl ank 2. The“P en't corrprlsm | an 1vvas treated with the

restricti pﬁr@ﬂzyﬂe&ﬁa@l kroandsSact ahdqhegmftl@aé;logac‘lllil¢‘sacﬁ4a?gest ed
and dephosphor%l ated basic vector, 10 such as pBluescript (Stratagene).

The resul ERA§SPLERNi d was XhoI/ApaI di gested, dephosphorylated and |igated
tO]%he thgg %Lnglggiggglnant viruses were identified by standard

PCR assays using a primer pair selectively amplifying the
expected insertion site. To amplify the IR07-08 insertion
side primer pair, BNOS02 (ctggataaatacgaggacgtyg, SEQ ID
NO.: 16) and BN903 (gacaattatccgaégcaccg, SEQ ID NO.: 17)
15 were used. In case the DNA of the empty vector virus MVA
ig amplified the expected PCR fragment is 190 nucleotides
(nt) long, in case a recombinant MVA for env 1is
amplified, which has incorporated HIV env coding region
at the IGR0O7-08 insertion site, the fragment is expected
20 to be 2.6 kb. The PCR results in Fig. 10 show clearly the
stable insertion of env in the IGR07-08 insertion site

after 20 rounds of virus amplification.

Example 4
25 Tnsertion vector pBNX80, pBNX87 and pBN47

The MVA sequences adjacent the new insertion site (at
genome position 37330) between the ORF 0441, and 045L were
isolated by standard PCR amplification of the sequence of

interest using the following primers:

30 IGR44/45F1up
(CGCGAGCTCATTTCTTAGCTAGAGTGATA; SEQ ID NO.: 18) and



PCR fragment conprising Flank 2. Optionally, a repetitive sequence of Flank
2, which had 15 been isolated by PCR using the priners | GR44/ 45F2up

( CCCCTCCAROBIORITCTAAACTGTATCGATTATT; SEQ I D NO. : 20) amdTIEBRE3045F2m d
(TTTCTGCAGCCTTCCTGGGTTTGTATTAACG,  SE 8ID NO.: 22) and which becane
BanHl / Pst| digested, was inserted into the BanH /Pstl site of the
resulting 20 vector. Any reporter or therapeutical gene conprising
cassette, IGRULNgSElgnda(pORUCEACCHEDADRARECTACHEAREE gene, a pol y- P,

region and optionally | RES el epent, a_furiher gene, e.g. expressing a
therapeuti%ﬁgl§Da@@r6e?§hbgPﬁnﬁﬁoggtﬁ%gggi%n%rgduct, can be bl unt ended
w th T4 DNfoRehyIBEASS (éE,@@’@@&;A@té%g@@ﬁ@cwmt@Gt‘mcgmg@ﬁmand i nsert ed

into a suitable cloning site of pl asm d vector. Considering a
reporter g8H@ thBsNette2Pheapdt FGREEHRPF2EBERY, HindlIl, Aval or Xhol

restrictio ' . 2o8Rd-30Ehe nkz2-repitition is
prefé%red gg&@é%ﬂ?ﬁg&ég%gs&é@?acfhgﬂg0ngﬁguggi%ﬁ'éfE%gN§§7 (Fig. 4b) the
NPT/ EGFP sgbesting sassktbe was inserted in pBNX80 (Fig. 4a). WO 03/097845
PCT/ EPO3/ 05045 39 Considering an expression unit for a therapeutic gene,

conpri si ngrget Beragedyrentenernid Ahpperail yi | vakedregtedoteth thies
expression unite is inserted into the Pacl site. 5 A restr%#tion map of
exenpl ary vestuictoast reergnedccidihg a6 t FrsTexa@RPl el W& sd%s8d in

Figure. 42) sands /BloCPEED. cDENGH - alBRousabarseaabadRd vacaenerate a

reconbi nan ntToned protocol - carrying an 10
exoganous seghensepBiukberiptergembtagegiedn bet ween two adj acent ORFs. For
the construction of pBN47 (Fig. 4c)

The resulting plasmid was XhoIl/Apal digested,
dephosphorylated and ligated to the XhoI/Apal digested
PCR fragment comprising Flank 2.

Optionally, a repetitive sequence of Flank 2, which had

15 been isolated by PCR using the primers IGR44/45F2up
(CCGCTCEAGCGCGGATCCTARACTGTATCGATTATT ; SEQ ID NO.: 20)
and IGR44/45F2mid (TTTCTGCAGCCTTCCTGGGTTTGTATTAACG;

SEQ ID NO.: 22) and which became BamHI/PstI digested, was
inserted into the BamHI/PstI site of the resulting

20 vector.

Any reporter or therapeutical gene comprising cassette,
having e.g. a poxviral promoter, a marker gene, a poly-2A
region and optionally an IRES element, a further gene,
e.g. expressing a therapeutically active substance or
25 gene product, can be blunt ended with T4 DNA Polymerase
(Roche) after an restriction digest and inserted into a
suitable cloning site of the plasmid vector. Considering
a reporter gene cassette the PstI, EcoRI, EcoRV, HindIII,
AvaIl or XhoI restriction enzyme site between Flank 2 and
30 the Flank-2-repitition is preferred as cloning site. For
the construction of pBNX87 (Fig. 4b) the NPT/EGFP

selection cassette was inserted in pBNX80 (Fig. 4a).



the PrM of Denguevirus serotype 3 was cloned into pBNX87 (Fig. 4b). 15
Insertion of PrvB in the |1 GR44-45 insertion site of MWA In a first round,
cel | s werwoiofemsted with MVA according to the above-descrchgpoposdtdcol and
were additionally transfected with insertion vector pBN47 (Fig. 4c)

contai ning the NPT gene for sel ecti on3&nd EGFP as 20 reporter gene.

Resul ti ng reconbi nant viruses were purified by 3 rounds of plaque

purificatiomdunder; (F#18n 8heddQn Resutt ifeg recenbirapetityr gses vere
identified by standard PCR assays using a prinmer pair selectiyv I%%
anpl i fyi ngaipeighoexpectheraneeritorg®it e a0 &fpl PPSEEAEY | é%&ﬁ‘-

insertion side priner .pair 4 (cot AC AJCACACLO 1D NO. :
23) and BNJOB Egg&}ﬁfaaeﬁ%l\?%gofaa%%@%aﬁc%m: 24?19% ggbesgc?.g In case
t he DNA ofgitdwe. enpty vector virus MWA is anplified 30 the expected PCR
fragnent is 185 nucleotides (nt) long, in case a reconbinant MVA for PrM
is agplifiged, raBtehc¥WDoA3/ QRAS450PCT/ &P ROBAS v4Qtbas |cwostporcted
Denguevirus PrM3 coding region at the IGR44-45%ﬂiln,ser%{ on si%e), th
fragment iacexpliciedq clveS S5TUNE afR PFEIRT L i HY THa)* how

chearly e SR agetden of PN in the ToRad s inscrtion sice s
e Sar SE DoEPALEELST L1 GaEe M ielold aeikbeabenabn chncion erbryo
11b). 10 Exenmdbweirhy | nges t izpoweeeicar: iphNO0 proBX@2 and p8KE¥ing an
10 exogenous sequence in the intergenic region between two
adjacent ORFs. For the construction of PBN47 (Fig. 4c)
the PrM of Denguevirus serotype 3 was cloned into pBNX87

(Fig. 4b).

15 Insertion of PrM3 in the IGR44-45 insertion site of MVA

ITn a first round, cells were infected with MVA according
to the above-described protocol and were additionally
transfected with insertion vector pBN47 (Fig. 4c)
containing the NPT gene for selection and EGFP as
20 reporter gene. Regulting recombinant viruses were
purified by 3 rounds of plaque purification under G418

selection.

Resulting recombinant viruses were identified by standard
PCR assays using a primer pair selectively amplifying the
25 expected insertion site. To amplify the IGR44-45
insertion side primer pair, BN904
(cgttagacaacacaccgacgatgg, SEQ ID NO.: 23) and BN905
(cggatgaaaaatttttggaag, SEQ 1ID NO.: 24) were used. In
case the DNA of the empty vector virus MVA is amplified
30 the expected PCR fragment is 185 nucleotides (nt) long,

in case a recombinant MVA for PrM3 is amplified, which



The MVA sequences adjacent the new insertion site (at genone position
137496) between the ORF 148R and 149L 15 were isolated by standard PCR
anpl i fi cawpon/oefs4t he sequence of interest using the foll eermpopoioners:

| GR148/ 149F1up ( TCCCCGCGGGGACTCATAGATTATCGACG SEQ ID NO.: 25) and

| GR148/ 149F1end ( CTAGTCTAGACTAGTCTATTAATCCACAGAAATAC, SEQ ID NO.: 26) for
20 isolating Flank 1; |GR148/149F2up

( CCCAAGCT 1eECoEBpImncETad CTAGTAESSEEAT (P rMBEQOUDNNO re@iin and  the

| GR148/ 14 d T, TATTGCCATGATAGAG EQID NO: 2 f
i sol ati ng%g%g%z%;.( %%W%gnﬁ egﬁhg?—'l ﬁﬁPef‘Etﬁg)s tf’?rék%ﬁ ed with

the restmsis0tilon. erhpnesciSagkbuand Xoal ragd higat eshdw a1esacl! /ofkal
di gest ed and_dephosphoryl ated basi c vector, such as pBluescri pt

(St r at ageFEPPLIPhe M9 ge Bl BEHBd IWaste nEFREL ARSI idisgasied, sid®

dephwsphogpyhated and,ljgat § t@ g;%e ' di t PCR _f r agment
conprising Flank 2. WD 03/ 0g78 C'Ié_#é%g%#%é%g@nﬂg at ?%ﬁa“g;naé’lag
repetitivéVédedquencde oifiows ahke? samd chrdvach tleenatselrasetlcbyaBCRvIsi ng t he
primers | GR148L149F2up. (,CCCAAGCTT T TTCTAGTATGGGGATC, SEQ I D
NO : 27) “and TGRIZ 4 d 'OrTE GTG?’%%%A&%&I@@GS@S BD NO. :
29) and whiechshecane Bardid Pt HB8HEd inWagamhdSeEh edd O g BanHl / Pst |
site of the resulting vector. Any reporter or therapeutical gene

conpri si nélééssette, having e.g. a poxviral pronoter, a nmarker gene, a
poly-A 10 region and optionally an I RES el ement, a further gene, e.g.
expﬁ/Qassi ng a therapeutically active substance or gene product, can be

bl unt ended with T4 DNA Pol yner ase
Example 5

Insertion vector pBNX90, pBNX92 and pBN54

The MVA sequences adjacent the new insertion site (at
genome position 137496) between the ORF 148R and 149L
15 were isolated by standard PCR amplification of the

sequence of interest using the following primers:

IGR148/149F1lup (TCCCCGCGGGGACTCATAGATTATCGACG;
SEQ ID NO.: 25) and IGR148/149Flend

(CTAGTCTAGACTAGTCTATTAATCCACAGAAATAC; SEQ ID NO.: 26) for
20 isolating Flank 1; |

IGR148/149F2up (CCCAAGCTTGGGCGEGATCCCETTTCTAGTATGGGGATC ;

SEQ ID NO.: 27) and IGR148/149F2end -

(TAGGGCCCGTTATTGCCATGATAGAG; SEQ ID NO.: 28) for

isolating Flank 2.

25 The PCR fragment comprising Flank 1 was treated with the
restriction enzymes SacII and XbaI and ligated to a
SacII/XbaIl digested and dephosphorylated basic wvector,

such as pBluescript (Stratagene).

The resulting ©plasmid was HindIII/Apal digested,
30 dephosphorylated and ligated to the HindIII/Apal digested
PCR fragment comprising Flank 2.



(Roche) after an restriction digest and inserted into a suitable cloning
site of the plasm d vector. For 15 construction of pBNX92 (Fig. 5b) the
gpt / BFP ewproamgisehm cassette was inserted in this cloni ngPSTtEPO3/Gnsi deri ng
a reporter gene cassette the Pstl, EﬁgRl, EcoRV and Hindlil restriction
enzynme site between Flank 2 and the Flank-2- repitition is preferred as
cloning site. Considering an 20 expression unit for a therapeutic gene,
conpri si n@paidradrigneat irepganid iard snegerealnly Hliawed prdvithehad hi s

expression unite is inserted intg the Pacl ,site. ction of pBN54
(Fig. 5¢) BERIAART Y A YRS SR STFTh f%lé%@%* 5. 25 A

restricti qdraR TR RICC el e @EoRRidatelTc acHy dmed .o tiv)s Exanpl e
is disclosed in Figure 5a) and b) (pBNX90, pBNX92). The vector can be used

t o gener ateda ICRIGRIAR2mNMA (TTISITGERAGRE T Gv#¥Gioned protocol -

carrying ogenQus seguence i.n e i ' r:ﬁ&i)%’nc tw t wo

adj atent %1933&: 't'hé%%éer%lr at'| olhc(%ofbeé’I a&é%(%%ﬁ%ﬁg%A 034/}59 845

PCT/ EP03/ Q504h-+ AL ieXpy eSsd mantthey diaimueitia ust R meBNBAi(fg g. 5¢) was used
for a honol ogous reconbi nation. Insertion of PrML in the | GR148-149

insertionV&G®%f NVA 5 1n a first round, cells were infected with WA
according to the above-described protocol and were additionall

transf ect danyini TEOPTSRY t Pon WRRIEANSWBNEAL (FPRS SEPTEEHTS _rf*?gf’@s‘?%_'ee'gpt gene
o oL A A, B A eaPELe osbDpor e bage Shanl ko ses o
mycophenolderyiagi dandRe spittiiong Iriec caxbi IRBE \d Iranses: wes e fugdditeixf | @endy
standard PR 8353Y2:43000 2 PNdEp A cf PO hots % 2IRhLLNLRE 188
gene product, can be blunt ended with T4 DNA Polymerase
(Roche) after an restriction digest and inserted into a
suitable cloning site of the plasmid vector. For
15 construction of pBNX92 (Fig. 5b) the gpt/BFP expression
cassette was inserted in this cloning site. Considering a
reporter gene cassette the PstI, EcoRI, EcoRV and HindIII
restriction enzyme site between Flank 2 and the Flank-2-
repitition is preferred as cloning site. Considering an
20 expression unit for a therapeutic gene, comprising a
therapeutic gene and an operably linked promoter, this
expression unite is inserted into the Pacl site. For

construction of pBN54 (Fig. 5c¢) the Denguevirus PrMl was:

inserted in this PacI site.

25 A restriction map of an exemplary vector construct
according to this Example is disclosed in Figure 5a) and

b) (pBNX90, pBNX92).

The vector can be used to generate a recombinant MVA -
following the above-mentioned protocol - <carrying an
30 exogenous sequence in the intergenic region between two

adjacent ORFs. For the generation of a recombinant MVA



expected insertion site. To anplify the |1 GR148-149 15 insertion side priner
pair, BN960 (ctgtataggtatgtcctctgcc, SEQ ID NO : 30) and BN961

(gct agt ageogsogmagya, SEQ ID NO : 31) were used. |In case Pla/EDdRDASt he
enpty vector virus MA is anplified thg, expected PCR fragment is 450

nucl eotides (nt) long, in 20 case a reconbinant MVA for PrML is anplified,
whi ch has incorporated Denguevirus PrM coding region at the | GRL48-149

i nsertion skpsesthagf rtagnmmg@ve'm&twk @4 10007 bpScTheaPCRsedsul ts in
Fig. 12 a) _.show stabl.e {:nsertlon of PrM in the | GR148-149

i nsertion 5PFe®2 Og?i8¥oﬁ§ FSﬁﬁ 18? Pfus anplification. The recombi nant

WA still shows the sanme growth characteri stics as MWA- BN It replicates
in chicken enbryo fi brobI asts (CEF cells) and grows attenuat ed in
mammal i an cells (Fig 30, WO 03/ 097845 PCT/ EPQ3/ 05045

Appl i cant’ EnEFrEE}j@Ht of PFM% BR EBepEFRAAS 13, ﬁﬁ??ﬁﬁéf’ﬁpﬁf"?:ga? .
ref erence nunber | NDI CATI ONS RELATI NG TO A DEPCSI TED M CROORGANI SM  ( PCT
Rul e 5l 3blsynAa FAgsitndicsad ore el areies olnferbee vothRelMicPE6PGANEm

referred t e gdessliq 2_1lkn F%'%B LRENTLEL €4T1 ON
OFDEPCSI T gur?% Q g%pom t%éﬁé}?eéienggpﬁggoén aallrllaaﬁv It oﬁg sﬁeet g%ame
of deposi t atyanssectetl onwiEEACG isenpean Cokbeotr ompENS Lel KFul t ubes

Addr ess of de osltary nstituti on (lnclu ost al e _and country)
Cont re-f of CROBALBUAH CPOPbEogIE EELesriReiPranry P PEoHePRLeRr QG

gene. Resulting recombinant viruses were purified by 3

10 rounds of plaque purification wunder selection with

mycophenolic acid.

Resulting recombinant viruses were identified by standard
PCR assays using a primer pair selectively amplifying the
expected insertion site. To amplify the IGR148-149
15 insertion side primer pair, BN960
(ctgtataggtatgtcctetgee, SEQ ID NO.: 30) and BN961
(gctagtagacgtggaaga, SEQ ID NO.: 31) were used. In case
the DNA of the empty vector virus MVA is amplified the
expected PCR fragment is 450 nucleotides (nt) long, in
20 case a recombinant MVA for PrMl is amplified, which has
incorporated Denguevirus PrMl coding region at the
IGR148-149 insertion site, the fragment is expected to be
1200 bp. The PCR results in Fig. 12 a) show clearly the
stable insertion of PrMl in the IGR148-149 insertion site
25 after 23 rounds of virus amplification. The recombinant
MVA still shows the same growth characteristics as MVA-
BN. It replicates in chicken embryo fibroblasts (CEF
cells) and grows attenuated in mammalian cells (Fig. 12
b).
30



Uni t ed Ki ngdom Dat eof deposit Accessi onNunber

Decenmber 7, 2000 00120707 C.

ADDI TI ONAL | NDI CATI ONS (| eave bl ank ifnotapplicable) This information

i scont i nuwOenasmdili t i onal
whi ch such action is possible and to 43he extent that

perm ssa

sheet In respect of all designaCe®prst/etoes to

it is legally

Le unripr the law of the designated State, it is requested tha

t a

sanple o

f Applfgpnt Jeeigerriatioabl e onl'y by the i

JEpEsited  ni ey aorogami sm ssue

t her eof

| egi sl ation,
Par agraph 3; Australian Regul ation 3.25(3);
and 33(3) and genera
desi gnated State.

(i ftheindicationsrr renotj bral | desi gratredSias es)
| NDI CATI ONS ('
be submtted to the International

O an T ngepengdent—expertT T ac ent

e.g., EPC Rule 28 (4);

Ul UdeU V\II l.lI l.lle I UI evant pa:t

UK Patent Rul es 1995, Schedul e 2,
Dani sh Patents Act Sections 22

b R R R M S A o

S ARE MADE

(speci fyt
For rece
Thi ssheef
recei ved

i cer

Aut hori z
PCT/ EPO3
RECOGNI T

PROCEDUR|
FRAUNHOF

E. SEPARATE FURNI SHI NG OF
| eavebl anki f not appl i cabl e) The indications |isted bel ow w ||
Bureau | ater
Aenehdeibahiaot aafid iR eiciditald0n0e0eh edtmsS| on Nunber of Depogit)
VidigeOIARce use only Folinel ntZGﬁ nati onal Bureau use onl y
tTonat appl recatt on g Ti stree b
By PR R AR REE5hal  Bur eau on:  3U™YURE 1‘?‘6’6@ nedenin {EPPIR belt
Eghnefricposi@y indiiGh gEQkam PCT/ RO 134 (July 1992) WO 03/ 097845
05045 44 APPEHbpéaBCol&agor ti BURAPEST TREATY ON THE | NTERNATI ONAL
ON OF THE DEPOSI T OF M CROORGANI SM5  FOR THE PURPOSES OF PATENT
FAdRRYs bNTERINATLCINAL: ik b BANMAREAN NORDI C RESEARCH | NSTI TUTE GYBH
—Eal RASEIplick®robldo§2d RebedRTI NSRI ED  GERVANY
Salisbu
Wi!tshir:aySP4 0JG
United Kingdom

Dateof deposit AccessionNumber

December 7, 2000 00120707

C. ADDITIONAL INDICATIONS (leave blank if not applicable) Thisinformationiscontinued on anadditional sheet D

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

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

E. SEPARATE FURNISHING OF INDICATIONS (leaveblankifnotapplicable)

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

For receiving Officeuse only ForInternational Bureauuseonly

D This sheet wasreceived with the international application ] Thisshectwasreceived by the International Bureau on:

30 JUNE 2003

Authorized officer

g k0

Authorized officer

Form PCT/RO/134 (July 1992)



NAMVE AND ADDRESS L OF DEPCSI TOR 1. | DENTI FI CATI ON OF THE M CROORGANI SM
I dentification reference given by the Accession nunber given by the

PCSI TOR: WNDBB)MATS ONAL DEPOSI TARY AUTHORI TY: MWA- 575 VOO PROAEPE3/03D15

SCI ENTI FI C DESCRI PTI ON AND/ OR PROPOSEB TAXONOM C DESI GNATI ON The

m croorgani smidentified under |I above was acconpanied by: A scientific
description A proposed taxonom c designation (Mark with a cross where
applicable) 111. RECEIPT AND ACCEPIANGE 4 s | nternati onal Depository
Authority accepts the mcroorgani smidentified under | above, Rich was
received by it on 7Tx Decenber 2000 (date of the original deposit)' IV.

RECE| PT OF REQUEST FOR COMERINTTRE W ietaiaism i dentified under |
abO\Jf\_Jvas recei ved by this_|jmterratresened rarddeposbor y Aut hority on (date of

t he ot gi nal deposit) and r equesSkut@mneRvert the original deposit to a
deposiatartifd@tctheBudapest Treaty was received by it on (date of receipt -of
reque g;}’ggg{{gm&v%si on) V. | NTERNATI ONAL DEPCSI TORY AUTHORI TY Nanme: Dr P
a Packefns:Segnatws e(s) of person(s) having the power to represent the

| nt er f&f*onal Depository Authority or of-authorized officials(s):

Address: ECACC CAMR Porton Down Date: Salisbury SP4 03G 1 Wiere Rule
6.4(d) applPgEsi SIET® dat e iF the date on which the status of international

depositary authority was agquired Form BP/4 (sole page) 1951 WD 03/ 097845

I. IDENTIFICATION OF THE MICROORGANISM

Identification reference given by the Accession number given by the
FPOS ITOR: INTERNATIONAL DEPOSITARY AUTHORITY:

MVA~375 V00120707

II. SCIENTIFIC DESCRIPTION AND/CR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under I above was accompanied by:

X A scientific description

A proposed taxonomic desigmnation

(Mark with a cross where applicable)

III. RECEIPT AND ACCEPTANCE

.is International Depository Authority accepts the microorganism identified under I above,
ich was received by it on 7™ December 2000 {date of the original deposit)!

Iv. RECEIFT OF REQUEST FOR CONVERSION

The microorganism identified under I above was received by this International

Depository Authority on (date of the original deposit) and

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

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

Iv. INTERNATIONAL DEPOSITORY AUTHORITY

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

to represent the International Depository
Authority or of.authorized officials(s):
Address: ECACC
CAMR
Porton Down Date:
Salisbury SP4 DJG

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

Form BP/4 (sole page) 1981



Page 24 BUDAPEST TREATY ON THE | NTERNATI ONAL RECOGNI TI ON OF THE DEPCSI T OF
M CROORGANI SM5 FOR THE PURPCOSES OF PATENT PROCEDURE | NTERNATI ONAL FORM T
O AVARI ANVROBRIDPB4RESEARCH VI ABI LI TY STATEMENT | NSTI TUTE GvBH/EPSS/0f8d5 pur sant
to Rule 10.2 by the FRAUNHOFERSTRASSE 18B | NTERNATI ONAL DEPCSI TARY

AUTHORI TY D-82152 MARTINSRI ED identjfied . on the follow ng page GERVANY
NAME AND ADDRESS OF THE PARTY TO L WHOM THE VI ABI LI TY OF STATEMENT IS

| SSUED | . DEPGCSI TOR I1. | DENTI FI CATI GRF<CE THE M CROORGANI SM  Nane: BAVARI AN
NORDI C RESEARCH | NSTI TUTE GMBHeie eessi @il uibei@hyven by the | NTERNATI ONAL
DEPOSI TORY AUTHORI TY: 00f§@i@%$§&ﬁ§$g %zgﬁAUNH@FERQTRASSE 18B D- 82152
MARTI NSRI ED Date of the deposit or o the transter® GERMANY 7TH December
2000 I'l. VIABILITY STATEMENT The viaprryey r@gf t he m croorgani smidentified
undef, || above was tested 2. On that date, the said mcroorganismwas s
vigble F-1 no | onger vi abzﬂl Indicate the date of the original deposit or,
whdr BRI ARTESEE o a transf er LAk AR Hade, the,fost rel evant date

( dat mawfortdaeagzewssdeposi t or dat e BfFERvTEoNty eEasiRRY) avridrirn t he cases referred
to i Hoed EREFRFP(a) (ii) and (iiiJTTEfer” 16 THEHOXE recent viability
test. 3 Mark with a cross the applicable box. FormBP/4 (first page)

NAME AND ADDRESS OF THE PARTY

TO WHOM THE VIABILITY OF STATEMENT
l IS ISSUED l

w
I. DEPOSITOR : II. IDENTIFICATION OF THE MICROORGANISM
Name: BAVARIAN NORDIC RESEARCH INSTITUTE GMBH Accession number given by the
INTERNATIONAL DEPOSITORY AUTHORITY:
00120707
Address: FRAUNHOFERSTRASSE 18B
D-82152 MARTINSRIED Date of the deposit or of the transfer:
GERMANY 7™ pecember 2000

II. VIABILITY STATEMENT

The viability of the microorganism identified under II above was tested

on 2, On that date, the said microorganism was
3 viable
| 2 no longer viable
1 Indicate the date of the original deposit or, where a new deposit or a transfer has been
made, the most relevant date {date of the new deposit or date of the transfer).
2 in Ehe cases referred to in Rule 10.2 (a) (ii) and (iii), refer to the most recent viability
est.
3 Mark with a cross the applicable box.

Form BP/4 (first page)



WO 03/ 097845 PCT/ EPO3/ 05045 46 Appendix 3 Page 25 |V. CONDI TI ONS UNDER
VH CH THE VI ABI LI TY TEST HAS BEEN PERFORMED MWA-575 - V00120707 THI S VI RUS
WAS Tl TRAVBD3@YSBHK CELLS TC1D56 = 106.5 V. | NTERNATI ONAPCDEPOBISDARY
AUTHORI TY Nanme: Dr P J Packer ECACC G&VR Signature(s) of person(s) having
the power to represent the International Depositary Address; Porton Down
Aut hority or of authorized official(s): Salisbury Wltshire 3P4 QIG Date:
4 Fill inif the information has beenixequested and if the results of the
test were negative. WO 03/097845 PgJLEPO3/ 05045 47 Certificate of Analysis
Product Description MVA-575 Accession Nunber 00120707 Test Description:
Determ nation of TCI D50 of cytopathic Virus titration. (SOP ECACC/055) Cel |
Accepbtvanceco%)rl to%rl onfS[I)em ficationfCriteria: Negative cont rof 5 shoutd shyow
no si/gn Cytopars & C@f?‘%@?‘%n”fﬁ“é““r*@%tBEEgéﬁﬁPaéEDi s serially diluted into in
4 welfl s of I ndi cator cellT Tines for each dituttom —Cytopattiteffeects
i ndi éate that virus is present. Virus titre is calculated using the beljow
equat ronrswhenre2xoi s t he value obtained froma standard TCI D50 Tabl e as fa
resul tmngIgUlg%Asdmg;\t;g])twﬁhlp&mgsfTC?] LIs displaying less than 4 positive
wel |'s per dilution y IS ¢ val ue of the hi ghest dilution where al|l 4
wells are positive: TCID50 = x 10"+ Date: 19/01/01 y Result: Indicatjor
Cell [Line: BHK 21 CLONE 13 Negatl ve Control: NO CPE

v. INTERNATIONAL DEPOSITARY AUTHORITY
Name ; Dr P J Packer '
ECACC CAMR gignaturelsé zﬁ pirion(st):.having the power
. O represen e International Depositary
Address: POIFC“I Down Authority or of authorized official (s):
Salisbury
Wiltshire . N
SP4 QUG pate: I%[Ya, MQUL(

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



i i i iti 4, 4, 0 X
le: CPE Distribution of less that 4 positive wells: 4, 3
-(I)-ezg S?(:rrplo_S TAD50 =1 x 100 + 0.50 10-5 = 106.5 Overall Result: Virus
Present Tweto3Demes i ption: The Detection of Mycopl asma by IPSalER03/03040N
Mycopl asma Pi g Serum Agar and .in M/ctpl asma Horse Serum Broth. SOP I "
QC/ MYCO 01/ 02 Acceptance Criterion/ Specification: Al positive controls (
pneuroni ae & Morale) nust show evidence of mycoplasma by typical col ony
formation on agar plates. Broths are subcultured onto Mycoplasma Pig Serum
Agar where evidence of nycoplasma by typical col ogy for matei/iogelnie o
| uated. All negative cont ; show no ¢ _
ﬁ‘lygrgbi al grow h. gThe cri terl(gérgmg#ggbﬁfﬁékim esu![jt is evi an\?ﬁ Ff
i col on Lon on agar. negati ve resu I
rsrzg\(/)vplngsg?ﬁﬁu&?/g%%gi@tm?est yNuWe‘gj:% 91702 Date: 12/02/01 Result: ~Positive
Control : Iﬁgme?sll% Y@hek i ve coMil28797 Negative Test Result: Negative
Overal | Resttt++—PASS-Authorised hy e e e f 1 V\D 03/ 09785gACC
[ CHoms © ¢t Pyt s Date Page 1 of
Eec%j Eggsgélgglz{%ymﬂté""éert i £7EAPRasR oTTCHPy &f cxtorai iy fitraters dW*bW/tﬁ:‘rC/WCSZ_Sn .
[ L DL OR; ' sna usi

Accessi on Nunber 00lﬁgc@g[@%céréﬁtterig;ﬁgiﬁ%&%%‘ite%E\I%gagi{/e%gntr%ks Gid show o sign of J
Vero indicator cell line @Ma’dﬂ@% { Sample is serially diluted into in 4 wells of

indicator cell lines for each dilution. Cytopathic effects indicate that virus is

present. Virus titre is calculated using the below equation where x is the value

obtained 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:

TCIDss= 1 x10™

Y
Date: 19/01/01
Result: Indicator Cell Line: BHK 21 CLONE 13
Negative Control: NO CPE
Test Sample: CPE
Distribution of less that 4 positive wells: 4,4.0
X: 0.50
Y: 10°
TCIDso= 1 x10'%0%
107
= 105
Overall Result: Virus Present
Test Description: The Detection of Mycoplasma by Isolation on Mycoplasma Pig Serum Agar and
in Mycoplasma Horse Serum Broth.
SOP QC/MYCO0/01/02
Acceptance Criterion/Specification: All positive controls (M. pneumoniae & M. orale)

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

Test Number: 21702 )

Date: 12/02/01
Result: Positive Control: Positive
Negative Control: Negative
Test Result: Negative
Overall Result; PASS
Authorised by....... i...l“-.‘.";.x..[, ...................... ECACC, Head onualit)'...Q%i'i%ff.?'f.{ ..... Date

Page 1 of 1



fluorescent detection system SOP QG MYCO 07/05 Acceptance

Criterion/ Specification: The Vero cells in the negative control are clearly
seen as Wbuwoemes ng nuclei with no cytoplasmc fluorescemrce/EPPYBIONS ve _
control (M orale) nust show evidenc® of nmycoplasma as fluorescing nuclei
plus extra nuclear fluorescence of nycoplasnma DNA. Positive test results
appear as extra nuclear fluorescence of nycoplasma DNA. Negative results
show no cytoplasm c fluorescence. Test Number: 21702 Date: 12/02/01

Resul 1 Negative Overali RescrtiISHEeRfAMAIVER | 0" Bt ccti on of
bacteria gydqgf; bscPd i §O| ati yptone Soya Broth (TSB) and in Fluid
Thi ogl ycol ﬁiuﬂg AV . 0%3&’{"% BF/ 01/ 02 Acceptance _

Critgrion/ p%gsll catfor: Al p 207%e control s (Bacillis subtilus,

Cl ostridium sporogenes and Candi da al bi cans) show evi dence of mcrobial
gromh (turbidity) and the negative controls show no evidence of m crobi al

growt h ( Cleamescripfign: CT 1 T @hehdid QF ool Sa WliTEa Vb aiavar ST S el T 31y, Of the
test broths. All -Ebr ot hs mgcgm@gztgﬂg%mi o%_? _ nega%l ve t est d?[_é§_ tf&%est _
Nunber: 21702 Date: 12/ 02pQic/mResmwhb; Positive Control: Positive Negative
Control: Negative Test Result: Negative Overall Result: PASS Authorised
by ..........: Aceeptance Criterion/Specification: The Vero celSGABEnegiR86bn@bl aféBhriyls¥en as
........... Dat e PdlyereingfnudeiWhh Wy@glﬁ%ﬂ@@?deEROQfsﬂwﬁrolév@o;él@lpxlnhﬁant 'S
or agent's file gN 4BovygTHence of myceniavat asdmerbscap piclecpisietrn ihdear 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: 12/02/01
Result:
Positive Control: Positive
Negative Control: Negative
Test Result: Negative
Overall Result: PASS
Test Description: Detection of bacteria and fungi by isolation on Tryptone Soya Broth (TSB) and

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

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

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

Test Number: 21702

Date: 12/02/01
Result:
Positive Control: Positive
Negative Control: Negative
Test Result: Negative
Overall Result: PASS
T TS
Authorised by........ U - ECACC, Head of Quality...7...s20 i A..... Date

Page 2 of 4



reference nunber | NDI CATI ONS RELATI NG TO ADEPCSI TED M CROORGANI SM  ( PCT
Rul e 13bis) A The indications inade below relate to the m croorgani sm

referred wo 0918e doscription on page 4 3, line 1 B. PCI/EP03/05045

| DENTI FI CATI O\IO:DEPml T Further depostts are identified on an additional

sheet Na, Itll H % ltA.Itsrr yu Ast-+ut-H-or—ECACC-Europe
Cul t ur es] o rfu%r £ oF deposiBNSPOTREL i t YO OnT PRET AP ng postal code an
country) Centre for Applied Mcrobiology & Research SalTsbury ire

SP4 AJG United Kingdom Date of deposit Accession Nunber February 14, 2001
01021411 C. ADDI TI ONAL | NDI CATI ONS (| eave bl anki Jnot applicable) This
information is continuechRONSRERAFRE TOADEPSHES MididboReSRRGE Of al |
designated States to which such action.is possible and to the extent that
it is legally permssable under tI®TRawnid$) t he designated State, it is
requested that a sanple of the deposited m croorganismbe nmade avail abl e
only by the issue thereof to an independent expert, in accordance wth the

r el evant| 4pdbendieatipn @@qula@wthexercrg:rgamsEP@reRuilnée@819(04) UK Patent Rules 1995,
Schedul € 2 orPg allrFan_Régm-ai_l_an__::Lz_S( 3); Danish Patents Act

Secti ons IQZD@QE’I&?%P%Sﬂener al | y stm rarFurggxg% séélg&l&lﬁ%'a?’ﬁiéit%aa e[ ﬁl s for
any ot hé;_d.e_gJ_gna,t_e State. D DESI GNATED STATE L NI CAT 5 ARE
MADE ( f t [emyefderoamtiisérwe(Ecrecot f or al | desi gnat edStater) E. SEPARATE
FURNI SHI NG OF | NDI CATI GNspeangiestiinaidel Crivteappl i cabl e) The i ndicati ons
listed belowwill bhe submtted to the Internatiaonal Bureau | ater
(speci t | tdejesnd fatsitratingireiof ddidicndil cdtddomsy e. g" ' Accessi on  Nunber of
Deposi t' %dﬁberforrﬁe)gledMlcmgol@‘yf&RBem only For International Bureau use oply
Thi s she ali ec§| ved with the international application PN This sheet
was recellyn{%s iy I nternational Bureau on: 3 0 JUN I LE 2003 Authorized
of fi cer JAut or| zed officer ~kO Form PCT/RO'I 34 (July 1992) WO 03/097845
PCT/ EPO3/.05045

Date ofdeposit Accession Number

February 14, 2001 01021411

C. ADDITIONAL INDICATIONS (leave blank if not applicable) Thisinformation is continued onanadditional sheet E]

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

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (ifthe indications are not for afl designaz;ed States)

E. SEPARATEFURNISHING OF INDICATIONS (leaveblankifnot applicable)

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

Forreceiving Officeuse only For International Bureau useonly
D This sheet was received with the international application Thissheet was received by the International Bureau on:
30 JUNE 2003
Authorized officer Authorized officer
EIKD

Form PCT/RO/134 (July 1992)



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

| NTERNATI vONAB/0#BRM  PROF DR ANTON MAYR WEI LHEI MER STR. 1 PDTA2P81/68508 ARNBERG
GERMANY NAME AND ADDRESS OF DEPCSI TGR |. | DENTI FI CATI ON OF THE

M CROORGANI SM I denti fi cation reference given by the Accession nunber given
by the DOl TOR | NTERNATI ONAL DEPGSI TARY AUTHORI TY: VERO WA-200 01021411
1. SCIENTI FI C DESCRI PTI ON ANDY CR PROPOCSED TAXONOM C DESI GNATI ON The

m croorgani smidentified under | abomexmas acconpani ed by: A scientific
description 1 A proposed taxonom c designation (Mark with a cross where
applicable) 111. RECEIPT AND ACCEPTAREE ‘TI I nt er nat i onal Depository

Aut hority accepts the mcr N e ¥ | above, wh was
received by it on 14 Febr u%?%?é%i%ﬁm%ﬁ?@%%&g?ﬁ%? nal deposit)' V.

RECEI PT OF REQUEST FOR CONVERSI ON _Jhe.m.cragrgani smidentified under |
above Mas: hegelyved by this I'nternational Depository Authority on (date of
t he orgi_iégj osit) and A request to convert the original deposit to a
deposictr e Budapest Treaty was received by it on (date of receipt of
request for conversion) [|V. | NTERNATI ONAL DEPCSI TE3fi UTHORI TY Name: Dr D
HLewis ( J Signhature(s) of person(s) having the power

orred imjegg
Wnder™t

NAME AND ADDRESS3
OF DEPOSITOR
I. IDENTIFICATION OF THE MICROORGANISM
Identification reference given by the Accession number given by the
DI‘ITOR: INTERNATIONAL DEPOSITARY AUTHORITY:
VERO-MVA-200 01021411
11, SCIENTIFIC DESCRIPTION AND/CR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under I above was accompanied by:

X A scientific description

A proposed taxonomic designation

(Mark with a cross where applicable)

III. RECEIPT AND ACCEPTANCE

Tlgmternational Depositoxy Authority accepts the microorganism identified under I above,
whi was recelved by it on 14 February 2001 {date of the original deposit)®
L

Iv. RECEIPT OF REQUEST FOR CONVERSION

The microorganism identified under I above was received by this International

Depository Authority on (date of the original deposit) and

A reques? to convert the original deposit to a deposit under the Budapest Treaty

was received by it on (date of receipt of request Eor conversion)
‘/”

Iv. INTERNATIONAL DE POSI'}@FHUTHORI TY

Name: Dr D H Lewis Signature(s) of person(s) having the power

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

Addxess: ECACC
CAMR

Porton Down Date: I?;/ﬁaii/zzﬁzfl

Salisbhury SP4 0JG

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

orm BP/4 (sole page) 1991



----~] to represent the International Depository 11 Authority or of
aut hori zed officials(s): Address: ECACC CAME /_!'f Porton Down Dat e:
Sal i sbur ywomRs/ D8k ((( Where Rule 6.4(d) applies, such dat @CrEpohesodat e on
whi ch the status of international dep®sitary authority was acquired Orm
BP/ 4 (sole page) 1991 WO 03/097845 PCT/ EP03/ 05045 51 APPENDI X 3 Page 24
BUDAPEST TREATY ON THE | NTERNATI ONAL RECOGNI TI ON OF THE DEPCSI T OF
M CROORGANI SM5 FOR THE PURPOSES OF PALENT, PROCEDURE | NTERNATI ONAL FORM
VI ABI LI TY STATEMENT PROF DR ANTON MAYR | ssued pursant to Rule 10.2 by the
ro WElI LHEI MER STR. 1 | NTERNATI ONAL DEPESFTARY AUTHORI TY D-82319 STARNBERG
identified on the follow n o TEERMANYE MNaviraAdE. ADDRESS OF THE PARTY TO
WHOM THE VI ABI LI TY OF smf%%ﬁgg DS T T SenogreAN SPOSI TOR | T.
| DENTI FI CATI ON OF THE M CROORGANI SM Nane: PROF DR ANTON MAYR Accessi on
nunber given by the | NTERNATI ONAL "BEPEBPTORYAUTHORI TY: 01021411 Address:
V\EIJ’L—HTEI MER STR 1 D82319‘5TARNBERG Date of the deposit or of the transfer:

VIABILITY STATEMENT

PROF DR ANTON MAYR Issued pursant to Rule 10.2 by the
WEILHEIMER STR. 1 INTERNATIONAL DEPQOSITARY AUTHORITY
D-82310 STARNBERG identified on the following page
GERMANY

NAME AND ADDRESS OF THE PARTY

TO WHOM THE VIABILITY OF STATEMENT
I IS ISSUED I

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

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

X 3 viable

no longer viable

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

2 in the cases referred to in Rule 10.2 (a) {(ii) and (iii), refer to the most recent viability
est.

3 Mark with a cross the applicable box.



GERMANY 14 February 2001 I T. VIABILITY STATEMENT The viability of the
m croorgani smidentified under Il above was tested on 2. On that date, the
sai d m crworoganmisgin was Vi abl e no | onger viable 1 |ndi cat @Crheposiedoas of t he
original deposit or, where a new depo®it or a transfer has been nade, the
nost rel evant date (date of the new deposit or date of the transfer). 2 In
the cases referred to in Rule 10.2 (a) (ii) and (iii), refer to the nost
recent viability test. 3 Mark with a cross the applicable box. WO

03/ 097845 PCT/ EPO3/ 05045 52 Appengixid3 Page 25 1V. CONDI TI ONS UNDER WHI CH
THE VI ABI LI TY TEST HAS BEEN PERFCRI\;E VERO- WA- 200 WAS Tl TRATED ON VERO
CELLS TO CONFI RM VI ABI LI TY. f J ERNATI ONAL DEPCSI TARY AUTHORI TY
Nane: Dr D H Lewis ECACC CAMR Si gnature (s) 0 s) hav-~srg power Addr ess:
Port [on Down TO Tepresent e tntermatitomat—Depo—positary —Satt+sbuty

Aut horll"ty GPNDHTIONath‘”ﬁbWWIE*EH*EO‘FPFBFI@FYaTEé%)*Pss sERf fEprgEY & SP4 QJG Date: 4 Fill in
if theTnf ornmi UrT has—been—reqguested—and—+f—therestts—of—the—test—wnere
negatii ve. VA—ZOO mBP/9 (second and | ast % % WO 03/ 097845 PCT/ EP03/ 05045 |53
Appl ilcant s égé RJE““ F VT2 OBR A5°PER T2t i onal appl i cati onNo.

r ef erience nunber | NDI CATI ONS RELATI NG TO A DEPCSI TED M CROORGANI SM ( PCT
Rul e {l 3bi s)

o

4

K/
Name : Dr D H Lewis ‘ /
ECACC CAMR Signature(s) \o Si-havingtHE power
to represent e International Depositary

v. INTERNATIONAL DEPOSITARY AUTHORITY // \
Pl

Address: Port.:on bown Authority or of authorized official(s):
Salisbury
Wiltshire : i .
SP4 0JG Date: [1_/\-?/ (,_cf.’.s\

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

Form BP/9 (second and last page)



A. The indications nade below relate tothe mcroorganismreferred to in the
description on page 43 , |line B. |DENTIFI CATI ONOFDEPCSI T Further deposits
are identwbios@dosns an addi ti onal sheet 0 Naneof deposit at yiPaItEPpabvioah ECACC
Eur opean Col l ection of Cell Cultures 53Address of depositary institution
(I'ncludip post al ?Cg_d_g_a,n_d_c_g_LmLy_)___Cen re for Applied Mcrobiolagy &
Resear ch| SRIPEREEY "W | t shisnsSRA-TIG O E 88 RIHEISBm Dat eof deposi t
Accessi onNummber ~ CGctober 14, 1999 99101431 C—ADDITHONAC T NDFCATHONS
(l eavebl ank ifnotapplicable) This information is continued on an additi onal
sheet In respect of all designated States to which such action is possible
and to the extent th%l'bgnbﬁhﬁg@ﬂ-ﬂwToggE@bﬁ?pkﬁ? ANiddg | aw of the
designated State, it is requested that a sanple of the deposited

m croorgani sm be nade avail abl e onlgciruetdte) | ssue thereof to an i ndependent
expert, in accordance wth the relevant patent |egislation, e.g., EPC Rule
28 (4); UK Patent Rules 1995, Schedule 2, Paragraph 3; Australian

Regul at i pr BeiRby{tid) pad{Delsrirgdt dtahiend SnishetenBoatt GRsid2 and 33(3) and genenral |y
sinilar provisi ' ndies £br any other desi.gnated State. D.
DESI GNAT f I NDI CATT ONS AREVE . »

(ifthein DT IONOrBEROST) | josi gnat edst A s reieiegenanadifspaleet LG o
| NDI CATI OB of derpatweinsithtiamid Agaot appl i cabl €) The indications |isted bel owjw ||
be submitted to the | ntE&nrpati GrietionBiiC«iaultdraat er (specj'thegene al
nahl reof Lhe indicatiweg,' Accession_Nunber of Deposit') For receivVvind
O fi ce ussdendtyepbstry ilstiiier malionaloBuraait i se only This shcetwas recei Jed
wi t h t he| Catretonghicamatobapgl s Ratdra@n (r) This sheet was received by the
| nt er nat | SAligbryBt r eauon: 3 0 JUNE 2003 Aut horized officer Authorized
of ficer E“gnﬁfpt%\‘?%ﬁ%ﬁ PCT(Rnt 11A (Tnly 1QQ7 WD 03/ 097845 PCT/ EP03/ 05045 | 54
APPENDI X| 3 PH5EoY 4

7

Date of deposit AccessionNumber

October 14, 1999 09101431

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

In respect of all designated States to which such action is possible and to the extent that it is legally
permissable under the law of the designated Stats, 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 legistation, e.g., EPC Rule 28 (4); UK Patent Rules 1995, Schedule 2,
Paragraph 3; Australian Regulation 3.25(3); Danish Patents Act Sections 22 and 33(3) and
generally similar provisions mutatis mutandis for any other designated State.

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADGE (iftheindications are not for all designated States)

E. SEPARATE FURNISHING OF INDICATIONS (leaveblankifnotapplicable)

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

Forreceiving Office use only ForlInternational Bureauuise only — s
D This sheet was received with the international application This sheet was received by the International Bureau on:
Authorized officer Autherized officer
e kD

Form PCT/RO/124 (Tnlv 109N



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

M CROORGANI SM5 FOR THE PURPOSES OF PATENT PROCEDURE _ |

F1?RO0F. DRODR0$8E& MULT. ANTON MAYR | NTERNATI ONAL FORM VEI PEEIHVEROSBIR. 1

D- 82319 STARNBERG GERMANY NAME AND ABDRESS OF DEPOSI TOR 1. | DENTI FI CATI ON
OF THE M CROORGANI SM W ification reference given by the Accession nunber
given by the D I TOR | NTERNATI ONAL DEPCSI TARY AUTHORI TY: VERO WA
V99101431 11. SCI ENTI FI C DESCRI PTI C];{JAI;II[}){/BCR PROPCSED TAXONOM C DESI GNATI ON
The microorgani smidentified under |*aboVe’ was acconpanied by: 3i A
scientific description ~ A proposed texoabm c designation (Mark with a
cross where applicable) || |snRECERRT ANR: AGSERTEANCE TW nt er nat i onal
Depository Authority accepE®Sither of ciegarogamromzeaenmtstf | ed under | above,

whi ciT-was received by it TA7HF BEEGhet” 1899 "16RE of the original
deposbt.pr.od. Ve . MREClhdd vk REQUEST FORREENERSMON The m croor gani sm
idengﬁgjgggé‘ggAggngér | above was received by this International Depository

Aut hestaky  ON ?8ate 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) |V. | NTERNATI ONAL

DEPQOSI TORY AUTHORI TY Nanme: Dr P J Packer Signature(s) of person(s) having

t he power iw@ fepb@sent the International Depository Authority or of
autlh_ori zed Of P¥eejtadrs(s): Address: ECACC CAME Porton Down

I. IDENTIFICATION OF THE MICROORGANISM

I‘ification reference given by the Accession number given by the

D ITOR: INTERNATIONAL DEPOSITARY AUTHORITY:
VERO~-MVA V99101431

iI. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under I above was accompanied by:

X A scientific description

A proposed taxonomic designation

(Mark with a cross where applicable)

III. RECEIPT AND ACCEPTANCE

'1‘_1nternati9nal Depository Authority accepts the microorganism identified under T above,
which was received by it on 14™ october 1999 (date of the original deposit)?

iv. RECEIPT OF REQUEST FOR CONVERSION

The microorganism identified under I above was received by this International

Depository Authority on (date of the original deposit) and
A request': to convert the original deposit to a deposit under the Budapest Treaty
was received by it on (date of receipt of request for conversion)
Iv. INTERNATIONAL DEPOSITORY AUTHORITY
Name: Dx P J Packer Signature (s) of person(s) having the powey
to represent the International Depository
Authority or of authorized officials(s):
Address: ECACC ~ i
CAMR -y K e
Porton Down Date: ‘-;")/ BT 1 ‘.! ey N

Salisbury sp4 0JG

L Where I}ule 6.4(d) applies, such date is the date on which the status of international depositary
authority was acquired

form BP/4 (sole page) 1991



Date: 1 -'<,C Salisbury SP4 QJG L Were Rule 6.4(d) applies, such date is
the date on which the status of international depositary authority was
acqui r ed WoroaioBmBAzl (sol e page) 1991 WO 03/ 097845 PCT/ EPO3/PQF0EPH3/0H%5
APPENDI X 3 Page 24 BUDAPEST TREATY ONSTHE | NTERNATI ONAL RECOGNI TI ON OF THE
DEPOSI T OF M CROORGANI SM5 FOR THE PURPOSES OF PATENT PROCEDURE

| NTERNATI ONAL FORM TO PRO F. DR. DR. H. C. MULT. ANTON MAYR VI ABI LI TY STATEMENT
VEEI LHEI MER STR. 1 Issued pursant to Rule 10.2 by the D 82319 STARNBERG

| NTERNATI ONAL DEPOSI TARY AUTHORI TY GRMANY; | dentified on the foll ow ng
page NAME AND ADDRESS OF THE PARTY TC)MH%M'THE VI ABI LI TY OF STATEMENT IS
| SSUED L 1. DEPCSI TOR I1. | DENTI FI CATI O THE M CROORGANI SM  Narne:

PROF. DR DR. H. C. MULT. ANTON PR (TR QTR FERRTIARY en by t he
| NTERNATI ONAL DEPOS| TORY A%F%%ﬁ%@%ﬁé@ ?5?@%’5 ress: WEI LHEI MER STR. 1
D- 82319 STARNBERG Date of the deposit or of the transfer: GERVANY 14TH

E TIONAL FORM, . . .
Oct ober 1999 I1. VI ABI LI TY STATEMENT “The Vi & ility of the m croorgani sm
identrfied under |1 above was$ tested on a. On that date, the said
m CroQLaaNLS MBS, oy kP! € 3 NOvhengersmvbakl e
WEILHEIMER STR. 1 Issued pursant to Rule 10.2 by the
D-B231% STARNBERG INTERNATIONAL DEPOSITARY AUTHORITY
GERMANY identified on the following page

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

IS ISSUED l

I. DEPOSITOR IX. IDENTIFICATION OF THE MICROORGANISM
Name: PROF.DR.DR.H.C.MULT. ANTON MAYR Accession number given by the
INTERNATIONAL DEPOSITORY AUTHORITY:
V998101431
Address: WEILHEIMER STR. 1
D~82319 STARNBERG Date of the deposit or of the transfer:
GERMANY 14™ oOctober 1999

IX. VIABILITY STATEMENT

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

X 3 viable

no longer viable

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

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

Form BP/4 (first page)



1 Indicate the date of the original deposit or, where a new deposit or a
transfer has been nmade, the nost relevant date (date of the new deposit or
date of tweofarsgfer). 2 In the cases referred to in Rul e PCO/EPO/OH04%i1 1) and
(iii), refer to the nost recent viabid6ity test. 3 Mark with a cross the
applicable box. FormBP/4 (first page) WO 03/097845 PCT/ EPO3/ 05045 56
Appendi x 3 Page 25 1V. CONDI TI ONS UNDER WHI CH THE VI ABI LI TY TEST HAS BEEN
PERFORMED  VERO MVA - 99101431 THE VIRUS WAS GROAN ON VERO CELLS ACCORDI NG
TO THE DEPOSI TORS | NSTRUCTI ONS. THE VI RUS WAS VI ABLE PRODUCI NG CYTOPATHI C
EFFECT AFTER 48 HOURS. A LI TRE OF™B°"%*106 PLAQUE FORM NG UNI TS/ M. WAS

OBTAI NED. V. | NTERNATI ONAL DEPQCSI #4R¥s AUTHORI TY Nane: Dr P J Packer ECACC
CAMR Si gnature(s) of person(s) having the power to represent the
International Depositary Address: Porton Down Aut horitv or_of authorized
Of fi d* ll\ﬂ'l (SQO‘NDITéﬁg lJN%QJJVFHyCH\%P!. FII%L]IIL{T? EN Has EEERLP)ER ORSIE%(')' d 10yt SPA QJG Date: 4
Fill lon i f the information been requested and if the results of the
test |were negative. Form BP/9 (second and | ast page) WO 03/097845

PCT/ ER@340504801457 Applicant's or agent's file BN 45 PCT-1[ Internationa|
appl fcation No. reference nunber | ND CATI ONS RELATI NG TO A DEPCSI TED
M CROCRGAN SM coCdy W6d endsSat&pindro THROrbobGb:E adidiraneidebelows ghat e t othe
m cr QCHERT STHOPETEITFEEt BFTFRNA8t HYERS d &% EITREDYFT N 10° GHROFaRRMINE3UNIYS M) @IASACBTAINED .

V. INTERNATIONAL DEPOSITARY AUTHORITY
Name : Dr P J Packer

ECACC CBAMR iignature(s:: gi pirion(séihavjl.ng the‘iower

. o represen ¢ International Depositary

Address: Pori;on Down Authority or of authorized official{s):

Salisbury

Wiltshire . - )

i f . fw ¥
SP4 0JG pate:  Ff3fe! 35 1o

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

Form BP/9 (second and last page)



B. | DENTI FI CATI ONOFDEPOSI T Furt her deposits are identified on an additional
sheet 0- Nane ofdepositaryinstitution ECACC European Coll ection of Cell
Cul t ur es waddioemsss of depositary institution (including po®CcalEPoda®4and

county) Centre for Applied Mcrobiol¥gy & Research Salisbury WIltshire
SP4 AJG__United Ki nndom Date ofdeposit Accession Number August 30, 2000
00083004 ;¥ crléﬁcﬁl?u%fﬂﬂ L | NDIBQAEng@N&(I ea%ﬁ@mﬁlﬂ?"éf‘i’khq‘“f“ﬁ’et appl i cabl e) Thi s ‘

i nf or matTomTs—conmtTnuedomanaddrtonat—sheet—+n—respect—of—att+—des+gnat ed
States to which such action is possible and to the extent that it is

| egal |y perm ssable under the | aw of the designated State, it is requested

that a sanple of thegg
i ssue thereof to an In epen en

pat ent |
2,

Par agraph 3; Australian Regul ation 3.25(3);
22 and 33(3) and generally simlar

AEﬂ) L AT £ Agﬁﬂbﬁfb§ﬁ%§§gﬁmﬁ¥ﬂ#kab'e onl'y by the

exp er accor t he rel evant
EPC Ruleg&&Rméhh@UK Pat ent Rul es 1995, Schedul e
Dani sh Patents Act Sections
provisions nmutatis nutandis for any

egislation, e.g.,

ot her dgsi ghakiegonSh.@dhow rdidie Bl (N R 2d ik frsaeskpiRa VHI CH | NDI CATT ONS ARE  MADE
(if thel ndﬁ;ﬁ@t umS arenot f or al | ghesi giat edSt at es) E SEPARATE FURNI S—II NG
OF | NDI G¢AT Caven ankr rnotappt r capt e rhe rharcatrons T sted— D\W
will be S%J Bl?ﬁN[T{FmTI[OBYOF?fg’OFIﬁt ernational Bur g%ex11&5&51@?w1dent1ﬁedonanaddmonalsheet

( ped(t edenedoatiaiyitsembt fyeicpdi cations e.g., 'Accession Nunmber of Deposit)
For recqiving Ofice usard@sdntoktonlbndeecnatssonal Bureau use only This
sheetwag received with the international application This sheet was

recei ved Ayest d@epdsitly@liddtd @Nale B Emat sy 3.0 JUNE 2003 Authorized officer
Aut hor i Zestn@d i p8iled RlsfbiolE@BMeEBGlhRO 134 (July 1992) WO 03/097845

PCT/ EPO3/3884% 58 APPENDI X 3 Page 14 BUDAPEST TREATY ON THE | NTERNATI ONAL
RECOGNI TIV$hTFSPRIIEGDEPCSI T OF M CROORGANI SMS

United Kingdom

Dateofdeposit AccessionNumber

August 30, 2000 00083008

C. ADDITIONAL INDICATYONS (leave blank if not applicable) Thisinformation is continued on anadditional sheet D

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

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

E. SEPARATE FURNISHING OF INDICATIONS (leave blankifnotapplicable)

The indications listed below will be submitted to the International Bureau later §pecify the general nature of the indications eg,, "Aecession
Number of Deposit")

————y

For receiving Officeuse only For.International Bureanuse only

D Thisshectwasreceived with the intemational application JE Thls sheet was received by the International Bureauon:

30 JUNE 2003

Authorized officer

E KU

Authorized officer

Form PCT/RO/134 (July 1992)



TO FOR THE PURPOSES OF PATENT PROCEDURE | NTERNATI ONAL FORM BAVARI AN NCORDI C
RESEARCH | NSTI TUTE GVBH FRAUNHOFERSTRASSE 18B D- 82152 MARTI NSRI ED
GERVANY NADE3ANB4ADDRESS OF DEPOSI TOR L J 1. | DENTI FI CAPCONPOF0SDHE

M CROORGANI SM 7 ification reference gi8ven by the Accession nunber given by
the DIWTOR | NTERNATI ONAL DEPCSI TARY AUTHORI TY: MWA- BN V00083008 I1.

SCI ENTI FI C DESCRI PTI ON AND/ OR PROPOSED TAXONOM C DESI GNATI ON The

m croorgani smidentified under | aboyggwass;acconpanied by: F-1 A
scientific description A proposed taxonom c designation (Mark with a cross
where applicable) [111. RECEIPT AND AECEPTANCE T International Depository
Aut hority accepts the m cr oorgansrseardenticf iveevatagker | above, which was
received by it on 30T Augu%‘”“f"igbiﬁ@ obdet & O SHE BETHF 8l deposit) 3 1V,
RECEL®T OF REQUEST FOR COWE{RSI ON The m croorganismidentified under |
above was received by this linternat'T8Ral™ DéPosi tory Authority on (date of
the Gtergbnandeposrt) and A request to convert the original deposit to a
deposgirpruomeberasiehyes Budapest Treaty was received by it on (date of receipt of
r equestat P E8HYer si on) 1 V. | NTERNATI ONAL DEPOSI TORY AUTHORI TY Name: Dr P
J Packer Signature(s) of person(s) having the power to represent the

I nternational Depository Authority or of authorized officials(s):

Add[_iSS: E@AEECANRss
OF DEPOSITOR l

I. IDENTIFICATION OF THE MICROORGANISM
{tification reference given by the Accession number given by the
ITOR: INTERNATIONAL DEPOSITARY AUTHORITY:
| MVA-BN V00083008
II. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under I above was accompanied by:

X A scientific description

R proposed taxonomic designation

(Mark with a cross where applicable)

III. RECEIPT AND ACCEPTANCE

:! Internati?nal Dep9sitory Authority accepts the microorganism identified under I above,
which was received by it on 30™ August 2000 (date of the original deposit)?

Iv. RECEIPT OF REQUEST FOR CONVERSION

The microorganism identified under I above was received by this International

Depository Authority on (date of the original deposit) and

a reques"c to conyert the original deposit to a deposit under the Budapest Treaty

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

Iv. INTERNATIONAL DEPOSITORY AUTHORITY

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

to represent the International Depository

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

CAMR i 7 .
Porton Down Date: ;"/: >Yu !g : 1.L/ i
Salisbury SP4 0JG e R

1 Where Rule 6 4 (d) appli es such date is the d i i
A - 4 ate on which the status of inter iona i Iy
B ) nati 1 depos_’L ta

Form BP/4
(sole page) 1991



Porton Down Date: ij{.?t tam. i J Salisbury SP4 QJG 1 Wiere Rule 6.4(d)
applies, such date is the date on which the status of international
deposi tarywo oawetsas ity was acquired Form BP/ 4 (sol e page) PeIEPIND3F 097845
PCT/ EPO3/ 05045 59 APPENDI X 3 Page 2% BUDAPEST TREATY ON THE | NTERNATI ONAL
RECOGNI TI ON OF THE DEPCSI T OF M CROORGANI SM5 FOR THE PURPOSES OF PATENT
PROCEDURE | NTERNATI ONAL FORM F ARI AN NORDI C RESEARCH VI ABI LI TY STATEMENT
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NAME AND ADDRESS QOF THE PARTY

TO WHOM THE VIABILITY OF STATEMENT
I 18 ISSUED |

I. DEPOSITOR 11, IDENTIFICATION OF THE MICROORGANISM
Hame: BAVARIAN NORDIC RESEARCH Accession number given by the
INSTITUTE GMBH INTERNATIONAL DEPOSITORY AUTHORITY:
V00083008
Address: FRAUNHOFERSTRASSE 18B
D-82152 MARTINSRIED Date of the deposit or of the transfer:
GERMANY 30™ August 2000
II. VIABILITY STATEMENT

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

E 3 viable

no longer viable

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

2 in Ehe cases referred to in Rule 10.2 (a) (ii) and (iid), refer to the most recent viability
est.

3 Mark with a cross the applicable box.



3 no longer viable 1 Indicate the date of the original deposit or, where a
new deposit or a transfer has been nade, the nost relevant date (date of

t he new depasiop7ses date of the transfer). 2 In the cases PeET@EPO®OSHID i n
Rule 10.2 (a) (ii) and (iii), refer t@® the nost recent viability test. 3
Mark with a cross the applicable box. W 03/097845 PCT/ EP03/05045 60 Form
BP/ 4 (first page) Appendix 3 Page 25 1V. CONDI TI ONS UNDER VWH CH THE

VI ABILITY TEST HAS BEEN PERFORMED 4 V00083008 - MVA-BN VI ABI LI TY OF MWA- BN
WAS “TESTED "BY* "GRGV NG THE VI RUS ON BHR CELLS AND CALCULATI NG THE TCD50. V.
| NTERNATI ONAL DEPCSI TARY AUTHORI TY Nane: Dr P J Packer ECACC CAMR

Si gnature(s) of person(s) having the power to represent the International
Depositary Address: Porton Down RaTASY T ty or of aut hori zed Offl cial (s):
Sal i sbury Wltshirer ,. SP4 QOG®ates 1k(/do.l; L v' -ct 3." Fill inif
the informati on has been requested and if the results of the test were
negative. WO 03/097845 PCT/ EPO3/ 05045 61 Certificate of Analysis. Product
Des%l pti els % t%IEI RAV?H(:I:.'CeHSSHEOVr}ANI 0083008 Test ,Description: The
Det|ecti on 0 asne by 1 Sorat |T'6Sﬁ Hé‘ﬁ PR SR 48 e Pig Serum Agar and - in
Mygopl asma Hor se Ser um Br oth SOP Q7 WWCQO UI10Z Accept ance

Crijterion/ Specification: Al positive controls (M pneunontae & M orate)
nmugtvomhove ewivgdemnce of nycopl asnta by typical colony formati on on agar

pl dtes. Broths

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

V. INTERNATIONAL DEPOSITARY AUTHORITY
Name : Dr P J Packer
ECACC CAMR iigzature(sl gﬁ pirzon(sé_having the.zower
. 0 represen e Internationa epositary
Address: Porton Down Buthority or of authorized official(s):
Salisbury
Wiltshire N d? P
SP4 0JG pate: i finf 1o s

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



are subcul tured onto Mycoplasma Pig Serum Agar where evi dence of nycopl asna
by typical colony formation is evaluated. All negative control agar plates
nmust showom3/ogmsusience of mcrobial growh. The criteria fPomT/EROpOBIULi Ve
test result is evidence of mycopl asmesiby typical colony formation on agar-
A negative result will show no such cvidcncc. Test Number; 21487 Dat e;

27/ 11/00 Result; Positive Control: Positive Negative Control: Negative
Test Result: Negative Overall Result: PASS Test Description: Detection of
Mycopl asma using a Vero indicator cell line and Hoechst 33258 fl uorescent

detection system SOP QC/ MW c eyCriterion/ Specification: The
Vero cells in the negative %gﬁ;ﬁ%ﬁﬁ% @&e%&i?lggﬁ- as fluorescing nucl ei
Wi th no cyiQpledtlGiddlor esce sitive control (M orate) nmust show
evi dence REceBM?{?F%J as fl Eﬁ&%’ g nuclei plus extra nuclear

fl uorescence o nmycopl asma Itive test results appear as extra
nucl ear flugrescence of nycopl asma DNA. Negative results show no
cyt opl asrifest Beseriptiess C €NC €The DER&Ton MNFREFIasm A Bpetarovy codiiit PR G e St |
Positive Control: Positiindycddagadt Hore SE0R B, Negat’(c e s*’#e)?t TRESfTEnd
Negative Overall Resul tSOFXSMYSQIRORi sed by.........
.............. c..IgCA wead of Quality ...... i i .~.?~.... Date Page |
of 2 WO 03/ 0978AF PCIr e shentmtion > Coplt popifivepraroly (M Mnednpinss M. orae)
¢e ol'mycoplasma by typical colony formarion on agar plates, Broths
are subcultred onto Mycoplasma Pig Serum Agar where evidence of mycoplasma by

ty;?ical calony formation is evaluated. All negative control agar plates must showno
cvidence of microbial growth,

The cnitcriu for 2 positive test result is evidence of mycoplasma by typical colony
formation on agar. A ncgative rosult will show no such ovidence,

Test Number;  2}487

Date: 27/11/00

Result:
Positiva Coutrol: Positive
Negative Control: Negative
Test Result: ' Negative
Overall Result: PASS

Test Description: Detection of Mycoplasma using a Vero indicator cell line and Hoechst 33258

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

Acceptance Crit_erion/Speciﬁcaﬁon: The Vero cells in the negative control are clearly seen as
ﬂuorescx_ng nuclei with no cytoplasmic fluorescence, Positive control {M. orale) must
show evidence of mycoplasma as fluorescing nuelei plus extra nuclear fluorescence of
mycoplasma DNA, Pogitive test results appear as extra nuclear fluorescence of
mycoplasma DNA. Negative results show no cytoplasmic fluorescence.

Tast Number: 21487

Date: 2711700
Resulf:
Positive Conrrol: Positive
Negartive Control: Negative
Test Result: Negatjve
Overall Result; PASS
Authorised by(hgpﬂl/ ................. ECACC, Head of Quality.....k.}.!y@?.. Date

Pagelof 2



Product Description MVA-13N Accessi on Nunber 00083008 Test Description:
Detection of bacteria and fungi by isolation on Tryptone Soya Broth (TSB)
and in RAvoiod/oTsidgl ycotl ate Medium (FTGV). SOP QC1BF101/ @2TAMPO®REi0AfCE
Criterion/ Specification- Al positives2controls (Baeillis subrilus,
Clostridium sporogenes and Candl da a/bi cans) show evi dence of m crobi al
gromh (turbidity) and the negative controls show no evidence of m crobi al
growh (clear). The criteria for a positive teat is turbidity in any of the
test broths. Al broths spould.he clear. for _negative teat result. Test
Number: 21487 Date: 27/ Eg%‘glﬁﬁ@st@ 0f ARAlYSIS control: Positive

Negati v ﬁonH)ol . .Negative _Test Result: Negative Overall Result: PASS
Test D§7§' 6t PESETRSNNer ni naM OB TCI D50 of cytopathic Virus titration.
(SOP ECALSErUa%)Nwmber Accep®B380% it eri on/ Specification/Criteria: Negative
controls should show no sign of Cytopathic effects. The Test Sanple is

seri 2 B EaRthy MU0 FOA, MRLLE.CL ﬁ,',,g;bé' GaLor T %toiﬁsﬁé}gﬁhs‘éﬁags titre
G .
e

dilution, Cytopathic efFrfeihidhInsaied ! &5 bemrl)

i s cal culated using the bel ow equation re x is the value obtained from
a standard T&cBBncdGiitedogSpeaificagisni| t oAl folaigiveckiosstolsi (RattiisQiernh, dihgiangl | S

di spl ayi ng |€¥sseiapd derdigs ifbicare) shast dvisengeof ndirbhidl gomh (@rbilliny) ahdshd degarval ue of
the hi ghest""EfTﬂ!sLFf‘?‘f’bﬁ‘f’e\)()lﬁ‘é”i"é°%{'l“f’°”4“_’ﬁ{é1"1héﬂ'ﬁr)e positive: TCID30 =1 x 10" " Y
Date: 01/12/ ;{Ee‘g%:uﬁgjpg TREIEHE Y idBe o e sestiipgiz | AR brogpghoddbe clancfmat i ve
Control : NO CPE Test garrpl e: CPE Distribution of less that 4 positive

wel l's: 4,4, PestNumdr: X14d7 25

Date: 27/11/00
Resnlt:
Positive Control: Positive
Negative Conurol: Negative
Test Resuln: Negative
Qverall Result: PASS
Test Description; Determination of TCIDs, of cytopathic Virus titration. (SOP ECACC/055) Cell

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

TCIDg= 1 x10""

) . y
Date: 01/12/00
Resnlt:

Indicater Cell Line: BHK21 (Clone 13)

Negative Control: NO CPE

Test Sample: CPE

Distribution of less that 4 positive wells; 4,4, 4, 3,0

X 1.25

Y: 107

TCIDp= 1 x10'*%
107
— 1 05.25
Overall Rosult; Virus Prosent

*¥FEnd of Certificatet ¥ ¥

Authorised by...... OSM .......... ECACC, Head of Quality.....k{(2{... Datc

Page2o0f 2



Y: 10-1 TC1D50 = 1 x 101 +01.75 10-' 101.25 Overall Result: Virus
Present End o ertfficafe Authorised by.......... I © a ECACC, Read of
Quality .w0.03#69784214t Datc Page 2 of 2 WD 03/097845 PCT/ PRGXPOSHES 63
Clains 1. A reconbinant Mdified Vaccénia Ankara Virus (MVA) 5 conprising
a het erol ogous DNA sequence inserted into an intergenic region (IGR) of
the viral genone. 2. The MVA according to claim1, wherein the

het er ol ogbuds eEDNAmseguence is inserted into an IGR 10 i nbetween two

adj acent open reading franes (ORFs) selected fromthe group conpri sing:
007R-008L, 018L-019L 044L-045L, 064L-065L, 136L-137L, 148R-149L. 3. The
MVA accorldi ng .t o_cl a]%q%n 1 or 2 erglinn the, 15 heterol ogpus DNA sequence
conpri ses ‘at IeastCSHR A n@do%vgdﬁ cUACHIF R APRGFLANdRH e (MVA)
transsri pion@rakisgntd Ohe@brd1opouY mMa t 58RSEREPT 1191 LRRLN Ol &) eqpnt . 4.
The MVA according to clains 1 to 3, wherein the 20 heterol ogous DNA
sequence €863 6nESH OB f ECRHY o2feithe vipellypepoindes, peptides, foreign
antigens or antigenic epitopes. 5. The MVA according to clainms 1 to 4,
wherein the 25 heterol ogous DNA sequence is derived from Dengue virus,
Japanese sgnceghal i tig§aVi rdSeo ity vipysiB Hepatihis oM rugpE and/ or
i mmunodefi ci ency viruses, preferably human 1 munodeficliency virus (H V).
30 6. ThéeWgxodegond nPNAd chafwedcewhérsei Arntdserted into an IGR

10 inbetween two adjacent open reading frames (ORFs)
selected from the group comprising: 007R-008L, 018L-019L
044L-045L, 064L-065L, 136L-137L, 148R-149L.

3. The MVA according to claim 1 or 2, wherein the
15 heterologous DNA sequence comprises at least one coding
sequence, preferably under the transcriptional control of a

poxviral transcription control element.

4. The MVA according to claims 1 to 3, wherein the

20 heterologous DNA sequence encodes one or more proteins,

polypeptides, peptides, foreign antigens or antigenic
epitopes.
5. The MVA according to claims 1 to 4, wherein the

25 heterologous DNA sequence is derived from Dengue virus,
Japanese encephalitis virus, Hepatitis wvirus B, Hepatitis
virus C and/or immunodeficiency viruses, preferably human

immunodeficiency virus (HIV).

30 6. The MVA according to claim 5, wherein the
heterologous DNA sequence derived from Dengue virus is

selected from the group comprising NS1 and PrM.



het er ol ogous DNA sequence derived from Dengue virus is selected fromthe
group conprising NS1 and PrM WO 03/097845 PCT/ EP03/ 05045 64 7. The NVA
accor di ngwo®3phmisn 6, wherein the NS1 gene is inserted i RCO/HPOFOIOER

bet ween the ORFs 064L-065L. 8. The MwWA according to claim6 or 7, wherein

the PrM -5 ge [ ri FOm one ar .nore of.the.4 n Vi rus
serotypes7.' 9. %ﬁeﬁ?@&; éé(\égcg;?é%ﬁ% EQ‘8 &qﬁlﬁ% @’ tghﬁfre&ﬁe%%%%?%]e PFRF gene is
i nsert edibntasthecdGRnet ween roke voRhecteltet etkrslQdurometshe group

conprising: 007R-008L, 044L-045L, 136L- 137L, 148R-149L. 10. The WA
according to claim5, wherein the heterologous DNA sequence derived from

i munodegi ci e VJ s.for.-HL V,.-1%. rdipg to
claim 10,% vvher@'gli)én N%%e ?—I#é/ié]éﬁglq&gg%e Cilslghl}{lngé;r?]éd%i'n;gg%ﬂk\l%%l @%ge%\lgen t he
ORFs D07R=0@8lis QeriPedTHe oMvArer cor dnnget @l Ghas 41 dendiie bel hgst he WA
deposi ted _at , ECACC under deposition nunber VO0083008. 13. The MA accordi ng
to clai mE®t°F8PE5 for use as a medicanent and/or vaccine. 25 14. Use of
the MVA according to clainms 1 to 13 for the preparation of a nedi canent
and/ or vaccine for the treatnent and/or prophylaxis of a viral infection
and/ or a?-profFhretdd My Wrtiae. tRocIBimThe Goe Sacodtaliaiq tihe | B 14 for

the treatpgrAt ;¥ 4 axi.s of .de ' infecti Mol nodefi ci ency
virus i nIE‘;ecti ol(n%r lpﬂ%?%?%%l éhaf)vtlh%f ectl o%%£@%e%3/t%78%%&%%5$€5045 65
10 from the group comprising: O007R-008L, 044L-045L, 136L-
137L, 148R-149L.

10. The MVA according to claim 5, wherein the
heterologous DNA sequence derived from immunodeficiency

15 +wvirus codes for HIV env.

11. The MVA according to claim 10, wherein the HIV env
gene is inserted into the IGR between the ORFs 007R-008L.

20 12. The MVA according to claims 1 to 11 being the MVA
deposited at ECACC under deposition number V00083008.

13. The MVA according to claims 1 to 12 for use as a

medicament and/or vaccine. \

25

14. Use of the MVA according to claims 1 to 13 for the
preparation of a medicament and/or wvaccine for the
treatment and/or prophylaxis of a viral infection and/or a
proliferating disease.

30

15. The use according to claim 14 for the treatment or
prophylaxis of dengue virus infection or immunodeficiency

virus infection, preferably HIV infection.



16. A vaccine conprising the MWA according to clains 1 to 13. 5 17. A
phar maceuti cal conposition conprising the MVA according to clains 1 to 13
and a phawoaseetsital |y acceptable carrier, diluent, adjupamtEPasiosoes
additive. 18. A nethod for affecting,65preferably inducing, an 10

i mmunol ogi cal response in a living animal body including a hunman
conprising adm nistering the MVA according to clains 1 to 13, the vaccine

accordingg.o ¢ aj ; it it i rdiing to.claim17 to the
ani mal , incIudiﬁgﬁk§§ﬁﬁggﬁgﬁ?ﬁhﬁgégﬁgﬁgﬁgbfggfg%ﬁgg E%nehﬁéﬁsf&rtﬁroducing
a protei3.pol ypeptide, peptide, antigen or epitope in vitro conprising
the steps of: infection of a host cell wth the reconbi nant WA 20
according to clainms 1 to 13, cultivation of the infected host cell under
suita?le conditions, isolation and/or enrichnment of the polypeptide,

prot eP n, dept itte, PRHT/ERI 6% 0peOBRRIFHTION r USOPPHEULE  BBeby M¥Ai d host

cel . 20achortibed ko idntyigduciing @ DNA sefience | Qe S8l iR Vit ro,
e

sai d DNA sequence bei ng honol ogous and/ or erol ogous to e geXone of
sai d cel BcompEpbla chsrier) dBDuerst,i ridgctved twahtl/bheadii: Beeor ding to
claims 1 to 13. 21. A nmethod for introducing a DNA sequence into a cell ex
vi vo, said DNA sequence bei ng honol ogous and/ or WD 03/097845 PCT/ EP03/ 05045

66 heterqbﬁgogi to E&) ggponeégéfsahd cell, wherein the cell is infected
with the WA 05?%—1 glt W aiH L HIN3 EFLRELY n 10KECiRGect 88 cel | i s,
subsg¢Queniyncadyi Bh 3t @e8Fonse in a living animal body including a

human comprising administering the MVA according to claims

1 to 13, the vaccine according to claim 16 and/or the

composition according to claim 17 to the animal, including

a human, in need thereof.

15
19. A method for producing a protein, polypeptide,
peptide, antigen or epitope in vitro comprising the steps
of:
- infection of a host cell wiEh the recombinant MVA
20 according to claims 1 to 13, .
- cultivation of the infected host cell under suitable
conditions,
- isolation and/or enrichment of the polypeptide,
protein, peptide, antigen, epitope and/or virus produced‘

25 by said host cell.

20. A method for introducing a DNA sequence into a cell
in vitro, said DNA sequence being homologous and/or
heterologous to the genome of said cell, wherein the cell

30 is infected with the MVA according to claims 1 to 13.

21. A method for introducing a DNA sequence into a cell

ex vivo, said DNA sequence being homologous and/or



to a living animal body, including a human. 5 22. A nethod for introducing
a DNA sequence into a Iliving aninmal body, including a human, said DNA
sequence wbaBngrshbnol ogous and/ or het erol ogous to the geneocs/EPH3/0935 d

ani mal body, by adm nistering the M/A6according to 10 clainms 1 to 13, the

o ho. AR O U g R 25, S el T donBPPerag CHE WUALaccording.

to the anim

to clainks lidfectdd 3itR4théd MUASEcdovEEhne teONPId Sid1gl ac&NA3sagdence
derived _from or honol ogous to the genonme of an MVA, wherein said DNA

sequenc&heERit s ainbaprede cod lparti afubraghentlyf afmioipErre€quence
| ocat ed ;be . - aGent ; i none and inserted into
RELBaR, ;P %%n%‘i g'i')osdg?g%nf@;lrutci[lﬁlegv d e

said | GR sequence a clonin insertion of a DNA sequence being
het efol ogous to the genonme of the MVA and, optionally, of a reporter-

and/ or | ection ne cassette, 25 25. A plasnmid vector conprising a DNA
sequencgﬁherfbeﬁegspﬁnlgPrhoﬁBF5§gﬁglF8 t e:%ﬂﬁunﬁ§QHegﬁflw& E%hErein said
DNA sequerRGe L uPImSESHb&R f hanrkihngngequensesm of 4@ pRA) acedbnERBFs and,

inserted into said IGR a cloning site 30 for the insertion of a DNA
sequenc®aigichghhrapépePBgouand /or t HetRudmo®is t e MRS artbnast i 0fal |y, of a

reporter_. I {,on s / 4 3,05045 67

26. TheEﬁ?§£ﬂ$§£%%§tgghgécgggﬁﬁa%?%lc%%?%?ggﬁgghgﬁé§n§0£§¥é tgequence

conpdi seslad ncorpl v e1dr paet valkciheagidrdingantd GRLeEguescandgaird | CR

sequence includin%, t he cloning,site for the insertion_of the hﬁterologous
he composition according to claim 17 to the animal,

including a human.

23. A cell comprising the MVA according to claims 1 to
15 13.

24. A plasmid vector comprising a DNA sequence derived
from or homologous to the genome of an MVA, wherein said
DNA sequence comprises a complete oxr partial fragment of an
20 IGR sequence located between two adjacent ORFs of the viral
genome and inserted into said IGR seguence a cloning site
for the insertion of a DNA sequence being heterologous to
the genome of the MVA and, optionally, of a reporter-

and/or selection gene cassette. s

25
25. A plasmid vector comprising a DNA sequence derived
from or homologous to the genome of an MVA, wherein said
DNA sequence comprises IGR flanking sequences of two
adjacent ORFs and, inserted into said IGR, a cloning site
30 for the insertion of a DNA sequence being heterologous to
the genome of the MvVA and, optionally, of a reporter-

and/or selection gene cassette.



5 DNA sequence and, optionally, of the reporter- and/or selection gene
cassette. 27. The plasm d vector according to clains 24 to 26, wherein the
| GR sequewoasiog7sderi ved froman | GR between 10 the ORFs ®er@EPo®osfiF om t he
group conprising: 007R-008L, 018L-01¥L, 044L-045L, 064L-065L, 136L-137L,
148R- 14915, 28.lhe d .yect or accaor to cl 4 to 27, ,wherein
the | GR dori vec G; Hueggghca%%gises §C§5§68 ce ?gépbc 2d PPSTSERe group

conpr|5|mgukheImmmleeeqdensequ@@ﬁ@&lsesnoea5280ﬁ@§e@é Segl Dpide+i33; - no.

299- 883 Se ID No. 33; - no. 339-852 of SeqlD No. 34; - no. 376-647 of
Seql.D No. Oh?T 5FRgSRPRISEY| BNs! BER Seansnca0dnsdnrddnoSeql D No.
37 29 The pbashldyveaky AGEORMNY 2 the | GR
flanklng sequenceeg%f the t ?ﬁ%eﬁ%éﬁgi Iqsg%ﬁrgﬁée S%F%%%ngglthe group

conpr suﬁamxoeeaueoee i@a@L. dhﬂﬂpnalﬂ@L 045L, t 64 refibit,ert36bndi3 B,

148R 149 e | asmi d v or according to clainms 24 to 29, wherein
%I %%ﬁﬁégé e&@hc€§s %&Fhe two adjacent ORFs 30 conprise a sequence

selected fromthe group conprising the nucleotide sequences - no. 1-526

and 609-1190 of Seql D No. 32; WD 03/097845 PCT/ EPO3/ 05045 68 - no. 101-298

and 884- 2798 dheSeRiEFRed FECtar naccerdidgdanto 853 212G of Sequ B6No. 34; -

no. 1- 37@%%@%1@4&i%;09Gﬁfgég%ggfggJJ?Sd Y%ﬁ £ 9@ug Z% %%anOf Seql D

No. 36; 5 - no. 1-399 an 1 of asm d vector
accoﬂ@lngkﬁbt@REﬁnseZéctedBthxmhehel@IEM@ DNﬁmﬁeqﬂange Ds7depDged from or

homol 090y gt 0191, 044L-045L, 064L-065L, 1361-137L, 148R-149L.

28. The plasmid vector according to claims 24 to 27,
wherein the IGR-derived sequence comprises a sequence

15 selected from the group comprising the nucleotide sequences
~ no. 527-608 of SeqID No. 32;
- no. 299-883 of SegID No. 33;
- no. 339-852 of SeqgID No. 34;
- no. 376-647 of SeqglID No. 35;
20 - mno. 597-855 of SeqID No. 36;

- no. 400-607 of SeqID No. 37.

29. The plasmid vector according to claims 24 to 28,
wherein the IGR flanking sequences of the two adjacent ORFs

25 are selected from the group comprising: O007R-008L, 018L-
019L, 044L-045L, 064L-065L, 136L-137L, 148R-149L.

30. The plasmid vector according to claims 24 to 29,
wherein the IGR flanking sequences of the two adjacent ORFs
30 comprise a sequence selected from the group comprising the

nucleotide sequences

- mno. 1-526 and 609-1190 of SeqgID No. 32;



t he genone of the MA deposited at ECACC under deposition 10 nunber
V00083008. 32. A nethod for producing the MVA according to clains 1 to 13
conpri si nyotoeIsteps of transfecting a cell with a plasm eCraPvoyosoatcor di ng
to 15 clainms 24 to 31; infecting t heo8t ransfected cell with an MA;

claims 3 o BT BB 8@&%&?@% AT a2 wharoin the tol
is |nfect@d f%)$§% M%%.%%EO bBSd Cﬁ§g$unq§ deposition nunber
S

V00083008. 3 equence erlve |l ogous to the 25 genone
of an MWA, I&R% ddnla\l%ge%gacgfcg%r%%%ﬁ & complete or parti al

f ragnent of an 1 sequence loCated b WO ddj acent ORFs of the viral

genonme. 35, A, DNA s ence sderi¥ed EEO§E§Q%Qﬁ90ERQDUS to the 30 genone of

an MVA, wherein said DNA sequence conpri t'l anki ng sequences of two

adj agent CFsuq V0 03097045 0BCTHEROBEOS04E, 169 3. The DNA sequence

according to claim35, wherein sald sequence conprises a conplete or
partial fragnent of an | GR sequence. 5 37. The DNA sequence according to
claim34 to 36, wherein an exogenous DNA sequence bei ng heterol ogous to
the WA 3enorfEhe s dlasedtiedveatar t Reedo®@ding8. tdhecIMsseqdence a@xording to
claim34 to 37 10 wherein the | GR sequence is derived froman | GR bet ween

the ORFSTSHIE d'S r B t RETYFRTD EBnPEFaivRY: THEPRGoEIomolPEsSy 1 |
044L- 045 pe 064hoR65bs %ﬁ@LMi@.?ldep%&Be?i‘l% Bhed hendMNA seguenceaccor ding

to clains 34 to 38, wherein 15t | GR-derived sequence conprises a
sequénc eneras (EP OBRORS -

32. A method for producing the MVA according to claims 1

to 13 comprising the steps of

- transfecting a cell with a plasmid vector according to

15 claims 24 to 31;

- infecting the transfected cell with an MVA;
- identifying, isolating and, optionally, purifying the
MVA according to claims 1 to 13.

20 33. The method according to claim 32, wherein the cell is
infected with the MVA deposited at ECACC under deposition
number V00083008. '\

34. A DNA sequence derived from or homologous to the
25 genome of an MVA, wherein said DNA sequence comprises a
complete or partial fragment of an IGR sequence located

between two adjacent ORFs of the viral genome.

35. A DNA sequence derived from or homologous to the
30 genome of an MVA, wherein said DNA sequence comprises IGR

flanking sequences of two adjacent ORFs.



the group conprising the nucl eoti de sequences - no. 527-608 of Seql D No.
32; - no. 299-883 of SeqlD No. 33; - no. 339-852 of SeqlD No. 34; 20 -
no. 376- 6W0 0of9Beyl D No. 35; - no. 597-855 of Seql D No. PEI/EPo3/08m45 400- 607
of SeqlD No. 37. 40. The DNA sequences9according to clainms 34 to 39, wherein

25 the fl.ankj s_of adjacent: ORE selserted from
t he grd%ﬁséd%%?F%ﬁ%gg8§ﬁ$§§§o§§?03?§E?3?8L§”%%§2E?B4§§f§§§ﬁi-oesL,

136L- 137a $48Retdol cobbriEee DNA-senleneeoacrerting tioradments 34 to 40,
wherein 30 the I GR flanking sequences of the two adjacent ORFs conprise a
sequenc@® sEFRcE @IS t he group comprising the nucleotide sequences WO
03/ 097845 PCT/ EP03/05045 70 - no. 1-526 and 609-1190 of Seql D No. 32; -

no. 101-298 and 884-1198 of SeqlD No. 33; - no._1-338 and 853-1200 of
SeqlsD N®7.34The noNA 1-33Guande648cq00ding S FMLM3534 550 ntPr 1-596 and

856- 1200, of Seql D No. 36: - 1-399 and -10 f 2o RNO-o 37. 42.
The DNAME%ﬁﬁﬁﬂcgnhé%%ﬁ%ﬁ¢ﬁP?OE@Paﬁﬁ%ﬁgﬁ to Q%?“éhz%ﬁgho t%g SNAcgequence i's
der i vedicheomyvar gbasmbogeusntertbe iffogeneneGBf the MVA deposited at ECACC
under deposition nunmber V0O0083008.

38. The DNA sequence according to claim 34 to 37,
10 wherein the IGR sequence is derived from an IGR between

the ORFs selected from the group comprising: 007R-008L,

018L-0191,, 044L-045L, 064L-065L, 136L-137L, 148R-1409L.

39. The DNA sequence according to claims 34 to 38, wherein
15 the IGR-derived sequence comprises a sequence selected from

the group comprising the nucleotide sequences
- no. 527-608 of SeqgID No. 32;
- no. 299-883 of SegID No. 33;
- mno. 339-852 of SeqgID No. 34;
20 - no. 376-647 of SeqgID No. 35;
- no. 597-855 of SeqgID No. 36;

- no. 400-607 of SegID No. 37.

40. The DNA sequence according to claims 34 to 39, wherein

25 the IGR flanking sequences of the two adjacent ORFs are
selected from the group comprising: 007R-008L, 0181.-019L,
0441.-045%,, 064L-065L, 136L-137L, 148R-149L.

41. The DNA sequence according to claims 34 to 40, wherein
30 the IGR flanking sequences of the two adjacent ORFs
comprise a sequence selected from the group comprisging the

nucleotide sequences



10

WO 03/097845 PCT/EP03/05045

42.

1o.

no.

no.

no.

no.

no.

70
1-526 and 609-1190 of SeqgID No. 32;

101-298 and 884-1198 of SegID No. 33;
1-338 and 853-1200 of SegID No. 34;
1-375 and 648-1200 of SeqgID No. 35;
1-596 and 856-1200 of SeqID No. 36;

1-399 and 608-1081 of SegID No. 37.

The DNA sequence according to claims 34 to 41, wherein

the DNA sequence is derived from or homologous to the

genome of the MVA deposited at ECACC wunder deposition
number V00083008.



