© 18 OCT 2006 WO 03/097833 PCT/ EP03/03045 v Intergenic Regions As| Br@gT t9 i
‘Sites In The RApP®79L Mdified Vaccinia Virus Ankara (MVA) The presen
invention relates to novel insertion sites 5 useful for the iftégaT%n of
exogenous DNA sequences into the MVA genone. Background of the invention
Modi fied Vaccinia Virus Ankara (WA is a nenber of the 10 Ot hopoxvirus
famly and has been generated by about 570 serial passages on chicken
enbryo fi brobl astigf the Akara stral n of VaCCI nia virus (C,\/A) (for
review see Myr, A ' : B4 : S SIaL
of these passages the resuﬁba&qlwwcc %1%51& 0% 3L K Mases | ess
genomi c information conpared t0 CVAand 15 gmy ||U>L estricted
(Meyer, H et al., J. Gen. Virol. 72, 1031-1038 [19911). MVA is
characterized by its extrene attenuation, nanely by a dimnished vi rul ence
or infectiosity n .20 excel | ent nggeni city. \Wen tested i
variety of ani nig%gn%%%%én@ ven)%lpofjov’éﬁl?gn%e |]F‘?1Y‘é1\;t 1ggentinn sites

i muno- suppr esseddhdi vifdual she Make dgmesitant by, dhsyetxsel bt sQicﬁ:&%{cté§5
of the MWA stral n have1 been dermnstrat ed in extensive clinical trrals
(Mayr et al., AREA @engie- |, Abt. Org. B 167, 375-390 [1987]),
During these studl es in over 120, 000 humans, including high risk patients,
no side effects were seen (Stickl et al., Dtsch. med. Wschr. 99, 2386-2392
[ 19741). It has been further found that MA is blocked in the late 30
stage of the virus replicationEBaiersundranfraihaneeddtsior Sutter, G and
Moss, B. [1992] Proc. Natl. Acad. Sci. 10 OCT 2006 WD 03/097845

;‘f‘CT/ EP03/ 05045 Modified Vaccinia Virus 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

i5 containg 31 kilobases less genomic information compared
to CVA and is highly host cell restricted (Meyer, H. et
al., J. Gen. Viroi. 72, 1031-1038 1[1991]). MVA is
characterized by its extreme attenuation, namely by a
diminished virulence or infectiosity but still an

gi. 20 excellent immunogenicity. When tested in a variety of
animal models, MVA was proven to be aviyrulent even in
immuno-suppressed individuals. More importantly, the1
excellent properties of the MVA strain have been
demonstfatﬁd in extensive clinical trials {(Mayr et al.,

25 Zbl. Bakti 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. Katl. Acad. Sci.




2 USA 89, 10847-10851). Accordingly, MA fully replicates its D§alCT 2%05
synt hesi zesw®@ass«si nternedi ate and | ate gene products, bwctrrometescapabl e
to assenble mature infectious virions, which could be released froman 5
infected cell. For this reason, nanely 2o be replication restricted, MA
was proposed to serve as a gene expression vector. Mre recently, MA was

used to genersal e3g ecoO®i NANG 85 VRACChRESyra8XBI §SSMIG Rl Oenc, pegyea5es
inserted either 10 at the site of thertyde?ne-ki nase %fk% Ig%ene :

5,185, 146) of-SatPlihe SyREhesizematardyl,y tecermediptalebotl dmbs tgemet he M.

genone (PCT/ 926 t hough the tk insertion |ocus_.is widely used for
the genera??(?%@%?gfecgb%ﬁnaﬁ POV r (SEREPHGr t FRul &SP 18R EHES

gener ati on ohfeetamhsnanirMace] nivvhidi usesudvbeket e1ebsall. F1882]ak- N A S.
USA 79, 7415;@%41%% thii technol ogy was. not applicable for MWA. |t was
shown by SchBFFFiRgereler EPr, thAs: neesawn mistelbrieo demsrepiicabion

nmodi fi cati orest@fictBe, gepone %rgaar&goégsg&he&poggir uses, vwgchg(g 1 be 20 -
used for the generation of reconbinant™ poxviruses. cheiflinger”et al.

showed in p&FPiregraentiattone of the nost commonly used site for the
integration of heterol ogous DNA into poxviral genones, nanely the
t hyndi ne ki Mase (r&yegehle, | o0, weannaicdib wsedgbfeRbt genesabith 1egeubi nant

MWA. Any re%gl 'Ei.ng tk(-) _reconbinant, M/A proved to be highly unstable and
upon puri fi Catren=cr FSEEFYI B E8 e S5BEREF B@@%}%ﬁmthﬂh parts

of ti genogtc DMAeOf dMA: (Scftei fldager tohidlinel:988ke ArER) VirQlad4l: pp
663-669). 30 Instability and, thus, high probability of genomc
recombi nat i 6HSi §-48Rnbdh) prablam whehistgwoxofi rolmedpraldst uaddyrrMUA was

est abl i shedadyping,| 9ngn1 €' 1,0355R968, 48, O derP96/02926) .

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.S5. 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 gene:fation of recombinant poxviruses.
Scheiflinger et al. showed in particular that one of the
most commonly used site for the integratidn of
heterologous DNA into poxviral genomes, namely the‘
thymdine kinase (tk) gene locus, camnot be used to

25 generate recqmbinant MVA. Any resulting tk{-) recombinant
MVA proved to be highly unstable and upon purification
immediately '%“]deletea the inserted DNA fogether 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




WO 03/ 097845 PCT/ EP03/ 05045 3 exploiting the fact that the vi r1a3 %&Rtﬁﬂﬁﬁ

of OVA is ungixablessveen propagated in vitro in tissue cultur S
Several thousands of nucl eotides (31 kb) had been deleted fr?%rt/%@!})w,&ﬁ

genane, which therefore is 5 characterized py 6 major and numerous smnal |
deletions in conparison to the original CVA genome. The genom c

organi zation of,. . geppme has_been described recently (Antoine et al.
(1998], Virol og?bggﬁwﬁgﬁggﬁmga%e ‘%ﬁ? kEPGenbhE2of KRS 8EnsBiAy packed
and 10 conpri sesst88lendivkeduabropes.f&£8di g franes QQQF@SSMg\hiCEEt%%g% for
proteins of at Igfst 63 amno acids in length. In conparison with the

hi ghly i nf ectits¥ar PEVETali rifwuamndd sof tivecpeotbiigpe (81 ¥atchaiabeknus,

nanely the stgais:gLqpe n, .t he jority of ORFs of 31VA, are 15
fragmented or truncated (Antoi ﬁ}éleet A [?é§§1“?'\ﬁ MOHSYY BRI e RgES 3048

However, 2w t h &leryatberéxedplivors mi]or QRES, nimekydingnbhe hrageeshed;and
truncated CRFSCOI%% .transcri Bed and translated into proteins. In the

fol l owi ng, the nonentf3ture &feaptspAsadt CYR gemomsed and 20 - where
appropriate - fhe nomenc]ature based on Hnd Il restriction enzynme di gest
is al so indicat®d. ISEIFGEr oFANizdielomseart | Gieof MEROgeenUEe DitaS nbeethe

natural |y occufddg; et Lt es, of t.he MV, no 0_stabl e
reconbi nant MVAS (PlC}% J%ng?%%?%}é’) B ort n‘giel ;ﬁ'gbﬁgre Fgoﬁ)ﬁw 344,
restricted nurber-3%6) naTuealllng 06curdridig: def efiianisi Heaskhyt BacMA ggaone.

Addi tiopal Iy iéon\{vag. shown %Qat, other insertion sites, such as, e.g., the
tk gene | ocus,“Are hardl yrudefindsetuahe goeer sabing rfaeewsi ndARFIM/A

¢Schei flinger widh. cod@ [4996LAGhMiLpl 14y 663-. o LG, 2906 WO

3/ 097835 PCT/ EP03/ 05035 brofihs 2ttt bt 083 Wikeo Tadlds 208
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 N# are

15 - fragmented or truncated (Antoine et al. [1998], Virology

- 244, 365-396). However, with wvery few exceptions all
Ao . ORFs, including the fragmented and truncated ORFs, get
- » transcribed and_ translated intoc proteins. In the
#pfollowing, the nomenclature of Antoine et al. is used and
20 ~ where appropriate — the nomenclature based on Hind IIT

restriction enzyme digest is also indicated.

é: S50 far, only the insertion of exogenous DNA into the
naturally occurring deletion sites of the MVA.genome lecill

to stable recombinant MVAS {PCT/EP96/02926) .

25 Unfortunatellir, there dis only a restricted number of
naturally O%c:;curring deletion sgites in the MVA genome.
Additionallif- 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 (19961, Arch Virol 141: pp 663-669).




4 Qbject of the invention It is an object of the present invent§ 38D 2006
identify MuBHRE7sSENsertion sites of the MVA genone and to mroEPd®soss
insertion vectors, which direct the insertion of 5 exogenous DNA sequences
into said newy identified insertion si4es of the WA genone. It is a
further object of the present invention to provide a reconbi nant WA,

whi ch conpri ses exogenous DNApjiseqUeICescStiaRiahdithegrated i nto new
insertion sites of 10 the MVA genone. Detailed description of the

invention The i n¥enrior sp9kett g PLESENt-dAVEN ii?l%’enifggﬂt 1 {d e‘id@‘ﬁ‘ﬁ’iﬁri tes
0

for the insertion of exogenous DNA sequences in the genone o
Modi fi ed VadeithilezaAdmsea timasiviesusf Thee nBVR | gsactieoandi tespaneilecat ed

in the intergenigregiqn | GRs) of. the viral genone, wherein said_| GRs
are, in turn Ig:ég edqﬁée i(’/\cé]é orwgllléhfl hk8E* by adjentbpeRt .

readi ng frareogcdRiEs) ONA hesdddrganonein2d Assoadi Aglyy t hechresenl
i-nvention relates.to a, reconbi nant MVA conprising a heterol ogous

sequence i nS&REdPnPates PERLBE MHE @erelegenome. According to the
present invention, one or nore exogenous DNA sequences may be inserted
into one or *ior &S| @Rs.fwEher wabisgitpr pSi nghy frouetenthatinexogdnous BNA

sequences -y i nd l.e.l ted into | GRs.of the WA qge . As
al ready i ndli)%(;ﬁf.%I é’gl ea%o%é%,% Ot%%)gl}lgaglr?o%’f m&ils.coji“Brbae%oﬁ%?%%?@dgag’ﬁg‘eai ng
qui t e unst abeguenteseernmtihatinigenested DNAoS e@RHENGESe O ESSERGE ab#f or
propa%alti on %f At he virus are del eted or fragnented. Although it was -
al so surpri & fgry - 9PBENG -t hat st abl e recombi nant WAS WD 03/ 097845

PCT/ ) 391W440U 5 are obtai ned when heterol ogous DNA sequences are inserted

Detailed description of the invention

The inventors of the present invention identified new
sites for the insertion of exogenous DNA seguences into
15 the genome of Modified Vaccinia Ankara (MVA) wvirus. The
new insertion sites are located in the intergenic regions
(IGReg) 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 viral genome. According tol
the present invention, one or more exogenocus DNA

seguences may be inserted intoc one or more IGRs.

25 It was sur;gfisingly found that exogenous DNA seaquences
remain "indéed stable _inserted into IGRs of the MvVa
genome: As already indicated above, the genome of MVA is
to be considered as being guite unstable. It seems that
genes or DNA seguences non-essential for propagation of

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

also surprisingly - found that stable recombinant MVAs




into the naturally occurring deletion sites of the MA genone
( PCT/ EP96/ 02926):3/0t7swms - on the ot her hand - found that host PC&M&J@QI@QGB

as, e.g., the tk-locus widely 5 used for the generation of other
recanbi nant poxviruses are no suitable ingertion sites in MA The fact
that Vero-MWA has one extra genom c del etion (PCT/EPA/02703) also

suggests that the e, | nam.c_in.the se it readily delets genes
that are not requi reg 1Foeréll %Irlg%%g%ﬁ)E)ﬁgov‘llﬁeﬂggorsgfmfflc%%u%ﬁe bEEBhcttded
that insertingiiet ehel egans LINA- seguareesgnazlesseit | 8ltddroeVvichal uya
propagation into %Pac?s bet ween s woul d be expected to be deleted by

i

ORF
the virus as WAIPRSWil FeTY BERIOREFE  delbedqimhce o afkbeRPErRDIBSREN " | no
15 aci d sequemeRdDOMHAY 1o PePtides a%&kéégeg%if dshg;, PERL &L 104018 Q\Lit%}?]_)}r

bet ween two ORFs have no codi ng capacity, conprise regula _

el enent ®, bi ndisey sfeesther gmteratiand/ of enfienc eresaguences wssentisds f or
or involved i% ‘tltlng trar%rs#iegt i.onal contro] of the viral l?en expr.essi on.
20 Thus, the ey BE S e dUPRTEAET ettiF 2t otf Bt T of e of oCHe AT
life cycle. Huwaevemua head n¥aBRt @620l ddiom: PrESEAL AV eRET Do RN E Al 50
shown that the_new insertion sites have the unexpected advantage that
exogenous DNAZls§ediisigasteabnhae theblopniomseriteedhinmmoia He Mie gemoree 125

wi t hout infl uepgi r i.ng e typical, characteristics and.ge
oxpr 6551 on of M e SBaeUn ST TTSR o1 ELE ar 87Bapdty & | § SRErar Foce no

ORF or 10codi ngrogggedernl Mifersraléer edt MycRa\er bd t M@ 1Suqa | sitrgl y
found that the_ex ressiog 30 lLevel of a foreign gene inserted into an I GR
i's hi gher t hafStHEE%hr 885PERI0eS oPNR | or@Ig- 9en@ornsEPERE I ~At Fom

s higher thdfi¥Hié | :
031 007855 PCT) EF63) 0505 T ion ( SRS Wpde AR Heen! BEET £0%0aBe

expected to be deleted by the virus as well.

While the nucleotide sequence of an ORF encodes an ‘affiino

15 ‘acid sequence forming a peptide, polypeptide or proﬁein,
the IGRs between two ORFs have no coding capacity,” but

fmay comprise regulatory elements, binding sites, promoter

- and/or enhancer seguences essential for or involved in
“Elithe transcriptic_)nal 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

é "Present invention have also shown that the new insertiomn
- sites have the unexpected advantage that exogenocus DNA"
sequences can be stably inserted into the MVA genome

25 without influencing or changing the = typical
gharacterist;j;;cs and gene expression of MVA. The new

insertion s‘fi:es 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).




The nucl eotj de sequence of an ORF regularly starts with a starf &88dn280&
ends with a"&tG#?Bdfon. Depending on the orientation of thectmpozeiacent
O RFs the IGR, the region in between these ORFs, is flanked either by the
two stop 5 codons of the two-adjacent OREs, or, by the two start codons.of
the two adjacent ORFs, or, by the stop codon of the first ORF and the
start codon 3 REcdeosideORRquence by the osiFarbgeoden,okhhesf £ 5f, ORF and

the stop codqy_Qf. second F. 10 Accordingly, the insertion site for
t he exogenous BNA c??%&e%gléﬁﬁﬂ theh &R %‘ypb‘éoé%ns@@@@nﬂbmg%nothéhe

stop codon eofrianthritnOBE. tHa Gage 4 ' o  terned, second
ORF, has the.saﬁ% orientation as the éf]'ﬁ(g{%l@%s tcﬁlfes fgﬁéeﬂf]ig%nr?gi“én

downst r eam of ™t HELUESH todee ORFES tive FlaritedORE thes bgpstlﬁ@amr@rsé{_)?of t he
e

start apdon ebgchhe sxecond . ln.case the second ORF has an opposi
orientation relative to thg%rpi ret ERELE wﬂﬁ%ﬁ' n&dns Bhetde diviat forrof  the

two adj acent CORPsspointhet bweashjatbat, okhen she ]3? !':l@éeéfci:ﬁncé{iéﬁ bkes
downst ream of h%istgpaggdons of both ORFs. As a third alternative; in
case the two adj acen s il § eFtosadendiafe ctiorgednnd tO®F or bent at i on

of the two bej ahenst&EREFScHQLAL SEavay € er, which is.25
synonymous with a positioning that is %%g%c(?g?i%é% Phe THR TReoRtaft

codons of thEhEwseeRed @RE- adj acent to each other, then the exogenous DNA
is inserted upstream relative to both start codons. ORFs in the WA genone

occur 1 twoReeerdtndly ecttitensinsd0tConsaguent k¥ tihe Pekypehase Avity
occurs from ], right,. i _e.,. forward direction and, correspondi ngly, :
. g ex#?e 11119 o .
from right To-left- (TaversR &?%&%r@e.dwnﬁrwmm Pt ot i Tree 1stQGT 2006 /.
WO 03/ 097815c&Th CBE3/ H5@4% st ORF. In case the adjacent ORF, also
termed second ORF, has the same orientation as the Firer
ORF, this ipsertion 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 lieg downstream of the stop codons of both
ORFgs. '

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

relative to both start codons.

ORFs in the MVA genome occur in two coding dJdirections.
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




7 in poxvirology and it becanme a standard classification for 8 60T g008

viruses to idgatdsfpys@RFs by their orientation and their posi td-gcm@bnihe
different Hndlll restriction digest fragnments of the genone. For the 5

nomencl ature, the different HindlIl fragnents are naned by descendi ng
capital letters corresponding with their descending size. The ORF are
nunbered fromkgft, to right on each Hiondl |l fragnment. and the qrientation
of the ORF is |ﬁn0;'|) (:}%C'}fflell et gﬁléatja? ST d? ngtﬁﬁlfiaf: arf‘sjtﬁqsdtﬁl&"f‘tf@nfrom
right to Left)for RY{stahtiag farrddanSCript i 08eht 0/ | @fdrd 0 B ghtonesi
Additionally, there is.a nore recent publication of the WA genone
structure, whi ¢h*GEERCAONyE R Ehel Romewdltdionmr eon sthel yifGepventnd 18 IORF
fromthe Ileftrigrihectght f d indicati their. 1
orientation with a cap{Lt al E@grgsg (ggggigl%gl%gf gi@ 1:]1%98%11 r%'r ol%lé}dfy 3&2
365-396) ? As apcexanpheurhe lidle OREffeaenor diNgilny tfeaghehtwnenel akmed,

corresponds tokFPtéhe 064L_.ORF accqrding.to Antoine et al.. If not indicated
differently, the PIesEdinRerrPadseseEheTRomsHaSRnAsling Bt #h%g<t o

Ant oi ne- et al .gde6eRdiAG L9 Lhe messns éP&egégB?r hekerpl 9geus tBNA ; g1t

sequences can be inserted into one or nore | nbet ween two adj acent
ORFs sel ect ed 9% ofthe Fyirolipl Tofipagseny: ar@D Hh<d)02ti eDOLD030F GDSROBEGR,

006L- 007R, 007R: 008 08L-009L, Q17L-018L,. 018L-019L, Q19L-020QL, .
020L- 021L, oégi-gggﬁ?%gfgi- 5?,C@?%%@QQG%,%ﬁﬁgﬁgbﬁgL%0638E?§§fffptlon
031L- 0320, 032£=083+]ghB85kto086ist)036L 3 HualBdg G333 crO3H:-4Qln from

043L- 044L, °4§té845L’ 046L- 047R, 049L-050L, 050L-051L, 051L-052R,
)52R- 053R, . 053EE 54K ° oR4uliE5R AJ01ips5Ra0361, DBRLe06A , 20FMLPEIECENt

R s e AT N M T T
-094L-095R, 096&R: D8R 097ABHBAIR: LLOER- IR 1103RH4Ry the ORF from the
- left to the right end-of the genome and indicatinggEheir

15 orientation with a capital I or R (Antoine et al. 1998},
Virology 244, 365-396). As an example the I4L ORF,

according to the old nomenclature, corresponds to the

'ﬁ064L ORF according to Antoine et al.. If mnot indicated
%%%Fifferently, the present invention uses the nomenclature

20 according to Antoine et al.

According to the present invention, heterclogous DNA
%:- sequences can be inserted into one or more IGRs inbetween

two adjacent ORFs selected from the group comprising:

001L-002L, 002L~003L, 005R-006R, 006L-007R, 007R-00B8L,
25 008L-009L, 017L~018L, 018L-019L, 019L-020L, 020L-021L,
0231L-0245, 924L—025L, 025L~026L, 028R-029L, 030L-031L,
031L-032L, 332L—033L, 035L-036L, 036L-037L, 037L-038L,
039L~040L, 043L-044L, 044L-045L, 046L-047R, 049L-050L,
050L~0511, 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,
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108L-109L, WO9EOMEGL, 110L-111L,
1171L-118L,
133R- 134R,
144R- 145R,
-153L- 154R,
162R- 163R,
170R- 1718,
180R- 181R,

113L-114L,
118L-119R, 122R-123L, 123L-124L,
134R- 1358, 136L-137L, 137L- 138L,

105L- 106R,
114L-115L,
1241-125L,

141L- 142R,

145R- 146R, 146R- 147R, 1478- 148R, 148R-149L,
15&#@1@9@ 19ORRISDBL, 157l81158R:,, 199R-1G0L,,

IRINE MR, RSN BRI,

107r- 1068, 0CT 2006
115 cd@R05045

125L-126L,
143L- 144R,
152R- 153L,
1§@£li§iﬁy
167R- 168R,
178R-180R,

5 .

102233532134R12@@,432;§5L,pggshﬁggemlg% OR18TR, , 1ATR: %g

188R- 189R, ggR—190R 192R- 193R Accordlng fo
006L correspond&8 1feRe1EB 516180 .coiBEEPARES, tm4£G=14QﬁOL1&B)LL\tM-43021L to

N2L, 028L t 01K2k.. R 29 037L to F8L, 15 045L to F15L,
050L to E3L, o%nggﬁES%Q‘Sgsiﬁﬁgo E?Ezﬁ gééﬁ i%”'%B%BBsaPl%-E@?;L 062L to
| 1L, 064L tol32R-1BB5L L63L1554R081R4k01ERR, 982k 197£3|—159§6f95%1§ J2R, 088R-
to JAR 089&5%§ 1‘-??%"1 Ofgﬁto H2R, 095R to HSR 107R'to DIOR 108L to

DI1L, 122R t© 23L5P5-A§HR, 103R-163R14L6382664R0 1 GARIBESRI35R to -

A24R 136L t06825166437LekR- _ A3 49L to
A38L, 152R to A4O0R, 153L toﬁgA?ilEltL iﬁ%&%?m@ﬁm g‘?ﬁ:{ ﬁ%% 9R to
AGR  160L {0°Ra¥]6R165R6Ro1ABBR, 1 1BBRLTHR ASTRORAGTER: | oL BIR 147A9R to

133R,

76R t 0 1 B16R, _18SL to 25 B17L, and 187R
to 81912 Pr e%e%l?r /j}gt ﬁleé%}éf%ggﬁ‘bgﬁ%@%@@]@%nc@%%ﬂ%@rtje%iﬂ?ﬂ%ﬁl%m | GR

fl anked by tw}ad}m;]tlmgw@ﬂaeclmiimg he group

Ol SL-019L,

exogenous mweeoar@éwnﬁsﬁmwaeﬂm' N R Wy,
f ound associ act’ ed.w

15

conprising 007R-008L,
30 136L-137L, 148R-149L. Heterol ogous or: "

are_not nocrlrrally
corresponds

044L-045L, 064L-065L,

1OL 019L corresponds to C6L,

028R to K7R, 029L to FIL, 037L to FBL,
045L to F15L, 050L to E3L, 052R to ES5R, 054R to ETR, O055R
to EBR, 056L to ESL, 062L to TiL.,
I5L, 081R to L2R, 082L to L3L,
082L to J5I.,
to D115,

020L to WLL, 021L to

N2L, 023L to K21,

064L to T4L, 065%L to
086R to J2R, 088R to J4R,
0%2R to H2R, (095R to H5R, 107R to D10OR, 108L

122R to AL1R,

1231,

to A12TL,

1255 to Al4Ln,

1265

20

to

Al5L.,

135R

to AZ4R,

to A30L,

to

to

AdlY,,

148R
154R

to A37R,

to A42R,

136L
1491,

to AZ5L,

1375 to

A26L,

141Ln

157L

to A381,
to A44L,

152R to
159R to

A40R,
A46R,

153L
160L

A47L, 165R to AS56R, 166R to A57R, 167R to BI1R, 170R to

25

30

B3R, 176R to B8R, 180R to BI2R,
B17L, and 187R to B19R.

184R to B16R, 1855 to

it

Preferablyfithe heterologous sequence is inserted into an
IGR flanked by two adjacent ORFs selected fxrom the group
comprising O007R-008L, 018L-019L, O044L-045%, 064L-065L,
136L-137L, 148R-1491,,

Heterclogous or exogenous DNA sequences are seguences

which, in nature, are not normally found associated with



18 OCT 2096 WD 03/ 097845 PCT/ EP03/05035 9 the poxvirus as used ¥ bi286
to the presemwoOitnwerstis on. According to a further enbodi nent otTidresgmuesent
i nvention, the exogenous DNA sequence conprises at |east one coding
séquence. The coding sequence is operatively 5 linked to a transcription
control elenment, preferably to a poxviral transcription control elenent.

Additional ly, takses£Qnhinat.i bet ween_pox-viral ,transcripti.on contro
el ement and, e.g.,§1nterna. %%B%%%%aﬁcgﬁFgﬁngingt@§n£5§se8§ed?vfﬁtlon'

According to abdfgpriéngenbodi nant fudi@cexogansastsi hM: Seguense Carcakse
conprise two of npre.coding sequences |inked to one or seyeral
transcription CONtrof 8re EXOTEB S ySCURBNEBJCREPEEHBBNeE dpasHes

one or nore poRéeicrHiRP! YPSRLLdES. pt i f i nt L.g .15
anti geni c epitopes, esé%fal??ﬁt%gge.o?%tﬁggggg%t$%§*€€cgi%%e?gg{g%ﬁvﬁéﬁes.
Ther apeuPi cal | iithedr &st iang-wpemesr fpcboni agntvol helepeesenprifveabl pntaay

be genes derived_ {r. honol ogous . .to genes aof pat hogenous .or .infectious
nicroorganisnﬁgzgaﬁﬁgﬁg%u rﬁF§g§§Et¢QEQQth¥£%0?£?W§F§; PR RECEBhEEXt of
the present inukadi edrsdeh ctiRerapsstbeal | Yokt gLeSEBgsckipli dn 0BBRE-BH E
presented to t i mune system of an organism in order to affect,

preferably i ndut@®gPEp8eHi @ -igmunintemspbnstbasenat henthy, svbeei eat eber
prophyl acticaly-25 protect the organism against an infection with the
m croorganism In further preferred enbodi nents of the present invention

nfect oas vi riossr ity 68" D i FBEoRs ehbenghRey ST sanR
gncephal itis 3feqiense kepaldlds vbipgiBeOtus & hopUnedeli§i 88G¥ences
linked to one or several transcription control elements.

""Preferablly, the coding sequence encodes oﬁe or more

Pproteins, polypeptides, peptides, foreign antige s or

15‘ antigenic epitopes, espcially those of therapeutically

interesting genes.

Therapeutically interesting genes according to the 7
__r_:,‘:___:_;present invention may be genes derived from or homologous
7__._to genes of pathogencus 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 oxder to affect, preferably induce a specific immun;
response and, thereby, wvaccinate or prophylactically

25 protect the organism against an infection with the
microorgani%rﬁ. In further preferred embodiments of the
present invention the therapéutically interesting genes

are selected from genes of infectious viruses, e.g., -

but not limited to - Dengue virus, Japanese encephalitis

30 virus, Hepatbtitis wirugs B or €,  or immurodeficiency

viruses such as HIV.



viruses such as bV, 16 WO 03/097845 18 OCT 2006 PC T/ EPO3) 050k8 0Gb 288hes
derived fro Hili8*virus are preferably NSI and PrM genes,powiermionnsai d
genes may be derived fromone, two, three or fromall of the 4 Dengue
virus serotypes. The NS1 gene is preferalfl y derived from Dengue virus 5.
serotype 2 angd _is preferably inserted into the IGR between the ORFs

064L- 065L ( 14ESFSE) d9piivegentson peeberabiiyrier i yediL of_the 4
Dengue Virus PSR Qle¥RES, 6;3,%@%@! eferahly inserted in%go ?%ﬁ%’&%{)e]t Ve the
ORFs sel ected from 007R 008L, 044f28%450enESe a3 7pe ferideR 1MdHn AMise

preferably, tRECPr Whgeaeoderingd 410y Degug I serotype 1 (prM1) is
inserted intogg el\LSCT-:R of 148R-149L, PrMm Zgi %t ?eﬁ%% éﬁlﬁ%"gém@fﬁm 3
Hef

into the IGRof the CRPS®0441 - BASEerabdyPr 8bdived o file | SBigddbly137L. 15

Accordi fig to sefotyher prefefr e iment of ,the present Invention the
het er ol ogous .DNA sequence i s ggri g{%%%reﬁi" Ml VABRETERE odbst ¢l \tlemy, Tasher ei n

the HV env ]@%Wéee?% pFBfer dBtBs i nsentedsbat 0 the, &R \pet weep the ORFs

007R- 008L. 2Q,,Fid r t.herapeutically interesting genes ac g to
the present %)nvent%%llrygl gdéar ot | SEW sedldle rofl atdd:  genamngihi Chyshave a

t herapeuti c efdmgtvrens,praald figratd Vg, 1 di cancer or netabolic
di seases. For exa%%ée a_ therapeuti clgl flgé?ﬁ%crle%?}g‘?lgtgﬁnéeﬁég&%wncancer
n

coul d 25 be a tanvers éﬁ??@%ﬁeﬂha’fﬂfmasoQTE*@@gIapi 0&41,00'49@!90&3%1,”?%97# fic
t hié

anti - cihicer ilmrsRIg g0@AaCtyy crding to a further embodi ment o
present invention, the c(glg? n?%%ﬁf&? rcohPfi $831 apeneasiemned 3@ roar ker

or selecti onl§&gEe virus sexolype 1 (prM 1) isg inserted into the IGR
of 148R-1491., pru 2 into the 1IGR 007R-008L, PxM 3 into

the IGR of the ORFs 044L-045L, and PrM 4 into the IGCR
1361-1375,.

15 i -
According to & further preferred embodiment of the

present; invention the heterclogous DNA sequence ig
derived from HIV and encodes HIV env, whefein the HIV env

gene is preferably inserted into the IGR between the ORFs
007R-0081L.

20 Fur i
urthermore, therapeutlcally interesting genes according

enes W!lj_c:]l ]la Ve a i hei al)e 1 '](! [~ 1 e(:l Ornl 1 ().l.] Ee}:at:lve
g ’ p i i

diSOI d_e i (e e a a‘
r

therapeutically interesting gene regarding cancer could

25 - i

be a cancer antigen that has the capacity to induce a

specific anti- i i

a t} cancer immune reaction.
o

According to_ a further embodiment of the present

invention, the coding Sequence comprises at ieast one
30 marker or selection gene.

Selectd i
eCtion genes transduce a particular resistance to a

0911., whereby a certain selection method becomes



Sel ection genes transduce a particular resistance to a cell, whpefifTa 06
certai n sel ecicanrithod becones 18 OCT 2006 WO 03/ 097845 PCT/ (%Qﬂ%ﬂ
02

11 possible. The skilled practitioner is famliar with a variety o
sel ection genes, which can be used in a pbkviral system Anong these are,
e.g., Neomycin resistance gene (NPT) or Phosphoribosyl transferase gene 5

(gpt). Marker genesiddues, : re i i a u . l's,. ich
can-.be used to identify traeﬁs%g%gg{egelﬁ%g%&e#ﬁiegnsé%l PLZSS %grg%:%‘l'c'%oﬁ%ﬁ:\ginsa
fam |iar w thVangEtet plof setmdgomenegsieanhi ghichn benuged kel poxVvi4 al

system 10 A .nese are the gene -encoding, e.g., E-Gal actosidase
(9-gal), E-d gcosil?f%?e (Eyﬁ}i:l?}“,' G B8R ud?r}é%%eencérepr ot%i% «( EGIRY™GFLB| ue
Fl uorescence Preotieitande coedenqnbe ) Stds | pio §34d P50 SpPOdt-aRpE L od Nane

present _ 15 igventi on the exogenous DNA sequence conprises a spaclng
sequencé—’, whi ﬁpg:éparat es poxviral transcription control elenent and/or
codi ng sequence in the exogenous DNA sequence fromthe stop codon and/or
the start coddRidfer t lgerad) adeniud@RFs Thildwpacerctdguenda betaesduddd 20

stop/start co t he. adj acent, ORF and the i nserted codi sequence in
t he exogenous%%l%&%{fas%ﬁ%gad:\?&htgﬁe Uts@ddYt%térfj:ll‘alnit%@’t h‘é’-’%ﬂ%‘ﬁ’?‘{%ﬁ 5 nous
DNA and, thusThanyskiBBaft ifith SSGOMANOANG sVidsi1 e sige af Jdie SRacsF

sequence is variable as long as the sequence is wthout 25 own coding or
regul atory fuRGER6H. PeREFdi nfhidh safurbdersedbodi mentgorhecaslpagesten.

sequengg SepagaL p ital transcription control gl nt, and/or the
codi ng sequence | r?nt %%%o%é%o%geﬁ%eeq%(g% Y 1 ofir Phe g’t §%f%%’a%%l 159 he
gdjacent ORF i{&-atzll)east RBucosidase {(B-giu}, Green Fluorescence

protein (EGFP) or Blue Fluorescence Protein.

According to still a further ewmbodiment of the present
15 :invention the exogenous DNA sequence comprises a spacing
. sequence, which separates poxviral transcription control
] element and/or codiﬁg seqguence Iin the exogenous DNA
 .sequence from the stop codon and/or the start codon of
 the adjacent ORFs. This spacer seguence between the
20 stop/start codon of the adjacent ORF and the inserted

coding sequence in the exogenous DNA has the advantage to

P

stabilize the inserted exogenous DNA and, thus, any,
resulting recombinant wvirus. The size of the spacer
sequence is variable as long as the seguence is without

25 own coding or regulatory function.

]
f

According tx;ﬂa further embodiment, the spacer sequence
separating the poxviral transcriﬁtion control element
and/or the coding seguence in the exogenous DNA sequence
from the stop codon of the adjacent ORF is at least one

30 nucleotide long.

According to anothexr embodiment of the present invention,

the spacing sequence separating the poxviral




30 nucl eotide |ong. According to anot her enbodi nent of the pre tReT \%ﬂﬁ
i nvention, WOHEAREEi ng sequence separating the poxviral JSP@%{Q@S

03/ 097845 PCT/ EP03/ 05045 12 transcription control elenment and/or the

codi ng sequence in the exogenous DNA séfuence fromthe start codon of the
adj acent ORF is at |east 30 nucleotides. Particularly, in cases where a
typi cal Vacciifiw i opr arotterole| €b@nint Sabdjdenthéi edaypst %%%@eﬁfzea start

codon the inserdio f__.exogenous. DNA may not separate theé pronoter -
el enent from t Hee s%txf%tgt”né’é‘&o R%”f SHecRfcadent ORe skarypicodbnVatcihia

pronot er el edgricenan Oy identi fiead:b i f0r. e .t he sequence
"TAAAT" for |ate pronoters (Davison gosl\/bgl?sr&tle%%l %S%Fgrgilgfliaﬁggg;uélo:
771-784) andCEATSAMTEEICIR dombical fércemly pion®t premofespating,seguence of

about 80 nyele@tirdey i referred distance to secure that a poxviral
promoter |ocated upstre n%%fe‘—%%eogt at t S&6Esn G9oR hdherrnsegtgen nbfuenced.

Addi ti onal | gxcaicvoudi DYAt magr Hod Wdhers i ef gk redphbodi he_di st ance
bet ween t he ins%rt d exogenous DNA and the sta]’rergocod% %?%%%E gﬁ?rgcent

ORF i s aroundSs50 At &St eLanhfordigeehsr ARF): Zar bynitdeADOVaUEL 8041 des.

Accordi ng t erambuei-her Regher, inent..of the 20 present invention,
t he spacing sequence cgrrpr%ifts%aglgnﬁggggﬂli 6%5de%’¥vig‘rcﬁmf%s§9’7 pEidn

control el efrBft SgAREACE] ¢ TaARAN| Edro leans rfordtestd anseri i op @84 he
adj acgnt  ORF. At ypi cal, MVA _strain which can be used according to the
present invent Fég'faﬁr‘“&géngrgg ing & r dolohbl 8fanEnd/en A/ IMA gy sdehatn has

P CeRor e ety Bicapaan oM SEbheDaS” JShiale U QUL
nucleotides is the preferred distance to secure that a
poxviral promoter located upstream of the start- codon 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 Dresent invention, the spacing sequence compfises an
additional poxviral transeription control element which

is capable to control the transcription of the adjacent
ORF. |

25 A typical WA strain which can be used according to the
present invaéﬁtion for generating a recombinant MVA is
MVA-575 théit has been deposited at the European
Collection of aAnimal Cell Cultures under the deposition

number 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




30 Another preferred MVA strain is MVA-Vero or a derivative th4fe8CT 2006
DNA- Ver o str av0s3hese been deposited at the European Col | ect ipom/oebs/énisral
Cel |l Cultures under the 16 OCT 2006 WO 03/097845 PCT/ EPO3/ 05045 - 13

depasi tion nunbers ECACC V99101431 and 01621411. The safety of the
MVA-Vero is reflected by biological, chenical and physical characteristics

as described tepbbétibal entabkeral sParent vAppbieali oan&CTd EW102703nhel n 5
“conparison to other MVA strains,' the Vero-MWA includes one additional

genoni ¢ del et PBASESL | PIE afétehe MVASIREDr éfer reef Mt ed r dvh il alwsiBRL WA-

BN has been dgpgsk t ro e%q’f%éj(%%}%%ﬂ ' Cald res
with the depos?t@?%tﬁggu%ggr B@&%&c‘)ﬁl : %\/ﬁ%&héﬁrr&%dsl%kﬁg
extrenmel y atténbetredtibnesd absoederi \mashifircamniMidi f ped/¥aoty ok aAnkaca

virus (see also PCT/EPO1/13628). The term "derivatives" of a vi rijilsi
accordi Ag to CREPAFLESBNtLG nPEREoI YRS E& 3 & Spr defery VErPuLE: JREWMAESt he

15 sanme char agher kLgikk € 1E8akur, : virus but showi ng differences
in one or nore parts ofl ?lts 5%?118?7%.6 I}%hl%a({lgcﬁﬂm "derivative of MVA" descri bes

a virus, which.k same functional char eristi.cs.co red t VA.
For exanpl e, 35933 iabgjﬁjveéf’ofmm-%ﬁeﬁggr?ﬁeﬂ@ aPactari slt%l (@%O%ﬁéa ures of
MVA- BN. One oBNt hese dhesmct@®ebsdi ©sd ofa dWAha-BNEQkoeriny atd Voscititer eoff i s
its attenuation,and |ack of replication in human HaCat cells, The

recombi nant MAEECordthl (OHHE T e¥dRtt | ROBNEDBIPT 105 BeRPEr FEALC
medi camgnt O v¥ae8E8s | 2SS mRGEONGL NGt 9na o idRAr, ehQshaREl, Wed Tor

‘the introduction of the exogenous codi ng sequence 1nto a target cell, said
f‘eaquence bei ngleirt hderhondl dgous Bodidtiexol Ygousnis thekamenvieusf (Ske

arget cell. also PCT/EP01/13628). |

‘The term "derivatives' of a virus according toqéthe
present invention refers to progeny viruses showinéfthe
15 same characteristic features as the parent virus but
~showing differences in one or more parts of its genome.
The term “derivative of MVA” describes a wvirus, which has

the same functiocnal 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 pedicament or vaccine. It is, according to &
further embgdiment, nsed for the introduction of the
exogencus coding seguence into a target cell, said
sequence being either homologous oxr heterologous to the

gencme of the target cell.

30




30 WO 03/097845 P~ 18 OCT 2006 CT/03/05015 14 The introductio hDT“ZME
exogenous cY @ B§9%¥dfuence into a target cell may be done i pcyitiphsiodes
produce proteins, polypeptides, peptides, antigens or antigenic epitopes.
This nethod conprises the infection of a%ost cell with 5 the reconbi nant
MVA according to the invention, «cultivation of the infected host cel

under suit ablfae d@hdbﬁhonipnamfi@mlgkbg@naﬁg/@bdg@_'@Qﬁ&@hdy 4 a

pol ypepti de, gggtide,1 rotein, antigen, epitope and/or Vvirus produced by
said host celT7STh EGithdfor e (FeisretRodviieio | her aitehicen Dfobemsr nore
honol ogous 0podRLPE e [ go e ce.intq. cells may be applied
for in vitropangﬁi%%Q?g%’t S%%ﬁg%g’Fg%agﬁﬂgﬁ?rgrt%gﬁﬁﬁﬁnﬁ%xﬁggéﬁp%%1Is
that have beBhisprefhodskprpetsekvdahd nfetéedion t BEt be Hopgordum@ant; (WA 15
accordisng to.fhe inventi.on are mnistered to the living animal body for
affectf%g, p?% erab%?#h%?ﬁﬁ g gﬁ%lﬂﬁﬁﬁpr@8§%0n§§? F&Rei n avertimtapy,

the reconbi namitpextidnis omceardi Ngr&o:bhe Admentdan i &n&&?ecé J?'table
adm nistered to, . the living animal body for affecting, preferably 1'nducing

20 an i MmuneSPREHOHERS | neRfi sisadatiohe eald/orsuraralindimegt t ket Sitiee of
i nocul ati on,pd saLel re t Lrus s .transported to vi e.g.
B H&p@é &ﬁap\@?.%e. 5 galg an%:l%eﬁl,t hgp?‘g(&Bﬁbl% tOFA/A

the bl ood stream are directly i'nfectéd 1h vivo
accor di ng t ovi¥es ipnshtdash bAfgeeld itfectdelt . t hese cells 25 synthesize the

proteins, peptides or antigenic epitopes of the therapeutic genes, which

are erfoded Byrithermexogetnasmeetdbsy a0 UBMCASH AN o UDS egHaNhY mdrLesent
them or part.s $€ﬁreof on the cellular surface. Specialized cells of the

i mrune systé%?
peptides or «elils may be applied for in vitro and in vivo therapy.
For in vitro therapy, isolated cells that have been
previocusly {(ex wvivo) infected with the recombinant MVA.
15 according to the invention are administered to the living
animal body for affecting, preferably inducing an immune
respouse. For in vivo therapy, the recombinant poxvirus
according to the invention is directly adminigtered %o
the living animal body for affecting, preferably inducing
20 an immune response. In thig case, the cells surrounding
the site of inoculation, but also cells where the virus
is transported to via, e.g., the Dbloocd 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
9f_ the the_érapeuti;c genes, which are encoded by the
exoganous ébding sequences and, subsequently, present
them or parts therecf 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 resitricted and,. thus,

highly attenuated, it is useful for the treatment of a

Yittze AheB0 esdmz | deterodogouset seqhoyors ot ei ns, r



epi topes and | aunch a specific irmune response. Since the WA i hil§I 2005

gromh restr Ao, , thus, highly attenuated, it is usefubctRbodfifs
t r eat ment ofkﬁsﬁg" 2006 WD 03/ 097845 PCT/ EP03/ 05045 15 wi de rangeﬂof

mamal s i ncl udi ng humans, including i mungs conprom sed ani mal s or humans.
The present invention also provi des pharmaceutical conpositions and

vacci nes for duci ng an . nmmune response_in I|V|ng ani bod

i ncl.udi ng a huﬁgﬁ _?ﬁ%epﬁgr FaCERsc M lotidd 3} ]dgr}gg&l %‘H‘BPﬁae one
or nmore phar nesgytbiakeaceentalle &nd{ﬂaﬂprﬂi@%ré@ﬂa e_rnsﬁer@d@ht kyes,
antibiotics, preservatives, adjuvants, diluents and/or stabilizers. Such

auxil i ary 10 Ru@sidneesphannbgensionl sabmpeslgﬂ9€§ro@ﬂdeﬂﬁﬁﬁﬁmes WEPEIi ng
or enmul sifyi H huf f eri ng_subst ances, _ o Ui
chrriors are TARERG) L ol R REER oFf e vy it BBAVY

pr ot ei ns, pqhyéaﬁ@bﬁglaegun@gLylactlc acids, polyglycollic aC|ds, 15

pol yneric am no acids, am no acid copolyners, |ipid aggregates, or the

like. For therps egﬁa%a%u%a@wé&%@swfoﬁ eﬁ@gbg@ﬁaﬁca@whh@iudéc%%d' ng
to the invention Is converted Into , physi ol ogi cal |y acceptable form

Thi s can be done berye Zﬁﬂﬁmﬁmhsmsxpsiien@@CE@t@héEpre@@@é@ionaﬁprpaﬁdlrus

vacci nes used for vacci nati.an a alnst snal,l descri.b i.ckl,
H et al.. [197a1*BfSeh. nmBE WS 99, %ﬁﬁé&l ‘" Fo exf%%%glggﬁé

purified virusdfisvehesed @ilngﬂgé W&ﬁ&V@ktiéﬁdbﬂﬂiﬁ@&EOE8SJE&D&@kﬂﬁlary
formul ated in about 10nmM 25 Tris, 140 mM NaCl_ pH 7.4. For the preparation

of vacéPne sTidPSCaBCES 10BR 108 parieiol esaiithe \FHEERe | ot zed
¢n 100 m of d@?gé@ﬂgt RaPULLEESY e9RhEN G IR, bR BRE RLANENRiatieRgPt One

nd 1% human
or the like. Suitable carriers are typically large,
‘Blowly metabolized molecules such. as proteins,
polysaccharides, polylactic acids, polyglycollic aedds,
15 ‘polymeric amino acids, amino acid copolymers, Lipid

”Jaggregates, or the like.

tiFor the preparation of vaccines, the recombinant poxvirus
f'ﬂaccording to the dinvention is converted intoe a
phy51ologlca11y 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 wvirus is stored at -80°C

FEN

with a titre of 5x10E8 TCIDsq/ml formulated in about 10mM
25 Tris, 140 mM NaCl pH 7.4. For the preparation of wvaccine
shots, e. g i 10E2-10E8 particles of the wvirus are
1y0phillzed 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 wirus in a formulation. This formulation can
contain additional additives such as mannitol, dextran,

sugar, glycine, lactose or polyvinylpyrrolidone or other




anmpoul e, preferably a glass anpoule. Alternatively, the 30 vacfgngg$hg@§
can be prodgead bystepw se freeze-drying of the virus in L2 .
This formul ation can contain additional additives such as‘ﬁ%ﬁﬁﬁggﬂﬁg
dextran, sugar, glycine, |actose or polgvinylpyrrolidone or other 18 OCT
2006 WO 03/097845 PCT/ EP03/05045 16 aids such as antioxidants or inert
gas, stabilizeds Sfichr @S0 PULLL] ps (8e@e Ryyman é@a{m%@y@ Bl
suitable for in vivo adm nistration. The glass anpoule i's then sealed and
can be st or ePHBIEEm 4 @itk irooni @ enpehanar es&rioratbunia) soathble

However, as g.as no need exists . the anpoule is stored.preferably at
t enper at ur esﬁ %el 6% vAJ5ce. a(f%B}n%%‘?‘E%\?ﬁlon tq?ﬂeﬁsai)ya{“HBuil%oﬂ‘rﬁ I itgﬁﬁe can
be di ssol vebd e shat @@ Balls ok RAYRAYUS 180! HhiORoomlOeRbal8EARLY

physi ol ogi cal saline or Tris buffer, and adm nistered either systemcally
or locally, fo% seyrrahtepathy; Bobeweaneous, 1omg r apusculmety, epysts

scarificati r her. p adm.ni stration know t Lh kil | ed
practitione?ﬂ#QT% ﬁﬁpe g% éﬁ%gﬁgitPﬁg%gﬁégi%ea Stﬁggf%;%PT%% %ﬁ%ﬁgr of
adm ni strati-aas*an be optimzed by those skilled in the art in a known
manner. However, nost comonly a patient is vaccinated wth a second shot
about one nEYh tRcgliXaEekS @kt ernkhedhi r $hevatGbpal i 98at8hokan20pEhe
present invention further relates to plasm d vectors, which can be used to
gener ate relHriiHdfd M abchr dithg 0 o #He pEestiht diceensi oRC1IuRECAl sO

relagy Lo GRiALAIN seauenees .5 Reaubar! ve hes LORLesated hapneen or

fl anked by nprises nucl eoti de Sequences in I'ch the
administered either systemically or locally, i.e. T
parenterally, subcutaneous, intramascularly, 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 sgkilled in the art in a known manner. However,
most commonly a patient is vaccinated with a secénd shot
gbout one wmonth to six weeks after the first wvaccination

shot.

20

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

sequences:

25 Regularly, Ehe IGR located between or flanked by two
adjacent ORﬁg comprigses nucleotide seguences 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
gequence comprises a complete or partial fragment of an

IGR sequence located between or flanked by two adjacent




exogenous DNA sequence of interest can be inserted. Accordi ngI%ﬂA()ﬁé 2006
plasm d vector according to the present invention conprises a sequence
derived from“P *36°Hdhol ogous to the genome of MVA, wherein sdCd/EBREISHS
sequence conprises a conplete or partial fijpagnment of an | GR sequence

| ocat ed between or flanked by two adjacent 18 OCT 2006 WO 03/ 097845
PCT/ EPO3/ 05045 __17 ORFs of the viral genone. P{d&ferﬁgﬁy, lt he . Iasmtd
vector conprP8ES Pisdhtedifb SEREPCRIFSLETEG deqlidlic & 5 Fed ST Ohe

cloning site fgrthecknsertioneaf anrexoggnausichMieseatenchfoddy erest
and, preferably, for the 5 insertion of a poxviral transcription control

el ement oper dthesl pris mklechitry saiide hEber thegdus eDNACTe Glic e SXOGSRICHRal | y,

the plasm d vector conprises a reporter- and/qr selectio ene SsS e.
The plasmi d vBUfor SSHERGEabISE al SBEEHRAPF sé‘?ggeq@ér? eega(P))ngt’ heft%\%o Z:Eteacent

10 ORFSsfl ankingesakdnCoppl &f € RiRafd] aklaiegrapitich tBenttéR sdguence.
Sone | GRs have been identified which do not include nucleotide sequences.

In these casesperhéipledani dinketorto copprd sds IENRISTIGUHEN R of FIHEIER
fl anki ng sequences i.e DNA, sequences of _th - adj. acent oy —
Preferably, ﬁﬁ’élgp(?#l%(g sitE fg}atgﬂ‘é%?ng%rcg’logn gPﬁﬁégﬁg £y

, et erol ogous DNA
sequence is ingel/bed idgdieditieod CRyedbe DMAsektihe MER fdlasduiiny sefuiences
is used to direct the insertion of exogenous DNA se u%g%e i nto

1 he
cor r espondi ngPFERES e PLSMNVACHERSHES SIRAPIRASHT d VEIIP MY “c=nt

addi ti Ty ARGl l.et.e oL, i al fIraLgE[@gg Pf fRAch &R sefuaiiae
whi ch g@arrpri sg%@%hggg?%ﬁ:ﬁr}] ?%%‘g f%?rgﬁ%%tiénsoertl on 051% t he gilﬁeterol ogous DNA

sequence and, To® isenaldnse.of the, reporter- and/or selection gene
tassette. 25 | GR-DNA sequences as well as IGR flanki ng sequences of

Some TIGRs have been identified which do mnot imclude
nucleotide sequences. In these cases, the plasmid vector
comprises DNA sequences of the IGR flanking sequelices,

15 i.e., DNA sequences of the two adjacent CRFs. pPreferably,
" the cloning site for the insertion of the heterologous

© DNA sequence is inserted into the IGR. The DNA of the IGR
flapking sequences is wused 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 adjscent ORFs are preferably selected from IGRs
and ORFS respectively, selected from the group

comprising

001L-002L, 002L-003L, O05R-006R, 006L-007R, 007R-008L,
30 008L-009L, 017L-018%L, 018L-019L, 019L-020L, 020L~021L,
023L-024%, 024L-025L, 025L-026L, 028R-029L, 030L-031L,
031L-032L, 032L-033L, 035L-036L, 036L-037L, 037L-038L,




the two adj acent ORFs are preferably sel ected fromIGRs
respectively {,§

and

cted fromthe group conprising 001L-002

0CT
g

005R-006R, 0O 007R, 007R- 008L, 30 008L-009L, 017L-018L,

019L- 020L, 020L 021L 023L- 024L, 024L-Q25L, 025L-026L, 028R-029L,

030L-031L, 031L-032L, 032L-033L, 035L-036L, 036L-037L, 037L-038L, 18 oCT

2006 WO 03/ 0@5@11.504:5{“ I_:(Ij’,&)%{, 0, ( 0 0 045L,

046L-047R, 0491 - 0501, s ﬁ Gar @%*R %@ng% %@R%R

054R- 055R, @5(51R~£EEEGL PRl 082, OH6HeOBOL, 0 HsL06EL, 0 NGELTm/L,

077L-078R, O R- 081R 081R— 082L 082L 083R 5 085R— 086R

086R- 087R, @%{0@ O%%L IR,

097R- 098R, d&g\f ,

109L-110L, 110L lllL 113L 114L 1141L-11 é@gﬁ% %O%%g{,

118L- 139R,  QPFR-0BML, OSER-OSH, O2PR-~0PHL, (EXEL-GSBL, (KB3R0E34R 10

134R- 135R, 43L 4R-145R,

145R- 146R, 103%@ 1@75? % % 104%%04% ]31@1’& ljlté’&-l@ﬁﬂ

154R- 155R, 16@#:-19dr, IHfx-bafR,, dAGBR-1GH, 1@9@# 1HeER 1h6RR1h63R,

163R- 164R, 164R- 165R, 165R- 166R 166R- 167R 167R- 168R 170R- 171R

173R 174R, 153 rsR4T6 R 14reR5Tr7 R 15rgR GRiOR 1 7IFIRBIS0d, 1 I8 ARORS 18,

183R- 1848, 1 I % 1%@? A ]5%%5

189R-190R, 192R-1 % sequerfc]e%%;? ig%r iﬁ%?lera Iy seli%%t &d from

| GRs 1@ind maR+J@éimct13@%3'&el e Ad- 1380 theel T IR, 208 3TeM@iRsi ng

007R- OOBL, %‘ﬁ‘@é 1%% 04 045 064 065L, 136L-137L, 148L-149L. IGR

derived seq W1 fbd 14 G 44 g ridER i si ng the:

nucl eoti de sespiences, - 1FH3_J,L5J%741£5,081§4R§EBIQ N& 62571, 1571,-158R, |
lSQR—lGOL, 160L—161R, _162R-163R, 163R-164R, 164R-165R,
165R-166R, 166R-167R, 167R~168R, 170R-171R, 173R-174R,

15 175Rh1_76R, 176R~177R, 178R-~179R, 179R-180R, 180R-181R,-
183R-184R, 184R-185L, 185L.-186R, 186R-187R, 187R-188R,
188R-189R, 18S5R-190R, 192R-193R.

The seguences are, more preferably, selected from IGRs
and ORFs, regpectively, selected from the group

20 comprising 007R-008L, 018L-019L, O044L-045L, 064L-065L,
1361-137L, 1481L-149L. IGR derived sequences are,
preferably, selec_ted from the group compriging the
nucleotide sequences ¢

- no. 527-608 of SeglD No. 32;

25 - 1no. 299;883 of SeqID No. 33;

i
- mno. 339-852 of SeqID No. 34;
- no. 376-647 of SeqgiD No. 35;
- 1no. 597-855 of SeqgID No. 36;
400-607 of SeqgID No. 37.

- no.



25 - no. 299-883 of SeqlD No. 33; - no. 33;9-852 of SeqlD No. 348§ 0£Tnpgns
376-647 of SeghR:Nei35, - no. 597-855 of SeqlD No. 36; - necrA@R:;0Q (s of
Seql D No. 37. 18 OCT 2006 WO 03/097845 PCT/ EP03/05045 19 IGR ?Iank|ng
sequences of the two adjacent ORFs are, pgeferably, selected fromthe
group conprising the nucleotide sequences: - no. 1-525 and 609-1190 of
Seql D No. 32; - ..101-298 and 884- 1198, of D_No. ; . 21-.338
and,853-1200_%§RSe§?iP 03 pedinces 9t khg g@@%lfgﬁag%%-ed?%@fb?&§5; ;
no. 1-596 andp8%6=1300vQf SealddiNed 3Biom- Rbe 1¢@9pandB@81508% ofthSeql D
No. 37. 10 The DNA sequences are ..preferably derived fromor honol ogous
to the genonelBflEREIMPASEEHESIASEE at ECACC under deposition number
V00083008. To generate a plasm d vector according to the present invention
t he sequences ar-e in®ol dt-6a@sanrchda|ared 19l efa SEDIBtNndatdl cl oni ng vect or,
such as pBluescript (Stratagene), wherein they flank the exogenous DNA to
be inserted into the MA.genone,q @ud-onald Yot ssedira b as3i d - vector
conprises a selection- or reporter gene cassette, which can be del eted
fromthe final recqgnbinant, virus, t t&t 1 ve, sequence i ncl uded
into said cassefie?o‘wgfﬁ%ﬁ§ I%§ﬁ%%$b uce‘%&%ﬁ% ougﬁ%hﬁgiéquences by a

plasm d vector into an MVA genone, and net hods bt ai n, reconbi nant WA
are well known to tHe 6€ﬁ§§1%ﬂﬁlqﬁﬁf%%90t?£:é%?igﬁg?'g%gitionally, can be

deduced fromthe 25 follow ng references: Ml ecular Coning, A laboratory

Manual . Second - no. 1-596 and 856-1200 of SeqgID No. 36;
¢ ‘ - no. 1-399 and 608-1081 of SeqID No. 37.
10 The - DNA sequences are . preferably derived from or

homologoué ‘to the genome of the MVA deposited at _gFZACC
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. Optionmally, 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.

Méthods to introduce exogenous DNA sequences by a plasmid
vector into an MVA genome. and methods o obtain
recombinant,lMVA are well known to the person skilled in
the art aﬁ‘éi, additionally, can be deduced £from the
25 following references:
- Molecular Cloning, A lezboratory 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, WESt_eIT{-




Edition. By J. Sanbrook, E.F. Fritsch and T. Maniatis. Cold S{r§ rﬁ:f,]—@gﬂ@r
Laboratory Rreeesge7di@89: describes techniques and know how fpoh sh apdag
mol ecul ar bi ol ogy 30 techni ques such cloning of DNA, RNA isolation, western

1 OCT 2006 WO 03/097835 PCT/ EP03/05045 20 blot analysis, RT-PCR and PCR
anplification techniques; Virology Methods Manual. Edited by Brian W Mhy
and Hil.l ar 0VPR&wgranalacsdeni RTF@mSan&QQﬁj:Rd@@gliﬁf@ati@ﬁ?hﬂggﬁgﬁgﬁgé-the
handl i ng and_nani Bp;,ul a;%on of viruses; 5 - Mdlecular Virology: racti cal
Approach. Edited By A Padidiwdn el | i otidithd Pradriieal wippuaagh

Series. | RLaReess: @tz 0xHorgsniyer sit ss. ,Oxford 1993. _Chapter 9:
Expressi on of genes by Vacci r{‘llg%lovi rus‘z&‘:\)/éted;‘%n%rcz; Pfﬁ??entl%rﬁgt odeF & ibes

Mol ecul ar Bi BPE§piaPedl Feheithe TanfaingWaey e Sonsd e P98 ~Chapt er 16,
section |V __EXprﬁgfigIQlolt roteins in manmalian cells using Vaccinia
viral vector: descfibes Techht arfd KRdREhewt f BPPEPRCh hanétlitngd by

mani pul at i onAdnDageset | sn@ngitNeet { Hg: of 7IWNAp. JThe W/, ing to the
present inve 'on?r%%ferabl 15 the WA depI(%(lIt ed aﬁ%%%%&ﬁles'
er

deposi tion n 0830080* e beUprodusedy byPresnsf eotiqgia £33 with a

pl asm d vect@rs rgli e present invention,. [nfecting the

t ransf ected cel'[éggmgt% an %:ﬁg%%? O%%%%%%eﬁl%“#ﬁéﬁi?%ﬁ%%@ﬁ ng

and, optionatly, C@orgutiPirpitngolbe MVAVBEeendhRT Bi® g, | MENHI AL, .The DNA
sequenges ac\f&rugi ng,to the invention can be used to identify or isolate
the WA or its defivati ve¥ 5eRorddichg +898he Ghmpdietd ohb andectlibs aIv:

i ndi vi dual s Expiesiish Wt hpahe M4 acgording.to the .present inyentian. 25
The DNA sequences are, e. gp use toﬁg{é]neraltéL%BC%-el%ﬁ e tAat i on
probes or aré-X@kdvVeatarraylescedhrel dgimicques 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 ECaACC under deposition number
V00083008, may be producad by transfecting a cell with a
plasmid vector 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 Videntify or isolate the MVA or its derivatives
according to the invention and cells or individuals
infected with an MVA according to the present invention.

25 The DNA sequences are, e.g., used to generate PCR-

Primers, hy?ridization probes or are used in érray
;

¥

technologies

Short description of the Figures

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




Short description of the Figures 30 Figure 1: Restriction map ofgt@@]‘v Bor
constructs pBMK3BmefsHEgure | a), pBNX7D (Figure I b) and pBN84 ( lcgtires/d@ls
conpri si ng about 600bp of MA sequences flanking the 16 OCT 2006 WO

03/ 097845 PCT/ EP03/ 05045 21 insertion site after the 14L ORF. The

pl asm ds additionally conprise exogenous DNA (Ecogpt and hBFP,

respectively) imdertibe transeri piticeral epstrolaf arrppoxvibkus Proawies P)
bet ween t he flagéi ng sequences: 5 Flank 1 (FI 14L-15L) and Flank 2 (F2
| 4L-15L). FIrfAO9sEanadiiyr comapets t ixeoasstyencONef Heagetl eadal hERR

del eti on of t%éﬁ@@gi@élggfﬁ%%%%gg&g% gr ﬁ%ﬁc&%ﬂ&%ﬁom%ﬁ%lwé#&

pBN84 (Figure lc) additio uevirus protern 5{ NS1
DEN). Further d@xabbneviatdomsiser AR 2AWE®l | ithg eFilshahne geaslerhpss =

base paits. Figure 2: Restriction map of  the vector construc BNX51
(Fi gurpe a), pé%]%g}k( B gEFi %L“éﬁﬁ}'}pgﬂ@?l (CH-gaFe 2 " 85 Iéklgi'r)rgr :%rrﬁ?ﬁ:
about 600bp ofstMeasequancss Jdankifgye t REJRSEIL 1 98 FHihaxkald ekot Nel (RF

137L (Flank 1: F1136-137 corresponds to position 129340 - 129930 of the
MWA genone; Flabhkt2onF2086- 182 coepespendschesposiet i fnom 2993 1ra83054i01@f

the MVA genone). Additiopally the v r-_20 pBNX67 (FiLgyr.e 2h). co i ses
exogenous DNA’%W%?n%]’n\eVly—fﬁé"onﬁtﬁié?eé?ggﬁgggﬁq}no%‘#&t%%%scr%) 5 onal
control of afexviths ppenBhetiPhsbeimeenpsthecfihankiny seguencesar tids pt
stands for a repetitive sequence of Flank g to allow deletion of the
report et? cass&tereyvat horasuAroRy 25 ArederiBilmant esi Fiance BYeTe ( FR§Sr & 2¢)
additionally 5 %ﬂ,sthe Denguevi rus PrM4 under control of a poxvirus
pronoter. Further dPBrevi ati ons: AmpR = Anpicilin resistance gene; bps =
ase pairs; |IRES = internal

Figure 2: Restriction map of the vector constyructs pBNXSL
(Figure 2a),pBNX67 (Figure 2b) and pBN27 (Figure%;'%?c},
15 comprising about 600bp of MVA seguences flanking';' the
insertion site after the ORF 1375 (Flank 1: F1136-137
corresponds to positiom 129340 -~ 129930 of the MUA
genome; Flank 2: F2136-137 corresponds to position 129931
?— 130540 of the MVA genome). Additicnally the wvector
20 PBNX67 (Figure 2b) comprises exogenous DNA (NPT II gene

‘=neomycin resistance) under the transcriptiomal control

T

-0of a poxvirus promoter P) between the flanking sequences.
F2rpt stands for a repetitive sequence of Flank 2 to
allow deletion of the reporter cassette from a resulting
25 recombinant virus. pBN27 (Figure 2c¢) additionally codes
for the Deir;zguevirus PrM4 under control of a poxvirus
promoter. "‘:ﬁFurther abbreviations: AZmpR = Ampicilin
resistance gene; bps = base pairs; IRES = internal
ribosomal entry site; EGFP = gene for the enhanced green

30 fluorescent protein.




ri bosomal entry site; EGFP = gene for the enhanced green 30 f1 oNEF b
protein. WOM@IE9IEAS5 18 OCT 2006 PCT/ EPO3/ O 045 22 Fi gurepawEE@mqm, ron
map of the vector constructs pBNX79 (Figure 3a), pBNX86 (Figure 3b),

pBNX88, (Figure 3c), pBN34 (Figure 3d) 2gnd pBN56 (Figure 3e), conprising
about 600 hps of MVA sequences flanking the insertion site 5 between the
ORF 007R and B98Ie (3 dife Ui fidiGRiddy 08 thst ardat quositrivents1pRO&70f t he

MVA genone; iaé]gl ; I - 08 st ops osition 13400 of the WA
genone) . FZ@pt S %naggf orp@f%%etftlgyges e’nc@BSlP(%lBIfank}“zg‘%lﬁe ari ow

del etion of HHNS4 ef@drchaéle GaSseide® J; wWiesid i 1 ipa i.rus.
Addi tionally the vector pBNX88 (Fi]Ejgc;a\?E{a9 a(361)§iailnd 3p Nx%ghﬁ%?%gbg %%?Miéorrpri se
exogenous DMO( BEPS+ ClyptiVandsalTentes EGRRkimespebei vielsartunder st he

transcgi pti gpal,Lont irus p ter .P) .betwee t he fl anking
sequences. Forpt st a%lgé ?%{rEaaB%%etaint%% VQ%@ s@d’@%’#&e of FIril arie 2975081 | ow
del etion of stteertrepor tpssiehaselt2ohr om &Lt | fMehdRCOoMd HANt L Vi FYs. -
PBN56  ( Fi g%rggh:%g% @ddl tionally codes for the H'V-1 env protein, and pBN34"
(Fi gure 3d) t 8 78 t K&EOBEngrlevPPES LPPRR 1340 ngfsddneerid® ugdapmedntrol  of

a poxviTus praafl estag9s Fuidier ahli A AlONSoAIRR, = HIPEGLLLN f eghstance
p e

gene; bps = base pairs. Figure 4. "Restriction nap of Vector constructs
pBNX80'  ( Fidguhca %%etpm&ﬁ (FhgurepdbienndapBbife (Figur a 4epulling

conpris&i ng [ 640 .bps of A .se nces flanking the insertion site
bet we%?\ t he %}&%ﬁ ng:ng%t f‘épwgrﬁ%on%iim t?‘@?&"ecﬁpfﬁpgﬁﬁlgs(g%gbé?i tion
36730 of the8dWhAngemmss Heidads 312 Igﬁﬂﬁfﬁéesggﬁﬁeﬁéugolgﬁgi eprg 7970 of
the MVA. genone). Additionally the vector pBNX87 (Figure 30 4b) conprises . -

exogenous DRRY NP4 | Y&Re LIEGREP) EREE: respectively) under the

transcriptional control of a poxvirus promoter P) between

the flanking sequences. F2rpt stands for a xrepetitive
15 sequence of Flank 2 to allow deletion of the reporter
cassette from a resulting recombinant wvirus. 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 pBNXBC‘
(Figure 4a), pBNX87 (Figure 4b) and pBN47 (Figure 4¢)
25 comprising qbout 600/640 bps of MVA sequences flanking
the inserti;;;);h site between the ORF 044L and 045L (Flank
i: = IGR@‘Z—&S 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 promotexr P)
between the flanking sequences. F2rpt stands for a

repetitive seguence of Flank 2 to allow deletion of the




the transcriptional control of a poxvirus pronoter P) betweenfg T tng
sequences. F¥phsglapds for a repetitive sequence of Flank ZP&ﬂngHB H

del etion of the 18 OCT 2006 WD 03/ 097845 PCT/ EP03/ 05045 23 reporter
cassette froma resulting reconbinant virusd PBN47 (Figure 4c)
additionally codes for the Denguevirus PrM under the control of a

pOXVi rus promadeorfi t kel Ahlevieabhong: AIDR & AP HaSESLRNEEs gene;
5 bps = base pairs. Figure 5: Restriction map of the vector constructs
PBNX90 ( Fi gurENBh) | (HRNX92 4F) gadeifhpreid ypBNGde g Figur ehdcYengeanprisi ng
about 596/ 604 of A .sequences I-%tg;i n}g 10, the inser%i on site between
the ORF 148R and 1491°TFIdrk “ XL | eRr12gP IR E1E PEORP Bosi ti on 136900 of
the MVA genone; Flank 2: F2,1CGR148-149 stops at, position 138100 of the
MVA genone) A%g% Rl FPTREL Y REPRE | pBRIRF = (ATRAF BL 5B) TeSHHr IS ERYenous
DNA (gpts + BFE)ngn_dqgag@ep&gﬁg_ranscri ptional control of a poxvirus pronoter
P) between the flanking sequences. PBN54 (Figure 5c) additionally codes
for the Denguevirus PrM. F2rpt stands for a repetitive sequence of Flank
2 to allow deletion of the reporter cassette froma resulting reconbi nant
virus. 20 Furt eviations:. AnpR =. Agpicilin resi ; =
base pairs. Fiﬂ&g‘%@%g'S\éfi{]%n%%%tzb?%s%%?a??g%ﬁgf VE ﬁ(ta:%?nt% éﬁggﬁ?‘g%?%%%r ?on
sites of WA ((Gnhark #a),UBa8)2 26iGLgw &) BER amlsysi FiefudeGRedp)L - 151
in reconbinant MVA_ with the Denguevirus NS1 inserted in the I1GR I4L-15L.
Lane "BN' show el Higry prbaust 236 MO0WRmsN ehpify2 veequnncaski hipphbPws1

‘ .L???Z?ie{}{j‘”t Méh@ {h8GPENLL0L:3Q BIAGRLe?! 2o’ BrECtEMRRLM (daor: (Plaffk
R : 1: F1 IGR148-149 starts at -position 136900 of the MVA
"géndme; 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 seguences. PBN54 (Figure 5¢) additionally

codes for the Denguevirus PxrMlL. F2rpt stands for a

" repetitive sequence of Flank 2 to allow deletion of the
Hreporter cassette from a resulting recombinant virus.

20 Further abbreviations: AmpR = Ampicilin resistance gene;

bps = base pairs.

P
v

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 IAL-I5L.
Lane “BN“ shows the PCR product using MVA-BN empty
vector. Usihg the NS1 recombinant MVA a fragment of
30 bigger size is detectable (1, 2, 3, 4: different




Wr) 03/097845 18 OCT 2006 PCT/ EP03/05045 24 concentrations @5
Mol ecul ar wWeYQAY™idker, H20 = water negative control. Fi ngr O‘L',.“;%E;gﬁ
8a: PCR analysis of I1GR 136-137 in 5 reconbinant MVA with the DengueV| rus
PrM4 inserted in the |GR 136-137. Lane ®BN' shows the PCR product using.
MA-BN enpty vector. Using the PrM4 reconbi nant MVA a fragment of bigger

size is det eccabl%etfaﬂﬁﬁms af 10wa 1/ 190: Moqbﬁﬁgégn{geggﬁgeﬂgfﬁgfonﬁ (pf_ DNA)
M= Mol ecul ar V\? ght 10 parker, H20 = water negative control, pBN Y7 =

plasm d posT#FvE Redrrbye W@W@Bb mul tiple step growth curve for M/A- BN
empty vector and the reconbinant MWVA with PrMid inserted in |GR 136-137
(MVA-mBN23). 15 Figure 9. Figure 9a: PCR analysis of 1GR 07-08 in

reconbi nant MWVA with the Denguevirus PrM2 inserted in the |1CGR 07-08. Lane
3 shows the Wﬁ?o@uet%mng I\ﬁﬁb\rBl\PCfethyﬂyemborofUS]Gm 1Re-PBWR in

r econbignant r size.is detectable (lane 2
Mol ecul’ar V\%/Iyg t mar &1 &%/agﬁ%]?gﬂ@j“a’t"?%ep%‘ﬁﬂ%‘?erq(ﬁ Qe %}53

mul tiple stemgrbmm:{:w \&ﬁ@r“ﬁw/\-@%ﬁ@pﬂfe Megt Ige gignt WA
with PrM inserted in IGR 07-08 ( WA-nBN25). 25 igure 10 CR anal ysi s of

| GR 07- 08 i n°FREDnBEAERT - MALNG) tHhe herlt ATeenmbinaert HHA @ tfh@gr@tm 08.
Lane BN showss t p ct - usi - | enp ctor Pr v
£ BS?%;E&R £ ody %H RO, VA BN (in%é}\ié o 4301 a%lEfJ;beO

reconbi nant WA a Tragnent of bigger size I's detecC 2, 3).
M= Mol ecul ardivef ghenarackecentratiater ofiegotia Ve WtM@ﬂ.eeﬂl@f&%ﬂ;}ﬁpSl tive
ContrQb 181%§§kéQO6HQO = water negative control, PBN27 = plasmld
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 %a: PCR analysis of IGR 07-08 in
‘recombinant MVA with the Denguevirus PrM2 inserted in the
IGR 07-08. Lane 3 ghows the PCR product uéing MVA-BN
- empty vector. Using the PrM2 recombinant MVA a fragment
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 _ .
Figure 10: ?CR analysis of IGR 07-08 in recombinant MVA
with the Hfé 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 sgize is detectable
30 - {lane 1, 2, 3). M= Moleéular weight marker, - = water

negative control, + = plasmid positive control.




WO 03A) 97845 PC T/ EO-03/05045 25 Figure 11: Figure Ila: PCR af ﬁB
| GR 44- 45 i nwHegesminant MA with the Denguevirus PrMB i nsertpeql/gtnofg;;{]@
| GR 44-45. Lane BN shows the PCR product using MVA-BN enpty vector. Using
the PrMB reconbi nant MVA a fragnent 5 of hisgger size is detectable (Ilane
.1-4 different concentrations of DNA). M= Ml ecul ar wei ght marker, water

negative cont kgl gyke I rrult Iga rowt h.curve f A: T .errpty
vector and the recljt?nblgrﬁiant %’% I\/?&Es%ﬁaééf |ﬁ I?ﬁ% I%éa E)

( WA- "BN28) _ Fieguid 1 hdin tFingug a,vib&@ tf@%&@@uyﬁiﬁu@fm@? M@eﬂ%’&i'ﬂh the
reconbi nant -WA with the Denguevirus PrML inserted in the |GR 148-149.

Lane BN shows1fffe PERDr od@ere uBNnghaws BNelfl’CéiTpPVO@@@t otsingi M§7ARY Pr ML

r econbi nant qg%(@gg o] ger._ Si ct abl e

Mol ecul ar vvenlgg tg{rrrar er, - {:’TS?n% Fhe neg%’?M%/e 88?1 ol e 2 Eﬂ‘las-— g%%titl ve
control 5 Fi gupé 1Zhigagattti pllaestaps gr eutBeespye f qlaiéA- BFanptdi £ 28reract or
and the reconbinant WA with PrM inserted in |GR 44-45 ( MWA- WEN?,S) The
fol | owi ng exahPPESTIAE AT heF PRPdst it 19 hewulyr e@@thFnW‘@ Fon. 1t wil |

be well undergheed- By 25 HErSsen skilled in the art that the provided
exanples in no way are to be interpreted in a way that limits the present
i nvention to Fheseeexskipi esulThelecopeofgtdethi auenei dori NVEnIBN towde

el by Uhebil sspPecel Lhe . ApRendefg b, S0QIUIP4E 4, 0T

10 44-45 (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 enipty vector. Using the PrM1 recombinant MVA a fragment
of bigger size is. detectable (lane 1). ¥= Molecular
. weight marker, - = water negative control, + = plasmid

.. Positive control.

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

__44f45 {(MVA-~-mBN33) .

The following examples will further illustrate the
bPresent invention. It will be well understcod by any
25 person skilled in the art that the provided examples in
no way are to be interpreted in a way that Ilimits the
present 1HVEnt10n to thess examples. The scope of the
invention is only to be limited by the full scope of the

appended claims.

30




I nsertion vectors pBNX39, pBNX70 and pBN84 For the insertion of geRffenmas
sequences | WMDi¥ M5 nt ergeni c regi on adj acent to the 065L @Rfy ')gﬁﬁgmn
5 site is at genone position 56760) of MA, a vector was constructed which
conpri ses about 1200 bp of the flanking 2&equences adjacent to the.
insertion site. These flanking sequence are separated into two flanks
conprising on one flank about 610 bExefipllkelO65L ORF (alternative 10
nonencl ature: 14L ORF) and on the other part about 580 bp of the -
i ntergenic regi on befnswktien G6ht:ORF el N TRES ofsidde proxi mate
ORF. In between these flanking -sequences an Ecogpt gene (gpt stands for

phosphori bosybir ankker dsgscgenen sQl@t ageddaiily Coddduaiced 5 8, 85P (hLlue
fluorescence, protein),' respectively, is |located under the transcriptional

control of aPERYPPREC presvoter adi@dienitontd | yhet hefeli ORR (2mservhen
cloning sitgifgr ;the,in Lon_af . Lti genes sequences 1o be
inserted int oli:%e"itsn'?ae#? ggﬁ\i&%{n‘ge ?)gﬁ ggkll n%eé I%f %85‘0?5‘. Bermp! af§ vect or
constructs accostingted whécpresgptisenvapbioniaoe Bbsekoshd Fnafkguge 1 a)
and b) (pBNX39 BNX70)..., I n vector pBN84 (Figure Jc) the coding region {
Seg‘lﬁgie?salziﬁﬁ;?f*éd Yen Hife Jé}%gf”ﬁtri‘g“%iﬁjet%f Thenx76l¢rr §iFe 1b).

for Dengueviru

25 Cener ati opegfichbe heeomigaant MVANHA hRMERIOUS 4RSI ARt dQN.FOr ei gn
-genes can be inserted into the nvA genone by honol ogous reconbi nation. For

that purposeftfeXf oPEPYh F0 Gerkeo of of nt dhest G6SIcl WY | hadtarphbsved
R T T e s s e L
i EFt 3/0504 o27the intergenic region behind the 0651, ORF as well as o

barts of the proximate ORF._V In between these flanking

seguences an Ecogpt ‘gene {gpt stands for

phosphoribosyltransferase gene isolated from E.coli) and

i5 a BFP (blue fluorescence protein), ! respectively, is

located under the transcriptional control of a poxviral

promoter. BAdditionally, there is at least one cloning

site for the insertion of additional genes or segquences

to be inserted into the intergenic region behind the IAL

20 ORF. Exemplary vector constructs according to the present

invention are disclesed in Figure 1 a) and b) (pBNX39,
PBNX70} . In wvector pBN84 (Figure lc) the coding region .

for Denguev_irus NEL is inserted in the cloning site of

PBNX70 (Figure 1h).

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

described above. This vector 1s transfected in MVA

infected ceils. The recombination takes place in the




cytoplasm of the infected and transfected cells. Wth help of1ghg[:T 2906
sel ection and/op;speparter cassette, which is also contained jn.the. .. .

i nsertion vector, cells conprising reconbinant viruses are i dent1tied and
i solated. 5 For honol ogous reconbi nati on BFK (Baby hanster kidney) cells
or CEF (primary chicken enbryo fibroblasts) are seeded in 6 well plates
usi ng DVEM ( Q' s Mdifjied .Eagles diym_GDb B + % f ef. cal f
ser um ( FCS) 3&&1@% ﬁgﬁﬁ( bca BREP-ES. I?_HLHL-%alﬁS? ‘e ocr:e%?éerﬁqtrjﬁ%%lr ee
10 productionhprgcess.tiel s8188e8-00:h8 /81 Iepor tehe gisewicne, phasenhand
therefore should each 60-80% confluence on the day of transfection. Cells

were counted Béf6r €osdeadingyl be the insebsiopf vesldoy hasle FETRES®AFor

determ nat i on,.gf. sultiplicity. of infecti (i), o i nfection.
For the inf ecﬂg%ﬁn%ﬁgl AVSTOE eogi AR Jrrgnl“tﬁ\/@%%? Oolra“e(ar'
at 500

VP- SFM L-d ut amine_so th | dilution contai n ropri at. unt

of vi rulg t hat g%rll %rf‘?/%o%oﬂﬁi cninaiy gl %&(I s%@a@%ﬁﬁggrt %lgﬂél\%gg

‘divided once attier 20-seesl ngplrm%ﬁ?edbﬂﬂbkénreém;\ﬁgﬁb f roprerlLhstand sgel | s
i

are infected with 5009l of utedvirus for 1 hour rocking at rogm
tenperature. FRedesockl uf ellenplateandstall SMENr el NddtrsEowist floditied

DMEM VP- SFM e S | eftin J MP- S L
G ut ami ne, regg g%%vgﬁe%l% \?(\;ljﬁ?ceo séeffljt')l nﬁ%@ﬁgﬁﬂaﬁéﬁ%n r(eact)i gﬁ
(Qagen Eff wetem Kidibcd@rither t4mnst grtiLoplutdheiteEffectemtrun free

transfection kit _ (Q.,agen) is used. A transfection mx is prepared of 1-2
g of |i'Neari zBIOdwdert gt Dr (total anmount for 30 multiple

qE”r”ansfecti on) with buffer EC to give a final volunme of 100 Al. Add 3.2 gl
nhancer, vor €% lghdegchdubdie atitbohmt ehpesapdied foRase il FIRGPELE 41

of WO (t3( Qg?éli{)%l]d O %50%1906 6 dD—%T({%EPO?c’!D%%%%nce OT1 the day of

" transfection. Cells were counted before seeding, as the
number of cells has to be known for determination of the

i5 " multiplicity of infection (moi) for infection.

For the infection the MVA stock is diluted in DMEM/FCS ox
VP-SFM/L-Glutamine so that S00 pl dilution contain an
;__;%ﬁagppropriate amount of virus that will give a moi of 0.1 -
”_ml.O- Cells are assumed to have divided once after
20 seeding. The mediﬁm is removed from cells and cells are

infected with 500u1 of diluted virus for 1 hox}r rocking
~at room temperature. The inoculum is removedgand cells‘
are washed with DMEM/VP-SFM. Infected cells are left in
1.6m1l DMEM/FCS and VP-SFM/L- Glutamine, respectively,
25 while setting up the trransfection reaction {Qiagen

Effectene Kit) .

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

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




28 Effectene are added after vortexing stock tube and the sofgt (@R 2@@
m xed t hor oughlsyeRys vortexi ng and i ncubated at room tenper E,H%E ,me .
mn. 600 gl of DVMEM FCS and VP-SFM L-d utam ne respectivel g S0
m xed and 5 subsequently, the whole trangfection mx is added to the
cells, which are already covered wth nmedium Gently the dish is rocked to
-mx the transfection reaction. Incubation takes place at 37C with 5%02
over night. Fheectrie dap txkete@inmeT svesheyéBTard ackpl tider! @idhtheesh 10
DMEM FCS or -d.utam ne.. .l ncubat.ion is_continued nt.i | da . For
har vesti ng, %/(ﬁleéél:i(\a{%s%r %ﬁgf‘:g’rﬁaﬁ:g}dml%‘%ggﬂﬁ%gﬂlrﬁvgfﬁg}ﬁln hg“nceﬁncélg)?%gsi on is
transferred a0 ancadequpkeatube mnd f0ozen.ats0200 for Shemyrter Bnst or age
or at -80C 15 éor | ong-term storage. Insertion of Ecoggt in the 14L

i nsertion siVe SfMATHEe sEeRETFIVEEM s #EFe PRRdt ediiach RRA
accordisng t@theqabove;d i r addi tj I

transfected with |nsert|'oﬁ§1€/%c‘{9§§1%8%%(%%g%%?‘gg?fe§eﬁ%{ ggntygla%iangxt ﬁégEcogpt
gene (Ecogptsebks shorienedreoafpeadystandsefiowichospeldoninbosgntignsher ase
gene) as rep r .gene. Resulting reconbjnant viruses.were purified by 3
rounds of plt%%% pu if_ir(?gﬁie Lﬁ?dermb}ﬁoggh?i b ﬁnsfgct%llgﬁsf FREE 8t abol i sm
sel ecti on byraclhdt 0sh Of ak & GEOPNEH0At C3 AT Ayl HRNSBEW, AR yEGhant ki
Mycophenolic acid (MPA) inhibits inosine nonophosphate dehydrogenase and
results in brEekagdYoftHsurnedlwynifedicqored duthi BEPIdRCSf Whalfresh

repli ggti on iufdPeis ekl i nase/ ThiqSRblockage can e ouereans faeq
expressing Ecogpt froma constitutive pronmoter and providing the
substrates wapthidmydhd hypoxant hine. 18 OCT 2006 WO 03/097845 F C C/ EN3i 0
S) 4S ) -

ed,

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

15 for long-term storage.

Insertion of Ecegpt in the I45 insertion site of MVA

In a first round, cells were infected with MVA according
te the above-described protocol and were additiomally
20 transfected with insertion wvector pBNX39 (Figure la)
containing the Ecogpt gene (Ecogplt, 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 transferasei metabolism selection by addition of
.mycophenolfg acid, mxanthin and hypoxanthin. Mycophenolic
acid {(MPA) inhibits inosine monophosphate dehydrogenase
and resﬁlts in Dblockage 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.




29 Resulting recombinant viruses were identified.by standard {BCBLRs3HES
using a pring IhSelectively anplifying the expected insertiaon sife. To
anplify the 1‘&E)Q}|§}r(1}é}7e8r§fi on side primer pair, BN499 (CAA CTC TC%%%T””#‘@? TTA
CC, SEQ5 ID NO: 1) and BN500 (CGA TCA TCA ATC TAT G SEQID NO.: 2)
weré used. In case the DNA of the enpty vector virus MVAis anplified the
expected PCR fragnent is 328 nucleotides (nt) long, in case a reconbi nant
14VA is anpl iKésd] tisg chebasbineot poi atedsexegenddenDiAiad bhestandand

insertion sit he fragnment is correspondingl enlarged. Insertjon_.of NS1
nothe | CROBAETEEIETRAT. TBLYS | AoeT iTon Deirosbiomrarsey, sl PR iad il |
cel I's were infagiacamt h M aes0r di pg. t t Bepabeve- descridedi psotocat and

wer e additional | transfected with insertion vect orT£8N84 (Figure Ic
cont ai ni ng th@lE{%gp‘rllg@nepﬁérr,s@WH ofCBRICBFFYCBI TieT TFRof &5 CénceSEQ

protein).as r r{.er .gene. S LAg r i Vi I e i 4 ed
by 7 rou5nds oﬁ%l%@ﬂé igur??%cgkﬁhﬁ Jﬁ:g;g? eig%g?pﬁ]r&?i C&ﬁﬁﬁz&%\?éra%g t
met abol i sm sei@ciion beraddiddé@n oh WeRphenel oxaciod, ttentéiptwndector

hypoxant hi n. Mycophenolic acid (MPA) inhibits inosine m)no%ﬂos hat e
dehydr ogenase &rehs e¥Ubt 45 mup bidkige bhe2sxpetee Kqft e Thhi b ti on
of viral repli | ' most. celdl ;' ="l i.nes i s, bl ockage: Gat bemavergone
by expressi ngﬁ%%%)%fi@?%m nt(’:)onsltc?rf%ti \?‘gl pF%%t e? and providing the
substrat es xamdmpheriad, hypdxdnt Bige irResuldranged ecennbenants PHAUSES GBee

identifjed by standard 30 PCR assays using a priner .pair, sel |

anpl i fyi(ﬁg t hel *exptRtHEF HRer BRBR - si £BS T%%é?%\% t'fe f&friegééirl%é?%ﬁlysi de
‘gri‘mar pai r, BNPO-LLAA CTC TCT TCT TGA TTA CC, SEQ 18 COCT 2006 WO

03/ 097845 PCT/ EP03/ 05045 '

| Insertion of NS1 in the IGRO64L-065L (I4L-I5L) imsertion

aite of MVA

15 In a first round, cells were infected.rwith MVA according
to the above-described protocol and were Aadditionally

" transfected with insertion vector pBN84 {(Figure® lc)

i containing the FEcogpt gene for selection and BFP (Blue

* fluorescence protein) as reporter gene. Resulting

20 ' recombinant viruses were purified by 7 rounds of plagque

"purification under phosphribosyl-transferase 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 viral replication in
most cellafif:lines- This blockage ‘can be overcome by

- expressing FEcogpt 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, EN499 (CAA CTC TCT TCT TGA TTA CC, SEQ




30 IDNO: 1) and BN500 (CGA TCA AAG TCA ATC TAT G SEQ ID 4@ 0OC2) 2886 e
used. In casershe7aA of the enpty vector virus WA is anplpchiggsha8s

expected PCR fragnment is 328 nucleotides (nt) long, in case a reconbi nant
MVA for NS1 5 is anplified, which has imoorporated Denguevirus NS1 coding .
region at the 14L inserti on site, the fragment is expected to be 1683 bp:

The PCR resuthsyhn.Fihg. (§7BW'308| q@b Y tlhe aska h&,&eﬁﬁroa o Slin the

14L insertion S|teater rounds viTusS anplification. ting of
recWA i ncl Udi® ng msmewmmﬂ) i xza‘rseo el 280 | agk thet fe:@hgzuw&ﬂ%r
confl uent nonol a of BHK ¢ I |nocul ated.with 100pl of the virus
stock dilutéd 't OanaﬁEﬂ& F‘E@%ﬁﬁe@ogﬁgd f&lag?“ﬁﬁﬁl i5 328

t enperat ur e $@f1 S8 MdHIt &%) S164 Of 1 YEMB g oWt B-e3%FG3 0aS mvadded- hgseach
flask and incubated at 30Cin a %1)2 i ncubator. The fl ask was harvest ed

after 28 hou%% apgel 1 fggser natdish wassr efmeedpbrotetheDehaskvimas spifl at

260g for 1 4C,, The s rnatan S Were . storge din 20 all uots at
-80C. The p (F&?ﬁ%va ec%"ozl}le%t Eﬁﬁ EB% %)%lgﬁs Wi e g—lnd s ended
in1nm of hypotomnid tdob@cur@abwﬁlﬁermet RO dechiD:s The gebl lysd@iss were,

har vest ed and sg for 5 mnutes at 16, OOO% and the _supernatants were
stored in a THeToRentl? foERRLeubBSEFE28n. 8BCNSH dek W odh avEENF IR WA

i ncluding @fltyvﬁﬂéwlluﬂll%na§%ﬁ%m gedeletdon site (WA BNOT7),

&
and nock infected flasks were al so treat ed*@he sanme way as descri bed
above.;jp30 The cell/viral |lysate and the supernatant were treated in
non-reduci ng/ reduci ng sanpl e buffer under non 18 OCT 2006 WD 03/097845 Ft

al BFO3/ 01 04l gocsring of recuva including NS1 (MVA-BN22) in vitro

A T25 flask with about B80% confluent monolayers of BHK
cells was inoculated with 100ul of the wvirus stock
diluted to 1x107 in MEMa with 1% FCS and rocked at room
15 temperafure for 30 minutes. 5 ml of MEMo 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 hypoteonic
douncing buffer with 1% TX100. The cell 1lysates were
harvested and spun for 5 minutes at 16,000g and the

supernatants were stored in a microcentrifuges tube at

25 -80°C. _

Flasks inotulated with MVA including GFP, MVA including
the NS1 gene in a deletion site (MVA-BN(07), 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—reduding/reducing sample buffer under rion-




31 heated/ heated conditions. The. proteins were seperated on 11&)%@D$B&8&GE
and transfer med 6e0omsiEi r ocel | ul ose nenbranes. The bl ots were pEoh@ek6s5045
overnight with pool ed conval escent patients' sera (PPCS) at 1:500
dilution. After washing 3 5 tines with 1X3PBS the blots were incubated with
anti- human IgG HRP (DAKO) for 2 hours at roomtenperature. After the

bl ot s were vashedogsndsecal Beddbeliong . Wife g oeinaasedeyetopeicasiag 4
chl ero-1-naphtol. The western ot results showed that NS1 in % -BN22 is

10 expressed 1% | @P§ePy@ENLNL esanNSerwas dxpréssedeldviiRES PrgRYanes-
confirmation,_.as di mer under non: heat ed. condj 1 ion a under
heat ed condi tT%%.g%ﬂésNgfr&&@%?%no\ﬁgﬂﬁ% a‘?é‘c&iﬂi ﬁoggtgﬁ %%%v%%géz’%% MVA-
BNO7. The BHKLelbscyer goi-noquipaiad i th: the samecpén. afder 182slainvest ed

after 48 hours. The results showed that the expression of NSL %{%Samalcb
hi gher $n BN22iméian wikhBNDR. PBrhetheste¥ail 6e5er e AR a3 s Howdd t hat

there is nor LN t L th uper t it he cBN22rraeastr uct
a- conpar ed tgh%]}. S’%‘{ﬁ“%ﬁrgg’wg a?%% S oi\;llve thél—i}t‘[\ii Nigolé_expregsed in cells
infected withyBNe2 isha@ntjigan cwand | saskedgnizedebyrihed podfidd. the
conval escent patients' sera. In conclusion, liltS1_ i éﬂex%r %I%ied in |arge
quantities andolPHTt Has: PgRElemas Ut [ THe BAKCHTS i nfected with
25 BN22. Bot ht he di mer and nononer are antigeni ¢ and e.reg&gqh&g%xg% t he
pool ed conval Bseenesiarivere kot sepgul tex & e FiterfrontVect’or p and

PBN27 39 The NVA . n Lace g {NeW i REEr 1,98 skbeebsbd ganaie.
poSi t i ig 1299%?1%&\%@&?%?@% %‘ antgL 1370 WD 03/ 097845 1 8 QCT .2406
{f’CT / EPO3/ G 045igB2 confirmation, as a dimer under non-heated condition

and as a monomer under heated condition.

‘The NS1 expression was compared in both MVA-BN22 andl\‘NA—

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 nuch higher in BN22 than in BND'I.

.. The western blots results also showed that there is more

.+ NS1 secreted in the supernatant with the BN22 construct

-apcompared to BNO7Y.

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

-pooled convalescent patients” sera.

In 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 wvector pBNXE67 and pPEW2Y

30 The MVA sequences adjacent the new insertion site (at

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




ver e isol at ggyhy,skandard PCR anplification of the sequence of §i GCEr 2006
usi ng the fol?ovm ng primers: oBN543 ( TCCCCGCGGAGAGGCGTAAAAGIFTAAIRTTIASNT, SEQ
ID NO.: 3) and oBN544 (TGATCTAGAATCGCT@@TAAAAACTGCGGAGGT 5 SEQ I D NO. : 4)
for isolating Flank 1; oBN578 ( CCGCTCGAGITCACGITCAGCCTTCATGC; SEQ I D NO. :

5) and o0BN579 ATTTTGFATAATATCFGGTAAG, SEQ I D NO 6 for
i solating Fl ‘ﬁﬁjﬁéz lﬁ%% fPagrerndsdr i Ry Rk catdon r% edbfith the

10 restricti gaqe8gYses: Sagld woaly ag}geu(glait AP prmezabi |/ Xoal

di gest ed and dephosphoryl ated basi c vect or, as p uescri pt

ephosphor yi 2208 et 06 %@@%ﬁ%ﬁéﬁé%& Faddent

conpri si ng RuadkoB5 4pt { TEral( TAGCAATEISIG ¢ T A IeeETEsndufr ;Fl ank 2 whi ch had

been |%ate%%%%&?ﬁ%fé%wf§mé 7) and 0BN546

(CGGAAGCT TTPJM% TT@@M e TR ¢ 2O dNO. (s Andiovhi ah %%Qiaﬁe
H ndl 11/ Pstl est ed inserted into the Hndl'T17Pstl site of the

resul ting v‘é@ﬁ 79 m@ﬁ@cz%gwgrmwmmmqmmmmmméﬁ

cassette co S synt.heti.c rormt er, NPT 11 gene (neomycin
resi st ance) nP%%I%/QC%L%egr%/ % EG-P 25 gene ( PSTNPTI I - poI yA—I RES- EGFP)

was Ecl | 361 1/ .Xho ested andlnsertedl tot eHlnIII/ ) of t he
i nsertion v]e@?% LC’g/ng PR he CRIPRGEFETY| £aoR blwﬁ’ﬁ't @E{

Pol ymapase (Resteict o eslidsid:OnsiRBT O&nan m@plaaﬂ/ ve geédccmt@ct
according to this 30 exanple is disclosed in Figure 2b pPBNX67) . 18 OCT

2006 WO 03A) 87845/ 3l | FREEsEEI45em33 dadrosdnsnilisdtdonOef 1pBNEL YR .g.  2¢) .
the Denguevi éﬂéhpégjs\/lﬁéluescrlpt (Stratagene).

The regulting plasmid was Xhol/Apal digested,
dephosphorylatec‘i and ligated to the XhoI/Apai digested
15 PCR fragment ccmprising Flank 2.

Opticnally, a repetitive seguence of ¥Flank 2 which had
been isolated by PCR using the primers oBN545
{CCGCTGCAGGGTACCTTCACGTTCAGCCTTCATEC; SEQ ID NO.: 7) and
OBNS546 (CGEAAGCTTTATATEETT I AGGATATTCTGTTTT ; SEQ ID
20 NO.: 8) and which became HindITII/PstI digested, was
inserted into the HindIITI/PstI site of the resulting

vector. Figure 2a) shows the vector (pBNX51).

A reporter cassette comprising a synthetic promoter, NPT
IT gene (neomycin resistance}, poly-A region, IRES, EGFP
25 gene {Ps-NPTII~polyA-IRES~EGFP) was BEcll36IT/Xhol
digested and inserted into the HindITI/XhoI site of the
insertion wvector, wherein the HindIII site was blunt
ended with T4 DNA Polymerase (Roche). A restriction map
of an exemplary vector construct éccording to this

30 exawple is disclosed in Figqure 2b) (pBNX67}.




serotype 4 was inserted in the single Pacl site of pBNX67. 5 @Beﬁgﬂ'imﬁof
the reconbi ngnt (DLVA Vi a honol ogous reconbi nation The vector ,nBNX67
(Fi gure 2b) ?gk?i()%lé)’l%ed to generate a reconbi nant MVA using Fﬁ‘%%”\?éﬂ

mentioned protocol - e.g. using pBN27 (Fig. 2c) for honol ogous
reconbi nation 10 results in a reconbi nant A carrying Denguevirus PrMd in
t hei ntergeni c regi on between two adj acent ORFs. Insertion of PrMd in the

| GR136- 137 i n§ett icomsgina oW oBNZ7 f [R5y . rouhdhe deeng gigrals Afdtodd
wi th MVA according 15 tqg the above-descgri bed prot | _-and e iti.gnally
t ransf ect ed V\nsteﬁolgcﬁ?@rtlaonw%ctb?sﬁﬁﬁﬁ (%ﬁlg.&ﬁ%) Osc%tglgnlt%ai ﬁ%\tﬁ% t%gg%\lE'?%gene

for sel ectionpanstcsgG-P (enhanced green fluorescence protein) as reporter
gene. Resulting reconbinant viruses were purified by 4 rounds of plaque
20 purification under (418 sel ection. Resulting reconbi nant viruses were
identified by standard PCR assays using a primer pair selectively

anplifyigqng th i psert site. | farh he h QR3S bgous

i nserti oéqn Si d%eg%%%?'toggi r?EBNQ%;C)) (c%%?gﬁgtn%gig%tta%gt cc, 25 SEQ I DgNO. "t 9)
and BN901 (gacgecatgdaggcianac, SEQ ID NO : 10) were used. In case the DNA
‘of the enpty vector virus MA is anplified the expected PCR fragnent is 88
nucl eoti des (mhe |®ag ot NpERZET7A (TaCEiHY Manl A ber Wl td gearmtads ed,

whi ch has incorporated Denguevirus PrMi 30 coding regign at the | GR136-137
i nsertion sit&SGHOITHGHy MR W%llé&p‘é%?e%li)?lﬁeb’é‘e%ﬁéogﬁ. Rjﬁ%t?fﬁez"res%lgf‘s in

1 8 OCT 2006 / PCLL EP03/,0j,04 4 Fi801880ushovesbaaihyt idie
st abl e insertiu\oé‘r?r%3 Wn ﬁ%g’l Gl%%gG ?%#I nSerti O%)Jsi te after_ 22 rounds
' Qf Vi rusd results in a recombinant MVA carrying Denguevirus PriM4 in

the “intergenic region between two adjacent ORFS.

Tnsertion of PrM4 in the IGR135-137 imsertion site of MVA

In a first round, cells were infected with MVA accdr”ding

15 ' to the above~described proteocol and were additionally
transfected with insertion vector pBN27 (Fig. 20)

) containing the NPT gene for selection and EGFP (enhanced
green fluorescence protein) as reporter gene. Regulting
recombinant viruses were purified by 4 rounds’ of plague

{ 20 purification under G418 selection.

Resulting recombinant viruses were identified by standard
PCR assays using a primer palr selectively ampiifying the
expected insertion site. To amplify the IGR136-137
insertion side primer pair, BN200 {cgttegeatgggtitacctee,
25 SEQ ID NO. ":{{9) and BN901 (gacgcatgaaggctgaac, SEQ D 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 PrM4
is amplified, which has incorporated Denguevirus Prid
30 coding region at the IGR1I36-137 insertion site, the
fragment is expected to be 880 bp. The PCR results in




anplification. The reconbinant M/A still shows the same grow g E 0
characteri sty g;@ss&WWA-BN. It replicates in 5 chicken enbryo f| ro Iagqg
- (CEF cells) and grows attenuated in nmanmalian cells (Fig. é) P OT e 3
10 I nsertion vector pBNX79, pBNX86, pBNX@8, pBN34 and pBN56 The . WA
sequences adj acent the new i nserti on site (at genone position 12800)

bet ween the g? a d 0Q i sol a%)ﬁ standard PCR anplification
of the sequence’ 0 BFe§ = HgtpﬁesFB eﬁFFﬁﬁrgf R’SM@G@O‘?}}%)S F up

(CGCGAGCTCAATAAABAAmMGTEEE@&o§EQSthNOafté%) and EQB&?QW 08
( AGGCCGCGGATGCATGITATGCAAAATAT;  SEQ 12) for 1solating F ank 1,

| GR 07/ 08 Fzﬁﬁpé@f%m@@(ﬁ@@mmIAm&ﬁprE(@ﬁdD Nime 13)

and 1GR 07/0 end CATCCCTTTCAIG, for .

i sol ating Fgankﬁg. %‘W%ﬁgﬁt c?@rrp%‘ é“s k 1r%%]s“’i%teea?t ed ™ t h
the 2% restrhitken’ emtynes SgtblobhdsSacl @i | i gated) t oaag Saghdysacl
di gested and ‘gg% 8%%2(3 ¥I ated basic vector, such as pBluescript

(Strat agene)® Priepradien GaELXh6FiApadPli gest ed,

dephosphoryl ated and ligated to the Xhol/Apal digested 30 PCR fragnent

conprising Flank 2, J S OCT 2006 WO 03/097545 i 5 T %P03/ 05045 35

Optionally, a repetitive sequence of Flank 2 which had been isol ated by

PCR using the primers IGR 07/08 F2up .

( CCGCTCGAGCGCGGATCCCAATATATGECATAGAP_C; SEQ ID NO.: 13) and 1GR 07/08

F2m d ( TTTCTGCAGTGATATTTATCCAATACTA ESERI® 5 NO : 15) and which is

BanmHl / Pst | di gested, was inserted

10 Insertion vector pBNX79, pBNXE86, pBNX88, pBN34 and pBN56

Tha_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
(CGCGAGCTCAATAAAAABAAGTTTTAC; SEQ ID NO.: 11) and IGR
07/08 Flend (AGGCCGCGGATGCATGTTATGCARAATAT;
SEQ ID NO.: 12) for isolating Flank 1;
IGR 07/08 F2up

20 {CCGCTCGAGCGCECGATCCCAATATATGGCATAGAAC; SEQ ID NO.: 13)
and IGR 07/08 F2end

{(CAGGGCCCTCTCATCGCTTTCATG; SEQ ID NO.: 14) for isolatingd
Flank 2.

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

such as pBluescript {Stratagene).

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




into the BanHl /Pstl site of the resulting vector. Any reporter pg§ OCT 2006

t her apeuti cal,, oKOIprising cassette, having e.g. a poxviral_.pco er, a
mar ker gene,‘§8§§@§§% region and optionally an | RES elenent,'ﬁlﬁﬁf$ﬁ%f
gene, 10 e.g. expressing a therapeuticallyzactive substance or gene
product, can be blunt ended with T4 DNA Pol ynerase (Roche) 'after a

restriction digest and_inserted into,a suitable cloni ite qf, th
pl asnmi d vect ox: %lopéggyrcﬁioﬁeﬁﬁ515¥vﬁ.FFK%%%ﬁﬁﬂa?g §E%Fgrzc§%§fﬁh§?aQS
according to tihbsnexaplL-ds Q&S%@éegskﬁgFi@w epB@herPBEKT D7/ daNSeEHH ON

of the NPT/ EGFP sel ection cassétte resulted in vector pBNX86 (Fig. 3b) and
insertion of tHCCEBEEBERGEE:ATCCAATASAEEEEAIAGRAET 0SERBRRSBO(Fid3) 3¢),

respectively. sideri n_expression unjt f a, e n
Comor i sing & tHelapet P gEnEZand. anelos U A e A S aROr e (Rrg T2
expressi®n unitols 1Enseriedyhite the Raglr Qidre dDfeconSt r4gs i onsefttpdBN34
(Fig. 3d) the Denguevirus PrM 2 was cloned in pBNX88 (Fig. 3c) and for
synthesi s of pBAE8 tRegBaBEY/PrEIHFVtenet rhecs@isHg tidgi JRCKAE - Pacl cl oned
in pBNX86 (Fig. 3b). Generation of the reconbi nant MVA via honol ogous
reconbi nat i on Ae wegicortssp BNX8 & hieFageudh)cadndrpBNXB8MPEL gingcFassghte,

respectively, can.be used to generate a reconbi nant A_using th oye
ment i oned pr ot 6¢ o 2SUSi g €B§%¥¥3ﬁi% @%ﬁmo?%?’h%nﬁﬁggéﬁsgéggb iﬁgigo%
results in a resgibhnania MAc18nET,2Q00 Wk93L0e4@Ls PCT/ EROSH&50&Ene 36

carrying Denguevirus PrM2 in the intergenic region between tw adjacent
ORFs. R&Bonbi n@tFon SFCPBRSENYF YurEers@Pulids e RVALVEN JEmdTestFt s

Jn 2 recominagl W, o iIEh CQNTBLNSILAR Hnhk v EReThNDhAC peayResRgadi ng
- {Roche) after a restriction digest and inserted into a
~ suitable c¢loning 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 Q.:f 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 promotar, this expression unit is
£ ~ inserted into the Pacl site. For constructipﬁ of pBN34
(Fig. 3d) the Denguevirus PrM2 was cloned in pBNX88 (Fig:
3¢) and for synthesis of pBN56 (Fig. 3e) the HIV env

25 coding region was Pacl cloned in pBNX86 (Fig. 3b).

Generatlion of the recombinant MVA via  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




I nsertion of Priv in the | GRO7-0S insertion site of MWA In a { rﬁ%TﬂﬁEd’
cells were iwhashed;aM th MA according to the above-described protocol™ and
were additionally transfected with insertion vector pBN34 (R§TgEPe3@yei50

containing the gpt gene for selection anss BFP as reporter gene. Resulting
reconmbi nant viruses were purified by 3 rounds of plaque purification under

sel ection by JBGA neJ_l 1 S i bed in Exa e 1. Resultin
r econbi nant _ vi ruseglg\?\e;ﬂeén:\gé%ﬁ'tl%l%ed%%ﬁtajh%arighe 15%%??%%%%?/5 L& hg a
primer pair $elitectehvelp adpbibytngribe rexpeptedtipsenti gonsst eviJeramplify
the I GRO7-08 inserth:?)or,\ side priner pair, BN902 (ctggataaatacgaggacgtg,
SEQ ID NO.: t6) &HdF1Ble6: MWeydth sanme jiryedet gin SEG-eormiNgrant AViver e

used. |In caseike, BNAtainkheneRty ¥86tQLy O%§(i FHe MR- LsodliRlig ! fdk f he

expected PCR fragnment is 190 nucleotides (n ong, I'n case a feconbi nant
MWA fors PrM is anplified, which has incorporated Denguevirus PrNM,
coding region at the 1GR0O7-08 insertion site, the fragnent is expected to

be 950 bp. TheRCR;EasUE! 8,40 22 ELg. rdadshovcleatly, the, stapl g, nsertion -

of Prive in the |GR07- assertion site after u of "Virtus

anplification., The.reconbi nant still shows the sa rowt h .
characteri st :itl:ls qagf]ﬁ%k- |§ﬁ”fﬁl F%iscﬂeé%e ijrflg\%%%‘ie"ﬁlm PEEPEBHSt s
(CEF cells) &nd ghowsbod-addrialbed bRAoEBARR! ian celhes (Fh@itddaii,g OCT
2006 WO 03/097845 PC e /EPQ3/05045 37 Insertion.of HV env in the

| GRO7- 08 i ns&FEPEhested ofitivA InFertiont veaher coBNS4ner &@imf ec3@H Jvi VA

accordigng tedhhesabaverdgsgrib r c . Wer ddi.ti opnal fg :

t ransfect ed vviot h ilnseglti on %Et%‘rgn%Bﬁég %E‘%Hg?%ﬁ? %%ﬁt%%i%g ¥%%o gene #

for selectiomemsd E@ERIAsSng recombinant viruses were purified by 3 -
rounds of plaque 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 amplifyving the
expected ingsertion =site. To amplify" the IGR0O7-08
ingertion side primer pair, BN902 {(ctggataaatacgaggacgtg,
SEQ ID NO.: 16} and BN903 (gacaattatccgacgcaccg, 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
nuclectides {(nt) long, in case a recombinant MVA for PrM2
is amplified, which has incorporated Denguevirus Pri2
coding region at the IGR0O7-08 insertion site, the
fragment is expected to be 950 bp. The PCR results in
25 Fig. 9a) Sh?w clearly the stable insertion of PrM2 in the
IGRO7-08 ﬁ%sertion site after 20 rounds of virus
amplification. The recombinant MVA still shows the same
growth characteristics as MVA-BN. It replicates in
chicken embryvo fibroblasts (CEF cells) and grows

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




reporter gene. Resulting reconbinant viruses were purified by 165(3%‘”%%@
pl ague purifi czgg)%{)‘ under G418 selection. 10 Resulting reconbinant iv_i ‘uses
were identifi’ed* ﬁgl‘z‘andard PCR assays using a priner pair ngé’é’?l"lﬂv‘E‘P&?
anplifying the expected insertion site. jlo anplify the IR07-08 insertion
side prinmer pair, BN902 (ctggataaatacgaggacgtg, SEQ ID NO : 16) and BN903
(gacaattat ccgacgcaccg, SEQ ID NO : 17) 15 were used. [In case the DNA of the

*

enpty vect or Irsartiwmn of s BIip| éfvednt HdexpeBP ed0PCRIELIGAEH F*ES1
nucl eoti des t) long, in case a reconbinant MVA for env is ; _anplified,
whi ch has inCofporated H'V env coding region at the I GR07-08 insertion

site, the fragnent_js expected 20.to be 2.6 kb., The P results in Fig. 10
show cl ear | y ithé stabfle FReefti 6/19F &RFS -t eec‘r?é;d"?l-% hlqﬁzge%%T%ﬂfl&srli: e
after 20 rounds e@heVi kHSvAMRELELGRLIONL-EXaARN e Ah@5 warger adldht Voot Dy
pBNX80, pBNX87 and pBN47 The MVA sequences adjacent the newLnserti site

(at génone poETtsTRCBTFR30Vibht weierseisl @RF B24ECaNd BE5 wele Y i sof At ed by
standard PCR anplification of seguenc f <LR ushR9 fbenfodd ow ng
primers: 30 | HERYp M@&%%a?ﬂ%ﬁ&ggﬁ %EQ ID NO.: 18)
and 18 COCT 2QQ&oMRH31QR4M: 45 REELERAZE0550480mBBntGRA4 /B smsd were

( AGCGCCGCGGAGTGAAAGCTAGAGAGEE,  SEQ ID NGO, @ 19) fOI’,_#,SOJ atin r%rnk %-8

| GRA4/ 45F2up HEEEETCEABTGECCATEET SANCTEFATEBA PEATE L Co4R2 AT BRGS 907° and

| GR44/ 45F2end, 5) { GAGEECOOCTAAATGCGCTTCTCAAT, SEQ 1D NO.: 21) for isol ating
Fl ank 2. )

P 10 Resulting récdmbinant viruses were identified by standard
( ) PCR assays using a primer pair selectively anplifying the
expected insertion site. To amplify the IR07-08 insertion

side primer pair, BN902 (ctggataaatacgaggacgtd, SEQ. ID

NC.: 16}) and BN203 {gacaattatccgaégcaccg, SEQ ID NO.: 17)

15 .;were used. In case the DNA of the empty vector virus MVA

 is amplified the expected PCR fragment is 190 nucleo;ides

.. {nt) long, in case a wecombinant MVA for env is
cwanmplified, which has incorporated HIV env coding region

_at the IGRO7-08 insertion site, the fragment is expected

20 to be 2.6 kb. The PCR results in Fig. 10 show clearly the

{ﬂn stable insertion of env in the IGRO7-08 insertion site

after 20 rounds of virus amplification.

Example 4
25 Insértion vector pBNX80, pBNX87 and pBN47
Y

The MVA seguences adjacent the new insertion site {(at
genome position 37330) between the ORF nN441, and 045L were
isolated by standard PCR amplification of the sequence of

interest using the following primers:

30 TIGRA4/45F1up
(CECCAGCTCATTTCTTAGCTAGAGTGATA ; SEQ ID NO.: 18) and



The PCR fragment conprising Flank 1 was treated with the restfgc@tpnzmm
enzynes Sacllo gidsgacl and ligated to a Sacil/Sacl digested an -
dephosphoryl at ed basi c vector,. 10 such as pBluescript (Str&CAFEA¥YSHHThe
resulting plasm d was Xhol/ Apal digested3s dephosphorylated and ligated to
t he Xhol / Apal digested PCR fragnent conprising Flank 2. Optionally, a

repetitive segye k a I Lsal ated by PCR using

the prinmers |GR4%?%§EZ§§E ?éEéE?%Egégﬁ@égﬁ%ég?%§§%%E§gTCEATTATT; SEQ ID -

NO-: 20) an@ECRMNGSE2a0) EEFTCECTACERETECAGIGITTGTATTAACG SEQ I D NO. :

22) and mhicBF&g% <BanHl /[ Pst | digested, was inserted into the

Barntl | Pt SPE AASFRED, dSHRCTRGACORCTEATSE TAARG TFEREF BT L her apeut i cal

gene conpri sishg gassettepoyhayiingee.4. iral pronoter, a marker gene,
B )y nawly 9@&4-&4% 2ate!

a poly-A region and optionally an IRES el enent, a further gene, e.g.
express? ng a (CRECEFEGEINBARIQCEETTCECABNst §AQeIDr NR5 :g2he Peoduct, can be

bl unt ended w Pol ynerase (Roche) after an restriction digest and
i nserted intgggaagépggéﬁgn%lgging site of the plasm d vector. Considering

a reporter gepe sette the Pstl, EcoRl, EcqRV, Hndlil, Aval or Xhol
restriction gﬁfyﬁﬁis&%ggﬁgﬁ%eéwmﬁ%%ﬁqu ri;é%)%h%aﬁlgﬁ?@§@@e$ﬁ?WtF fis
preferred asrels@niingisht CenkPhest NEaLONSHULT 580 10f aRBNXBi . 4b) a1t he

NPT/ EGFP sel ection cassette was inserted in pBNX80 (Fig. 4a). 18 OCT 2006
WO 031097345 PCELEPBSIT05DUGes3ed eavsi dephngrhanrekpiedsiteiFigni vyetopra

ther apgyt i C g&Re, ocCARRLESLDG.E (RELARGULLG gene and an operably Iinked

pronmoter, this e=~-pression u iIsTinserted into the Pacl site. 5 A

restricpion @%%(ﬁ f@%ﬁﬁ%fﬁ vegigémganst%%&}S 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
{CCECTCEAGCGCGEATCCTAAACTGTATCGATTATT S5EQ ID NOG.: 20)"
and IGRA4L/A5F2mid {TTTCTGCAGCCTTCCTGGGTTTGTATTAALG;

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-A
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) aﬁéer an restriction digest and inserted into a
sultable cloning site of the plasmid vector. Considexing
& reporter gene cassette the PstI, EcoRI, EcoRV, HindIIiX,
Aval or %Xhol restriction enzyme site between Flank 2 and
30 the Flank-2-repitition is preferred as cloning site. For
the constructica of pBNX87 - (Fig. 4b) the NPT/EGFP

selection cassette was inserted in DpBNX80 (Fig. 4a).




according to this exanple are disclosed in Figure 4a) and b) (b&hﬂ&B,ZﬂDS
pPBNX87) . Thewxegi®rsgan be used to generate a reconbi nant MWAretrEmislomkng
t he above-nentioned protocol - carrying an 10 exogenous sequence in the
intergenic regi on between two adjacent OREs. For the construction of pBN47
(Fig. 4c) thePrM of Denguevirus- serotype 3 was cloned into pBNX87 (Fig.
4b). 15 Insertion. PrMB _in 44- 45 insegpLi-on; Sih&rofe A dena, first
round, cells ééﬁ%lﬁé %%?eé”hﬁ%%§R%§§%8€o?§P§§ E%o t he abéﬁi-descr?bed

prot ocol and weterbdithsi analdheragansieciethan ehd nser RS aPddt ot 1HBRA7
(Fig. 4c) containing the NPT gene for selecti,on.an P. 2 e er
gene. Resul t igPTFeESHDI RRAHE QFPH§§§1W€rénlﬁﬁ?Ffﬁéﬂﬁ%§%§ﬁréﬁﬁasg%% g?g%ue
purification under G418 selection. Resulting recombinant viruses were
identified by standard PCR assays using a primer pair selectively
anplifypng th 25 expected in ti oneSi i fyctbe | cB44+4bcts
insertign sidg pﬁfﬁﬁ?%ﬁg%fFlBNégk C%Ett%%gﬁggggggccgacgapgg, SEQ ID NO. :
23) and BN9O5zc{oeggahgaaaaattitt tggamic SE@ |D NG osallingieiysed?) | #"%ase
the DNA of the enpty vector virus MA is anplified 30 the expected PCR
fragnent is 185 ARENEEPIdBENERLY -1 ong, in case a recombinant MVA for PrM
is anplified, which 18 OCT 2006 WD 03/097845 PCT/ EP0O3/ 050;“13 40. has _

i ncor por at ed BeggweAtUus PRVBDEodiFRA r B§i SFIERE AtYfe @1 BRIAT U5 T hserti on
site, the fra t_I.s _ex te b . +BER1r esul dgetynicle gaxnl | a)
show clearly ”gri,ogtlgﬁl eeﬁ%sergFlE)%ﬁ %ﬁn%?%él%ign %5%% | GR44-45 insertion site 5
after 19 roundsoofnviusussanpindé cahi ahe ThetervgenbinaRELOMVARSSEPR HiGhs
@he same growth characteristics as MWA-

adijacent ORFs. Yor the construction of pPBN47 (Fig. 4c)
‘the “PrM of Denguevirus serotype 3 was clomed into pBNX87

- {Fig. 4b).

15 h Iﬁsertion of PrM3 in the IGR44-45 insertion site of gVA

+~ 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. Resulting recombinant viruses - were
g;' 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 jinsertion site. To amplify the TGR4A4-45
' BN904

and BNS05

insertion side primer pair,
{cgttagacaacacaccgacgatgg, SEQ ID NO.: 23)
(cggatgaaaaatttttggaag, SEQ ID NO.: 24) were used. In
case the DNA of the empty vector virus MVA is amplified
3G the expected PCR fragment is 185 nucleotides (nt) long,

in case a recombinant MVA for PrM3 is amplified, which




BN. It replicates in chicken enbryo fibroblasts (CEF cells) ardg @§
attenuat ed iwo'opaevaed i an cells (Fig. 11b). 10 Exanple 5 |n81§‘(51t,j.;ﬂ,@/ (gztg
pBNX90, pBNX92 and pBN54 The WA sequences adj acent the new insertion sit
(at genone position 137496) between the YORF 148R and 149L 15 were

i solated by standard PCR anplification of the sequence of interest using

the fol | ow ngpr ﬁﬁﬁ%‘qur@?—laﬁs/néﬁ&&aplﬁ[ %& %A ECEGAQE% SEQ
I D NO. : 25). Q@iﬁh@%@ Iélend CTAGICTAGACTAGTCTATTAAT CAGAAATAC, SEQ
ID NO: 26) for i SOTatif nFlsal&l? tlF%PfHB@.’E@QFZGﬁ eXpected to be

(MA@TG@@%@@TCMT?@A% G pi éE SjE% and
| GR148/ 149F2¢ TAGGGCCCGT TATTGCCATGATAGA 1\@ “2%% Gy the

i sol ating Fl iﬁ'ﬁbk 385¢R&1PER offy a@ﬁ@ntmoma sﬁergmmklﬂsmdﬂ eated with

the reéstrickiesr' eBZYRs A d ’>b nd..ligated tQ a Sacl |/ Xbal
di gest ed and_dephosphoryl at ed$"ba§?c vec qE s f1e5RFPPPinant

(Strat agene)MVPFhétii $ulsthiomy pites na;a:tn@svagrbltnrﬁgl |dl:/a%@@te@'1%%%§:%d1a 3%/a
dephosphorylﬁﬁ ]%nd %4 g 6%(1 to,the H ndll O@ﬁ%zw@e ested PCR fragnent
conpri sing Flank BERG %8 PET Shicken Cprbhabty, &EF
repetitive seqlﬂam}:eaﬁdeaa,k, , ﬁ@@ ted b CR usi ng the
prl Ter s IGthﬁ{)149F2up AACETTGE f%%c&‘?ﬁ"%? e $E0 1D
27) an GR148/ 149F2ni d (TTTCTGCAGTGTATAATACCACGAGC 5 SEQ I D NO. :

295@38 whi ch becane BanmHl /PSt1 digested, was inserted into the BanHl/Pstl
"site the resulting vector.

Exampla 5
Inse;tion vector pBNXS0, pBNX92 and pBNS54

The MVa sequences adjacent the new incertion 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:

IGR148/149F1up (TCCC‘CGCGGGGACTCA’I’AGATTATCGACG;
SEQ ID NO.: 25) and IGR148/149Flend

(CTAGTCTAGACTAGTCTATTAATCCACAGAAA’I‘AC SEQ ID NO 26) for
20 isolating Flank 1;

IGR148/149F2up ( CCCAAGCTTGGGCGGGA‘I‘CCCGTTTCTAGTATGGGGATC ;

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

(TAGGGCCCGT‘I‘ATTGCCATGATAGAG; SEQ ID NO.: 28) for

isolating Flank 2.

25 The PCR fvagme it comprising Flank 1 was treated with the
restriction® enzymes Sacii and Xbal and ligated to a
SacII/Xbal digested and dephosphorylated bagic wvector,

such as pBluescript (Stratagene) .

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




Any reporteryuQf,4hefapeutical gene conprising cassette, havifig g8esds
poxviral pronmoter, a marker gene, a poly-A 10 region and optio?glbé an

| RES el enent, a further gene, e.g. expresding a therapeutically!&8c Jezmm
substance or . gene product, can be blunt ended with T4 DNA Pol ynerase
(Roche) aftergan I, ctLop.di nd. Lnsgrkedsi ptenR 2 s Uit B ehad oni ng
site of the 6?%§ﬁ§§§%%%foé.??gégg?£¥g gg%&?ﬁu%tion of pBN§92 Fig. 5b) the
gpt / BFP expr ésséoni schssedt bywasRi nséntetdhienprhingTel d6RhYB 6142 @ nsi deri ng

a reporter gene casset the Pstl. Ec g - Hi I strygfion
enzyne site b Welh® f3§§G§G§9%T§ﬁgGEFﬁﬁﬁéﬁgﬁﬁggﬁﬁﬂﬁFbn§?% %?éﬁ%rré%ﬁgs
C|0n|Dg_Sltefu§9nﬁeﬂ§£8PQ4?@2ﬁ@de§@T@@@G@RG@GTRTBQTA&CA@@A@@Eut|c gene,
conprising a therapeutic gene and an operably |inked ELO ter, this
express$on urfE@ I8 Woser 28y antowhhehPielcagiet Bamfsy PStl EHHgFYTCt i §7° of
pBN54 (Fig. 5¢) the nguevirus_Pr o dinser i,n I, $+-Pagt site. 25 A
restriction S%?tﬁﬁeéggﬁpFé?y595¥&6$%%gngﬁ?%%fkegggbfﬁgﬁg t%éthis Exanpl e
i s disclosed acFbgure 5a) and b) (pBNX90, 1i "pBNX92). The vector can be
used to generate a reconbi nant MA - follow ng the above-nenti oned protocol
- carrying an.,, 306000000 3CqURARS it ikhal | ges genino: { siihon chetmbé, t wo
adj acent ORFs. TFor the generation of a reconbi nant - WA WD 03/097835

PCT/ EP03105015a%2n%8 «OGT 20Q60exipral shngneher DeAglevkPtsIPRrfL FBREAY(H g.
5c) wasg, used _for a homol ogous recombi natign. Nsertd ony 0 M el
IGR1483949 i nN§EFt°0n &t eogglﬁﬁﬁiig Fﬁla&$$?sfﬂ?oun§¥_gﬁlFgEEere ?%fegted
with MVA accogdiyng eiprtheiagove- desarddrad: prat heokhcaitdewes CBERATT oRdl | y

Tansfected with insertion vector pBN54 (Fig, 5c). containing, th ene
@or,selection9§ﬁ@ BROME-§ epepiebe é&m&tF@%@?gi%bt?eggn@%ﬁa%ﬁ%ﬁ#ﬁ%%ﬁgmere

purified by 3"(-Rocjhe) after an restriction digest and inserted into a

suitable cloning site of the plasmid vecto:r; For

s

15 construction of pBNX92 (Fig. 5b) the gpt/BFP expression
cassetbte was inserted in this cloning site. Considering a
reporter gene cassette the Pstl, EcoRI, EcoRV and HindIIT

restriction enzyme site between Flank 2 and the Flank-2-
___,ﬁ,__é,___repitition is preferred as cloning site. Considering an

20 .‘i: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

o
»

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

inserted in this Pacl site.

25 2 restriction map of an exemplary vector construct
according to this Example is disclosed in Figure 5a) and

b) (pBNX9O ,f pBNX92) .

Tﬁe wvector can be used to generate a recombinant MVA -
following the above-mentioned protocol - carrying an
30 exogenous sequence in the intergenic region between Lwo

adjacent ORFs. For the generation of a recombinant MVA




10 rounds ofsvpleagemspurificati on under selection with WCO%@O@} i_F_aQi d.
Resul ti ng reconbinant viruses were identified by standard s"gzﬂi‘/ B usi ng
a primer pair selectively anplifying the42expected insertion si t4.8 [14) 2006
anplify the | GR148-149 15 insertion side prinmer pair, BN960

(ct gt at aggt at grecessgeg, tiSEQRERGNS 1 r30) pad BDRGL (F3st aglauacgt ggaqoa,
SEQ I D NO. : 3]%%?éwere used. In case the DNA of the enpty vector virus MWA
is anplif.ied a WP WER §eAppAEmti® 450 nucl eotides (nt) long, in 20
case a reconmbinant MWWVA for Pr-M is anplified, which has incorporated
Denguevirus PrM coding region at the |1GR148-149 insertion site, the
fragment is expected to be 1200 bp. The PCR results in Fig. 12 a) show
clearly the XtBFelehsed (Rl ofn P TGRY4R-NAORBARelAd dmadrdel oF mivhe 25
after 23 rounds of virus anplification. The reconbinant MA still Dhows
the sanB growtth @hfineterdunicscailMierBNinfFectepl kwaahesmian aehicsigmenbryo
fi brobl aStsCé;%EF ce{/@% an% grovxg attenuated in mammalian cells (Fig. 12
b). 30 1 8 2008 P04 [ 18T SHEPRET/ B 1889 Arerap@ddidons 13y
agent's file ghdordiEled | Riennatiepak ;3pP! i LRAHANNOpis 4 f(?%gr en%%r}unber

| NDI CATI ONS RELATI NG TO A DEPGCSI TED M CROORGANI SM  ('PCT Rul e [,)

Thei ndi cat i orf HeRfebetD\vied b taerteh divir rasoraydriicemeefce BFR] atsoiepbhe er
description gexLl . NTI_FI CAT] ON OF, POSIT. ...

Furt her deposit sar ei 5%%?%‘2%1%% éBCr'leéJé)l HERE SHettY  WRARe Purified by 3

uf depodft ar yirmstidut ioh EEASGuEUr ppeaniCatiest i gAaet CeldcC8hbH €Sith

mycophenclic acid.

Resulting recombinant viruses were identified by standard
PCR assays using a primer pair selectively amplifving the
expected insertion =site. To amplify the IGR148-149
15 insertion side primer pair, BN960
{ctgtataggtatgtectetgee, 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 bhe
1200 bp. The PCR results in Fig. 12 a) show clearly the
stable insertiom of PrMl in the IGR148-149 insertion site
25 after 23 rounds of virus amplification. The recombinant
MVA still ?ﬁows the same growth characteristics as MVA-—
BN. It réélicates in chicken embryo fibroblasts (CEF

cells) and grows attenuated in mammalian cells (Fig. 12
b}.
30
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TCI Dop= 1 x 10" Date: 19/01/01 y Result: Indicator Cell Line: Bﬁl@ﬂﬂ

13 - r NegaW@&/Co#trol : NO CPE Test Sanple: CPE DistributiBaf/Bfiieess
that 4 positive wells: 4, 4, 0 X -0.50 4: 10-1 TCIDso= 1 x10'+"'" 10'5 =
106..5 Overall Result: Virus Present Test Description: The Detection of
Mycopl asma by |sol ation on Mycopl asma Pig Serum Agar and in Mycopl asna
Horse Serum Broth. SOP QC/ MYCO' 01/ 02 Acceptance Criterion/ Specification:

Al'l -positive controls (M pnewnoniae & Al orale) nust show evi dence of

nycopl asma by typical colony for j I - Broths are

subcul tured onto Mycopl asma Pig %E@ggﬁé\?\ﬁgfgﬁche of nycopl asma by
typi cal col onpy§ T8l i.s_eval uated. _All negative control agar plates
must show no A@ygsgﬁgcéggP{lﬁl‘lcrobi 15 "Bﬁh. The criteria for a positive
test result i's evigenc& Bt m copl O0HY typical colony formation on agar.
A negative resutt—w-H—show-no.such evidence. Test Nunmber: 21702 Date:

12/ 02/ 01 Resutdsi pResidl,ve Co |.. Posi.tive Negative Control: Negative
Test Result: Negati vlse over alrblte{e%érs‘a&f”% ?tJT%SD fc}f{ﬁ’f% Er\isgigrapan. (S0P ECAgC/055) Cell

..... e Aceeptanee @%%q,sptg%% .%gfral, 'Et Yiiveescioos o koo - o . Dat e
Page | of | WD (13/)97815 56 Cloatid® Qe tsP 1'23 e a@él 5 serially diluted ift; i{x}lwélnow;;ﬁz C:)f;
: 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

d?splaying fess than 4 positive wells per dilution, and v is the value of the
highest dilution where all 4 wells are positive:

(
TCWDse= 1 x10'™
¥
Date: 19/01/01 ‘
Result: Indicator Cell Line: BHK 21 CLONE 13 %
Negative Control: MNO CPE T
Test Sample: CPE :
Distribution of less that 4 positive wells: 4,4, 0
X 0.50
Y: 10”
TCIDso= 1 x10'*%®
107
= 106.5
Overall Result: Virus Present
{: Test Descript.ion: The Detection of Mycoplasma by Isofation on Mycoplasma Pig Serum Agar and
5 — in Mycoplasma Horse Serum Broth.
SOP QC/MYCO/01/02
Acceptauce Criterion/Specification: All positive controls (M. prewmoniac & M. orale)

must show evidence of mycoplasma by typical colony formation on agar piates. 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
QOverall Result: PASS
Authorised b}f....’...‘-l...':‘.’.":.a.[ur ...................... ECACC, Head of Qua[it}'....;;I:;.::f‘.‘.i:."...... Date

Page 1 of




48 Certificate of Analysis Product Description WA-575 Accessi é
00120707 TesWOMe8¥Ripti on: Detection of Mycopl asma using a \4%35{ g(ﬁg &
SOP )

cell line and Hoechst 33258 fluorescenttgsdetecti on system

QC/ MYCO 07/ 05 Acceptance Criterion/ Specification: The Vero cells in the
negative control are clearly seen as fluorescing nuclei with no
cytoplasm c fluorescence. Positive control (M orate) nust show evi dence

of nycopl asma as fl uorescing m@éﬁgigig%%gﬁf%ﬁéj&ear fl uorescence of

nycopl asma DNA. Positive test resul ®a8nucl ear 1 uorescence
of nycopl asPreNADNBGREHY € res%{-, _ﬁlow no cytoplasmc fluorescence. Test
Nunber: 2170AcedRiS: N;iggfgg/ 01 Rﬁ@ A JPositive Control: Positive Negati ve
Control: Negative Test Result: e oOverall Result: PASS Test
Description: Detection of bacteria and fungi by isolation on Tryptone Soya
Broth (TSB) Oé‘nd in_Fluid Thioglycollate Medium (FTGM. SOP QC/ BF/ 01/ 02
Accept ance Fst Besadpiloipeci f DeadihOdF ositive controls—{-Baekllis
subtilus, Costridium spordgeRes: @I\g@@f@ﬁﬁ@%ag?rﬁlmgﬁ%g)c&”s‘ﬁﬁ)wdéi?ﬁéféﬁé%ﬁiiof
m crobi al growth (turbidityjomodmMmie/mnedati ve controls show no evi dence of
m crobial growth écl ear). The criteria for a positive test is turbidity in
any of the test bfrieHance Ariferipn/Bpehiscainauhevhecdl i8ak nf@ve RO KE L ES
result. Test Nunber: PSRyl withap O29pBimic Resdvdehie. PRENS doMiEnl 421 aliee i?sst
. Positive Negative Cori P‘6F‘f‘deRlé’(]%ﬁ’E‘V‘\?é?smTesﬂuom:ghn‘xc:lei Negatd MBear PMRERN: of
Resul t: PASS Aut hori Segco j35mz DNA. P Osittve test results appear as extra nuclear Audnddeor Head of
Quality...:.s' i S{T\gDNA, Negative resulis show no eytoplasmic fluorescence, .

Tesi Number: 21702 s |

Date: 12/02/01
Resalt:
Positive Control: Positive
Negative Controk: Negative
Test Resalt: Nagative
Overall Result: PASS
Test Description: Detection of bacteria and fun

_ . ! gi by isolation on Tryptone Soya Broth (TSB) and
in Fluid Thioglycollate Medium (FTGM). SOP QC/BF/01/02 (ro8yan

f{;iepmnce Criterim?/Speci_ﬁcatian: All positive controls (Bacillis subtilus, Clostridium
porogenes and Can:a’zda albicans) show evidence of microbial growth {turbidity) and the negative
controls show no evidence of microbial growth (clear),

Test Number: 21702

Date: 12/02/01
Resuli;
Positive Contral; Positive
4 Negative Controk: - Negative
¥ Test Result: Negative
Overall Result: PASS
Anthori R { J S
uthorised by........ L v ECACC, Head of Qualiiy...o...s535 L..... Date

Page2of 4




Page 2 of 4 M5 R,03{Q97c45 49 18 OCT 2006 Appcncet's n beer fideqBhN.455 PCT-
]t Intemational applicationNO _ rcfcrengg nrunher | NDI CATI ONS RELAT I‘@TT%DHB
A DEPCSI TED_M_CROORGANI SM__(PCT Rul e 13bis) A. The indications nmadehel ow
relate toth mgg‘jg%ﬁiggrf@faﬁ?sm ef egl efb®r_ijn t heldestrdptignNe onpage __, 42 ling -
3. | DENTI FI €ATHONOF—DEPCSH —Furtherdepostts—aret+dent+fedon—amaddi-tt+onal
shect Naneaf depositaryinstitntion ECACC European Col |l ecti on of Cell

Cul tures Address of depositary institution (Including postal code and

count}) Centre for Applj robi ol ogy & R h j - Wltshire
SP4 QJG United Kingdom gke%qfogvgg‘g%ﬂm%cré)d%@?%%ﬁ{%%ihgggbbl?—‘%ﬁl %I\ér y 14, 2001
01021411 C ADDI TI ONAL | NDI CATI ONS( | eavgcbkankihnot appl i cabl e) This

i nformationis continuedon aradditional sheet E In respect of all designated
States to which such action is possible and to the extent that it is

legal ly pef{-ssaRlensHidRh LR AWt N8 AR5 GRaLAd, State, Tt 1s requesied
that a sanp|e pf..d he gdeposited nicrporganysm be nade available only by the
i ssue t her epf=to—armr—+rdeperdent—expert—i—accordance=—wth—the=—retrevan
pat ent | egi pFaPFOAICEIGOFDEPRSIRY| e 28 (4); UK Pateiresimriesiiogsiivaifizgulld
2, 'Paragr a;p;lgm(;’fgcpde,g,%tn;ﬁggﬂh%&‘g{ggul atron 3.25(3); Danish Patents Act
Sections 22fand 33(3) and @Rk 8hieYios bifsh Al RE OVi Si ons mutatis nmutandis
for any other designated State. D. DESI GNATED STATES FOR VWHI CH | NDI CATI OYS
ARE NMADE (I Aédggof i stitditcin 'l 'cu[_a ROV M) OF TNDICATI ONS
(1 eavebl ank Egh%fog&éfﬁjﬁrﬁéfbg g?g%ieﬁgfcat? FeRt Iisted bel ow will be submittled
to the IntefBatipha ureau rater 3pecj vt heoeurral nahve ofide indinrions

. g., IlcretyinasnireNenbses of Deposit') For receiving Oficeuse only For
nt er nat i onﬁuninleadspﬁuseonl y Ej Thisshcet was received with the

internationgl application Thissheet Was recei vedby the | nternational Buregn

[aYaVaXs]

. o | o
on. 3( C) JU E’atc‘.‘nyd:ejp%;it Agcession Number
February 14, 2001 01021411
C. ADDITIONAL INDICATIONS (eave blank if nof applicable) Thisinformationis continued on anadditional shest ||

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’,
“fnicroorganism be made available only by {he 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

, gﬁnerally similar provisions mutatis mutandis for any other designated Sfate.

I'D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (ifthe indicutions ave natfor all designated Staies)

.

B, SEPARATETFURNISHING OF INDICATIONS (leave blankifnot appiicable)

The indications listed below will be submitted to the International Bureaw later (yecify the goeal nature of the frdications e g, “Accession
Niunber of Deposit'} " -

i.
i

For recei ving Officeuse only 'Fos Inteenational Bureanuseonly  =————"""T]
D This sheet was received with the intermational application E Thissheet was received by the International Bureau on:
30 JUNE 2003
Authorized officer Aauthorizedofiicer
E0

Form PCT/RO/134 (July 1592)




Aut hori zed ofifg aw7eA%t hori zedof fcer ERO Form PCT/ RO 134 (Julé 1992) WO
03/ 097845 PCT/ EP03/ 05045 50 18 OCT 2006, APPENDI X 3 Page 14PBUBRPESHS
TREATY ON THE | NTERNATI ONAL  RECOGNI TI ON OF THE DEPGSIT OF M CRWCE%BB
--- FOR THE PURPOSES OF PATENT PROCEDURE TO | NTERNATI ONAL FORM P
ANTON MAYA VEI LHETMER SIR. 1 D 82319 STARNBERG GERVMANY NAME AND ADDRESS
OF DEPCSI TOR 1. | DENTI FI CATION OF THE M CROORGANI SM | denti fication
| et erence given by the Accession nunber™§iVeA by the DT(r)!lTOR _
| NTERNATI ONAL DEPOSI TARY AUTHORI TY: VER®&=MYA- 200 01021411 21. SCIENTIFIC
DESCRI PTI ON AND/ OR PROPCSED  TAXGNGM: GreiESh GNATIN:oakhe i cr oor gani sm
identified under i above was JEEHHGA ﬁgagigg;}; Jgepenpistsi c description A

. . i PROCEDURE .
proposed ® axonom ¢ -desighatio (Mark wth a crass Where applicable).
|1l - RECEAPT. ANR AGCEPTANCE Ti Il nt er AEETEH4N B¥pository Authority accepts
t he mcr(ﬁiﬁmﬂ&midentified under | above, WAR was received by it on 14

February cafil “t84Fe of the original deposit)’

NAME BND ADDRES3
OF DEPOSITOR ’
I, IDENTIFICATION OF THE MEICAROORGANISM
}I)dentiig;?tign reference given by the Accession number given by the
H INTERNATIONAL DEPOSITARY AUTHORITY :
VERO-MVA-200 01021411
1. SCIENTIFIC DESCRIBPTION AND/CR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under I above was accompanied by

b4 IA scientific description
I A proposed. taxecnomic designation

(Mark with a crass where applicable) .

TII. RECEIPT AND ACCEPTANCE

'l‘iQInternatxonaJ. DEPCSltOIY i Y .
Authorit acceprts the Microeorganism identified der I apove,
- e un
wh was recelved by it on 14 hebruary 2001 {date of the ozlg:.nal depcsi L}

2

Iv. RECEIPT OF REQUEST FOR COﬁVERSION

gsgog:;:g:;rgirtl;zr&;deggified under I above was received by this International
A request to conver{ t;:a original d . {dat= o.ff the original deposit) and
vas meseived my e -=g a, eposit to a deposit und_er the Budapast Treaty
K h {date of receipt of request for conversion)

. r‘}
Iv. INTERNATIONAL DEP@%I_T,B’#’-}UTHORITY
, £
Rame D 7 DR [
: ko Lawi i
ko awis i - Signature{s} of persen(s) having the pawer
. - "> to rep?esent the Entex{zational Depository
Address: sence Y — Authority or of authorized officials(s):
CAME -7 ]
Porton Down Date: | /? Ty
wwe: 1N T/ ie]

Salisbory SP4 QJG

Whers Rule 6.4(d) apoii . PR . .
- M PRliies, such & b-] i i 1 :
anthority was acoutood v Ch Cate is the date on which the status of internstional depositary

. @nR BP/1 (sole page)
- 1991




| V. RECEI PT OF REQUEST FOR CONVERSI ON The m croorgani smidentified under |

above was rew@ %W 78H§ this International Depository Authori tRrT@#FOHEME of

the original deposit) and A request co ébnvert the original depoigtc %

depaosit under the Budapest Treaty was received by it on (date of @tﬂgt ﬁﬁﬁ

request for conversion) [|V. |INTERNATI ONAL DEPCSIT OTHORITY /f Nama:

H Lewis Signature(s) of person (s) havingghhespower to represent the

I nternational Depository 1 Address: Authority or of authorized officials

(s): . ECACC CA14P. Porten Down Date: Sdfi°sBury SP4 QIG 1 t-~ \WWere Role

6. 4( d) applies, such date is thevdatersesrywhirghotrizyerstat us of i nternational
“depositary authority was acqti & Brin Bl s al Epatey 991 WD 031097845

FCT/ EF03/ 05015 180CT2006 APPENDI X 3 Page 24 BUDAPEST TREATY ON THE

| NTERNATI ONAL RECOGNI TI ON OF THE DEPEBFPTERMEROORGANI SM5 FOR THE

PURP Es, OF PATENT PROCEDURE ERNATI ONAL FORM TO VI ABI LI TY STATEMENT-

ANTON MAYR | ssued pursant to Rul TI(—:_-r égg% the WEILHEIMER STR 1
I NTER JdoONAL-RERGR! TARY AUTHORI TY  Ons8<$3! 1 ERG:ivdenti fied on the

foll ow m%L ®.STR. 1 INTERNATIONAL DEPQSITARY AUTHORITY
zgg TARNBERG “identified on the following page

GERMANY

NAME AND ADDRESS OF THE PARTY

. TO WHOM THE VIABILITY OF STATEMENT
! .I5 ISSUED t

I. DEPOSTITOR Ir. IDENTIFICATION OF THE MICROORGANISM
Rame: PROFT DR ANTON MAYR Accessicn number given by the
INTERRATIONAL DEPCOSITORY AUTHORITY: . -
P ] 01021411
Address: WEILHEIMER STR. 1
D--B231% STARNBERG Date of the deposit or of the transfer
GERMANY 14 February 2001

IT. VIARILITY STATEMENT

The viability of the microorganism ldEr}.tJ.fled under EI above was tested
en on that date, the said microorganism was

X l 3 viable
év ( I 3 . 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 deposilt or date of the transfer).

In the cases ‘—e.ferx:,ad to in Rule 10.2 (a} (ii} and (iii), refer to the most recent viability
test.

3 Mark with a cross the applicable box.



CGERMANY NAME AND ADDRESS OF THE PARTY TO L WHOM THE VI ABI LI TY Of @W@
| S 1 SSUED 1. W9ESASISFOR | 1. | DENTI FI CATI ON OF THE M CROORGANI ﬁ\}”@%b P

DR ANTON MAYR Accessi on nunber given by #he | NTERNATI ONAL DEPCSI Y4
AUTHORI TY: 01021411 Address; VEILHEIMER SIR 1 D-82319 STARNBERG Dat e of
the deposit or of the transfer: GERMANY 14 February 2001 1. VIABILITY
STATEMENT The Viability of the m croorganismidentified under |l above was
tested on on that date, the said m crg@hsgani smwas Vviable no | onger viable
1 Indicate the date of the original dq,Qg(gszist or, where a new deposit or a
transfer has been nade, the nost 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 tg the most Tecent viabitity —test—3-Mark—with a cross the
appl i cabl e box. 18" OCPRHIE TNHO3TOoTS #5 REELERES/ 05045 52 Appendi x 3
Page 25 fis V. CONDI TTONS UNDERWHHCH-THE-W-ABHAHTFY-—TFEST-HAS _BEEN
PERFORVEQ £ MERG: 0 S TI TRATED ON VERO CELLS TO CONFI RM VI ABI LI TY.
V. | NTERNATI m&%ﬁ&%ﬁ@%&%ﬁ“ﬁ W& D H Lewi s ECACC CAMR

Si gnaturje{s) o_ s)-he enpower Address: POrton Down t represent a

| nt er natfi onal Depositary

]

v. INTERNATIONAL DEPOSITARY AUTHORITY 3 / \
i

V

Name : Dr D H Lewis ‘ / -
ECACC CAMR Signature{s) \ob TT{S)—havingytRe power
Address: Porton Down to represent hie International Depositary

Salisbury Authority or of anthorized official(s):
Wiltshire ; .
SP4 0JG Date: 1?}/;?-/20"_:‘\

4 Fill in i ing ti
1 in if the information has been requested and if the results of the test weve negative,

Form BP/S (second and last page)




Sal i sbury Authority or of authorized official(s): WItshire SP4] @Jﬁ)baf@ﬁ
( fJ-(,c' ___ wodsketdisin if the information has been request edcanmdsifsothe
results of the test were negative. FormsBP/-q (second and | ast page) 9 S
OCT 2006 3/ 09781 PCTILE 03.' 05945 53 Applicant's or agent's file In[e

zdonal appl i CEIBE O™ Fef er encennabdem BN 45 BEH-FGOICAT] ONS RELATI NG TO
ADEPCOSI TLD M CROORGANI SM— (PCT Rute 13brs) A The rrndrcations
madebel owr el ate tothe mi croorganismrefferred to inthedescription on page

1431 line /1 B. IDENTI FI CATJONOFDEPOSI T Furt herdeposits are identified on

an additi onal sheet | ] ' an Col |l ection
of Cell Cultures Address o‘?ﬁgﬂgommqﬁfg%ﬁdﬁobwﬁ |%§ postal code
~and count,)) Centre for Applied M cropi-pkagys,& Research Salisbury
Wltshire SP4 QJG United Ki ngdom Dat cof deposit Aceessi onNunber Cct ober

14, 1999 99101431 C ADDI TI ONAL | NDI CATI ONS 9eai bl ankl nol apppii cabl e)

Thl si nf or matA. OlmitﬁiﬁﬂtﬁtsInﬁm%@a@m'lmﬁrg’%lsn@g@t@&to1E{1cdcsclraHIOJ espect of all
desi gnat ed St ahgs: tQIM ch such actiygn i g possible and to the extent that

it is |legal

requested t h%tlmgwérd‘ﬁﬁ[%mff‘)‘:f‘?%r deposited micr S‘Btf‘“gda‘ﬁi‘*?ﬁdﬁéﬁeﬁ‘ﬁﬂ@“‘%\%ﬁc’am ¢
onl'y by t hejissdi@ptibenfetn E0a80 1 Ndependent expert, in accordance wth the
relevant pafent |egislati ORurofeal ColcEBioRdh €idds (4); UK Patent Rul es 1995,
Schedul e 2,} Paragraph 3; Australian Regulation 3.25(3); Danish Patents Act
Sections 22 2daks &&éﬁamﬁﬁqmmﬁl%ﬁﬁ ILOJ'IJYCargLﬂmanﬁJ provi sions nmutatis nutandis
for any ot hege@lest ggoqgcr@; s rbdblhei nd! caf | onsar enot f aral | desi gnat ed
Slates) D Eﬁsiua\lA ED STATE FCR VH CH | NDI CATI ONS ARE MADE E. SEPARATE
FURNI SHI NGOFWNNEDhr@Ad{@GSf | eavebl ank+f not oppl i cabl e)

United King
Date ofdeposit AccessionNumber
October 14, 1999 99101431 7
C. ADDITIONAL INDICATIONS (leave blank if not appiicable) Thisinformation is continued on an addiifonai 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 Siate, it is requested that a sample of the deposited
micraorganism be made available only by the issue thereof to an independent expert, in accordance
with the relevant patent fegislation, 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
generaﬂy snm:lar provisions mutatis mutandis for any other designated State.

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (iftheindications aretiot for all designated States)

¢

E. SEPARATE FURNISHING OF INDICATEONS fleaveblantifnotupplicable)

The indications listed bclow will be submitted to the Intemational Bureau later fipecify the general nafureef i indications eg, "decession
Nriber of Deposit™)

Forreceiving Officeuse only ForIatomational Bureauuseanly  ==———-—""""
D This sheet wasreceived with the internationalapplication E This sheet was received by the Tntemationai Burcau on:
Authorizedofficer Authorized officer
= kD

Farm POT/ROWTZA (Trlv 199N




The indications listed below will he submitted to the internatid I[]m'urzgwl
| aver (pec)5WihBgéreral natureoft eindicatiotseg.,' ;fctt 0'ipfypMNiARes
Deposit) ForreceivingOfiecuseonly - For3¥d tcrnational Bureauuseonly This
sheet wasreceived with the international application (r) This sheetwas

recei vedbyt hernt ernati onai Btvcaaon: 30 JUNE 2003 Authorized officer

Aut horrizedofticer Form PCT/PnML (h,lv 1907 WO 031097845 18 OCT 2006

PCT/ EPO3/ 05045 14 APPENDI X 3 Page 14 BUBDRPEST TREATY ON THE | NTERNATI CNAL
RECOGNI TI ON OF THE DEPOSI T OF M CROORGANI2SMB FOR THE PURPOSES OF PATENT
PROCEDURE PP. OF. DR_DR. H. C. MULT. soANEONMAYA - NTERNATLONAL FOM VI LHEI MER
STE. 1 D 82319 STARNBERG GERWR%?HNAMEMANB@#DDRESSmMQEmDEPCSITCR

| DENTI FkCATI ON OF THE M CRCIRGK SN TPt I FAT O FFOT8Fer ence gi ven by the
D'IT ?mF§TERNA$wﬁhmmmDER€SIT RY AUTHERMT¥2: roftRO- WA V99101431 11

SCI ENTI bl dEshakLTI ON AVD/ OR PROPOSED TAXONOM C DESI GNATI ON The

m-cr oor gF&RFSsmM i dentified under | above was acconpani ed by: EA scientific
description A proposed taxonom c designation (Mark with a cross where
applicable) [111. RECEIPT AND ACCEPTANCE TJI nternati onal Depository

Aut hority accepts the mcroorganismidentified under | above, which was
recei VE by i tappeolireéCct ober [1999 (date of .the original deposit)'

OF DEPOSITOR

1. IDENTIFICATION OF THE MICROORGANI S

Accession number given by the
INTERNATICNAL DEPOSITARY AUTHORITY :

D s ITOR :

iﬁification reference given by the

VERO-MVA
V893101431

1I. I
I SCIENTIFIC DESCRIPTION RAND/OR PROPOSED TRXONOMIC DESIGNATION

The microorganism identified under I above was accampanied by:

X A scientific description

A proposed taxonomic designation

(Mark with a cross where applicablia}
'_

IIr. RECEIPT AWD ACCEPTANCE

F

'IWInternata_onal Cepo 1 Yy & t .
3o s:.tory Authorit ] CCe s th

3 P € microorganism identifiec under T above
which was received by it on 14 Octobex 13889 {date of the Orlglllal dePOSlt,

Iv. RECEIPT OF REQUEST FOR CONVERSION

The m%croorganism identif
Depository Rutheority on

A reguest to convert the originai deposit to
was received by it on 3t

ieq;under I above was received by this Internatiomal
(date of the original deposit) and
a deposit under the Budapest Treaty

Z :
{date of receipt of reguest for conversion)

Iv. INTERNATIONAL DEPQOSITORY AUTHORITY

Name: Dr P J Packer i
Signature (s} of personis) having the power
to represent the International Depository

hddress: Ecace Anthority or of authorized officials(s}:
CAMR 7
ey 2
Porton Down bate: sfh P 1 f\Ji -
: £ NPT — il

Salisbury sp4 0JG :

1 ¥here Rule 6 4id} & i i
-4 pplies, such i P i i i
e 2 PP x date is the date on which the status of international depositaxy
form BP/4  (sole Ppage}
o 1921



| V. RECEI PT OF REQUEST FOR CONVERSI ON The mi croorgani sm i denti ﬂiaa@ETuQm
above was received by this International Depository Aut hokt{r% Qﬂg ~(date
of the ori¥YPHd*%posit) and request to convert the ori gi HEPOSTY to a
deposit under was received by it on th® Budapest Treaty |' (date of receipt
of request for conversion) V. | NTERNATI ONAL DEPOSI TORY AUTHORI TY Nane: Dr
P J Packer Signature(s) of person(s) having the power to represent the
I nternational Depository Authority or of authorized officials(s):
Address: ECACC CAME | Porton Down "' j »5&PE:° Salisbury SP4 QIG 1 Were
Rul e 6.4(d) applies, such date is the daiezon which the status of
i nternational depositary auth i B?/ 4 (sol e page) 1991
18 OCT 2006 WD 03/097845 Pﬁdzéﬁ%f%ﬁgﬁ A Tfﬁ]klelﬁ%ggl%%&sas Page 24 BUDAPEST
TREATY ON THE | NTERNATI ONAL REGCENIFTEOR @FPWE BEPESI T OF M CROORGANI SMVB
FOR THE PURPOSES OF PATENT PROCEDURE{NEERBMATLENAL FORM r TO
PROF. DR H. C MOLT. ANTON R VI ABI LI TY STATEMENT WEI LHEI MER SIR 1
| ssugd™pursant to Rule 10.2 by the D 62319 STARNBERG | NTERNATI ONAL

| FARYR AkJEHGRLT YanrdoERMANY |i dent E4EdT oA EIRET | o] | O\tl)\ll ng page

WEILHEIMER STR. 1 Issued pursant to Rule 10.2
D-B2312 STARNBERG INTERNATIONAL DEPOSITARY AUTHORITY
GERMANY identified on the following page

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

I. DEFQSITOR II. IDENTIFICATION OF THE MICROORGANISH
Wame: PROFT.DR.DR.H.C.MULT. ANTON MAYR bccession nuwber given by the
INTERNATIONAL DEFPOSITORY AUTHORITY:
V99101431
address: WEILHEIMER STR. 1
D-82319 STARMBERG Date of the deposit or of the transier:
GERMANY 14™ october 1599

ir. VIABILITY STATEMENT

The viability of the microcrganism identified under IT above was tested
on 2, 0On that date, the said microorganism was

X : viable

no longer viable

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

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)



NAMVE AND ADDRESS OF THE PARTY - j TO WHOM THE VI ABI LI TY OF STW@DF( 2835
ISSUED 1 | 1. DEPCSITOR |I. | DENTIFI CATION OF THE M CROORGANI S me: :
PROF. DR. DRYOTINBAST. ANTON MAYS. Accession nunber given byP§HEP03/05045

| NTERNATI ONAL DEPCSI TORY AUTHORI TY: V99101431 Address: WEI LHEI MER STR 1
D 82319 STARNBERG Dat e of the deposit or of the transfer: GERVANY 14'"
Cctober 1999 1. VIABILITY STATEMENT The viability of the m croorgani sm
identified under Il above was tested on 2. On that date, the said

m croorgani smwas viable no |ongegr yi;ahle 1 Indicate the date of the
original deposit or, where a new deposit or a transfer has been nade, the
most relevant date (date of the neWdePosit or date of the transfer). 2 In
the cases referred to in Rule 10.2 (a) (ii) and (iii), refer to the nost

r ecent—vtabtt++ty—test—3—Mark—w-th-a-cross-the applicable hox Form BP/ 4
(firstpagepuriBo@GCin: i WO Q3097846 n1iRGEAERASLEH045 56 Appendi x 3 Page
25 | Vi—CONDHH-ONS--UNDER-\VHI CH THE VI ABL LI TY_TEST HAS BEEN _PERFORVED
VERO WA - 99101431 THE VI RUS WAS GROWN ON VERO CELLS ACCORDI NG TO THE
DEPOS| RS I'NSTRUCTI ONS. - THE VI RUS WAS VI ABLE PRODUCI NG CYTOPATHI C EFFECT
AFTER! 4R HOURS. A LITRE OF 6 X 106 PLAQUE FORM NG UNI TS/ M. WAS OBTAI NED.

\

V. | mgﬂ : E}g@gﬂg@‘( 3§EJ;PH@?101M MNagrerorDrrsfrodridRac ker vIREAGE vEAVR
Si gnat Pl X Tl b SI) R r"lﬂést ﬁé’l%\ﬂéf ¥ 10° PLAQUE FORMING UNITS/ML WAS OBTAINED.

V. INTERNATIONAL DEPOSITARY AUTHORITY
Name : Dr P J Packer
ECACC CAEMR Signature(s) oi person{s) having the power
to represent the International Deposit
Address: pos.tary
Port.:on Down duthority or of anthorized officialis):
Salisbury
Wiltshire i - Y.< LR
SP4 0JG -Date: ‘f_’j:}[g’;’ y 54”(;"1.&_

4 Fill in if the infoumation has been requested and if the resnlts of the test were negative.

Form BP/9 (second and last page)




Address: Poston Down to represent the International Depositary 1§aﬂ
Authorlty or of authorized official(s): WItshire SP4 QJ &IT&[L’ 204k - %
1'1 "4 2P} f the information has been requested a { 5 Tesults
of the test wer e negatlve Form BP/9 second and Iast page) 18 OCT 2006
WD 03/ 0978 Af}?hc {s%?; EtPMQI 05045—57— &r ica {194 4 S e BN45PEH 1C.
| nt er nat Irﬁ'ﬂﬁﬂmﬁ 511 cati on l\l@i\“‘f‘PCT ref efenccmvnber | NDI CATI ONS RELATI NG TO
ADEPCSI TED | VHCROORGANI SM (PCT Rul e 13bis) A The indications

madebel ow el at et ot hem croorgani smreferredto inthedescription outrage 42
line ZO B. | DENTRFCATI ONOFDEPOSI T Furtherdeposiis are identified

onanaddi tional sheet niNaeReoid&EOSTINGMY AstacsiieDanckGAGCaEsviopean Col | ecti on
of Cell Cultures Address of - depositary institution (including postal code
and counny) Centre for Applied M c®6bRedidldy & Research Salisbury

Wilitshire SP4A QJG United Kingdom Dat eof deposit Accessi onNumber August 30,
2000 000 Thi s
i nf or mat | & nhpigdicetiompidpriedoiic tethardiditnioreredtigetescrilior r espect of al |l desi gnat ed
States tp VWP”@%M—&GLJ—OH—!@—D@SSIMH@—GXtEHt that it is

l egal l y B%Ehﬁﬁé‘i?rl@w&%%s& he [aw of the d%ﬁe%@[@&t%1d§&1§§§dﬁuna&di"{muﬂ§me{ EL ested

that a spople.-o he deposited —mcroorganism g_ng,d_e__a_v_a.p_l_a.bl_e_g.n.l_y_lgy t he
i ssue thnﬁ*ﬁ@’@ﬁ“&)@ﬁ&ﬂﬁ“t‘*ﬁﬁ@pﬁn@ent expert, in accordance wth the rel evdnt
patent | egislation, gEU"OEEGCF&QFf@an@E’(Q\)‘EUFEUK Patent Rul es 1995, Schedul e
2, Paragraph 3: Auqt ralian Regul ation 3..25(3); Danish Patents Act--Sedtions
22 and 3B{8)ssafvidregieneytigidn\inckdimggopaede pE @yrirsi ons nmutati s nutandi s for any
it her de>CgWatfcedp$$eca\ﬁ=eob:mgy@BS¢e@kbATED STATES FOR WHI CH | NDI CATI ONS ARH MADE
iftljeil| Paliskar gl §a| T,totforall desigircitedSful a)

Wiltshire SP
United Kingdom
Dateofdeposit . AccessionNumber
August 30, 2000 » 00083008
C. ADDITIONAL INDICATYONS (leave blank if not applicable] This informationis continuedon anadditional sheet ||

In respect of all designated States to which such action is possible and to the extent that it is legally
permissable under the law of the designated State, it is requested that a sample of the deposiled
microorganism be made available only by the issue thereof to an independent expert, in accordance
wiih the relevant patent legislation, e.g., EPC Rule 28 (4); UK Patent Rules 1985, Schedule 2,
Paragraph 3; Australian Regulation 3.25(3); Danish Patents Act Sections 22 and 33(3) and
generally similar provisions mutatis mutandis for any other designated State.

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

E. SEPARATEFURNISHINGOF INDICATIONS (leave dlankifnot applicable)

The indications listed below will be submitted to the International Bureau later (pecifithe geneval nafure of the indications e, *Acoession
Number of Deposit”)

Forreceiving Officeuse only ' Forlnternational Bureaunse orily ="
D Thissheetwasreceived with the international apptication E This sheet wasreceived by rEIntgﬁﬁ?|1ai Bureauon:
Authorized officer Anthorized officer

Form PCT/ROQ/ 134 (July 1992)




E. SEPARATE FURNI SHI NGOF | NDI CATI ONS (| eave bl anki fual appli Ceblf,‘% 0’@3 005
indications listed beloww Il be submtted to the International ureaL2

| ater (spe®ReiPE84Gai t era/ nature ofl he indication eg., "AccREFEPGHSRumber

of Deposit) Forreceiving Oficeuse onP¥y Foclnternati onal Bur eau use only
This sheet was received by the International Bureau on:

Thi sshcet wasrecei ved wida the international application INA 30 JUNE 2003
Autttorizedofficer Authorizedofticer amb# 0 Form PCT/RQ 134 (July 1992)
18 OCT 2006 WO 03/097845 PCT/ EP03/ 05045 1418 APPENDI X 3 Page 14 BUDAPEST
TREATY ON THE | NTERNATI ONAL RECOGNI TI O OF THE DEPCSI T OF M CROORGANI SMB
FOR THE PURPOSES OF PATENT RRCCETIURE 'Q‘_.‘ NTERMATEONAL FORM  BAVARI AN
NORDI-C_RESEARCH | NSTI TUTE GVBk thiRALNEORE RS B8 D- 82132 MARTI NSRI ED
GCERVARY VAME AND ADDRESS O: DEPCSI T%ATIOML [%I%NI\I'I'I FI CATI-ON OF THE

M | volMid rdskhiCat i on ference gl veén By t he Accession nunber given by
t he | TORTUTE REERNATI ONAL DEPOSI TARY AUTHCRI TY: NVA-BN V00083008 I1.

SCl ENFEREFETESERLBTI ON AND/ OR PROPOSED TAXONOM C DESI GNATI ON

GERMANY
NAME AND ADDRESS
COF DEPOSITOR l
TI. IDENTIFICATION QF THE MICROCRGANISH
;’.;.j{;ggatu_on reference given by the Accession nunber given by the
INTERI\TATIAONAL DEPOSITARY AUTHORITY ;
MVA-BN
) V00083068
II. SCIENTIFIC DESCRIPTION AND/CR PROPOSED TAYONOMIC DESIGNATION

The microorganism identified under I above was accompanied by:

X A scientific description

A proposed taxonomic designation

{Mark with a cross where applicabie)

ITT. RECEIPT AND ACCEPTANCE

—zghlzetlernatlonal Depository Atiithor.lty accepts the microorganism identified under I above,
s received by it on 30™ August 2000 (date of the original deposit)?!

v, RECEIPT OF REQUEST FOR CONVERSION

gg;ozlisggorgirg;sm identified under I above was received by this International
Y requestyto cogﬁ;i{ ZE (date of the original deposit) and
was received o e original deposit to a deposit under the Budapest Treaty
y it on {date of receipt of request for conversion)

iv, INTERNATIONAL DEPOSITORY AUTHORITY

Name: Dx P g c i
Packer Signature (s} of person(s) having the power

to represent the Internmational Depository

Address- I : Authority or of authorized officials(s):
CAMR - :
Porton Down pat Fo I i
al ¥ R L -,
Salisbury SP4 QJG ARG i /f‘“ .

1  ®Where Rule §. 4(d) applies, such d i
€ . . : .
authorsty wes acqmgzd , ate is the date on which the status of international depositary

Form BP/4 (sole page}
pag 1981




The microorgani smidentified under | above was acconpanied by: {BAQ(T 2005
scientific description A Proposed taxonom c designation (Mark wth a Cross
where appM@aBP®p+3 |||, RECEI PT AND ACCEPTANCE T I nt er nat i BREEPEAROE t or y
Authority accepts the microorganismid¥€ntified under | above, which was
received by it on 30"'" August 2000 (date of the original deposit)' IV.
RECEI PT OF REQUEST FOR CONVERSI ON The m croorgani smidentified under |
abovie was received by this Internati oAgF=Dépository Authority on (date of
the original deposit) and A request te.gg@nvert the original deposit to a
deposit under the Budapest Treat wasTrece};Eng;I by it on (date of receipt of
request for conversion) | Vecobs EENA e /N Sk RYewAUTHORI TY Nane: Dr P
- J Packer Signature(s) of pers&m(®) PREVENET PHBT PHWEPRE t 0 represent the

I nternational Depository Address: Aukheiddiyo@r of authorized officials(s):
MR Porton Down Sa\_jbury SP9 QJG Date: 1 Were Rule 6.4(d)

appl|{i®s, such date is the datle on which the status of international
depasixtary noadt ReEidy was acdqui r ed EerymrBRAAs0l e page) 1991 18 OCT 2006
WO 031:@9TBRE=RCT/ EP03/ 05045 59 APPERRX " Pabies. 24 BBAPEST TREATY ON THE
| NTERKAT T ORIl s REEOGNI TI ON OF THE DeROSEEE oFndVECRGERGAN SMS FOR THE
PURPC8ESOF PATENT PROCEDURE | NTERNATI ONAL FORM BAVARI AN NORDI C RESEARCH
VI ABI LI TY STATEMENT ' .. I NSTI TUTE GVBH | ssued pursant to Rule 10.2 by the

NAME AND ADDRESS QOF THE PARTY

TO WHOM THE VIABILITY OF STATEMENT
IS ISSURD
{ L A_i

L

T. DEPOSTTOR IL. IDENTIFLCATION OF THE MICRCORGANISHM
Name : BAVARIAN NORDIC RESERRCH Dccession number given by the
INSTITUTE GMBH INTERNATIONAL DEPOSITORY AUTHORITY:
voaessnos
Address: FRAUNHOFERSTRASSE 198
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 II above was tested
éi E en Z on that dats, the said microorganism was

[ 3 viable

no longer viable

Indicate the date of the original deposit or, whars a new deposit or a transfer has baen
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.




FRAUNHOFERSTRASSE 189 | NTERNATI ONAL DEPOSI TARY AUTHORI TY D 821?&%
MARTI NSRI ED_ i dentified on the foll owi ng page GCERVANY NAVE AND 2&5
THE PARTY WS/ARERS THE VI ABI LI TY OF STATEMENT L IS | SSUED’AI/ERIBHERETOR i f .
| DENTI FI CATI ON OF THE M CROORGANI SM  ne: BAVARI AN NORDI C RESEARCH

Accessi on nunber given by the I NSTI TUTE GVBH | NTERNATI ONAL DEPCSI TORY
AUTHORI TY: V00083008 Address: FRAUNHOFERSTRASSE 18B D- 82152 MARTI NSRI ED
Dat eo@fsebhe08pQsit or of the transfer: GERVANY 30TK August 2000 I1. -
VI ABI LI TY STATEMENT The viability of the microorganismidentified under 1]
above was tested on 2 On that date, the said mcroorganismwas viable I no
| onger viable 1 Indicate the date ,gf..i:he original deposit or, where a new
deposit or a transfer has been nade, the nost relevant date (date of the
new deposit or date of the transferf}9 2 In the cases referred to in Rule
10.2 (a) (ii) and (iii), refer to the nost recent viability test 3 Mrk
W t h—a—eroess—t-he—-applicable hox .. 18 QCT 2006. WD 03/097845 PCT/ EPQ3/ 05045
60 1 kor m BRbArdb ivksk RAYS): ABRAR XosB nasPRQE rporlay-+ CONDE TI ONS UNDER WHI CH
THEMLABLLLTY TEST. HAS BEEN PERFORVED V00083008 - MVA-BN VI ABILITY OF
MVA{ BN WAS TESTED BY GROW NG THE VI RUS ON BHK CELLS AND CALCULATI NG TEE
TCD50_ V. | NTERNATI ONAL DEPGCSI TARY AUTHORI TY Nane: Dr P J Packer

v00083008 ~ MVA-BN

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

v. INTERNATIONAL DEPOSITARY AUTHORITY
Hame: Dr P J Packer
ECACC CAMR iignature(s} of person(s) having the power
address : 0 represent the International Depositary
Port‘:on Down Buthority or of authovized official{s):
Salisbury
Wiltshire Yo #
SP4 0JIG pate: i fyasen ool

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




ECACC CAMR Signature(s) of person(s) having the power to represg Q€Ae 2006
International Depositary Address: Portsn Down Salisbury og ﬂEP@ME Qrized
of fici a|(§‘j‘?03’%ﬂ7 JS°bury Wltshire. SP96(PJG Date: Fill in if (E e Information
has been requested and if the results of the test were negative. J8 OCT
2006 WD 03/097845 PCT/ EP03/ 05045 61 Certificate of Analysis Product
Descri pti on WA- 13N Accessi on Nunmber 00083008 Test Description: The

Det ecti on of Mycoplasma by |solation on Mycoplasma Pig Serum Agar and in
Mycopl asma Hor se Serum brot h,  SOP I viY CO 01102 Accept ance

Criterion/ Specification: Al Ichblsti mat@)()frﬂmalylsig)nevrmni ae & M orate)
must show evi dence of nycopl asma by typical colony formation on agar

pl at es. Bibwlsct Beerfjubaul t ur edvoAMBN Mycopl asnma Pi g Serum Agar where

evi dence ciarpesiql dsumbly typiomis3ced ony formation is evaluated. All
negative control agar plates nmust show no evidence of mcrobial growh.

The crit et —& sult. is evidence of nycoplasma by

typi cal CEE%En%S“'I‘PBP;ﬁg t i on' "GYeEAY of Mycpidayme px/eolatianer Mycggldsina Bip Sy 6g® wah
evi dence. Test Nunber. 21337 2PPEFEFO"sPPRTARY- Result; Positive Control;

Positive Negative Control: %gatl ve ~Test Result: Negative Overall

Resul t: PASS TesdegtBSECiRbibiMpeciBhiBE! | 0NaPfo:LGH ST Vel

i ndi cator cell |ine randhihoactsd oﬁﬁﬁﬁﬁasn{alby'%ﬁi&l\{%@c@d% g 1&9&&%&%@%%9 so0P

QC/ MyCQO 07105 A are_subcuitured onto Mycoplasma Pig Serum Agar where evidence of mycoplasma by

typical calony formation is evaluated. All negative control apar plates must show no

cvidence of microbial growth,

The criteria for 2 positive test Tesult is evidence of mycoplasma by typical colony

{ - formation on agar. A negative result will show no such cvidence.

Test Number: 214587

Date: 27/11/00

Result:
Positive Coutrol: Positive
Nagative Conbrol: Mepgative
Test Result; ' Negative
Overal] Result: PASS

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

fluorescent detection systerm.
SOF QC/MYCO/07/05

Acceptance Criterion/Specification: The Vero cells in the negative control are cleasly seen as
fluorescing nuclel with no cytoplasmic fluorescence. Positive cantrol (M. orale) must
show evidence of mycoplasma as flnarescing nuclei plus extra nuclear fluorescence of

{" . _ niycoplasma DNA., Positive test results appear as extra nuclear fluorescence of
L mycoplasma DNA. Negative results show no cytoplasmic fluorescence,

Tast Number: 21487

Date: ZH11/00
Result:
Positive Control: Positive
Negative Confrol: Negative
Test Result: ‘ Negative
Overall Result; PASS
Authorised by......... Q"SVJ’ «e1e: ECACC, Head of Quaiity.....ﬁ.}.l?lé‘?.. Date

Pagelof 2




Acceptance Criterion/ Specification: The Vero cells in the negat]iogm-g%&gl
are cl ear I‘y(,o%%{lm fluorescing nuclei with no cytoplasmc fl S ]
Positive contro ﬁ/l orate) nust shoy,evidence of nycopl aBHE/ERE/05045

fl uoresci ng nuclei plus extra nucl ear ?| uor escence of nycopl asma DNA.
Positive test results appear as extra nuclear fluorescence of mycoplasm
DNA. Negative results show no cytoplasm c fluorescence. Test Nunber: 21487
Date: 27111/00 Result: Positive Control: Positive Negative Control:
Negative Test Result: Neg i 2 PASS Aut hori sed

by...... ... ... aﬂt’!ﬁtﬂ%@%\%@%&%ﬁjﬁil ity...... i.).1?2JO Date
Page | dirodudEDECTpABA6 WO O@NOQRAAS PCT/ EPCB/ 05045 62 Certificate of

Anal ysi sAedesstelt NuhlB&Cr i pt i QipoldgyeBN Accessi on Nunber 00083008 Test
Description: Detection of bacteria and fungi by isolation on Tryptone Soya
Brot h (FSB—ant—n—Fui-d—Fhioglycollate Medium (FTGW . SOP QC/ BFI 01102
Accept aﬁ???f)ne?w 8% on/ SPEstsktoh ebtaiteivandMuhgi POSAIdbY TRk 04,8 aldBAEkh) b8
subrilus, O osrridium "SPbfdheslestiamidedua(BTEND. $0biQe@mridi/how evi dence of

m crobial  gr Qibdedatoir Rl glluib) g, he nggative controls show n evidence of
i crobi al gr ewkheehs haar, : or i %‘:I: peiiye E{%ﬁ? g gt Slognidigi di ty in
any of the t@giﬁrbfbl’smhhﬁ :ﬁﬂke fé%gg hgl(v eﬁgy :f.fiﬁgp:g‘% ?mggwgﬁ%me\%gaf@at

resul t. Test TRewives for 2cb8ite wbate@bidid bl o bPRe 1o RESHL tAn BOSI Y %a@ S0l
Positive Ned&ittet=trsetly ol : Negative Test Result: Negative eral |

Resul t: PASSTestNumber: 21487

Date: 27/11/00 -
Resnlt: ( B
Positive Control; Positive B
Negative Control: Negative
Test Resujr Negafive
Overall Result: PASS
Test Description:

Determinaﬁon of TCIDs, of eytopathic Virus tiuaziog, (SOP ECACC/055) Cell

Acceptance Criterion/Specification/Criteria: Negative controls should show no sign of
f:yt.opathxc effects. The Test Sample is serially diluted into in 4 wells of
indicator cefl lines for each dilution. Cytopathic effects indicate that virus is
present, Virus tifre is calculated using the below cquation 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:

TCIDy= 1 xlg"*

. . y
Date; 01/12/00
Result:

Indicator Cell Line: BHKZ1 (Clene 13)

Negative Control: NO CPE

T{:st §ampie: CPE

Distribution of less that4 posftive wells: 4, 4,4, 3,0

x: o125

Y: 107

TCIDg= 1 xi1po/+0
107
= 103.'.’.5
Overall Resuly Virus Prosent

*¥7End of Cetlificate ¥ ¥ ¢

Authorised byQ‘v/LECACC, Head of Quakity..... % 124 .. Date

Page2of 2




Test Description: Determ nation of TCLD50 of cytopathic Virus tfém )
(SOP ECACC/ 055) Cell  Acceptance Criterion/Specification/Criterd dﬁﬂ&ve
controls should show no sign of Cytopathic effects- The Test Sanple is
serially diluted into in 4 wells of _indicator cell lines for each
dilution. Cytopathic effects indicat&that virus is present. Virus titre

i s cal cul@tadnusi ng t he bel ow equati on where x is the value obtained from
a standard TCI D50 Table as a result of the distribution of the wells

di splaying less than 4 positive wells per dilution, and y is the value of

the hi ghest qfkFéébr‘nﬁiﬂaﬁﬂ%cﬁe@N’acémﬁéﬁdﬂkﬁraaylﬁ:sRﬂl Lb&ﬁpns?@%erolobo&% 10"°
Date: 01/12/00 y Result: Indicator Cell Line: Cone 13) ° Negative

Control : %wemmswﬁmt@anu@em@gmﬂ@ﬁ thwlra!egrso%at 4 p05|t|ve
Wells,5 4, 4, 4, 3, 0 XX 1.25 Y. 10-1 TCADsO= x101+0125 101 = 10s25
Overal'l Result Virus Present n o ere cafe Authorised by.......... N
.............. TheBBXECccRelrd) tmfcl@mh; Witerein the-Hdtérdlofjous DBEY sequeageis, z of 2

18 OCT 20 3.0 ai co nan Mbdi fi ed Vacci Ank \f rus
(WA cortirrelia BRSO, oRE b e RE RNl geni
regi on (If@ER) tied gtdugp ummms;mmm‘a 0BL2.018ba180/A44L-0db U 0@4!1—@6&1 ai3sL-l,

wher ei n t@ﬁ hﬁ‘i)%]?‘% gous DNA sequence is inserted into an | GR i nbet ween
two adj ac {' ding franes (ORFs) selected fromthe group

conprii0si ng: 007R-008L, 018L-019L 044L-045L, 064L-065L, 136L- 137L,

148R- 149L. ) _
3. The MVA according to claim 1 or 2, wherein the heterologous DNA sequence

comprises at least one coding sequence, preferably under the transcriptional control of a
poxviral franscription conirol element.

15 4 The MVA according to claims 1 to 3, wherein the 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 heterologous DNA seguence is
20  derived from Dengue virus, Japanese encephalitis virus, Hepatitis virus B, Hepatitis virus

C and/or immunodeficiency viruses, preferably human immunodeficiency virus (HIV).

6. The MVA according to claim 5, wherein the heterologous DNA sequence
derived from Dengue virus is selected from the group comprising NS1 and Pri.

25
7. The MVA according to claim 6, wherein the NS1 gene is inserted into the IGR
between the ORFs 0641.-065L.

8. The MVA according to claim 6 or 7, wherein the PriM gene is derived from one
30 or more of the 4 dengue virus serotypes.

9. The MVA according to claims 6 to 8, wherein the PrM gene is inserted into
the IGR between the ORFs selected from the group comprising: 007R-008L, 044L-
045L, 136L-137L, 148R-149L.

35




10 3. The WA according to claim1 or 2, wherein the heterol ogdug 005
sequence conprises at |east one coding sequence, preferably under th(—!2
transcriptional control of a poxvirgyg transcription control elenent. 15 4.
The MVA according to clains | to 3, wherein the heterol ogous DNA sequence
encodes one or nore proteins, polypeptides, peptides, foreign antigens or
anti geni d0. epiThepld¥’A accordingy M/Aiaﬁnc@r\dhérgint thecheterstogbus ONA sebesreen t he

het erol o om Dengue virus, Japanese

encephal Letecfron SAEERTTERey G iSua FeR s Vi rus | C andsor

i mmunodefi ci ency viruses, preferably human i nmunodeficiency virus (HV). 6.

The MVA ggcording,tp _clai.m wherein the he ol ogous. DNA s e

e, WA 35Cor AR oELaY B ANSIS M BB EHES Shoapes ArF R REL and
PrM 25 TGRBeevddAha ORFsDOTR-0@BLCI ai m 6, wher ei n the NS1 gene is inserted
into the IGR between the ORFs 064L-065L. 8. The MVA according to claim®6
or 7, wherein the PrMgene is derived fromone 30 or nore of the 4 dengue
virus serat ypemg VATdreoniy acaaind ngo ﬂ@hﬁéirg? e IﬁVf\(Iie&ozw%ﬁleateE@ﬁche PrM
gene is inser i.nto ween t he Fs selecte romthe group
conpri si r‘rﬁa oéﬁmswe%num ﬁ'ﬁﬁdoﬁﬁgﬁé 136L- 137L, 148R-149L. 35 18 OCT 2006 64
10. The MVA according to claimb5, wherein the heterol ogous DNA sequence
derived from i nmunodeficiency virus codes for HV env. 11. The MWA

accorlfli nd3t o clhgiMiA accomdingrie claimbtoriAforyng agareedicamensatd/@yacii® the 5 IR
bet ween the ORFs 007R-008L. 12. The MVA according to clains 1 to 11 being
the MVA deposited at ECACC under deposition nunber VO0083008. 10 13. The
M/A accordi ng (id df rd nmiac&&d.;ka td QBinSPoReS @rfﬁe%ép%maﬁ ofaaq»{éarcameﬁm ne. 14.

Use of the MVA according to clains for e preparation of
nedi canmernd/oan@ceRe Vet dien &eptgrent r?é‘dqueﬂ’t)l?ﬂ‘é'ﬂﬁx'saﬁﬁﬁor‘”ﬁ‘ir'BGﬁ%”aﬁP@%fa a viral

i nf ect i onygiRdaig dkeadd Ol i ferating disease. 15

15
15. The use according to claim 14, wherein said viral infection is a dengue virus
infection or immunodeficiency virus infection, preferably HIV infection.
16. A vaccine comprising the MVVA according to claims 1 to 13.

20

17. A pharmaceutical composition comprising the MVA according to claims 1 to 13

and a pharmaceutically acceptable carrier, diluent, adjuvant and/or additive.

25 18, A method for producing a protein, polypeptide, peptide, antigen or epitope in
vitro comprising the steps of:
- infection of a host cell with the recombinant MVA 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,

30  epitope andfor virus produced by said host cell.

19. A method for introducing a DNA sequence into a cell in vitro or ex vivo, said
DNA sequence being homologous and/or heterologous to the genome of said cell,
wherein the cell is infected with the MVA according to claims 1 to 13.

35




15. The use according to claim 14, wherein said viral infectior iﬁg@hﬂﬁngue
virus infection or immunodeficiency virus infection, preferab 9 b
infection. 16. A vaccine conprising tgge MVA according to clainms 1 to 13.

20 17. A pharmaceutical conposition conprising the MVA according to clains
1 to 13 and a pharmaceutically acceptable carrier, diluent, adjuvant
and/or additive. 25 18. A nethod for producing a protein, polypeptide,
peptide, antigen or epitope in vitro conprising the steps of: infection of
a host cell wth the reconbi nant MVA according to clains 1 to 13,

cul tivatizom ofA tdieinivitfeesrtexdidaaimpeing this NA sitbidiiy te ctzimsiltto dBs, i sol ation
and/ or enrichnent of the pol ypeptide, protein, peptide, antigen, 30

epi tope and/or virus produced by said host cell. 19. A method for

i ntroducizug a APlAsmeOueRneeomptiing cel | in vitro or ex vivo, said DNA
sequence bei ng honol ogous and/ or heterol ogous to the genone of said cell,
wherein the cell is infected wwth the MVA according to clains 1 to 13. 35

18 OCT 2008 GHDRPA. sefuermdel selattad fram ta grewp eonviprighayTpr i si ng t he MVA accor di ng
toclains 1 to 13. 5 éJ%A ‘ﬁ)l asm d vect or c?érgri Si n% a DN,IQ gqe uence

sel ected fromthe gPod SEAYENCR Fomprisinariin I GaHe e 9 rREe Fdh | &R
seg;Jence Ig;:attwd abljh’c’éﬁmRFéMhadjralcwnbrr@iﬁsFMVA,ldetjrraI genomef of an MVA,
and/ or. 10 a DNA sequ e conprising | GR nki ng sequences t WO

adj addnt ORFs of tﬁé gi ﬁg?‘ BQ%GO?O@W'WAJ&%) ﬁ%{“‘%QASg%%n@ﬁ%e&bmong

honol ogouz_ to échm;eaf\rah Rse@ﬂmqmalagfemmyafran NWA: wher ei n saihd horrlol ogous ]
sequence directs t i rtion of a sequenge n et erol ogous to the
Comora ot the WA v ARNE SR bs R emaisdl Ta B NA S diR 57 sidet

reconbi nati on p)ntwheréie $46R Mimdidgouei seduepenadiects thehaisertohogbuas DiNEquence
and, - optionall

a reporter- and/or, selecti cassette.. 20 22. The
s d vect ocseqkns e beCidiontis 38 thelgrrirle Hine AR N diona™ Jo; i vod
froman | GR bedasgencd vda GBnslogelieeicomtbinatitn inttethg GRf taral génugne; 007 R-

- a heterologous sequence and,

- optionally, a reporter- and/or selection gene cassette.

20
22. The plasmid vector according to claim 21, wherein the IGR sequence is
derived from an IGR between the ORFs selected from the group comprising: 007R-
008L, 018L-019L, 0441 -045L, 064L-085L, 136L-137L, 148R-149L.

25 23 The plasmid vector according to claims 21 to 22, wherein the IGR-derived
sequence comprises a sequence selected from the group comprising the nucleotide

sequences
no. 527-608 of SeqlD No. 32;
- no. 299-883 of SeqID No. 33;
30 - no. 339-852 of SeqiD No. 34,
- no. 376-647 of SeqlD No. 35;
- no. 597-855 of SeqlD No. 36;
- no. 400-607 of SeqID No. 37.




008L, 018L-019L, 044L-045L, 064L-065L, 136L-137L, 148R-149L. Zﬁgzgg'[Tms
pl asm d vector according to clainms 21 to 22, wherein the I GR-derived
sequence conprises a sequence sel ecteg fromthe group conprising the

nucl eoti de sequences - no. 527-608 of SeglD No. 32; - no. 299-883 of
Segl D No. 33; 30 - no. 339-852 of SeglD No. 34; - no. 376-647 of Segl D No.
35; - nop4. S97FHEOplaghidSagtdP ddeord?@; to claife. 2769 280 wheieinSe@! IBRNGIanking 18 OCT

2006 66 24. The plasnmi d vector cor di toclainms 21 to 23 ein the
TR 11 ankdsienes i e adiacen 6 Salbiot Yo Do ratie spBediip: PGS ¢ he
Or OUP CONYIBL SO 180100 HA4L0B8L 06ALB65.01 84, 1 T4 4aReBlaL. 064L- 0651, 136L- 137L,

148R-149L. 5 25. The plasm d vector according to clains 21 to 24, wherein
the IGR flanking sequences of the two adjacent ORFs conprise a sequence

sel ect ed om fhe group onprising the nu ot de sequenc -, no. 1-526
ond’ 605 140" oresabpBoR Aotk darpod] Thaue ST Te R I, 33,
10 - no. deqaafceand 85 Bvd 388cart ORI Borfrise 3 sequente sdled@d foMdthe4ftodk200 of
Segl D No. 35;. and 856-1200 of SeglD No. 36; - no. 1-399 and

. -.no. 1-596
608- 1081 W@é’&gﬁw.c'%g‘ﬂ% SERUSKSS The pl asmid vector according to clains 21

to 25, wherei € i ts.the insertion of the heterol ogous
seguence inton%%hﬁéguﬁ?ggﬂg%gaﬁgﬁg'qﬁgt%é MVA deposited at ECACC under

deposi ti on nunier0VR09SRDEH-1128 of BediBINWAE3f or produci ng the MVA accordi ng
toclains 1 to 13 in vitro conprising 20 the steps of transfecting a cell
with ¥ pl asmi dawdcd36and 8851400 SealltNei3% 21 to 26; infecting the

transfected cell ,w-th e ti.fying, isolating and, optionally,
purifying the WA%%@BSE?%EQOf@%ﬁ@OgStO 13. 25 28. The nethod according
to claim27, wWaerejos shB856.9000 isehM ARGz With the WA deposited at ECACC
under deposition nunber VO0083008.

- no. 1-399 and 608-1081 of SeqlD No. 37.

15 26. The plasmid vector according to claims 21 to 25, wherein the DNA sequence
directs the insertion of the heterologous sequence into an IGR of the genome of the MVA
deposited at ECACC under deposition number V00083008.

27. A method for producing the MVA according to claims 1 to 13 in vifro comprising
20  the steps of

- transfecting a cell with a plasmid vector according to claims 21 to 26;

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

25 28 The method according to claim 27, wherein the cell is infected with the MVA
deposited at ECACC under deposition number VO0083008.

29. A DNA comprising
- a DNA sequence selected from the group comprising:
30 a) a DNA sequence comprising an IGR sequence located between two
adjacent ORFs of the genome of an MVA, and/or
b) a DNA sequence comprising IGR flanking sequences of two adjacent
ORFs of the genome of an MVA,




29. A DNA conprising - a DNA sequence selected fromthe group ﬁgn@m-sidég
30 a) a DNA sequence conprising an | GR sequence | ocat ed bet weeh*t

adj acent ORFs of the genome of an MVAy; and/or b) a DNA sequence conpri sing
| GR fl anki ng sequences of two adjacent ORFs of the genone of an MWA; 18
OCT 2006 67 c) a DNA sequence being honol ogous to the DNA sequence a)

and/ or b), VWB?raﬁDNAS%cfdlehéHfBbiﬂgmb‘ﬁncﬁ@Bﬂ@f’tQQhéllD”I\@Cb@qlidﬂ\eelei)lsaﬁdldr@)l of a DNA
sequence being heterol ogous to the genone of f%w rus Pheterol ogous

sequence"YPe$ia SaRLRYNIGERMS FNERER H‘é?qt%ﬂ"q 'ﬁ?"i‘f“?%@ R EegyRIcGRen9 genone;
and 5 - adi@bREBLP IS Uhe S GENMARE of t%@ MZE I SiRdsegeufcRauehdey bia clai m

29, wherein the | GR sequence is ived froman | bet ween t he ORFs

sel ect ed TAMRIPANE rWLRW%'BHﬁ#Péh%’&'R efdhﬁ\"@_'@eﬁe‘ﬁﬁ anfhgL- 019L, 044L- 045L,
064L- (%65L 13 &h&éghgoqsg%@g 31. The DNA sequence according to clains

29 to"30, wherein rrved sequence conprises a sequence sel ected
fromthe group conprising the nucleotide sequences 15 - no. 527-608 of
Segl D No. 32; - no. 299-883 of SeglD No. 33; - no. 339-852 of Segl D No.
34; - no 376-647 of SeglD No. 35; - no. 597-855 of SeglD No. 36; 20 -

no. 400- QfTH%I % P@%%%Ze a%gordqg;eto% S Qe Feid Gy rléhn%cﬁﬂ%&% ’%' ms 29 to

31, wherein th sequénces 0 thetwoa are
sel ect ed darwed fiom gy KR betwqelm the WFs{)sﬁlécted)ﬂalm themwpoqmnsomgomSL

064L- 1%65500[&3@5&1%* 0;4,_85%%_4?@_ §§5@3136'qu§7pl\ﬁ8§emnce according to

clains 2 erein Akin séquences of the two adjacent
ORFs conprise a sequence sel ected fromthe group conprising the nucleotide
sequences - no. 1-526 and 609-1190 of SeglD No. 32; 30 - no. 101-298 and
884- 1198 I SefleDDNA. s@Bience according to claims 29 to 30, wherein the IGR-derived

sequence comprises a sequence selected from the group comprising the nucleotide

sequences

15 - no. 527-808 of SeqlD No. 32,
- ho, 299-883 of SeqlD No. 33;
- no. 339-852 of SeqlID No. 34;
- no. 376-647 of SeqlD No. 35;
- no. 597-855 of SeqlD No. 36;

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

32. The DNA sequence according to claims 29 to 31, wherein the IGR flanking
sequences of the two adjacent ORFs are selected from the group comprising: 007R-
008L, 018L-019L, 044L-045L, 064L-065L, 136L-1371., 148R-149L.

25
33. The DNA sequence according to claims 29 to 32, wherein the IGR flanking

sequences of the two adjacent ORFs comprise a sequence selected from the group

comprising the nucleotide sequences
- no. 1-526 and 609-1190 of SeqlD No. 32;
30 - no. 101-298 and 884-1198 of SeqglD No. 33;
- no. 1-338 and 853-1200 of SeglD No. 34;
- no. 1-375 and 648-1200 of SeqglD No. 35;
- no. 1-596 and 856-1200 of SeqlD No. 36;




- no. 1-338 and 853-1200 of SeglD No. 34; - no. 1-375 and 648- 12,%@;% | D
No. 35; - no. 1-596 and 856- 1200 of SeglD No. 36; 18 OCT 2006 ). 2006
1-399 and 608-1081 of SeglD No. 37. 3k The DNA sequence according to
claims 29 to 33, wherein the DNA sequence directs the insertion of the

het er ol ogous sequence into an | GR of the genone of the MVA 5 deposited at

ECACC under - defa0$i309 and 608+1e81 o78eQ83MNS7. 35. Use of a plasmid vector
conprising - a DNA sequence selected fromthe group conprising: a) a DNA
sequence conprising an | GR sequence | ocated between two 10 adj acent ORFs

of the gepone Qof WA, and/or b) .a DI uence, compri sing. ! GR 11 anki ng
sequences” of t-&l? @@‘ﬁf@gﬁ?nce(ﬁﬁ%rd@ t?ﬁ%%%@%é%gfwg‘?{e'%e, ﬂ@?‘ 3emcesequence
bei ng homileotg thisingeatidned tHa\eterelggeuscsegagneantdo an |GR of thalgenaha olshe MAoONDI ogous
sequence direct,s l.nsertion of a e being 15 heterol ogous to
t he geno p8?'{:epﬁéé%b\}i ﬁrsée(mﬂ@?rb'?%nlrz’gg}{%&gﬁ%ence") via honol ogous
reconbi nation into the 1GR of the viral genone; and inserted into said IGR

sequence a cloning site for the insertion of said heterol ogous sequence,
and, 20 -3%pt i ¥Ysraofiaplagmideesior epmpEsiad or sel ection gene cassette for

generating andj BNARRHMGdQIdLEATRINGRLP Wﬁpﬁé}@r ding to clains 1 to 13.

36. The use according to claim 35, wherein the | sequence is derived from
an 25 | GR bet¥earPAeseuRracs soawrising f 3o Rneeqyentd leesigs ibsiwRgn BO7R- 008L,

018L-{ 19Ladja&ﬂﬂéRQ§%§glefb%ﬂ%g@€bﬁlanMla-ng%?L, 148R- 149L. 37. The use

according to clains , Wherein the | GR-derived sequence_  conprises a

sequence sel ectled PNOHeOHENGs 60HPETRHICRI frpkingeseaneneet iof dwe cagiacebles 30 -

no. 527- 6ERFOLf ReYeRomB of 38 MyA: NO. 299-883 of Seql D No. 33; - no. 339-852
of Seql D No. 34; - no. 376-647 of SeglD No. 35; - no. 597-855 of SeglD

No. 36: 35 - nq;)ia DR seruepre Seipoagpologaus to the DNA sequence a) and/or b),
wherein said homologous sequence directs the insertion of a DNA sequence being

15 heterologous to the genome of the MVA virus (“heterologous sequence”) via

homologous recombination into the IGR of the viral genome; and

- inserted into said IGR sequence a cloning site for the insertion of said
heterologous sequence, and,
20 - optionally, a reporier- and/or selection gene cassette

for generating and/or producing a recombinant MVVA according to claims 1 to 13.

36. The use according to claim 35, wherein the IGR sequence is derived from an
25  IGR between the ORFs selected from the group comprising: 007R-008L, 018L-019L,
0441-0451., 0641.-0851., 1361.-137L, 148R-149L.

37. The use according to claims 35 to 36, wherein the IGR-derived sequence

comprises a sequence selected from the group comprising the nuclectide sequences
30 - no. 527-608 of SeqlD No. 32;
- ho. 299-883 of SeqlD No. 33;
- no. 339-852 of SeqlD No. 34;
- no. 376-647 of SeqgiD No. 35;
- no. 597-855 of SeqlD No. 36;
35 - no. 400-607 of SeqlD No. 37.




1s OCT 2006 69 38. The use according to clainms 35 to 37, V\/nere'gﬁ QE? g@
fl anki ng sequences of the two adjacent ORFs are selected fromtRNe gro
conprising: 007R-008L, 018L-019L, O04#L-045L, 064L-065L, 136L-137L,
148R-149L. 5 39. The use according to clains 35 to 38, wherein the IGR

fl anki ng sequences of the two adjacent ORFs conprise a sequence sel ected
fromthe group conprising the nucleotide sequences - no. 1-526 and

609- 1190 of Segl D No. 32; 10 - no. 101-298 and 884-1198 of SeglD No. 33;

- no. 1-388 arihe8ssagoingio dink B5 37, vherein the IGR-famingisrauea®s Pthe of Segl D

No. 35; A = I cicM I J¢ d
608- 1081 "0 %ggé%rﬁaﬁ@@%% §é§g&%g{3nﬁﬁ35€rg%@g§'@g¢s§?@hg Ogg%‘gFlailUrr@ 93,151@?’0 39,
wher ei n t044L-ORE, 964{ueoide 13- Bt s148e149lnserti on of the heterol ogous

sequence into an I GR of the genone of the MA deposited at ECACC under
deposrti on nunber VO0083008. 20 41. Use of a DNA conprising a DNA sequence

sel ect ed +gr om I ; 1 SiaAg. 2a) : Y an | GR

ocat ed St veanitog arnd HnE 0% a8 ykrefl A IBRIBAERS fRBhect ) | Mo
sequence tworgsidcentn RFSRcONpiaR | a geguange rasiestedr freradthe djretdie sEMPIERIOES  of t he
genome of, ap, '%'eq&-)ncésDNA sequence bei ng honol ogous to the DNA sequence a)
and/ or b), erern sald honol ogous sequence directs the insertion of a DNA

sequence bei ngo. Neeaed SERURDOtD SEMD e of the MVA virus ("heterol ogous
sequence") via honol ogous reconmbination into the I GR of the viral genone;
30 fdf gener atriontPlasRY and 88dd B8 phoedD Ploaddi d vect or according to claims 24

to 31 and/or fo ne J and/ rqQquci ng a reconbi nant MVA accordi ng
Lo 31 andh o ok 9B DteaRlahtl o
- no. 1-375 and 648-1200 of SeqID No. 35;
- no. 1-596 and 856-1200 of SeqID No. 36;
- no. 1-399 and 608-1081 of SeqID No. 37.
15

40. The use according to claims 35 to 39, wherein the DNA sequence directs the
Jinsertion of the heterologous sequence into an IGR of the genome of the MVA deposited
at ECACC under deposition number VO0083008.

20 4. Use of a DNA comprising a DNA sequence selected from the group
comprising:

a) a DNA sequence comprising an IGR located between two adjacent ORFs
of the genome of an MVA, and/or

b) a DNA sequence comprising IGR flanking sequences of two adjacent

25  ORFs of the genome of an MVA,;

c} a DNA sequence being homologous to the DNA sequence a) andfor b),
wherein said homologous sequence directs the insertion of a DNA sequence being
heterologous to the genome of the' MVA virus (“heterologous sequence”} via
homologous recombination into the IGR of the viral genome;

30 for generating and/or producing a plasmid vector according to claims 24 to 31
and/or for generating and/or producing a recombinant MVVA according to claims 1 to
13.




42. The use according to claim4l, wherein the | GR sequence is %rq%eé ﬁsrom
an | GR between the ORFs selected fromthe group conpri sing: 0(] 0
018L- 019L, 044L-045L, 064L-065L, 136jy 137L, 148R-149L. 5 43. The use
according to clainms 41 to 42, wherein the IGR-derived sequence conprises a
sequence selected fromthe group conprising the nucl eoti de sequences - no.
527- 608 of2. Seqn“l’@LINQaoﬁardtngtorblmmla%\&g&lmfheﬂ@ﬁ f2dNencei3; derivedftom3B89- 852 of

R

43, wher ej4aLt0asL ) @BaLtmmknm sTyueagrRg40f. the 15 two adj acent ORFs are
sel ected fromthe group conprising: 007R-008L, 018L-019L, 044L-045L,
064L-065L, 136L-137L, 148R—1 49L. 45. The use according to clains 41 to 44,

wherein t fl ankin yences f t two.adj acent, OREs C [ise a
sequence J;éel efﬁ@du?eﬁ@ﬁ? Po’iﬁméo‘ﬁjprtc? rﬁnd"hﬁ?é" q’%?‘ﬁ'ﬂé’ﬁﬂ‘&d ae@%gﬁ uences -
no. 1- 52600&1&3@193&11!9&&3‘9]9‘6@”@%6 gap comprisingliid ndQétisadeiBrecs198 of Segl D

No. 33; - no. 1-338 and 853-1200 of SeglD No. 34; - no. 1-375 and 648-1200
of Segl D No- 3®.527808 ofigealDNgd®: and 856- 1200 of Segl D No. 36; - no. 1-399

and 608-1081 of . The use according to clainms 41 to 45,
wherei n t he” DNK ?@%h&@%‘*&ﬂ%@% th insertion of the heterol ogous
sequence into @ 3b&Rs0h it AENATE of the MVA deposited 30 at ECACC under
deposition nurrber V00083008. 1 OCT 2006 WD 03/097845 PCT/ EP03/ 05045
SEQUENCE LI STI mesm:asmefmmwoaas Nordi C A/ S <120> intergeni c Regi ons as New

insertion sites in the nme of Modified wvaccinia virus Ankara (WA)
<130> BN45PET 1159485 ?f SEA@UGZ%OWSZ

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

44 The use according to claims 41 to 43, wherein the IGR flanking sequences of the
15  iwo adjacent ORFs are selected from the group comprising: 007R-008L, 018L-019L,
044L-045L, 064L-065L, 136L-137L, 148R-149L.

45, The use according to claims 41 to 44, wherein the IGR flanking sequences of the
two adiacent ORFs comprise a sequence selected from the group comprising the

20  nuclectide sequences
- no. 1-526 and 609-1190 of SeqID No. 32;
- no. 101-298 and 884-1198 of SeqlD No. 33;
- no. 1-338 and 853-1200 of SeqiD No. 34;
- no. 1-375 and 648-1200 of SeqlD No. 35;
25 - no. 1-586 and 856-1200 of SeqlD No. 36;
- no. 1-399 and 608-1081 of SeqglD No. 37.

46. The use according to claims 41 to 45, wherein the DNA sequence directs the
insertion of the heterologous sequence into an IGR of the genome of the MVA deposited
30  at ECACC under deposition number Y00083008.
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<151> 2002-05-16 <160> 37 <170> Patentln version 3.1 <210> 1 <211>

<212> DNA <213> printer <400> 1 20 caactctctt cttgattacc <210> ¢§ Gé?lﬂmﬁ
19 <212> DNA <213> priner <400> 2 19 cgatcaaagt caatcp@igredsoss 3 <211>
33 <212%ORR’7#4513> primer 1 18 OCT 2006 WO 03/ 097845 PCT/ EPO3/ 05045

<400> 3 tccccgcgga gaggcgtaaa agttaaatta gat 33 <210> 4 <211> 33 <212>
DNA <213> prinmer <400> 4 t Cl 23] tcgctcgt aa aaactgcgga ggt 33 <210> 5
<211> 29 <212> DNA <21§§QBE$%%; @

<110> Bavarian Nordic A/S

<120> TIntergenic Regions as New Insertion sites in the Genome of Modified
vaccinia virus Ankara (MVA)

<130> BNASPCT

<150> DK PA 2002 00752
<151> 2002-05-16

/%\

<160> 37
<170> PatentIn version 3.1

<210> 1
<211> 20
<212> DNA

<233> primer

<400> 1 50
caactctctt cttg attacc

<210> 2

«<211> 19

<212> DNA

<213> primer

<400> 2 ‘ 19
cgatcaaaglt caatctatg -

<210> 3

<211> 33

<212> DNA

«213> primer




<400> 5 ccgctcgagt tcacgttcag ccttcatgc 29 <210> 6 <211> 32 g% QC?NA
<213> primer <400> 6 cgggggccct attttgtata atatctggta ag 32 0 200161 >
35 <212> zesk3> prinmer <400> 7 cggctgcagg gt accttcac ttca cctt catgc”
35 <210> 8 <211> 34 <212> DNA <213> priner 2 18 OCT 2008 3P697841
PCT/ PPO3/ 05045 <400> 8 cggaagcttt atatggttta ggatattctg tttt 34 <210> 9
<211> 20 <212> DNA <213> primer <400> 9 cgttcgcatg ggttacctcc 20 <210>
10 <2%3p0o183 <212> DNA <213> primer <400> 10

tccccgegga gaggegraaa agttaaatta gat 33

<210>
<211>
<212>
<213>

<400

4
33
BINA

primer

4

tgatctagaa tegctcgtaa aaactgcgga ggt

<210>
<2131>
<212>
<213>

<400>

5
29
DNA

primer

5

ccgctcgagt tcacgttcag ccttcatge

<210>
<211>
<212>
<213>

<400>

6
32
DNA

primer

6

cgggggcect attttgtata atatctggta ag

<210>
<211>
<212>
<213>

<400

cggctgcagg gtaccttcac gttcagectt catgc

<210>
<211>
<212~
<213>

7
35
DNA

primer

7

8
34
DNA

primer

33

29

32

35




gacgcat gaa ggctgaac 18 <210> 11 <211> 27 <212> DNA <213> pr@ﬁ§@ﬁ3<§8@f
11 cgcgagctca ataaaaaaaa gttttac 27 <210> 12 <211> 29 <212> 2

.primer <400> 12 aggccgcgga tgcatgttat gcaaaatat 29 <21Qarhposedlz 36
" <212> DNAY®BUHBTEHETT 2006 WO 03/ 097845 PCT/ EP03105045 <213> prinmer <400> 13

ccgctcgagc gcggatccca atatatggca tagaac 36 <210> 14 <211> 24 <212> DNA
. <213> primer <400> 14 cagggccctc tcatcgcttt catg 24 <210> 15 <211> 28
<212> DNA <213> priner <400> 15 tttctgcagt gatatttatc caatacta 28

<400> 8

cggaagcttt atatggttta ggatattctyg tttt

<2310
<211>
<212
<213>

<400>

9
20
DNA

primer

9

cgtitcgcaty gghttacctee

£ <210-
‘i:g‘_ B

_ <213>

<212>

<213>

<400>

10
18
DNA

primer

10

gacgcatgaa ggctgaac

<210>
<211>
<212>
<213>

™

<400>

i1
27
DNA,

primer

11

cgcgagctca ataaaaaaaa gttttac

<210>
<211>
<212>
<213>

<400>

12
29
PNA

primer

12

aggccgegga tgcatgttat gcaaaatat

<210>
C <211
<212>

13
36

DNA

34

20

18

27

29




<210> 16 <211> 21 <212> DNA <213> prinmer <400> 16 ctggat aaat Aap gacgt
g 21 <210> 17 <211> 20 <212> DNA <213> pri ner <712g33/1(7)5822am by 0%%54:
cgacgcacc > 18 <211> 29 4 16 OCT 2006 PCT. 03 '
<8128 Dmg\zg%ggﬁ%%l@rrer <400> 18 29 cgcgagctca tttcttaget agigtPras<210>
19 <211> 27 <212> DNA <213> printer <400> 19 27 aggccgcgga gtgaaagcta
gagaggg <210> 20 <211> 36 <212> DNA <213> priner <400> 20 36 ccgctcgagc
gcggat<«xBa gadhgtatcg attatt

<400> 13

€Cgetcgage geggatccca atatatggea tagaac 36
<210> 14

211> 24

<212> DNA

<213> primer

<400> 14

caggacccte tcatcgcitt catg 24
<210> 15

<211> 28

<212> DNA

<213> primer

<400> 15

tttctgcagt gatatttatc caatacta 28
<210> 16

<211i> 21

<212> DNA

<213> primer

<400> 16 '

ctggataaat acgaggacgt g 21
<210> 17

<Z211> 20

<212> DNA

<213> primer

<A400> 17
gacaattatc cgacgcaccg - 20

<210> 18
<211> 29




<210> 21 <211> 26 <212> DNA <213> prinmer <400> 21 26 cagggc
aaatgcgctt ctcaat <210> 22

Wouplbs

cacaccgacg atgg 24
- Cggatgaaaa atttttggaa g 21

<4ogﬁzg5{%&pccgcggg gactcataga ttatcgacg 29

,tttctge
PCT/ EPO

<213>

<400>

primer

18

cgcgagectca titcttaget agagtgata

<210>
211>
<212>
<213>

{:13 <400~

19
27
DNA

primer

19

aggccgegga gtgaaagcta gagaggg

<210
<211>
<212>
<213>

<400>

20
36
DNA

primer

20

ccgetcgage gcggatccta aactgiateg attatt

<210>
<211>

éfm‘ <212>

<213>

<400>

21
26
DNA

primer

21

cagggcccct aaatgcgctt ctcaat

<210>
<211>
<212>
<213>

<400>

22
31
DNA

primer

22

rrtctgcage cttecctgggt ttgtattaac g

<210

23

<211> 31 <212> DNA <213> priner

tgggt ttgtattaac g <210> 23 5 180CT2006 YOra:ph )08
<211> 24 <212> DNA <213> primer

<210> 24 <211> 21
<210> 25 <211> 29

HB8 L2008

<400> 23 cgttagacaa
<212> DNA <213> prinmer <400> 24

<212> DNA <213> pri ner
<210> 26

29

27

36

26

31




<211> 35 <212> DNA <213> prinmer <400> 26 ctagtctaga ctagtctatt
aatccacaga aatac 35 <210> 27 <211> 39 <212> DNA <213> pri ner {Kﬁbggg%
ccCaagcttg%gg%ggg )atcc cgtttctagt atggggatc 39 6 1 s OCT 2006 WO 03/ 45
PCT/ EP0O3/ 0 10> 28 <211> 26 <212> DNA <213> pri nerPAHY0P4s 26
tagggcccgt tattgccatg atagag <210> 29 <211> 26 <212> DNA Rr <213> pri ner
<400> 29 26 tttctgcagt gtataatacc acgagc <210> 30 <211> 22 <212> DNA
<213>_pyimefq <400> 30 22 ctgtataggt atgtcctctg cc <210> 31 <211> 18

<212> DNA

<213> primer

<400> 23

cgttagacaa cacaccgacg atgg 24
<210> 24

<211= 21

<2312> DNA

<213> primer

<400> 24

cggatgaaaa atttttggaa g 21
<210> 25

<211> 29

<212> DNA

<213> primer

<400> 25

tccccgaggg gactcataga ttatcgacg 29
<210> 20

<211> 35

<212> DNA

<213> primer

<400> 26

ctagtctaga ctagtctatt aatccacaga aatac - 35
<210> 27

<211> 39

<212> DNA

<213> primer

<400> 27 . :
cccaagetty ggegggatec cgtttctagt atggggatc 39




1192 <212> DNA <213> vaccinia virus <220> 7 18 OCT 2006 WD 03/0978
PCT/EPOS/OSO%% <221> Fragment of ORF C 64L <222> (1)..(pepkre?@®8s» <220>
<221> | ROFAVEBS <2205 (527)..(608) <223> <220> <221> Fragment of ORF C
65L <222> (609)..(1190) <223> <400> 32 caccttctat agatctgaga atggatgatt
~Ctccagtcga aacatattct accatggatc 60 cgtttaattt gttgatgaag atggattcat
ccttaaatgt tttctctgta atagtttcca 120 ccgaaagact atgcaaagaa tttggaatgc

gt t c& @t& cttaatgttt ccatagacgg 180 cttctagaag ttgatacaac ataggactag
ccgcgghaagettttattttt agaaagtatc 240 catcgcttct atcttgttta gatttatttt
tataaagttt agtctctcct tccaacataa 300- taaaagtgga agtcatttga ctagataaac

t at cadjiaad®™At t t at agag at agacgaac 360 aattagcgta ttgagaagca tttagtgtaa
cgtaii%ga Agaltttgca ttagatttac 420 taatcgattt tgcatactct ataacacccg
cacaag d)tagagaatcg ctagatgcag 480 taggtcttgg tgaagtttca actctcttct
tgattacctt actcatgatt aaacctaaat 540 aattgtactt tgtaatataa tgatatatat
tttcgg&i}azgctcatttga gaat aaaaat 600

tagggceegt tattgecatg atagag

<212> DNA <213> prinmer <400> 31 Ig gctagtagac gtggaaga <21o>1§?gﬁnggﬁ

26

<210> 28
<211> 26
<212> DNA

N

<213> primer

<400> 29 i
tttctgcagt gtataatacc acgage

<210> 30

<211> 22

<212> DNA

<213> primer

<400> 30 29
ctgtataggt atgtcctctg cC

<210> 31

<211> 18

<212> DNA

<213> primer

<400> 31 18
gctagtagac gtggaaga

<210> 32

<211> 1192

<212> DNA

<213> vaccinia virus

<220




atttcggaat
ggagcggat g
ccgt aaaaat
gattgacttt
ggaatttccc
at ggat ccac
gtt aaaact c

gtttttgttt aaccactgca tgatgtacag
attttatcct tgtccaatgt gaattgaatg
t acat t cccowhbtaslobagacc gagact ccat
taactcggat ctgctatatg gatattcata
tctgcagcca tttttatgat cgtcttttgt
ttaatatctt ctggaaggtt tgtattctga
ttgat chodd GabhRGR!ER drktE Gagt cY
acttgaaatt ctccagacaa tactctccga gtgtaaatat tactggtata cggttccacc 1080

gact catét ﬂﬂéed%é&ht ttgagcagtt gatgcagtcg gcataggtgc caccaataaa 1140 8 1
g OCT 3096 WO 03/097845 PCT/ CP03/05045 ctatttctaa gaccgtatgt tctgatttta
tcttttagag gttcccaatt cc 1192 <210> 33 <211> 1200 <212> DNA <213>
vaccinia virus <220> <221> Fragnent of ORF 135R <222> (1)..(96) <223> C

cgcaaaccac
cgggtttcgt
gcat act cgt
gat cgat gaa
aaatagtttt
cat ct gccat
t aaggagat g

cagt oot 41g §69
booPEuERRhshing

at aaact cgc 900
aatcctattc 960
cggattaact 1020

8

<220> 21> ORF C 136L <222> (101)..(298) <223> <220> <221> IR 136-137
<222> 85 9)..(883) <223> <220> <221> Fragnent of ORF C 137L <222>
(884)<221i98ﬁR4223?
<222>  (527)..(608)
<223>
<220>
<221> Fragment of ORF C 65L
<222> (609)..(1190)
<223>
<400> 32
caccttctat agatctgaga atggatgatt Ctccagtcga aacatattet accatggatc G0
cgtitaattit gttgatgaag atggattcat ccttaaatgt tttctctgta atagtttoca 124G
ccgaaagact atgcaaagaa tttggaatgc gttccttgtg Cttaatgttt ccatagacgg 180
ctictagaayg ttgatacaac ataggactag ccgcggtaac trttattttt agaaagtatc 240
catcgettct atcttgttta gatttatttt tataaagttt agtctctcct tccaacataa 300
taaaagtgga agtcatttga ctagataaac tatcagtaag ttttatagag atagacgaac 360
aattagcgta ttgagaagca tttagtgtaa cgtaticgat acattttgca ttagatttac 420
taatcgattt tgcatactct ataacacccg Cacaagtctg tagagaatcg ctagatgcag 480
taggtcttgg tgaagtttca actctctict tgattacctt actcatgatt aaacctaaat 540
aattgtactt tgtaatataa tgatatatat trtcacttta tctecatttga gaataaaaat 600
grititgtit aaccactgca tgatgtacag attitcggaat cgcaaaccac cagtggtttt 660
attttatcct tgtccaatygt gaattgaatg ggagcggatg cgggtttcegt acgtagatag 720
tacattcccg trittagace gagactccat ccgtaaaaat gcatactcgt tagtttggaa 780
taactcggat ctgctatatyg gatattcata gattgacttt gatcgatgaa ggctccccty 840
tctgcageca trtttatgat cgtettttgt ggaatttece aaatagtttt ataaactcgc 300
ttaatatctt ctggaaggtt tgtattctga atgdgatccac catctgccat aatcctatic 960
ttgatctcat cattccataa tittctetey gttaaaactc taaggagatg cggattaact 1020
acttgaaatt ctccagacaa tactctecga gtgtaaatat tactggtata cggttccacc 1080
gactcattat ttcccaaaat ttgagcagtt gatgcagtcg gcataggtgc caccaataaa 1140




<400> 33 agaggcgtaa aagttaaatt agatttcgaa cgaaggcctc cttcgtttta 4
60 gataaagttg atctcaaacc gtcttttctg gtgtaatatt ctagtttggt agtagataca
.{tatcaatatﬁ{ﬁb %&gttcg agat ccgaat tataaaatgg gcgtggattg tpaagpad@g4s180

aatcggaéﬁf gatattcg aaaatctgtg gatttttagg ttttggtgga ggtgtaactg 240
ctacttggga tactgaagtc tgatattcag aaagctgggg gatgttctgg ttcgacatcc 300
accgatggtg tcacatcact aatcggttcg gtaacgtctg tggacgat gg aggca t 360
tcta@ég@ﬁﬁté%gﬁﬁﬁﬁﬁﬁﬂtéFé@@@&ﬁ?dngEﬁﬁggdﬁchgggFtE%at gcgagé@%gt 420 9 18
OCT 2806 WD 03/097845 PCT/ EP03/ 05045 gtataatttg gtaatggttt ctcatgtgga

pa@ﬁ %ﬁg@

t ct gaag@@ag3aggt aagata tctactagaa 480 agataccgat cacgttctag ttctcttttg

tagaacttaa ctttttcttt ctccgcatct 540 agttgatatt ccaacctctt cacgttcgca-
t gggtadect 1€8Ycagtttt tacgagcgat 600 ttcacgttca gccttcatge gtcttatage

at gaahbyegcpffatcgttat cgggtttagc 660 ttctgtcacc ttagcaattc

ctttttfatt.aaactctaca taatcatatc catttctatt 720 gtttgttcta atataaacga

gt at agdat c vattigdeadidtst ttt caat ag tat cgaaaac 780 agaat atcct aaaccat ata
atatatattc aggaacactc aaactaaatg tccaggattc 840 tcctaaatac gtaaacttta
at agt gcgaa atcattcaaa aatctaccac ttatagatag 900 atagatagta cataaatgcg
tat agix@gtc tacctatctc tttattatga aaaccggcat 960 tacgatcata tatgtcgtga

t at acct tg atccqgtttac t t.aaaccat
tt at t¥<2daa TR g%*S@R?a"ﬁﬁat t aat
ttgatapgat @stt@mbaag atttttatca

ggagt accat cgtgattctt accagatatt
<212><IIWA <213> vaccinia virus

é&)..(338) <223> <220>

aaat acat gg
t gaccgtgta
ttgctcgtta
at acaaaat a
<220> <221>
<221> | GR 07-08

1020 gtgatcctat aaacat gaat
1080 atatttgctt acatgcatac
1140 tttcagaatc gtatatataa
1200 <210> 34 <211> 1200
Fragment of ORF 07R <222>

<220>
<221>
<222>
<223>

ORF C 136L
(101)..(298)

<220>
<221> IGR 136-137
<222> (299)..(883)

<223>

<220>
<221> Fragment of ORF C 1371
<222> (884)..(1198)

<223

<400> 33

agaggcgtaa
gataaagtty
tatcaatatc
aatcggacgt
ctacttggga
accgatggtg

tctacaggtt

aagttaaatt
atctcaaacc
atcaaattcg
ctgataticg
tactgaagtc
tcacatcact

ctggttctit

agatttcgaa
gtcttttctyg
agatccgaat
aaaatctgtyg
tgatattcag
aatcggtteg

atcctcagtc

cgaaggcctc
gtgtaatatt
tataaaatgg
gagttttagg
d4aagcrgggg
graacgtctg

atcaacggag

9

cttcgtttta
ctagtitagt
gcgtggatty
ttttggigaa
gatgttctgg
tggacgatgg

ctacttcaat

taaaccatta
agtagataca
ttaactatagd
ggtgtaactg
ttrgacatcc
aggcaccact

gcgaggaaat

60
120
180
240
300
360
420



<222> (339)..(852) <223> <220> <22J> Fragment of ORF C 08L <222>
(853)..(1200) <223> <400> 34 10 16 OCT 2006 WO 03/ 097845 PCT/ #08LTSQHR

aat aaaaaagyggihdkacta atttaaaatt atttacattt ttttcactgt ttag‘rgct C@@_GQ
atatggaatt cgatcctgcc aaaataaata catcatctat agatcatgta acazt attac 120

aat acat aga tgaaccaaat yatataagac taacagtatg cattatcaca aaaataaatc 180.
cacatttqgc taatcaattt cgggcttgga aaaaacgtat cgccggaagg gactatatga 240
ct aact Pat &1 éb%ﬁFaE%!gga%C&@a%agaaa@mam aggtetgalzatttagtegmaaaa@0 300
t agaaaGabtad@bgdhachadctal at@gactia £ (s taat.t t aaccgat gt 360
gattatcaat caatattaag agggttggt%gaat aé%?%@ac a{:&?f%’t&? ggcctgﬁﬁﬁtata 40420
cccaat 9t Watake £g8eet cLt caasagt ey agedauttcataracarat actg gecdagaaiac gago 480

gacgt gt- aa tgtgaaattt gctatgaagt tgtttactca 540
aaacgat %%#ggé tagt% ggtfa%t?gtaﬁggg Y ht@a t t&?ﬁ"‘ttgé%\ggftgﬁ%t gcd0600

caat at &t gpteatagaagantyaagaganas tCoH@eai @It aataall It s LALGt 9t 69,660
tacccgérr%tt .agaaacat aa caattgggcaa gttaact aat aaat aaaaag tttaatttgt 720
t gacgadgi & 1 gt cgtt A CPt 11 AgtAE Ct HegabRRttat HRtCa Y tatcaararcaat ¢80 780

t t agt abygraatanabatCaad tHAEIA caldeealdiag c t.aaaaat, - 840
agt agcacqgc actacttcag ccaaat attcct t%gﬁttgﬁaa%é%%%%tgécagg étg‘;:t ga%éogoo
acac aagf%ﬁa&*&?ﬁ S3RG Ty Hadregoaat Augt tapg graticacatagatigtgaatagt ac gioo 960

agagt ggtgpthhecetalgqL 9t aLgg at_cttctttgat gccatcaccc 1020
agat gt t cz?% t gaact tggt a ctgl?: %% ggcbc Caacctéga{(%g atﬁtg%gadbgﬁaﬁafcg?%%gcatgéo 1080
t gt t cchewEtat erttgbgicatad gadat gty coagaagacyithasaalJhtthagdigt t g@ap 1140

catttg {t aacatatgag tgaacacacc catacatgaa agcgatgaga 1200
<210> gfséaitfﬁi'{ %%‘%tgéﬁﬁabﬁtgél PO nTalagtiagg tgaccgtgta - 1080
atatttgett acatgcatac ttgatacgat cattaataag atttttatca ttgctegtta 1140

Tttcagaatc gtatatataa ggagtaccat cgtgattctt accagatatt atacaaaata 1200

<Z210> 34
<211> 1200
<212> DNA

<213> vaccinia virus

<220>

<221> Fragment of ORF Q7R
<222> (1}..(338)

<223>

<220

<221> IGR 07-08
<222> (339)..(852)
<223>

<22(>

<221>  Fragment of ORF C 08L
<222>  (853)..(1200)

<223>

<400> 34
10




<220> <221> Fragnent of ORF C 44L <222> (1)..(375) <223> <223> -ﬁz
| R 44- 45 <222> (376)..(647) <223> 11 | a OCT 2006 WO 03/ 097sudCT 2006
%vPCT/EPO3ﬁ@ﬁgﬁ§ §220> <221> Fragnent of ORF C 45L <222>p(C6ARYP3/0{01200)
<223> <400> g‘htttcttagc tagagtgata atttcgttaa aacattcaaa tgttgttaaa
'tgatcggatc 60 taaaatccat attttctggt agtgtttcta ccagcctaca ttttgctccc
# gcaggtaccg_120 t.gcaaat ccacattta a tcghgttcta
t caa ’aﬁaga‘i%d‘g‘“?%‘%ﬁg% é‘ttgga?ac?& c%técﬁcg%a%ttgtcf aagg%t??%rg%?acggg tcggcatcac
aacctaaeddaa2dQoatgitgaatakar tdadageaght cocatgatgtaraaacrtagact atlbct at at
ccgtatccat 300 tgtagattgt tgaccgatta tcgqg{ttaa atca%t Gta at@ggtcaatc
ot t cAGERAAEAGH(IREHARATE JIAGRTIAASt THCARTAOT PR AL R GGt a agtygt aga
ttttcaala 420, gakfaglg tagaaatagtorg! taldgadgocedaatigatl t ageat cc
tcttcattat 480 tttcttctac gtacataaac atgtccaata cgttagacaa cacaccgacg

o
at ggaggectabd (agegateay A tapeacalajde Rada ey aRt 8 PRt a%da act®ct ct ct
-agctttcact 600 t t L datt g a att at
f ot atwgwag%otatégﬁggga&%ttagﬁg ggtz}t(:‘.rta%%t agaacalgotdlRahala aaamc

{ CCaaaaattt tcatccgta aaccgataat aat at at at a
gact tgttaaagl aatagieggaat apstagat ivg tatag tegdaacaa Baeantatc t cbdcgatta

gagat acaat 780 atttacattt tttttgé%g%a%%fgg%g%%ém%g%%%géggg caidppat aca

21>

aacc cCHGHHRBA 2258 at G IaEFS at acaat aat

t Caga%a%?%%a%Qogagtts@?ﬁfaC%gaaag&c ghajahatlyat gaaiod agaaetyct aai4yatgtc
gatggtafgt 960 "atctaggagt atctatttta acaaagcatc gath%gctaa taéﬁfaatta
t cat tddegadtalie 2 ctt et gt AnR t At t¢@eAC Tt AP JRATCAtHtt tRfcaatt ct

tctacatta

gataattgtc ctatatgtcg 660

) caa aghtggsggtagaacac gaagagaaac cggtgcgicg

tacccgtittt
tgacgacgta
ttagtattgy
agtagcacgc
acacaagtga
agagtggtga
agatgttcta
tgttccacac

catttggttt

<210>
<211>
<212>
<213>

35

DNA

<220>
<221>
222> (D

<223>

<220>
<221>
<222>
<223>

agaaacataa caatgagcaa
tgtcgttatt trttctcgta
ataaatatca attcaaatta
actacttcag ccaaatatic
acctataatg agcaaattta
ttccactate tgtggtacga
tadacttgyt atcctttgec
atcctgaaca atgaaattct

caaccgegtt aacatatgad

1200

vaccinia virus

Fragment of ORF C 44L
.. (375

IGR 44-45
(376)..(647)

gttaactaat
taaaagatta
attccattag
trttttgaaa
ttagtatcygy
acggtttcat
aaccaataca
ccagaagatg

tgaacacacc

aaataaaadyg
atttgatict
attatatcat
cgccatetat
ttacatgaag
cttctttgat
tatagctaaa
ttacaatgtc

catacatgaa

11

tttaatttgt
aatataatct
aaataaaaat
cgtagtgagqg
gactttacgt
gccatcaccc
ctcaggcata
tagatttgga

agcgatgaga

720
780
840
900
960
1020
1080
1140
1200



aaatttccat ttttaattta tgtagccccg caatactcct cattacgttt catttttt
ctataatatc cattttgttc atctcggtac atagattatc caattgagaa gcgcattt

i 0806

<210> 36 238309230 <212> DNA <213> vaccinia virus <220> 2ol agment
of ORF 148R 12 18 OCT 2006 WO 03/097845 PCT/ EP03/ 05045 < 0% 596)
<223> <220> <221> | GR 148-149 <222> (597)..(855) <223> <220> <221>

Fragment of ORF C 149L <222> (856)..(1200) <223> <400> 36 ctcatagatt

at cgacgat t

atactctgta ttagttctgt

cggaggat gt

gttatctcta

60

t agat aat ga

12

cgtcaatg C aaaaatattc taacctttcc cattgatcat gctgtaatca 120 tatccccact
gagt a&é gtcgtagtta gcaagggtcc tacaaccata ttggttgtta 180 aagcggat at
acct agezaa ggg@&ggt tcgittac aaacgacata ctgtatgtaa 240 acaatctatc
actgattaat tat cgcé%?oggfbg b at t cattattaga cgagttaccg 300 actatttgga
t agacaéada t(Gégjat Cap@)t attt gcgaa taataagtgg tattccatta 360 taaccatcga
caatagg :g tttcctattc catcaaactg tataggtatg tcctctgcca 420 agt acat aaa
ttctadgcalc gagcaagata ctttaataca tgtttgtaac ctcgagcatc 480 cattcgactt
agt at acaaa aaaat gcagt cgtacaattc tgtacctatc aaggaacaaa 540 tattgtacgg
tagaatt gat aatataaata tgagcattag tatttctgtg gattaataga 600 tttctagtat
ggggagﬁ té%é catctct aatctctaaa tacctcataa aacgaaaaaa 660 aagctattat
caaat 8¢t gt a4 ggtélg?%té’é‘ti‘ A EEER xcpEEtRat Wttgbiast tdagciRBc 60
taaaatccat attttctggt agtgtticta CCagcctaca ttttgctcce geaggtaccg 120
gtgcaaatygg ccacatttag ttaacataaa aacttataca tcctgticta teaacgatte 180
tagaatatca tcggcetatat cgctaaaatt ttcatcaaag tcgacatcac aacctaactc 240
agtcaatata ttaagaagtt ccatgatgtc atcttcgtct atttctatat ccgtatccat - - 300
tgtagattgt tgaccgatta tcgagtttaa atcattacta atactcaatc cttcagaata 360
Caatctgtgt ttcattgtaa atttataggc ggtgtattta agtrtggtaga ttitcaatta 420
tgtatcaata tagcaacagt agttcttgct cctecttgat tctagcatce tettcattat 480
tttcttcetac gtacataaac atgtccaata cgttagacaa cacaccgacg atggcggecy 540
CcacagacaC gaatatgact aaaccgatga ccatttaaaa acccctctcet agcttitcact 600
taaactgtat cgattattct tttagaacat gtataatata aaaacattat tctatttcga 660
atttaggctt ccaaaaattt ttcatccgta daccgataat aatatatata gacttgttaa 720
tagtcggaat aaatagatta atgcttaaac tatcatcatc tccacgatta gagatacaat 780
atttacattt fttttgctgt ttcgaaactt tatcaataca cgltaataca aacccaggaa 840
ggagatattg aaactgaggc tgttgaaaat gaaacggtga atacaataat tcagataatg 900
taaaatcatg attccgtatt ctgatgatat tagaactgct aatggatgtc gatggtatgt 960
atctaggagt atctattita acaaagcatc gatttgctaa tatacaatta tcattttgat 1020 y
taattgttat tttattcata ttcttaaaag gtttcatatt tatcaattct tctacattaa 1080 ’
aaatttccat ttttaattta tgtageccccy caatactect cattacgtit cattttttgt 1140
Ctataatatc cattttgttc atctcggtac atagattatc caattgagaa. gcgcatttag 1200
<210> 36
<211> 1200
<212> DNA
<213> wvaccinia virus
<220>
<221 Fragment of ORF 148R




ttgtatatct actgataaaa
caaggattat tataaaataa
gt at t at asw SAVYISt agt
,caggct aaaa tgttcagaca
"aacacattcc tttaaactca
*at agt agat a at gaggtgta cagcgcat ga
tttagkzebt abaagsdaat a t agat ggt aa
gagagtaaac att gacggat aaaacaaaaa tgctccgcat aactctatca tggcaataac
la OCF2006 WO 03/ 097845 PCT/ CP03/ 05045 <210> 37 <211> 1200 <212> DNA
<213> vaccinia virus <220> <221> Fragnent of ORF 018L <222> (1)..(399)
<223> <220> <221> | GR O18L-019L <222> (400)..(607) <223> <220> <221>
Fragmegd0>of ORF C 019L <222> (608)..(1081) <223> <220> <221> non-coding

reglon 2<22%ﬁaﬁ1Q%§b (1200) <223> <400> 37 ggatgagtag ttttcttctt
taactifara ctttttacta atcatattta gactgatgta 60 tgggtaatag tgtttaaaga

gtt cgkertc &i0at c@Gam taaatcaata tctctgtttt 120

ct ggaagcaa
caatagttcc
aat agt ct ct
ccat aat agt
at cccaaacc

aaaat ct gat
tggttcctct
ttgcgttgac
t cccaaccca
caaaaccgtt
tgatttacac

aaaaagaat a
tccacgtcta
ggaaagcaga
gat aat aaca
aaaat gtatc
agt aaccaaa
cgt cat cat ¢ aacaat ccaa

agaat aaqa gmo 2[!%

ctagctc
ctPSd 4 ?/é\%“@oo
960

gagt accatc

cggccaattg 1020

at gaaaat ac 1080
1140

t aat at gccg
1200 13

<223>
<220
<221> Fragment of ORF C 149L
€1 <222 (856)..(1200)
. <223>
<400> 36
ctcatagatt atcgacgatt atactctgta ttagttctgt cggaggatgt gttatcicta 60
tagataatga cgtcaatggc aaaaatattc taacctitcc cattgatcat gctgtaatca 120
tatccccact gagtaaatgt gtcgtagtta gcaagggtcc tacaaccata ttggttgtia 180
aagcggatat acctagcaaa cgattggtaa cafcgtttac azacgacata ctgtatgtaa 244
acaatctatc actgattaat tattcgccgt tgtctgtatt cattattaga cgagttaccg 300
actatttgga tagacacata tgcgatcaga tatttgcgaa taataagtgg tattccatta 360
taaccatcga caataagcag tttcctattc catcaaactg tataggtatg tcctctgeca 420
agtacataaa ttctagcatc gagcaagata ctitaataca tgtttgtaac ctcCgagoatc 480
éi? cattcgactt agtatacaaa aaaatgcagt cgtacaattc tgtacctatc aaggaacaaa 540
' tattgtacgg tagaattgat aatataaata tgagcattag tatttctgtg gattaataga 600
tttctagtat ggggatcatt aatcatctct aatctctaaa tacctcataa aacgaaaaaa 660
aagctattat caaatactgt acggaatgga ttcattctct tctcttitta tgaaactctyg 720
ttgtatatct actgataaaa ctggaagcaa aaaatctgat aaaaagaata agaataagat 780
caaggattat tataaaataa caatagttcc tggttcctct tccacgtcta ctagctogtg 840
gtattataca catgcctagt aatagtctct ttgcgttgac ggaaagcaga ctagaaataa 900
caggctaaaa tgttcagaca ccataatagt tcccaaccca gataataaca gagtaccatc 960
aacacattce tttaaactca atcccaaacC caaaaccgtt aaaatgtatc cggccaattg 1020
atagtagata atgaggtgta cagcgcatga tgatttacac agtaaccaaa atgaaaatac 1080
tttagtaatt ataagaaata tagatggtaa cgtcatcatc aacaatccaa taatatgecg 1140
gagagtaaac attgacggat adaacaaaaa tgctccgcat aactctatca tggcaataac 1200
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tttgttatac
attaactttc
cgaccaatct

ttttagtttg
tccattaata

cgacgg
18 CI:TQg%gf

ggaat aadte-
gttgttt

tatctaé%i%?

ccotgt eats
at at at caca
cagtgagttt

acat cgcaid.
ctatcttaaa

t cat actddg
aaaacgaat,c
gt tt aagtty

gt aacgaapia

<220
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

ggatgagtag
tgggtaatag
tttgttatac
attaactttc
cgaccaatct
'ttttagtttg
tccattaata

cgacggegtt

6

g9

agatgtatta cagcctcata
accgcat agt tgtttgcaaa

Y&t aa t gaat ct aaa
catccgtagt tatccccttt
atgatgtcga attcgtgctg
agbz?taatt tactttttca

ade@atctta gtataacaca
atatcgctac gaatttaaac
aP¥cgtctc tgtattctac

agaadhds ag Lecat t aaaa
acctttgtta atatctacga

atctttcttt gaagagat at
tatatcttta gctaaatcgt
cgtttccatc gctttaaaga
cEagcamatod draapegt gt a

ggat t a tacgcattca
gagﬂ%%t at gt ct t aat
cactct at aa aaacgagaat

IGR 018L-Q19L
(400)..(607)

Fragment of ORF C 019
(608)..(1081)

non-coding region
(1082)..(1200)

37
tittcttctt taactttata

tgtttaaaga gttcgttcte

agatgtatta cagcctcata
accgcatagt tgtttgcaaa
gggcgtataa tgaatctaaa
catccgtagt tatcccettt
atgatgtcga attcgtoctyg

aatagtaatt tactttttca

tattacgtaa tagaacgtgt catctacctqalggT
tacggttaat cctttgacct cgtcgatttc 240
ctttaatttc ttgtaatcat tcgremEEPBisSRE0
at gt aactgt aaatttctca acgcgatatc 360
tatacccata ctgaatggat gaacgaatac 420

tctttacata ttgggtacta gttttactat 480 14
03/ 097845 PCTJEPO03/ 05045 { cataagttta taaattccac aagctact at

540 catgtcttaa agtttattaa ttaattacat
600 agagaaatca gtttaggaaa aaaaaatatc
660 gatagagtgc tactttaaga tgagacat at

720
780

tgattattcc
caat agacag

ggcagcgaac
cagtcccatg

ttgatattgg
gttccat aaa

840 tttgtagaga tcttataaaa ctgtcgaatg
900 atatgttacc atcgtaatat ctaaccgcgt
960 «cgtttccgat agatggtctc atttcatcag

1020
1080
1140

taacatcttt gatagaatca gactctaaag
t gat aaactt aatgaaaaat gtttttcgtt
aattgttatt atttcattaa ttaatattta

1200

15

ctttttacta atcatattta gactgatgta G0
atcatéagaa taaatcaata tctctgtitt 120
tattacgtaa tagaacgtgt catctacctt 180
tacggttaat cctttgacct cgtcgatttc 240
ctttaatttc ttgtaatcat tcgaaataat 300
atgtaactgt aaatttctca acgcgatatc 360
tatacccata ctgaatggat gaacgaatac 420
tctttacata ttgggtacta gttttactat 480
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cataagttta
catgtcttaa
agagaaatca
gatagagrac
tgattattec
caatagacag
tttgtagaga
atatgttacc
cgrrtccgat
taacatcttt
tgataaactt

aattgttatt

taaattccac
agtttattaa
gtitaggaaa
tactitaaga
ggcagcgaac
Cagtcccatg
tcitataaaa
atcgtaatat
agatggtctc
gatagaatca
aatgaaaaat

atttcattaa

aagctactat
Ttaattacat
aaaaaatatc
tgagacatat
ttgatattgg
gttccataaa
ctgtcgaatg
ctaaccgcgt
atttcatcag
gactctaaay
grttttegtt

ftaatatita

ggaataagce
gttgttttat
tatctacatc
ccgtgtcatc
atatatcaca
cagtgagttt
acatcgcatt
ctatcitaaa
tcatactgag
aaaacgaatc
gtttaagttg

gtaacgagta

15

aaccatctta
atatcgctac
atcacgectc
aaaaatatac
accrrtagtta
atctTtcttt
tatatcttita
cgtttecatc
ccaacaaata
ggctttatta
gatrgaatagt

cacktctataa

18 0CF 2006

PCT/EPO3/05045
gtataacaca 540
gaatttaaac 600
tgtattctac 660
tccattaaaa 720
atatctacga 780
gaagagatat 840
gctaaatcgt 900
getttaaaga 960
taatcgtgta 1020
tacgcattca 1080
atgtcttaat 1140
aaacgagaat 1200




