Promoters for Expression in Mdified Vaccinia Virus Ankara 5 The invention
concerns pronoters, in particular for the expression of genes and/or
codi ng sequences in vaccinia viruses such as Mdified vaccinia virus

Ankara (MVA). The invention further concerns expression cassettes
conprising said pronoter, vectors conprising said expression cassettes as
wel | as pharnmaceutical conpositions and vacci nes. 10 Background of the

i nventi on Reconbi nant poxviruses are wi dely used to express foreign
antigens in infected cells. Moreover, reconbi nant poxviruses are currently
tested as very 1.5 prom sing vaccines to induce an inmune response agai nst
t he forei gn anPigenicex prdseessfanoim ¥beéifipdXieicusa Veot dnkafbst popul ar are
avi poxviruses on the one side and vaccinia viruses, in particular Mdified
vaccinia virus Ankara (MVA) on the other side. MVA is related to vaccinia
virus, a nenber of the genera Orthopoxvirus in the famly of Poxviridae.
WA has been 20 generated by 516 seri al assa es on chicken enbryo
f|broblagh%”Uﬁﬂﬂh@Cﬂﬂk%m%DM@Mﬂaﬁn”DPmW@egiﬁ@atWNMQ§S@@VAN8@ﬂ©$ revi ew see
Mayr , { 7 ) dﬁﬁ of these

| ong- terﬁ?%&g%%dwg %ﬁgé%%ugv?aﬁ%éwﬁﬁgg’élIja & %8Q% i | obases of

I ts genoAnkdragRyUenTie: lﬁﬂﬁhhohhelﬁﬁétotfcm(‘ewaﬁex;:(ﬂemm hﬁddalss hi ghl y host cell
restricted to avian cells (Meyer, H etal . CGen, 25 Virol. 72,
1031- 7. 088MPAHHE]SRIC PrOMEAS! e cqrﬂp'émo&rs@@tv%?ssm SPeRuars that  the

resultin I yr, A & Danner, K [1.978]
Dev. Bi oﬁew}g\g\ﬂﬁ% &1&@]5%% wd %ﬁlaﬁao\%glt:ln&%t his MVA strain has been

tested in clinical trials as vaccine to i muni ze agai nst the human
smal | pox,di,sease etal., Zb). Bakt. Hyg. I, Abt. Og. B 167, 375-390
[1987], SpykapuRg o ép@ gt en” hed. Vchr 09, 2386. 2399 [1.974]). 7 US
5,736,368 and US 6, 051, 410 di scl ose reconbi nant vaccinia virus strain

Weth that expresses H V antigens and proteins. US 5, 747,324 di scl oses a
Recombinant poxviruses are widely used to express foreign antigens in

infected celis. Moreover, recombinant poxviruses are currently tested as very
15 promising vaccines fo induce an immune response against the foreign
antigen expressed from the poxvirus vector. Most popular are avipoxviruses
ontheonesﬂdeandvacekﬁavkuses,N]pm%muHNWWOdﬁmdvaccwdavnus
Ankara (MVA) on the other side. MVA is related to vaccinia virus, a member
of the genera Orthopoxvirus in the family of Poxviridae. MVA has been
20 generated by 516 serial passages on chicken embryo fibroblasts of the Ankara
sham(ﬁvamjmavmm(CVA)GmweWewseeNMwyAqeiﬁjnmcﬁm13,6i4
F1975]). As a consequence of these long-term passages the resulting MVA
virus deleted about 31 kilobases of its genomic sequence and, therefore, was
described as highly host cell restricted to avian cells (Meyer, H. et al,, J. Gen,
25 Virol. 72, 1031-1038 119911, It was shown, in a variety of animal models that
the resufting MVA was significantly avirulent (Mayr, A. & Danner, K. [1978]
Dev. Biol. Stand. 41: 225.34). Additionally, this MVA strain has been tested in
clinical trials as vaccine to immunize against the human smalipox disease
(Mayr et al., Zbl. Bakt. Hyg. |, Abt. Org. B 167, 375-390 [1987], Stickl et al,
30 Ditsch. med. Wschr. 99, 2386-2392 [1974]).



reconbi nant vaccinia virus strain NYCBH expressing lentivirus genes. EP O
243 029 di scl oses a reconbi nant vaccinia virus strain Western reserve 5
expressi ng human retrovirus genes. WO 02/ 42480 di scl oses particularly safe
and attenuated MVA strains. Reconbinant MVA are disclosed inter alia in W
98/ 13500 and WD 03/048184. For the expression of heterol ogous genes in pox
viruses only a few pronoters 10 are known to the person skilled in the
art, such as the 30K and 40K pronoters (see e.g. US 5,747,324), a strong
synthetic early/late pronoter (see e.g. Sutter et al., Vaccine (1994) 12,
1032- 40) , YtHe7B7.3 Srohot &, 0% 5dé 0 dsgoscBrdomeinaal vacelniaGems Niaiel . (1991)

72, 699-7 and.the pra r .derive v_f_r‘o,nj €. COWpOX virus A-type
el st on TGRH o eRgePieRTaN i TERY AR Raro T b5 72 bodpcect 13y Al of
these promabensnravecheaniused:dif Neepnbifiantng Vc%gmnﬂ'é gef\fésf.@eé to express

het er ol og%y% genes and were shown to express sSaid genés resulting in the
product i PP rBsGip s &i icantbersd vByCifine/inhetien oMogous Rgsnec Since only a

few pr@mx%ﬂ'éssﬂ{gﬁh@f;ﬁ h lx‘@tlr)é)\ﬁr%sofgentegeWOeG@/r/%-ezs-]%’ 8&5@{0? reiﬂgg{?ifivfégvawi nia virus

expr essi on syst ens ere i s general Zo nheed ‘%r onoters in
vacci ni a ¥%ife asegitehnataddith enainal Reafmibinent pvonmt elisdoravwntsaifar are

rat her str l.at e 0 . l.e.  useful for the expression of genes
after the"]mlglggégt’?@é]aggwﬁiz)?\/%gﬂ-ﬁ#a virus vector has occurred. For sone
application it is desirable to have pronoters allowi ng the expression of

genes imedi ately after the infection of the cells, i.e. there is a zs need
for vaccitfi &'&pxusseai bihpeortog@rszebirpveriuas poj atfed outcabave, MA is

‘a very, proni.si Vi us for tl expression of he ol S genes due to its
i npr oﬁ\?eddgg}@@&gg;{yﬁj{? eei.S8fli FI%@E%’? ?t(rpea"f”l%' ?ﬂ%rfb?@é@%%ﬁoﬁgg far for the
expr essi pnoobidie{eseod. g0 S, 307 gengsa sirodvéyrimese: denjved frogmat her vacci nia
Vi ruses ﬁ{}?are g@/nt hetic  pronoters expression in other vaccinia

T

Vi rus. B mel e & ady, %}C%ﬂ“erﬁi%%} Lﬁrﬁ%@bﬁﬁe bptd ricredter ¢sea he
expressi g ERdMa1.3). Gen. Virol. (1991) 72, 699-703) and the promoter derived
from the cowpox virus A-type inclusion (AT1) gene (Li et al., J. Gen. Virol,

15 (1998) 79, 613). All of these promoters have been used in recombinant
vaccinia viruses to express heterclogous genes and were shown to express
said genes resuiting in the production of the protein encoded by the
heterologous gene. Since only a few promoters are available for the
expression of genes in vaccinia virus expression systems there is general

20 need for alternative promoters in vaccinia viruses. In addition, all of the
promoters known so far are rather sirong late promoters, i.e. useful for the
expression of genes after the replication of the vaccinia virus vector has
occurred. For some application it is desirable to have promoters aliowing the
expression of genes immediately after the infection of the cells, i.e. there is a

25 need for vaccinia virus early promolers.

Moreover, as pointed out above, MVA is a very promising virus for the
expression of heterologous genes due to its improved safety profile.
However, all promoters known so far for the expression of heterologous
30 genes {in MVA weare derived from other vaccinia viruses or are synthetic
promoters for the expression in other vaccinia virus. Thus, there is also a

need for promoters optimized for the expression in MVA.



Det ai | ed description of the invention The invention concerns pronoters
derived fromthe genone of Modified vaccinia virus Ankara (MVA), WA
pronoters were not yet known in the art. J In particular the invention’
concerns a pronoter conprising or consisting of a nucleotide sequence
selected fromthe group conprising : (i) the nucleotide sequence of anyone
of the followng SEQIDNO 1to 6: io

5' TCTGCAATATTGI TATCGTAATTGGAAAAATAGT GTTCGAGT GAGT TGGATTAT
GTGAGTATTGGATTGTATATTTTATTTTATATTTTATATTTTA AGTAAGAATAGAA

TGCTAATGW§Q%§£§EQEI ACALGLCI TATTAAAAAACATATATAATAAATA  ACA 3' (SEQ I D
NO 1) 15 5" GATAAAAATTTAAAGIGTAAATATAACTATTATTTTATAGI TGTAATAAAAAGGCGA

AATTTGATTGWATALIIICGbIILIIIAAAACAAACTGACTTGATAAAA 3"(SEQ ID NGO 2)
5' GCATTT g!_}m TACTAATTCAAATTGTTAAAT GGAEQﬁg%Md2O

TAAATAGT NETARNRAT AAPTATT AGAA

CATAGATAA@EQE@VQIM% BVASERY DrNGnoB) s were not \/et known in the art,
5" GATCTATAAAGGTAGACCTAAT CTCGGATGACCATATATTTATTTTCAGITT

TATTAPACGCATAAATAGTAAAAAATATGIT AGGTTTACAAAA 3' (SEQ ID NO 4) 25

COTTGT GO R T AT A AT A AACT ACTACCCAK TAT O AR 18  2

AAAAAGT ASATETRACTA EEAACGECETEBET ATTOGECAT SCATTCAGET. 31SEQ I D NO. 5) 30
ACTAAAT AT RRCPARTA P FAAT SRTACARACTRRA TARRACT CEATA Lo ©
TT, ATACACTGGTTAACGO00TTA, T AGGCTCTAACCATTTTCAAG 3' (SEQ ID NO.  6)
10 5 TCTGCAATATTGTTATCGTAATTGGAAAAATAGTGTTCGAGTGAGTTGGATTAT
GTGAGTATTGGATTGTATATTTTATTTTATATTTTATATTTTGTAGTAAGAATAGAA
TGCTAATGTCAAGTTTATTCCAATAGATGTCTTATTAAAAAACATATATAATAAATA

ACA 3°(SEQ 1D NO:1)

15 5 GATAAAAATTTAAAGTGTAAATATAACTATTATTTTATAGTTGTAATARAAAGGGA
AATTTGATTGTATACTTTCGGTTCTTTAAAAGAAACTGACTTGATAAAA 37 (SEQ
1D NO: 2)

5 GOATTTCATCTTTCTCCAATACTAATTCAAATTGTTAAATAAATAATGGATAGTA
20 TAAATAGTTATTAGTGATAAAATAGTAAAAATAATTATTAGAATAAGAGTGTAGTAT
CATAGATAACTCTCTTCTATAAAA 37 (SEQ ID NG: 3)

S GATCTATAAAGGTAGACCTAATCGTCTCGGATGACCATATATTTATITTCAGTTT
TATTATACGCATAAATAGTAARAAATATGTTAGGTTTACAAAA 37 (SEQ 1D NO: 4)

5 GGTAAACTTTAAGACATGTGTGTTATACTAAGATGGTTGGCTTATTCCATAGTA
GCTTGTGGAATTTATAAACTTATGATAGTAAAACTAGTACCCAATATGTAAAGATG
AAAAAGTAAATTACTATTAACGCCGTCGRTATTCGTTCATCCATTCAGTT 3(SEQ
D NO: 5)

30
B ATTTCTCGGTAGCACATCAAATGATGTTACCACTTTTCTTAGCATGETTAACTTG
ACTAAATATTCATAACTAATTTTTATTAATGATACAAAAACGAAATAAAACTGCATA



(i1) subsequences of the sequence according to anyone of SEQID: No. .1 to
6 5 (i,ii) sequences having one or nore nucleotide substitutions, deletions
and/or insertions with respect to the sequences as defined in (i) or (ii),
SEQID NO Ito 6 are naturally part of the MVA genone and are |located io
upstream of the reading franes AA2R, J6R, F6R, 12R C7L and | 39R
respectively. The pronpbters according to the present invention are
preferably active as vaccinia virusqpronoters or active as pronoters in
vaccinia virus infected 1.5 cells. The vaccinia virus is preferably WA,
in parti cul’diCeia BT TVAE GRICA TSTACoS & AsperiTriTed heloyws s HAStive as
vaccinia nxirus pronoter” means that the pronoter is able to direct the
expression of a gene to which it is operably linked in a vaccinia virus
after infection of cells with said virus. The cells are preferably cells
that allow |late and/or early expression of the vaccinia virus- zo "A
pronot er (Attilsecipnagact it scaianus acnbietteth seldns'of | $10) Utteso al s@6t he
situatd on in which the promoter is not part of a vaccinia virus genone,
e.g. part of a plasmd or a non-vaccinia virus viral genome; in such a

si tuat i ofil) témucpromhteng a0ger dhd1g iR ldNRIRIeSBRkichBVEANELT @R ks astive if the
cell conprising the pronpter also conprises a vaccinia virus genoi ie, e.g,
' the  BECRAHT W et el e SRUANGRineS AEROo ings.orliirer t hese

ci rcunstances the viral RNA polynerase recogni zes the pronoter according
to the present invention and the expression of the gene/codi ng sequence
that i s PEAKEdN®O! ihE arpretrotby phit diche wtiegknoon AGSORM PGt t he present

invention. it i ssi bl.e to use 0 0 he ronoters as specified in
smo 1B Nestfeard B IeBRie PR 2e oaB e kot 1 Ra, B S rediaial Ty heed o di rect
the exprespecivedf. the gene/ codi ng sequence may 5 consist of anyone of SEQ

IDNO 1 to SEQID NO 6 or the actually used pronoter may be a | arger
structure that conprises anyone of SEQID NGO | to

The promoters according 1o the present invention are preferably active as
vaccinia virus promoters or active as promoters in vaccinia virus infected

15 cells. The vaccinia virus is preferably MVA, in particular one of the MVA
strains as specified below. “Active as vaccinia virus promotar” means that
the;Nonuﬁerisabkzn)dhecitheexpreswoncﬁzsgenetoxmhmhitisoperabw
linked in a vaccinia virus after infection of calls with said virus. The cells are
preferably cells that allow {ate and/or early expression of the vaccinia virus.

20 "A promoter active in vaccinia virus infected cells™ inciudes also the
situation in which the promoter is not part of a vaccinia virus genome, e.g.
part of a plasmid or a non-vacecinia virus viral genome; in such a situation
the promoter according to the present invention is active if the cell
comprising the promoter also comprises a vaccinia virus genome, e.g. if the

25 cell is infected with a vaccinia virus. Under these circumstances the viral
RNA polymerase recognizes the promoter according to the present invention
and the expression of the gene/coding sequence that is linked to the

promoter is activated.

20 According to the present invention it is possible to use anyone of the
promoters as specified in SEQ 1D NO: 1 to SEQ 1D NO: 6. The promoter that is

actually used to direct the expression of the gene/coding sequence may



SEQID NO 6. Alternatively it is within the scope of the present invention
to wuse a derivative of these pronoters, which nay be a subsequence of the
5 sequences as defined in anyone of SEQ ID NGO 1. to 6, The term
"subsequence of the sequences according to anyone of SEQID NO 1 to 6"
refers to shorter fragnents of anyone of SEQID NO 1. to 6 that are still
active as a pronoter, in particular as pronoter in vaccinia virus or in
vaccinia virus infected cells. Agaisn, the vaccinia virus is preferably
MVA, such as one of the strains io specified below A typical subsequence

of anyone,ofy éE%che';é?%%dJ@) P51 kP9 1B0as; e LRGN | Bhg 2l least 15

nucl eoti des, nore pr rabl'y of at 'l nucl eot | even nore
prefer abll‘iW@f.e!artnabz@asi!agg‘;errslmzlcbm& |tiatﬁs&,omrms;t’5 pnmercatﬁll[@ IDdﬂOaﬂ. tbeast 30

nucl eot i e of. the sequences of SEQ IDNO 6 15 A
preferre @%&5%%@8“@“\’@%@5 [Flﬁ’ﬁﬁ‘i § $O8EE Sﬁ lNésO?mWeb'rt Ef'ePr ed

subsequenee @ ;»%E@a loDrHH@e porh81ePEQHiBh INQy 1% 2 Rireleanided Juhsequences  and/ or
derivatives of said sub sequences ‘of SEQID NO 3 are SEQ 1D NO 9 and SEQ

ID NG IGUUpetersr&dingd bs earesce sESR 5%&@ IDoNEOThE taie "SEQeABEPE NO |1 and
SEQ I D Moy ele, u%%§§%§6r5'ﬁ S0 hy I{EQETIS% nB. t.l%%z r@LE @ ¥Rk i N the

exanpl e secti o Y t|ve 0 ronot er nprising or conS|st|ng of
a nucl edltdng ntsefagmre cdSEQNYORE: Dfio SERY AeNO aﬂ:tlttoaﬁa @romubﬁequences

t her eof , articular the derivative of the nucleotid equence of SE
DN P BRI B o T2 ACaR b Hel dPSddoncs TRAE REL one of more

nucl eot ix8einSHRs b dHik Qnﬁs (9(_\59"% @5%&?\/@"&@*@%% 'oﬂ§%¥ fHeOfdmiMd th respect to any
one of t e sequences of or subsequences thereof, in

partlocuISQ¢ledﬁd Phievwn Uk hedtd! deb@eew@ea@eéany@ﬂe sEer 0 IDNE! t7 S8 SEQ | D NO 12.
T oer NP e, REER 6 A0 LRLALSRAN 0 LANSALL AR RIS | active as a

prom)ter In partl II’US Ina vaccCinia virus or

i n vacchotiaotidéyvembrect @def@&idi;smf clmjé&tr?ﬁeﬁere@bhys rassi\WAiepsigpot er in MV/A
or in WA infected cells. A sequence having
| fb\atlloast 30 nuc eotuis of asnygrgje ot the se\cgljenccs O?CSEQ IDNO:1 to SEQ

IDNO: 6 .

A preferred subsequence of SEQ 12 NO:1 is SEQ 1D NO:7. A preferred
subsequence of SEQ 1D NO: 2 is SEQ D NO: 8. Preferred subsedquences
and/or clerivatives of said subsequences of SEQ {D NO: 3 are SEQ 10 NO: ©
and SEQ D NO: 10. Preferred subsequences of SEQ 1D NO: 4 are SEQ 1D

20 NO: 11 and SEQ ID NO: 12. The sequences of %LQ D NO: 6 to 12 are given

in the example section.

The derivative of the promoter comprising or consisting of a nucleotide
sequence of anyone of SEQ 1D NO: 1 to 6 or subsequences thereof, in

25 particular the derivative of the nucieotide sequence of SEQ 1D NG 7 to SEQ 1D
NO: 12 can also be a sequence that has one or more nucleotide substitutions,
deletions and/or insertions with respect to any one of the sequernces of SEQ 1D
NO:1 to 6 or subsequences thereof, in particular of the nucleotide sequenc
of SEG LD NG: 7 to SEQ 1D NO: 12, The derjvalives according o the present

30 invention are stilf active as a promoter, in particular as vaccinia virus
promoter in a vaceinia virus or in vaccinia virus infected cells, more preferably

as MVA promoter in MVA or in MVA infacted cells. A saaquence having ona or



u nmore nucl eotide substitutions is a sequence in which one or nore

nucl eotides of the sequence according to anyone of SEQID NO 1 to 6 or
subsequences thereof, such as the sequences according to anyone of SEQ ID
NO 7 to 7.2 are substituted by different nucl eotides. A sequence having
one or nmore 5 nucleotide insertions is a sequence in which one or nore
nucl eotides are inserted at one or nore | ocations anyone of SEQ ID NO 1.
to 6 or subsequences thereof, in particular of the nucleotide sequences of
SEQIDNO 7 to SEQID NGO 12. A sequence having one or Mre nucleotide
del eti onsdre riciedEadensSithNoyhisehscepnen invefien oucbesirdascieblithe sequence
accordi ng anyone to of SEQID NO 1 to 6 or subsequences thereof, in

parti cul gfr“t?fsaq%ﬂ%@chaima@ aBEHGEncaE BINGED B ONGHDFAENSEQ ID NO 12
are del e ol 0 - derd.) iV .accor di 0. nt . it i on
deIetiongggg%%§%??§fﬁ%ﬁ%&g%%xgﬁgégﬁﬁg%g}%§§h982§%%ﬁ%?§§ F%P%%Q§sequence.
15 An exanpdidutdfd andidernvatilkvetidfs. 4 sybseguence aeoordong to the present
inven;iog HsoﬁﬁQ.LDﬂNﬁi-lQujmhiQh-iSPQ?SQQSQ uence g;,ﬁgQ | D NO. 3 having
in  addi {1 IRCBTEREAUCES!T daeSkERANGE it R ELPEE CEALRE" 86t r espondi ng
nucl eot i idecBeQUERES of MoRERERyNEndne20 SPoeber@bl y» e derivative has a
honol ogy of at |east 40% nore preferably of at |east 60% even nore

pr ef er abiyPefiuaicdsdhgteoBoyparisstarpd shepabeyidsrseatiencastt SEQDEs WRen conpar ed
to anyong. . of q [ ) JBD N ubsequences
thereof?ﬁﬁﬁsﬁgrf%@glggqggmﬁ&@§gggﬂﬁggﬁ%Oég%g%ﬁﬁﬁgbﬁ%:hg%yg%gﬁﬁf SEQ I D NO

7ht0 SEQelc eNee irﬂ@hicA@@@rodinmget;@cte:c@e(jmt;isftt!mrse@mrrcﬁdﬂcztirhcﬁmmawdmlnt noéI nor e
than_10 ides, even nore preferably not. npre than 5 nucleotides are
substi t Lﬂggﬁéf G IEE detodner POSPRYEICEANT RO HePXEGueheklitt UeRbite of SEQ | D
NO 7 t geofeehtd2 HAedd N ?%B@E?QO@ NPT 1 9% AR d o (OC HIBRL S rfkligns the person
skilled in the art to predict 30 which derivatives or subsequences of
anyone GICCSEQ e NO presed ingerdionldeldimne, subhbiusiook egidasertiens viadyy of being

active a5, &, ¥BREkNHAnY bitRerREOMOter, 0 par ti cul ar

15 An example of an derivative of a subsequence according to the present
invention is SEQ 1D NO: 10, which is a subsequence of SEQ 1D NO: 3 having in
addition one nuclentide exchange with respect to the cormrespending

nucleotide sequence in SEQ 1D NC: 3.

20 Preferably the derivative has a homology of at least 40%, more preferably of
al least 60%, even more preferably of at least 80%, maost preferably of at least
90% when compared te anyone of the sequence of SEQ D NO: 1 to SEQ D
NO: 6 or subsequences thereof, in particular of the sequences according to
anyone of SEQ ID NO: 7 to SEQ 1D NO: 12, According to the most preferred

embodiment not more than 10 nuclectides, even more preferably not more

R
]

than 5 nucleotides are substituted, deleted and/or inserted in the scguence of

anyone of SEQ 1D NO: 7 1o SEQ 1D NO: 12.

A bundle of prior art documents aliows the person skilled in the art to predict
30 which derivatives or subsequences of anyone of SEQ 1D NO: 1 to 12 still have
the biclogical activity of being active as a vaccinia virus promoter, in particular

as a promoter active in MVA. In this context reference is made to Chakrarbarti



as a pronoter active in MA. In this context reference is nade to

Chakrarbarti 7 et al., Biotechniques (1997) 23, 1094-1097 and Davi son and

J.
active as a vaccinia virus pronoter, in particular as a MVA pronoter

can easily be evaluated by a person skilled in the art. In particular the

Mbss,
still

Mol. Biol. (1989) 210, 771 784. Moreover, whether a fragnent i's

sequence derivative 5 can he cloned upstreamof a reporter gene in a
plasm d construct. Said construct may he transfected into a eu
cell or cell line, -such as CEF or BHK cells that has been infected with

MWA. The gxpres 'E%i%fest(ﬂ995’??9,ri@&l@@’"?g{aﬁggg@ﬁéﬂ% fRdcangygompared to the

expression of the re

ort'er gene control

karyoti c

ronoter according to

anyone of BISEQL $& NGO, T 7o/ BL. Moreovalerhatati ¥ Bagoeot dighil dcoive he apr esent
i nventi on, i

-a derivative having a pronpter activity in said test system
of at Ieasatcaﬂfo)émﬁrpésg\ﬁi%l' ! %Ef“'g‘t”“fgaémgjo%o F’ecafb%/@l”épﬁbly of at | east
50% evercvabize=hes eeabhyskpfdatl theastinfBVicumshe Lhedekally.9f. at | east 90%
conpared to the activity of the pronoter sequence of anyone of SEQ ID NO

1 to 6 ABPAHYEE sticgat phesrefteayione oplaSED ¢@siiscNG2id to 12 are
withint rl%ﬁﬁ_%ﬁ@&%%{)bé n%ngfregt%ﬁg&to'apﬁ%ﬁ'%o%a &hat cFﬁ‘YBﬁe g i ghede. promt er
e pro Ing to tne

activity.

ters accor presen

i nvention are particularly

sui t abl e BHioreltsHbakxgpr le=si iofectdd eildivivgh. Sequeneeson nf WéAepaQeThe pronot er
accor di n%ﬁto.s(gq(g | D l\ﬁ) %{ has a ver% strong activity, in parti
late profters WEROOGH 2Nt CAIPATSE Pe Qied™ias ool WPprenseiE: .

consi der @bh@@ﬁecﬂf}%ﬂ%r@@wo&%égﬁh{ig@ﬁﬁﬂ%ﬂ& oPURSeAYRNCER, Such as

sequence of SEQ ,

cul ar as
The same
t he

, however, particularly useful as late

25 pr¥notiefivatithacpeisins & thadqeeradi fiyctdorsEQ ddDiviidve Radhg e thasicder at her
t i.cul ar ot er. . |t lso b d
car Ly pr Sty M sale s B 8O 585l ara TRy o ot enE X5 PE2Bonai ng. -

subsequeppgsabug it &xst O, even more preferably of at least 709, most

15

20

25

30

preferably of at least 90% compared to the activity of the promoter sequence
of anyone of SEQ 1D NO: 1 to 6. Alse those derivatives of anyone of SEQ 1D
NC: 1 to 12 are within the scope of the present invention that have a higher

promoter activity.

The promoters according to the present invention are particularly suitable

for the expression of coding sequences in MVA.

The promoter according to SEQ ID NO: 1 has a very strong activily, in
particular as late promoter although it can alse be used as early promoter.
The same considerations apply for the corresponding subsequences such as
the sequence of SEQ 1D NO: 7, which is, however, particutarly useful as {ate

promoter.

The promoter according to SEQ 13 NO: 2 also has a rather strong activity, in
particular as late promoter. it can also be used as early promacter. The same
considerations apply for the corresponding subsequences, such as the
sequence of SEQ D NO: 8, which is, however, particularly useful as late

oromoter.

(



30 sequence of SEQ ID NO 8, which is, however, particularly useful as late
promoter. S The pronmoter according to SEQ ID NO 3 is particularly useful
as earl’y promoter and has the highest early promoter activity of all
pronoters tested. However, it can also be used as |ate pronpoters. The sane
considerations apply for the correspondi ng subsequences, such as the
sequences of SEQID 5 NO 9 and 10, respectively. O these subsequences SEQ
IDNO 9 is particularly useful as early pronoter and SEQ ID NO 10 is
particularly useful as late promoter. The pronoter according to SEQ I D NO
4 is partheplanbyr u:&@cﬁr@lng fo 380 i3 NOntendadic Jla:rm@ceammsa@s!ya | i nked coding
sequence early and late since this pronoter has a rather h activity
under eaP’If’;?"*%@I wetl ihagdhg %i‘ﬁn@eélo?ﬁdiﬁﬁ'@ﬁ@“ r aphgitg ghel! b?*ﬂé‘?ta@rlé’t‘;?%ns apply for

the Co”ﬁé\p&w&q' Hga HENEES, m%&’ Por@Sel %he%'(%%%%?@epftloﬁgQ ID NO 11 and
12, respectivel ese su sequ nces §E I'D NO 11 1s particularly
usef ul a@ray:é)af@lyihpr(mam[&smncan@ SSEQALBNNG, sU) estiEssepartiasul’ &ty ilusef ul  as

| ate pr ronot ers cord ng to SEQID, NQ. 5 .and 6 are

parti gul a Iy“'u”ge r@ C’Uvellys()?ﬁ 8HH%%QIUS 1%%%%%5@&%%@ codi ng sequences
in rat h%&lii@Wa@W@ft@asEhH? pkSmoBPABL IIFES) Ddfe@l 1@ahd paituthe Jsenked coding
sequence encodes a toxic gene 20 product and/or if it is intended to induce

a hi gh a8 @i prommsne response. The term"early pronoter" refers to
pronoters that are active in vaccinia virus or vaccinia virus infected
cells, before viral DNA replication has occurred. Methods are known to the
per son sKilprednater tbmoraint thBEQ I N@nﬂb@pmhieolae@ (BBfuMiet hertemcpdonot er is an
early pronoter ] rticular, the pronoter i nterest can be inserted
Upst FR A GRE P BR i SoRECC MU TULEL® SRS PHG P16 B cmot er and ¢ he
reporter,ag@neh@ﬁ ﬁcﬂl\ﬂw%é@%gliy@E%eﬂ%'s'fe?iotd@ﬂﬁlUo@léeﬂh@@zﬁﬁé ed wi t_h a vaccinia
virus. In order to assess for the activity as early pronoter i:he cells

are i ncubatidératiars appdutesttance femfiifmmu@ae@u&rw@s DN&h as the
sequences of SEQ ID NO: 11 and 12, respectively. Of these subsequences SEQ

IDNO: 11 is particularly useful as early promoter and SEQ D NO: 12 is

15 particularly useful as late promoter.

The promoters according to SEQ ID NO: 5 and 6 are particuiarly useful if it is
intencled to express linked coding seguences in rather low amounts. This is
sometimes desirably if the linked coding sequence encodes a toxic gene

20 product and/or if it is intended to induce a high avidity immune response.

The term “early promoter” refers fo promoters that are active invaccinia virus
or vaccinia virus infected cells, before viral DNA replication has occurred.
Methods are known to the person skilled in the art how it can be checked

25 whether a promoter is an early promoter. In particutar, the promoter of
interest can be inserted upstream of a reporter gene. The construct
comnprising the promoter and the reporter gene are introduced into celis that
are infected with a vaccinia virus. {n order to assess for the activity as carly
promoter the cells are incubated with a substance that inhibits the DNA

30 replication such as AraC. DNA replication is a prerequisite for the late
promcier activity. Thus, any promoter activity that is measured in this assay

system is due to elements active as early promoter. Consequently, the term



30 replication such as AraC. DNA replication is a prerequisite for the late
pronoter activity. Thus, any pronoter activity that is neasured in this
assay systemis due to elenents active as early pronoter. Consequently,
the term9 "late pronoter” refers to any pronoters that are active after .
DNA replication has taken place. The late activity can al so be neasured by
nmet hods known to the person skilled in the art. For the sake of sinplicity
the term"late pronoter” as used in the present application refers to the
activity of a 5 pronoter that is det’ermned if no substance is added t hat

bl ocks DNA replication. According to a further enbodi nent the present

i nvent i on/a@pergoles’ Eifers &x pregisinoneisasset e ctionphiesimg reeagivonmot er
accordin re i_n.i.nvention and a caqdi ng ,sequence, ,wherein the
xpressi o SHEPRRETR e sl BHel AR S PP B B Ght or . he

expr essi O cassetkided f Prefierabine NOL oARONRIGIS: RR-Caasette that occurs
naturally in the genone of a vaccinia virus. Thus, if the pronoter
accordiné“?%0¢ﬁea%wﬁ§@ﬁﬁh?ﬁVﬁﬁ@ﬁ@hﬂﬁéh@¥bﬁ@ﬁﬁ@éhea@W§f0ﬁaturalIy occurs in

the genopm@tet h%t?f%@@ﬂeﬂ?ﬁ‘}eﬁiifrf%sﬁtﬂ?a{rﬁgqygg&ed {Ch%t #%CK@V\PI&C the promoter is

linked is preferab different Tromthe sequen the pronoter is

nat ur al | ¥eplicsilked in the vaccinia virus genone. In other words, if the
pronoter according to the presenf invenTion is identical to a naturally
occurring pronoter the coding sequence the expression of which is

control |/®@:Obr)ﬁngh!@ LRt &hb&NEeAf tﬁe@ﬁ‘e%ﬁﬂq‘%‘ﬁﬁ%n lgeatigdpet ween the 20
pronmoter and the coding sequence are different fromthe correspondi ng
sequenc &P Sithi @a558ide doppoRDE dre pomEeuseaioryink itaKedoreItrd term "different”

incthis - equences. that show at ] east.one nucleotide
di ff e¢engg&}@ﬁﬂ)%n§{%Efg%@%é%%%ﬁggr@ eé?*&ﬁﬁ?/ SrRrepyoy ﬁja{h&?&’fjmf sequence whi ch
has at |sgsenane contrcli@bby ged dirdfietent® edeeRich ngstige Rt heferaber natives
t he honnlﬁgé bet ween 25 e, codi ng sequence in the expression cassette and

the sequ¥ %Br%ﬁioé*wafiﬁ%g HEbATILEY NPlsIHI U MEE BINIPRREY VRECiNiEss than 90 %
less thafru80PAud, 86%e h@Rote) Recording to the present invention is a promoter

that naturaily occurs in the genome of the vaccinia virus the sequence to

15 which the promoter is linked is preferably different from the sequence to
which the promoter is naturally linked in the vaccinia virus genome. In other
words, if the promoter according to the presént inverition is identical to a
naturally occurring promoter the coding sequence the expression of which is
controlled by the promoter and/or the sequences located between the

0 promater and the coding sequence are different from the corresponding
sequences-to which said promoter is naturally finked. The term “different” in
this context refers to sequences that show at least one nuclectide difference in
said sequence. Preferably it is the coding sequence which has at least one
nucleotide difference. According to other alternatives the homology between

35 the coding sequence in the expression cassette ancithé sequence to which the
promoter is naturally linked is less than 90 %, less than 80%, less than 709,
less than 60%, less than 50%, less than 40% or even less than 20%,. Most
preferably the coding sequence that is controfled by the promoter according
to the present invention codes for a peptide/protein having a differerice of at

20 least one amino acid compared to the naturally accurring protein encoded by
said coding sequence. By way of example the expression cassetie is not the

expression cassette comprising the naturally occurring vaccinia virus C71,



| ess than 60% I|ess than 50% |ess than 40% or even | ess than 20% Mbst
preferably the codi ng sequence that is controlled by the pronoter according
to the present invention codes for a peptide/protein having a difference of
at 30 |l east one anmino acid conpared to the naturally occurring protein
encoded by said coding sequence. By way of exanple the expression cassette
is not the expression cassette conprising the naturally occurring vaccinia
virus C7L. 10 pronoter directing the expression of the naturally occurring
C71 _ gene, e.g. the expression cassette is not the expression cassette

di scl osedranmvte D289 H0Eb X8 ceaap ol sihdgaithalyGiupiandtiegerand. . heeC7L codi ng
sequence. s On the other hand, if the sequence whjch should be expressed

i s a natBPEESPN GESHTE INPIVER SKMITESION Cassd BieHeE% e pronoter that is used
to expr >84al LS di £ F n om that is directs

t he exp?@?é?gﬁggg§§ﬁ%&ﬁﬁEﬁﬂﬁﬁ%gé%g%ﬁ%@“ﬁﬁgfﬁ@hﬁggﬁggﬁgg%%text. According to
this al tegoatiave the in nucl eoti de sequence of the pronoter differs in at

| east _one nucl eotide fromthe sequence of the naturally occurring

vaccihi avirus pronoter. According to other alternatives the honol ogy

bet ween {heepitBEOL £hd ACERr@Bnedeon kBB sREQBIEN expidnsentd omatdatiycontrol s the
expression of the vaccinia virus sequence and the naturally occurring

pr onot erSCHRKBYaEEi ihe rvaseiue e e HOREquERE s 4 18XPIREFFS 90 % | ess

t han 809%._.] ¢ : .. 70%. s.L ;| 1 1 %..01 . | ess t han
40% Pre gégﬁﬁﬁg?ﬁ@aég%%%gﬁiéﬁieﬂ§g§gg%t%gﬁécggﬁegggﬁgggpqﬁﬁgeantigenic

epi t ope mtingawtii gery irttherapeut cantpdpticcdesimriophotaicnstivantesense RNA or

ri bozynes. I1f the 20 cadjng sequence encodes an antj i G_epi.tope or

e s G RSO St R Sabe i B ey T5eS [oedors egreel ek b e nen af ter

| ntroduckh@incOlof 38E Hat RXIPF 8STh R 6ASHARIIET RroaR)iES AbBo@ihOiPaitesm €.g. a
mammal i an "ani ral i ncludi'ng a human. The presentation of said

ant i gen/Epinadpes Hyhenpoigy bahween the promoter according to the present

invention that controls the expression of the vaccinia virus sequence and the
naturally occurring promoter linked to the vaccinia virus sequencs is less than

15 90 9%, less than 809, less than 70%, less than 609%, less than 509, or even
less than 409%,.

Preferably the coding sequence may code for at least one antigenic epitope or
antigen, therapeutic peptides or proteins, antisense RNA or ribozymes. | the
0 coding sequence encodes an antigenic epitope of antigen the expression
cassette may be used to express said antigen after introduction of said
expression cassette in cells in an organism, e.g. a mammalian animal
including a human. The presentation of said antigen/epitope may elicit an

immune response in the organism that may lead to a vaccination of the

12
T

srzanism against the agent from which the antigen/epitope is derived. More
specifically the epitope/antigen may be part of a larger amino acid sequance
such as a polyepitope, peplide or protein. Preferably the coding sequence
cades for at least one antigenic epitope or antigen, therapeutic peptides or
nroteins, antisense RNA or ribozymes which are not encoded by a vaccinia

300 VIrUS genome.,



i mmune response in the organismthat nmay |lead to a vaccination of the 25
organi sm agai nst the agent from which the antigen/epitope is derived. Mre
specifically the epitope/antigen may be part of a larger am no acid
sequence such as a polyepitope, peptide or protein. Preferably the coding
sequence codes for at |east one antigenic epitope or antigen, therapeutic
peptides or proteins, antisense RNA or ribozynes which are not encoded by
a vaccinia 30 virus genorne. 11 Exampl es for such pol yepitopes, peptides
or proteins may he pol yepitopes, peptides or proteins derived from (i)

vi ruses, itnapmidsifoubarh polyaSeSeot e d'@klaﬂpidf@lﬂ@lnﬁmﬂw/pdiy@ﬁﬁ)pe@UCh as HV,
HTLV, Her eris}@ rus, Denguevirus, Poliovirus, neasles virus, mnps Vi rus,
rubel | a Vi esﬁéﬁé%‘zﬂssd@v'i%@ugé@ BhHI$GS o, pagiigylansyigiges ek thaii i) fungl

(iv) tunopacegliatiad e@o%t}’dpx%%liﬁfeWPUOH@l‘]ﬂ%wﬁpcb ﬁ?L[l]é\M”Qr pollstated antigens.

Al ternatively the coding sequence hay enco erapeutic conpound such
as i nt er |l '@aRslpsyirintrenhps omss, rub@&zynﬁs J@pamyms alo sbrorpoin)e gener al

t h th
pr omoter SRR TG § NG BT eC Bt o AR B ARG AP e “833Taba on casset te
accor di ngetaoed hetiggrgsent invention. The nucleic acid nmay be RNA e.g. if

the pronoter is part of a retroviral genone. Mrre preferably the z5 nucleic
acid is DNA. The DNA nay be any type of DNA such as l|inear, circular,

s1ngl e staandetnrudout) gsgs%bma%eﬁ#ag'é‘(%tod%caf:@{eﬁ%mutc%@%m%he”bloglvggp} .

t he pronoter and/or expr I'on cass accor resent

may be palﬁtmt&ﬂeaklmecmmrfeid’hserrbezyméyamlmy?mszo refers to any vectors known
to th}; person skilled in the art. A vector can be a plasmd vector such as
pBR322 or a vector of the pUC series. Mire preferably the vector is a virus

vector. rlilrﬁchg geadtexdnafiib hﬂmﬂfr@ﬁ%@rﬁcéi Y &L hi@eic B deef@hcyiral vector” or
"virus vector" refers to an infectious virus

comprising the promoter according to the present invention and/or the

expression cassette according to the present invention. The nucleic acid may

be RNA, e.g. if the promoter is part of a retroviral genome. More preferably the
15 nucleic acid is DNA, The DNA may be any type of DNA such as linear, circular,

single stranded or double stranded DNA.

According 1o a furlher embodiment the promoter and/or expression cassette
according to the present invention may be part of a vector. The term ,vector”
20 refers to any veclors known to the person skilled in the art. A vector can be a
piasmid vector such as pBR322 or a vector of the pUC series. More
preferably the vector is a virus vector. in the contaxt of the present invention
the term ,viral vector” or “virus vectof” refers to an infectious virus
comprising a viral genome, In this case the DNA of the present invention is
25 parl of the viral genome of the respective viral vector. The recombinant viral
genome 1$ packaged and the obtained recombinant vectors can be used for
the infection of cells and cell fines, in particular for the infection of Hw’ng.
animals including humans. Typical virus vectors that may be used according
to the present invention are adenoviral vectors, retroviral vectors or vectors
30 on the basis of the adeno associated virus 2 (AAV2). Most preferred are
poxviral vectors. The posxvirus may be preferably a canarypox virus, a

fowlpoxvirus or a vaccinia virus.



conprising a viral genone. In this case the DNA of the present invention is
25 part of the viral genone of the respective viral vector. The reconbi nant
viral genone is packaged and the obtai ned reconbi nant: vectors can be used
for the infection of cells and cell lines, in particular for the infection
of living animals including humans. Typical virus vectors that may be used
according to the present invention are adenoviral vectors, retroviral
vectors or vectors 30 on the basis of2 the adeno associated virus 2 (AAV2).
Most preferred are poxviral vectors. The poxvirus may be preferably a
canarypox virus, a fow poxvirus or a vaccinia virus. 12 Mxre preferred is

nodi fied, vaccinia virus Ankara (MVA) (Sutter t.al. 1994], Vacci ne
102 103M00Pr ARt GHe ."n"éf?"%?c_(””Fl‘%ié’%]%‘,”ﬁ‘@ier@ﬂ\%v%ﬂtfh:9-3%5}?- 396). The term
"MA" as[usad vacdife 1 pr esenyoappldicatly enar efers YocRpY 2MWA3Esstrai n known
inthe prior_art. An exanple for an MVA strain is deposit VR 1508,

deposi t edat TikeenieéanasTyge! oulleuresadlapeteaiom (eATedy arveidssas, VA
20108, A, . t.her g f i L U i,ns.. . cording to the
oresent Toronton o SRR A P BB B ATERRC Eor opean

Col | ect i bpd&fddmisnet! Cehk AGWHtaanels/ pEETNOC) colSadticshuTyC)Ukpnnédds, 10 the

deposi ti er CC, V94012707 and ECACC Y00120707, respectively,
WA BN Wik ROLRE: HSBoal ¥ Eh CRUNBEH (ORI ODGHT008 e HERE: Gt ef or  ed
MWA- st 1 ajihg dr@iﬁséﬁ{ﬁhﬁ&htﬂh %‘redﬁFaliM@Rf!\)l‘Aleﬂ@%ﬁ@t@WS JJE{%)SKE@% ures of MVA BN, the

description of biological assays allowng to evaluate 15 whether a MA
strain isiMpaBRodechodef Aviatd velltthetuwes (HMCHethossydIKOwitlg t o obt ai n

WA- ! rjvative th I,5cl osed- L,42480. The content
of . tﬁ\lsqﬁ%&‘a%?sﬁi@nmf‘Eb?‘n§¢§§@ﬁ4§31?@9&”82%%@@&g&l%éé?on by reference.
I n partirespartivehefievempewits tnadepbatibheudefd moxconvodosheosr operti es of
vaccinia virus according to the I nvention as described in 20 WO 02/42480,

such as the properties of MV, A and the properties and definitions of the
derivat e300 o MV BN o SN L8L R €788 BRSO HHSE! ARRSHBAWF. The

features of MVA-BN, the description of biclogical assays allowing to evaluate

15 whether a MVA strain is MVA-BN or a derivative thereof and methods
allowing to obtain MVA-BN or a derivative thereof are disclosed in WO
02/42480. The content of this application is included in the present
application by reference. In particular, reference is made to the definition of
the properties of vaccinia virus according to the invention as described in

20 WO 02/42480, such as the properties of MVA and the properties and
definitions of the derivates of MVA-BN. Said reference alsc discloses how
MVA and other vaccinia viruses can be propagated. Briefly, eukaryotic cells
are infected with the virus. The eukaryotic cefls are cells that are susceptible
to infection with the respective poxvirus and allow replication and production

25 of infectious virus. For MVA an example for this type of celis are chicken
embryao fibroblasts (CEF) and BHK cells (Drexler 1., Heller K., Wahren B.,
Erfle V. and Sutter G. "Highly attenuated modified vaccinia Ankara replicates
in baby hamster kidney cells, a potential host for virus propagation, but not
in various human transformed and primary cells” J. Gen, Virol (1998), 79,

30 347-352). CEF cells can be cuitivated under conditions known to the person
skilied in the art. Preferably the CEF cells are cultivated in serum-free

medidm in stationary flasks or roller bottles. The incubation preferably takes



MVA and ot her vaccinia viruses can be propagated. Briefly, eukaryotic cells
are infected with the virus. The eukaryotic cells are cells that are
susceptible to infection with the respective poxvirus and all ow
replication and production 25 of infectious virus. For MVA an exanple for
this type of cells are chicken enbryo fibroblasts (CEF) and BHK cells
(Drexler L, Heller K, Wahren B., Erfle V. and Sutter C. "Hi ghly
attenuat ed nodi fied vaccinia Ankara peplicates in baby hanster kidney
cells, a potential host for virus propagation, but not in various hunman

transfornpfga:gC nd ;. Pl cebbst Joo A, Yilol i i fd 347-352). CEF
cells can g%li?ﬁ{;ﬁ%s ﬁ'ﬁggr Cc"o%d%?%nas{eléﬁ%%&%gme jjpeﬁeg%ﬁy skilled in
the art. uPedferabbititlhéy CERMfedidrs(Mibi@ o€ 0|15 wat 6€10p asdrtbtm free nmedi umin

stationary flasks or roller bottles. The incubation ferably takes 13
pl ace 48'!¥C&RJ§@OH&UIBL“%@yé?keé flage 1@&2%%5 ?EPZC&%&J@VA is preferably
used at a nultiplicity of infection (MJ) of 0,05 to 1. TCIDSO and the

incubation preferably takes place 48 to 72 hours at 37 C 1.2 C. 5 Methods
are kiowietipdshar pisiaeniekid paeon akitiéiraitte dibowHee expicesdilon cassette or
the prompt et acgolding to.theprgsent,d pventi oanccan, be. hoserted into a
viral genomne, "in partrcular'into the gehoffe of a vaccinia virus, nost

pr ef er abiryo b itdhecgenanpaofcuMyAntoBy e wayiool: eanmpkeia vihes expstessi on
cassette or tgﬁélorormt er or derjvative thereof according to the present to

i nvent i off Hdy LB/ NTHSB? BBELTRPS Mie Fyetroime cspMaNA LBy “HYRDI ¥gous reconbi
nation. dpstik rand pfoRui ewaRaldiSnbiEanal@eling i MeoRsPAr M Ssi ve cell

line such as CEF or BHK ce erein the nucl€ic acid conprises the
expr é8si iBHet st Brayercoinsedier priohot genoote didyil i dlyi hpendaidgsiéof according to the

present | Lan fl ed by nugleotide .stretches.that are.honpl ogous to
Phe 15, eGSR il d BR bsbl RS e B R Pt S bae o The

pr oot erjirersuctesd CaF by eHhed gofvhacaorrdimgidioatineopiesenthd nvention is to be
inserted. The cells are infected by MVA and in the infected cells

horol ogdti® 6t hbrrat e ot thoeunatepet dedmtivadh el 2icerdBE &0 A the viral
genore. ALLERNALLME Virddiel Sy B Rotide stretches that are homologous to the
15 region of the MVA genome in which the expression cassette or the promoter or
derivative thereof according to the present invention is to be inserted. The
cells are infected by MVA and in the infected cells homologous recombination
occurs Detween the nucleic acid and the viral genome. Allernatively it is also
possible to first infect the cells with MVA and then to transfect the nucleic acid
20 into the infected cells. Again recombination occurs in the cells. The
recombinant MVA is then selected by methods known in the prior art. The
construction of recombinant MVA is not restricted to this particular method.
Instead, any suitable method known to the person skilled in the art may be

used to this end.

The expression cassette or the promoter according to the presant invention
may be introduced into any suitable part of the vector, in particular into a viral
genome. i case of vaccinia viruses the insertion may be made into non-
essential parts of the viral genome or into an intergenic region of the viral

30 genome. The term “intergenic region” refers preferably to those parts of the
viral genome located between two adjacent genes that do not comprise coding

sequences. If the vector is MVA the insertion may also be made into a



possible to first infect the cells with MVA and then to transfect the
nucleic acid 20 into the infected cells. Again reconbination occurs in the
cells. The reconbinant MVA is then sel ected by nmethods known in the prior
art. 1 -he construction of reconbinant MVA is not restricted to this
particular method. |Instead, any suitable nethod known to the person
skilled in the art may be wused to this end. 25 The expression cassette or
t he pronoter according to the presents i nvention may he introduced into any
suitable part of the vector, in particular into a viral genone. In case of
vacci ni a natousgceheingng@sidnonteayhd e magechit gheeam assentijal parts of the
viral genone or into an intergenic region of the viral 30 genone. The term
"i nt er gerrCEUPEYT BFetiPREER s oY ef@HWEE patts of Hosergdictemefiniahae viral genone

| ocat ed hrimeesny <ALa68RL -genss  f hat i GO E 8 S 0di sequences.
If the vector Milmiﬁgdﬁggﬁﬁ%grti onO rr@'y VQP@SE@Q L%ao(zgyelhﬁtg%&aaﬁghat ural ly
occur ri nglageivet.itba issaronsitastree vidt atstigenortonéiesEheeteard)indarbibar al |y

ol ot 8 WA T HO B S G LA Baear i s £ s halisERRagen Strain.

However, sthe: bhgerireamishic@oatifinet ek@stdibebeshde hheseipreferred _
insertion 5 sites .in the vaccinia virus genone and the MA genone, since it

i s withi ATYHBEreSEAPRR V! dememsrasdent a5 Hueppsohletihabtaineewxpbidssicon cassette
may be ipsarted, ) i D Lral, genonme. as as.it is possible to
obtai n reconbi nfn%@sw{ﬂﬁg%%@r?ﬁ%gaté%?ia} %éapgﬁ%g‘g'r%@%%f% “Ih Sﬁfﬁl east one
cel | cul zaféidystienprysutirobastsChEElkens)Enbryo Fi brobl asts (CEF cells). 10
The onoter according to the present invention may be used to express a
gene that is already part of the vector, e.g. the genone of MVA. Such a

gene nayhderamgeRNcthilind © RabEaht ywBaidn §faytitRe kiislexgrReEe or a foreign
gene that has already been inserted into the vector. In these cases the
pr onot ergene that is aiready part of the vector, e.g. the genome of MVA. Such a gene
may be a gene that is naturally part of the viral genome or a foreign gene that
has aiready been inserted into the vector. In these cases the promoter
15 according to the present invention is inserted upstream of the gene in the
vector, the expression of which is to be controlled by the promoter. A MVA
vector comprising an expression cassette according to the present invention
can also be made by replacing anyone of the open reading frames A42R, J6R,
FOR, 12R, C7L and B9R by a coding sequence the expression of which is to be
20 controlled by the promoter naturally controlling the expression of anyone of
said open.reading frames. Thus, by way of example the A42R coding sequence
or parts thereof may be replaced by the coding sequence, which is to be
expressed. In the resulting construct said coding sequence is controlied by a

promoter according to the present invention, namely by the promoter

o]
i

sequence according fo SEQ ID NO: 1 and SEQ 1D NO: 7. These expression

cassettes are aiso within the scope of the present invention.

According to a further embodiment the invention concerns the vecior

according to the present invention as vaccine or medicament. In mare general
30 term the invention relates o a vaccine or pharmaceutical composition

comprising an expression cassette, a DNA or a vector according to the present

invention. Methods are known to the person skilled in the art how the vaccine



15 according to the present invention is inserted upstreamof the gene in

the vector,

the expression of which is to be controlled by the pronoter- A

MVA vector conprising an expression cassette according to the present
can al so be nade by repl aci ng anyone of the open reading franes

i nvention

A42R, J6R, F6R,
which is to he 20 controlled by the pronoter naturally controlling the
expressi on of anyone of said open.regading frames. Thus, by way of exanple
t he A42R codi ng sequence or parts thereof nay be replaced by the coding

sequence,or WAkGRades 108 Bfnp@XRIESS G abiMidiNerdBSUhblNg 800 INgT sai d coding

12R, C7L and B9R by a codi ng sequence the expression of

sequence is controlled by a pronoter according to the present invention,

namel y byofhen promol BNA2ZBIsdeuvitceckue dhdDHG ars! ISEQe¢iDr Nen simaiwd SEQ | D NO

ccor

. Th . i cassettes. . | wW.thin th cope of _th
T e LoAgn Rty S95RSH A TR AU B BRSPS B e

i nventi on.

vect or

aceovatidg ih oatihel pregentyecay Enhhedisadovatsinkesor tovde canent . I n

nore general = 3
conpogit?HHVESHgF

to the PRRSED! by Ve DiARA; i MBIROdS &' SinoxnLlidib ierRErgon skilied in the

art how the vaccine 1

termthe invention relates to a vaccine or pharnaceuti cal

(¥ higP PR aE & 6 lrpweged! the prACskley detst accordi ng

phar maceuti ca

t he ani nmalbwfarneamaredrbodyration foafer oetdNandhd aohastiotvivect ors the DNA and
nsipply. b dm nistered by injection, If the vector is a

@f@ﬁ"%ﬁrgﬁgﬁa"%ﬁ:%@?‘%-i a virus vector, in particular a M/A vector
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polysaccharides, polylaciic acids, polygiycollic acids, polymeric amino acids,

amino acid copolymaers, lipid aggregates, or the like.

For the preparation of pharmaceufical compositions or vaccines, the DNA,
expression cassette or vector according to the present invention, in
particular & recombinant vaccinia virus such as recombinant MVA is
converted into a physioiogically acceptable form. For vaccinia viruses, in
particular MVA this can be done based on the experience in the preparation
of poxvirus vaccines used for vaccination ‘against smalipox (as described by
Stickl, H. et al. {1974] Disch. med. Wschr. 99, 2386-2392). For example, the
purified virus is stored at -80°C with a titre of 5x10% TCIDg/mi formulated

inabout 1 OmM Tris, 140 mWM NaCl pH 7.4, For the preparation of vaccine

iy C
shols, e.g., 101-103 particles of the recambinant virus according to the
present invention are lvophilized in phosphate-buffered saline (PBS) in the -
presence of 29 peplone and 19 human albumin in an ampoule, preferably a

glass ampoule. Alternatively, the vaccine shots can be produced by stepwise

4



to the pronoter, expression cassette or vector according to the present

i nvention. Such auxiliary substances can be water, saline, glycerol,
ethanol, is wetting or enulsifying agents, pl-I buffering substances, or
the like. Suitable carriers are typically large, slowy netabolized

nol ecul es such as proteins, polysaccha rides, polylactic acids,

pol yglycollic acids, polyneric amno acids, amno acid copolyners, lipid
aggregates, or the like. 20 For the preparati on of pharmaceuti cal
conpositions or vaccines, the DNA, expression cassette or vector according
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(MW 36000 40000) 45 g/ 1 Sucrose, 0.108 g. 11 L- glutarnic acid nono
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15 physiological saline or Tris buffer, and administered either systemically or
tocally, i.e. by parenteral, intramuscular or any other path of administration
know to the skilled practitioner. The mode of administration, the dose and
the number of administrations can be optimized by those skilled in the art in
a known manner.

20 Thus, according to a related embodiment the invention relates to a method
for affecting, preferably inducing an immunological response in a living
animal body including a human comprising administering the expression
cassette, the DNA, the vector, the pharmaceutical composition or the

vaccine according to the present invention to the anima!l or human o be
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o

treated. If the vaccine is a vaccinia virus, in particular MVA a typical vaccine
shot for humans comprises at least 107, preferably at teast 10%, more
preferably at least 105 even more prefarably 107 or 108 TCIDs, (tissue

culture infectious dose) of the virus.

30 If the vaccine is a recombinant MVA, in particular recombinant MVA-BN and
its derivatives that the virus may be used for prime-boost administration,

Thus, the invention further relates to a method, wherein the veclor is MVA,



i 0 However, as long as no need exists the anpoule is stored preferably at
t enperatures bel ow -206C. For vaccination or therapy the |yophilisate or
the freeze-dried product can be dissolved in 0.1 to 0.5 m of an aqueols
solution, preferably water, 15 physiological saline or Tris buffer, and
adm ni stered either systemcally or locally, i.e. by parenteral,

i ntramuscul ar or any other path of adm nistration knowto the skilled
practitioner. The node of adm nistration, the dose and the nunber of

adm ni strations can be optim zed by those skilled in the art in a known
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a reconbi nant MVA, in particular reconbi nant MVA-BN and its derivatives
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replicate (such as al! types of human cells for MVA-BN).

15 The invention further relates to a method for producing a peptide, protein
and/or virus comprising the infection of a host cell with a virus vector
according to the present invention, followed by the cultivation of the infected
host cell under suitable conditions, and further followed by the isolation
and/or enrichment of the peptide and/or protein and/or viruses produced by

20 said host cell. if it is intended to produce, i.e. amplify the virus according to
the present invention the cell has to be a cell in which the virus is able to
replicate. For vaccinia viruses, in particular MVA suitable cells are CEF or
BHK cells. If it is intended to produce a peptide/protein encoded by the
virus vector according to the present invention the cell may be any cell that

25 can be jnfected by the virus vector and that allows the expression of the

virus encoded proteins/peptides.

The invenition further relates to a method for producing a peptide, prolein
and/or virus comprising the transfection of a cell with the expression

30 cassette, the DNA or the plasmid vector according to the present invention,
followed by the infection of the cell with a vaccinia virus. The infected host

cell is cultivated under suitable conditions. A further step comprises the



cassette or of the DNA according to the present invention into the target
cell. io If the vector is a vaccinia virus, in particular MA such as
MVA-BN the target cell nay be a cell in which the virus is able to
replicate such as CEF or BHK cells or a cell that can be infected by WA
but in which the virus does not replicate (such as all types of human
cells for WA-BN). 15 The invention further relates to a nmethod for
producing a peptide, protein and/or wirus conprising the infection of a
host cell with a virus vector according to the present invention, followed
by the culstilatati ami/of ethehinafiested pehast seeldr uodes 2s4idabhgccondi tions,
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virus maﬁ be made before or after the step of transfection of the cells. 5
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art cul ar ey RUGAEH ST B0 SR A P BeREESEPaP e Vi rus vector
accor di nglasoitheAfpresenbuisnnendcli9Mere exiracted and the GUS activity was
15 determined indirect!y by measuring the extinction at 415 nm after an
enzymatic reaction, which causes the development of yvellow colour. Zex =
negative control (MVA-BN infected cells).

20 Figure 2: GUS activity after early and early/[ate expression
Cells were infected with MVA-BN and transfected with the appropriate
plasmids. After 24 hours cells were extracted and the GUS activity was
determined indirectly by measuring the extinction at 415 nm after an
enzymatic reaction, which causes tha development of yellow colour. Zex =

22 negative control (MVA-BN infected cells). For that enzymatic reaction,
samples without AraC (early-+late) expression had to be incubated for 5
hours, the one with AraC (early expression) had to be incubated over night in

order to oblain a color reaction.

30 Figure 3: GUS activity after expression by different promoters
Cells were infected with MVA-BN and transfected with the anpropriate

plasmids. Afler 24 hours the celis were extracted and the GUS aclivity was



io Short Description of the Figures Figure 1. GUS activity after expression
by different pronoters Cells were infected with MVA-BN and transfected with
the appropriate plasnids, After 48 hours the cells were extracted and the
GQUS activity was 15 determned indirectly by measuring the extinction at
415 nm after an enzymatic reaction, which causes the devel opnent of yellow
colour. Zex negative control (MVA-BN infected cells). zo Figure 2: GQJS
activity after early and early/late expression Cells were infected with
MVA- BN and transfected with the appropriate plasmds. After 24 hours cells

wer e extragdteghiapd xﬂifhﬂ*c@y’%yaﬁfeé}%f Y RS xtidekgrammed, hngi-r st |y by measuring
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devel opnerft’izigfajiel pasliopoldich EexeBiendyatdpwesrt ohyeltiw (@WA BNniif ect ed
cells). Fa don, sanples without AraC (early+l ate)
expressi on hél%ﬂ{vg%géy? SIc 'PE%%?%Cdﬁmrs the one with AraC (early
expression) had to he incubated over night in order to obtain a color
reacti orn.eEBo Figure 3: GUS activity after expression by different pronoters
Cel |'s wer & PAPESt ed with MVA-13N and transfected with the appropriate
plasn-iids. After 24 hours the cells were extracted and the GQUS activity

was 19 determned indirectly by neasuring the extinction at 415 urn after
an enzynﬁﬂ1ﬁd0|f®ﬂng ewpi&fﬁ)owicfmdumeg!Inﬂ;ieaidemebonnehnwerhhcyelI’[ @i col our.
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exanpl e(s) in no way may be interpreted in a way
appl i ¢abi PT ¥y tpehisTOmher o stetinal bgyprpreoviiaed! @rqu Héq px@'@eh’(s}u nventl on to
this exanple(s). Exanple 1: Analysis of pronoters to express coding

sequences in the
Example 1: Analysis of promoters to express coding sequences in the

MVA-BN genome

1.1 Aim of the experiment:

—
.

It was the aim of this analysis to identify promoters that are suitable to
express coding sequences in the MVA genome, preferably coding sequences
that are heterologous to the natural MVA genome. Especially for the

20 insertion of two or more genes in a single insertion site it is advantageous 1o
use different promoters for expression of the single genes in order to reduce
the risk of recombination events, which could result in deletion of one of the
foreign genes. Furthermore it is desirable Lo have promoters of different
strength in order to have the pessibility to express the foreign genes inserted

25 inrecombinant MVA-BN in variable amounts, depending on the strength of
the promotor. 11 putative promoters were isolated in total. These pulative
promater sequences were cloned in a plasmid backbone (pBSKS+). In order
to analyse their potential activity, the promoters were fused to the GUS (£,
oli B-Glucurenidase ) reporter gene. BHK (baby hamster kidney) cells were

30 infected with MVA-BN and transfecied with the plasmids containing the
putative promoters fused to the GUS gene. If the promoter was functional,

GUS was expressed and could be guantified by an enzymatic reaction of



MVA- BN genone is 1.1 Aimof the experiment: It was the aimof this analysis
to identify pronoters that are suitable to express codi ng sequences in the
MWA genone, preferably coding sequences that are heterol ogous to the

nat ural MVA genone. Especially for the 20 insertion of two or nore genes in
a single insertion site it is advantageous to use different pronoters for
expression of the single genes in order to reduce the risk of

reconbi nati on events, which could regult in deletion of one of the foreign
genes. Furthernore it is desirable to have pronoters of different strength
in order %65héweomhebpoﬂ3@bﬁkj$ywmgtﬁkpm@s@?ﬁ@ﬁ;ggéﬁ/gpvggﬂﬁ% inserted 25
in reconb'ﬂﬁﬁwo BN Ln. VE; abl e anounts, depending on the strength of
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Cyt osine), etcpfotrhﬁ QQ ur.e rom)ters whi ch are shown to be
functional rfﬁés'?%c” ‘“‘Q”F‘?”%SL dﬁélomﬂﬂanbl‘%ﬁ@“rstmt%h were known in
the pri omeelvl’t/ﬁ\ﬁ\f)v\ell as the newy identified pronoter sequences that are
naturally involved in the expression control of the MVA ORF's, A42L, B9R
C7L, F6R, 12R, J6R preferably can be io used for the expression of foreign

genes i ny pagiEbi;nant MVA constructs

15 Cells: BHK cells

Virus: MVA-BN standard crude stock (7.5 x 107 TCID50)
DINA: pPAB-GUS (Ps promoter + GUS)

PBNXY1 (pBluescript + Vaccinia virus pr7.5 + GUS)

PBNX73 (pBluescript + Cowpox virus AT promoter + GUS)
20 PENBL (pBluescript + modified H5R promoter + GUST)

pPBNGI (pBluescript + MVA B1R promoter + GUS)

PBNG2 (pBluescript + MVA B2R promoter + GUS)

PBNG63 (pBluescript + MVA B3R promotar + GUS)

PENGO (pBluescript + MVYA A3CR promoter + GUS)

25 PDBNE2 (pBluescript + Vaceinia virus 7.5 L promoter + GUS)
PBN83 (pBluescript + MVA C71 promoter (SEQ 1D NO: 5 +
GUS)

PBNA4S (pBluescript + MVA A42R promoter (SEQ 1D NO: 1) +
UU )

KIVR PBNXGS (pBluescript + MVA 12R promoter (SEQ D NO: 4)+
GUS)
RBNX72 (pBluescript + MVA K5L promotzr + GUS)



(recWA.BN). 1.2 Material 15 Cells: BHK cells Virus: MA-BN standard crude
stock (7.5 x 10, TCID50) DNA: pAB-GUS (Ps pronoter + GUS) pBNX71

(pBl uescript + Vaccinia virus pr7.5 +GJUS) pBNX73 (pBl uescript + Cowpox'
virus ATl pronmoter + GQJUS) 20 pBNS1 (pBluescript + nodified H5R pronoter +
GQUS1) pBN61 (pBluescript + MVA B1R pronoter + GQUS) pBN62 (pBluescript +
MWA B2R pronoter + GJS) pBN63 (pBluescript + WA B3R pronoter + GUS)
pBN60 (pBl uescri pt MVA A30R pronoteryr- GQJUS) 25 pBN82 (pBl uescript r-
Vaccinia virus 7.5 L pronoter + GUS) pBN83 (pBluescript i- MVA C7L

promot er ( SEQ 11) MONE3 10l CS).DEINAS chChHRRGH (sBl) 17 /Ay A2R pr oot er
(SEQID NO 1) + @QUS pPBNX69 (p[ 3l ueseript + MWA 12R pronoter (SEQ ID

3
NO 4)+ QUS) pBNX@Q‘S%pBI uescript | MA K5L pronoter +- GUS) 29 pBNX83

ﬁ/kplil ESSRC}rz)Ir g;m:eﬁ W@%g’a{%&&% %?(plﬁ@@é;ﬁ%%ﬁﬁgéﬁ %é? Uj;@@r i%p'f(gB:v:\J/isgglRpt :

pronoter (SEQ ID N&tJ2) + @US) Transfection kit: Effectene transfection kit
. . _ . . 0 .

(Q agegl) Medi a andpéw%)bl ?pﬁt%s%rip%h%g ?6%%?0%5{%})(8\#@'[%]N(())é))ics (Gbco BR)

GQUS)

Transfection kit Effectene transfection kit (Qlagen)
Media and Supplements: DMEM (Gibce BRL) with109 FCS (Gibco BRL)

10 Chemicals and Buffers:  Lysisbuffer (PBS + 0.1 % Triton + 1 mM protease
inhibitor} a
AraC (Sigma, Cat. No. C1768)
GUS substrate ImM (p-Nitrophenyl-beta-(D)-glucuronide; Sigma, Cat. No.
N1627)

15 Stop solution 2.5 M (2-aminc-2-methyl-1,3-propandicl; Sigma, Cat. No. A
9784)

1.3 Methods

20 Seeding of cells
5 x 107 BHK cells were seeded per transfection reaction in a well of a 6-well-

plate and maintained in DMEM/109%FCS over night at 37°C and 59 CO.,.

Infection/transfectionCells were infected with MYA-BN (moi 0.1)in 0.5 mi

25 DMEM/109% FCS per well and incubated for 1 h at room temperature on a
shaker. Transfection was performed as described in the manufacturers
protocol. 2 g plasmid were diluted in buffer £8 (100 pl total volume). After
addition of 3.2 pl enhancer sclution the solution was mixed and incubated
for 5 min. at room temperature. Then 10 yl Effectene reagent was added,

3¢ suspension was mixed and incubated for 10 min. at room temperature. The
virus-suspension was removed from the celis and 1.6 ml DMEM/109%FCS
were added. 0.6 mi DMEM/10%FCS were added to the DNA Effectene



lo Chem cals and Buffers: Lysisbuffer (PBS + 0.1 % Triton + 1. nmM protease
inhibitor) AraC (Sigma, Cat. No. Cl768) GUS substrate 7.rnM

(p-Ni trophenyl . beta-(D)-glucuronide; Signa, Cat. No. N1 _627) 15 Stop
solution 2.5 M (2-am no-2-nethyl.1, 3-propandiol; Sigma, Cat. No. A 9754)
1.3 Methods 20 Seed n-g of cells 5 x 105 BHK cells were seeded per
transfection reaction in a well of a 6-well- plate and nmaintained in

DVEM 10%-CS over night at 37C and 5% C02_. Infection/transfectionCells
were infected wwith MWVA BN (nmoi 0.1) in 0.5 m 25 DVEM 10% FCS per well and
i ncubat ednixbirrelari dtppabon tlenpesathifcercontirar thehakere prﬁrtar[séié)cw&armn was

performed,_as.desc facturers hg plasmd were

di | ut ed qﬂeg)d?ct“z’ﬁ{eﬁgfd)foﬁ %FF?%'P&# SRGOH HfHey ! th'g\fql@ﬁyswaégi ti%n of 3.2 p1
enhancer :galydts (greamgﬁaMmIanvmuwa«e@b@@wmsuﬁ@h@dq dfi@hg 5 min. at room
terrperature Then 10 lal Lffectene reagent was added, 30 susSpension was

m xed andEAGRIbAPSAANFECHD HiChia/at!)r oom t enper at ure. The vi r us- suspensi on
was renmoved fromthe cells and 1.6 nl DMVEM 10%-CS were added. 0.6 ni

DVEM 10%-CS were added to the DNA Effectene )2 m xture and dropped on the
cel | s whiHagvasotatdf mig: rhle__ culture plate. Cells were then incubated 7, 24 or

48 hours, dependent on > anal ysi s, For t ~anal ysis of early/late

expr essi 8&’ A?@CV%%% gmf‘?)f?%e‘ resareyi BEWShsgb‘%%f% ?%ﬁif’darf\d%/@crr ansf ection
(40 pg/rEtﬁé@mg55HﬁrnV§§t€T”cQ=H@fwérB%r ehsnwdl W1 Wase @PPEd 44 am cel s and
0.5 m of Lysis buffer was added. After 5k g 1.5 mn. at RT, cells were

scraped #r-p e [Egsiian bne pear vowoafrféffigorcecﬂﬁ d))/ Od Cf‘“S were centrifuged
10 for 1 min. at 500 rcf and 4°C, the clear supernatant was transferred to a

fresh vial and stored at -20°C until use.

Petermination of GUS activity

10 pi of cell extract (= protein out of 2 x 10° cefls) was added to 1 m pre-

15 warmed substrate solution (37°C) and incubated at 37°C until a yeliow
colour was developed, Samples were then placed on ice immediately and 0.4
m! stop solution was added. The Extinction at 415 nm was determined and
equated with the GUS activity as extinction values between 0.05 and 2.0 are
in a linear range. The substrate solution was used as reference and a cell

20 extract of MVA-BN infected celis was used as negalive control.
1.4 Experiments and Results

Experiment 1; Determinalion of funciion of outative nromolers

5

For the first experiment all plasmids, which contain a putative MVA promoter

or a well-characterized promoter fused to the GUS gene, were analysed.

Cells were infected with MVA-BN (moi 0.1) and transfected with the

corresponding plasmid. Cells were harvested after 48 hours, tysed and GUS
30 activity was determined. This experiment was performed in order 1o

determine, which promoters are functional. The rasulis are shown in Fig. 1.



a 1.5 mM reaction tube and vortexed vigorously. Lysed cells were
centrifuged 1o for 1 ruin. at 500 rcf and 4C, the clear supernatant was
transferred to a fresh vial and stored at -20C until use. Determ natioh of
GQUS activity 10 pl of cell extract (= protein out of 2 x 10" cells) was
added to 1 m pre 15 warned substrate solution (37C) and incubated at 37C
until a yellow colour was devel oped. Sanples were then placed on ice
imediately and 0.4 nl stop solutignh was added. The Extinction at 415 nun
was determ ned and equated with the GUS activity as extinction val ues
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extinction 0.76). For the putative pronoter regions

promoters. The promolers, which clearly showed to Be active (extinction >

0.05) in the first preliminary experiment, were characterized in more detall

15 {Experiment 2).

Experiment 2: Characterization of Expression of promoters

The promoters, which did show activity in experiment 1 were characterized
on their pattern of expression. For that purpose, the cells infected with MVA-
20 BN and transfected with the corresponding plasmid were incubated with
AraC. AraC inhibits the DNA replication, which is an essential prerequisite
for the late expression of genes during the MVA replication cycie. In parallel
the same experiment was performed without addition of AraC. Infected and
transfected cells were harvesied after 24 hours and the GUS activity was

25 determined in triplicate. Fig. 2 shows the average extinction of each sampie.

After incubation without AraC (-AraC) for 24 hours, the total GUS expressien
(early+late) is clearty detectable for ali promoters (Fig. 2: right columns),
The strength of the newly identified promeoters in declining succession is:

a0 12R (12) » A42R (Ad2) » FGR (FGY » JBR (J6) » BSR (B9 = C7L(C7).



in of the MVA-BN genone, it was shown that A42R (A42; extinction 0.48), B9R
(B9; extinction 0.06), C/7/L (C7; extinction 0.055), F6R (F6; extinction
0.-208), 12R (12; extinction 0.130) and J6R (J6; extinction 0.290) are
functional pronoters. The pronoters, which clearly showed to be active
(extinction > 0.05) in the first prelimnary experinent, were
characterized in nore detail 15 (Experinment 2). E pet rnent_ 2:
Charac_terization of Exipression of nrnoters The pronoters, which did show
activity in experlnentd%. were characterized on their pattern of
expre55|othF%MWﬁh@iB% ﬁbaS@JGHW£eeEmW51®héemﬁmgiNWdMPdWMAhBZQEBN and
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expr essi dAie dusael apriy-exptapions ¢l early det ect abI e for all pronoters (Fig. 2:

right colums). The strength of the newly identified pronoters in
declining succession is: 30 12R (12) > A42R (A4-2) > FOR (F6) > J6R (J6) >
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reaction. These
expression and the results after 24 hours could be confirmed (data not

15 shown).

1.5 Conclusion

it was clearly showh, that promoters of different strength could be obtained

20 and that there is now a spectrum of different promoters available, which
show different expression patterns dependent on the incubation period and
on the possibility of MVA-BN to replicate. If early + late expression is
preferred, promoters A42R, 12R and F6R are preferably used. If the early
expression should be avoided (e.g. for foreign genes, which contain the stop

25 signal TTTTTNT for early expression), the promoters BOR, J6R or C7L are
preferably used,

Exampie 2: Analysis of minimal promoter elements derived from SEQ ID
NO:1to 4

30
In example 1 several sequerices have been identified that are particuiarly

suilable Lo express foreign genes in the MVA genome. In order to check



results cannot be conpared to the values of the early+l ate expression (Fig.
2: - AraC) directly as they only were incubated for 5 hours. The pronoters,
whi ch did show early expression were anal ysed again after 7 hours of '
expression and the results after 24 hours could be confirnmed (data not is
shown). 1.5 Conclusion It was clearly shown, that pronoters of different
strength could be obtained 20 and that there is now a spectrum of
different pronoters available, which shove different expression patterns
dependent on the incubation period and on the possibility of MVA BN to
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analysed in paraliel. The minimal promoter efements of about 30 bp can be
used for the expression of foreign genes in recombinant MVA constructs
(recMVA-BN) without the risk of homoiogous recombination between the

homolgous sequences of the original and the additionally cloned promoter.

—
a

2.1 Material and Method

If not indicated otherwise the materials and methods used in example 2
correspond to the methods in example 1. PCR was made according to

20 standard techniques.

2.2 Experiments and Results

Fusion of promoters to GUS gene by PCR
25 The PCR reactions resulted in the fusion of the following minimal promoter

sequences to the GUS gene:

SEQ ID NO: 7 ("A42 short late” ) TCTTATTAAAAAACATATATAATAAATAACA

SEQ 1D NO: 8 ("JBR short lale ) GATAAAAATTTAAAG TG TAAATATAACTAT
30  SEQIDNO: 9 (“FER short eariy)

AGAGTGTAGTATCATAGATAACTCTCTTCTATAAAAT

SEQ 1D NO: 10 (“FOR short lateATTGTTAAATAAATAATGGATAGTATAAAT



1o characterized Vaccinia virus |late pronoter Ps was fused to GUS and

anal ysed in parallel. The m ninmal pronoter elenents of about 30 by can be
used for the expression of foreign genes in reconbi nant MVA constructs
(recMWA-BN) without the risk of honol ogous reconbi nati on between the

honol gous sequences of the original and the additionally cloned pronoter.
15 2.1 Material and Method If not indicated otherwise the materials and
met hods used in exanple 2 correspontl to the nethods in exanple 1. PCR was

made accor 20 standard techni erinents and Results

Fusi on of Egi%peﬁé {tleRalsrigeny By i /\ﬁ%m'h@ TEa(Bfﬁﬁbci% resulted in the
fusion of I c ¥ e gene: SEQ ID
NG 7 (7 A5 et Tt o T R AR AT AT AT AU 8 PB N s
("J6R short | at e") GATAAAAATTTAAAGTGTAAATATAACTAT 30 SEQ ID NGO 9 ("FOR
short ear) G.AGTATCATA ATAAAAT SEQ ID NGO 10 ("FOR
short |ate yr% A%%MWW?&M%@%%@A&@ B6"SEE'T HORG! 11 (12R short

ear | y"y) AGBAASAANEAIGTIEAGGET TTACAAAA  SEQ ID NGO 12 ("12R short |ate")

ATTTATTTTCAGTTTTATTATACGCATAAAT Al I putative mnimal pronoters fused to
the QUS é@if?é”v\%%@%qﬁdhké@'qthfsthpBSF@W“aﬁ'd'l@@qﬂ@ﬁlﬁé@fs Det er ni nati on of

functiony & dehe, BH%@% fﬁ‘?\c Wﬁ]!)f ﬁwgﬁ’ £ mtlrﬂpﬂ%r ﬂg#ﬁgzﬁ ‘a‘fﬂ%hé/&%HK cell's vere

functiona |tyo uta
i nf ect edths BHK Mok BN ({mrfmﬂedwﬁ)w nave BN (anﬁtsfle@;mh wiat bfettel wigerhespondi ng

I d. Cells re harvested after ours, |lysed and GUS 0 act t
alags(rjnet of B %&n?‘e gd:)!ag'ynvd eﬁs were hawosieg alfjie: 24 hourfs lysed and GUIS Hvity

10 activity was determined (Fig. 3).
The negative control (extract from MVA-BN infected cells) clearly showed no
GUS activity {control, average extinction 0.00167). The well-characterized
strong synthetic Ps promoter was shown to be very efficient (Ps; average
extinction 2.05267) as thers was a high amount of GUS detectable after 24

15 hours of expression. For the putative promoter minimal promoter elements
of the MVA-BN genome, it was shown that all of F6R short early, FER short
late, 12R short early, I12R short late, A42R short late and JGR short late are

functional promoters.

20 In total six functional minimal promoter elements were isolated. Two are
suitable for the weaker early transcription (12R short early: average
extinction G.06933; FBR short early: average extinction 0.189) and four are
suitable for late expression of different levels (FER short late: average
gxtinction: 0.09833; 12R short late: average extinction 0.391; J6R short late:

5 average extinction: 0.80167 and A42R short late: average extinclion 2.07),

2.3 Conclusion

ltwas clearly shown, that promoters of different strength could be isolatad

and that there is now a spectrum of different promaters available. \f early
36 expression is preferred, the minimal promoter FBR short early or [2R short

carly are preferably used. If the late expression is preferred and early

expression shouwld be avoided (e.g. for foreign genss, which contain the stop



The negative control (extract from MWA-BN infected cells) clearly showed no
@QUS activity (control; average extinction 0.00167). The well-characteri zed
strong synthetic Ps pronoter was shown to be very efficient (Ps; average
extinction 2.05267) as there was a high amount of @GUS detectable after 24
is hours of expression. For the putative pronoter mninmal pronoter elenents
of the MVA-BN genone, it was shown that all of F6R short early, F6R short

| ate, 12R short early, 12R short | ate, A42R short late and J6R short late
are functional pronmoters. 20 In total six functional m ninmal pronoter

el ement s war.eTrspt :@’re& ealwxaﬁogs oS ik 2R]; %%r@%w@@éﬁ%m@%w

transcrlpt on (12R short early: average extinction 0.06933; F6R short
early: awvbpddetceldhi aiotri biie, 06889 pridntt folif4aR ehoguiteatt @r¢feraliat e expressi on
of dlfferené | evel s (F6R short | ate: average extinction: 0.09833; 12R
short | at® average extinction 0.391; J6R short late: 25 average
extlnctlon. 0. 80167 and A42R short | ate: average extinction 2.07). 2.3
Conclusion It was clearly shown, that pronoters of different strength could
be isolated and that there is now a spectrumof different pronoters
available. If early 30 expression is preferred, the mninmal pronoter F6R
short early or 121R short early are preferably used. If the |ate expression
is preferred and early expression should he avoided (e.g. for foreign
genes, which contain the stop 27 signal TTTTTNT for early expression), the
m ni mal pronoter elenments F6R short late, 12R short Iate, J6R short |ate
and A42R short late are preferably wused. 2S r App tcnu 'soragenl's file
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thereof to an i ndependent expert, in accordance wth the rel evant patent

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

Par agr {phendiicidSbidbady ioad iRkegislatd -@n« 8u @84:3)igp Dani sh Patents Act] Sections 22
and 33(3)wand_genefdl |y simbar_ftovisions. nutalis mutandis for any other
desi gnal G S AL fmokhrrddes] GUATEDS FATFR, BOR AR bleh dh o NG [[ONS_ARTS

MADC( f {-he_indicnrinn.c-ars.umlmell .deslynuted9nret) —F-—SEPARATE. PURN SPI
WOOL' | NPrCATIONS(Hiarmeadsl aud' 1/ noeoyplicrrb;e) The indicaliau hstcd bel ow
will be submitted t&EUEHE PREEHHTFIGCEL® Bureau | nter (tpe' h' vhege~rer nArsrnc
0J| bz rurH-tohens—eg—--Yeesti-un——Narber—of—tepoctf-2—For—recei ving Ofice
use on ’y"“fi’socf CIPAFRCANET dddt Eiﬁir’r;éﬁ‘tf%@ﬁ nty
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In respect of all designaled States to which such action Is possibie and fo the extent that it is legatly
permissable under the law of lhe designaied State, it is requested thet a sample of the deposited
micracrganism be made available only by the issue thareof to an independent expert, in accordance
with the relevani patent legislation. E.g., EPC Rule 28 (d); UK Palent Rules 1995, Schedule 2,
Paragraph 3; Australian Regulation 3.25(3); Danish Patenis Act Sections 22 and 33(3) and
generally simitar provisions mulatis mutandis for any other designated Slale;

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MA DR fif the indicatinns are not for ail designated States)

E. SEPARATE FURNESHING OF INDICATIONS tleaveani ifnotapplieabie}

Mumber of Deposit)

e Bgrreceiving Gtfice use only Forlnfemational Bureay usconly

[\7@ Thissheat was veceived will the international application ] Thissheet wasreceived by the fnternational Buresw on:

Authorized officer

Authorized of f}cc\r
At
Hum-!%)ﬂ InJ @
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"Chis sheet wasreceivrdw || dhe international application 3 Tlris sheet
was received by rhelnrrnalintal Bureau oat: --------- S
Aut hori zed officer . othoeizcd officer 31-t I WForm|' CT/R01134 (Jolt"’
1992) 31 dainms: 1. Pronoter conprising or consisting of a nucleotide
sequence selected fromthe group conprising: (i) the nucleotide sequence
of anyone of SEQ ID NO 2, 4, 6, 8, 11 or 12, (ii) a nucleotide sequence
having a | gpgifa. of at least 15 nucleotides of SEQID NO.:2, 4, or 6 and
(iii) derivatives of the SEQID NO :8, 11 or 12, where not nore than 10
nucl eoti des are substituted, deleted and/or inserted with respect to the

sequences of pRFCL Dy, iéilg% g}gcpﬁésﬁ‘r%{/o%"'g%%ie%ﬁw%e&ﬁ tseerleéh?d a6k ¥R as

vaccinia virus pronoters cti®ve rn vaccinia' virus infected cells.
2. Expressgoupcagpesing conprising a pronoter according to claiml and a

coding se WS &l | , igh ence is

controll edgﬁeeggf'g ipr%%’?é%%%&ﬁ%r%%%?ﬁ% &c(g'gsgﬁ!g' g%?ﬁ?%l ng to claim 2,
wher ei n t hd) 8 odriagtideepmernes badusa femgth offed fegst 05 noclpotoieeiohSEGr IDPEPL2.des,
antigens, antiggepj c epitopes, antisense RNA or ribozynmes. 4. DNA
conprising the pronoter according to claim1 or the expression cassette
accor di ng tiio denyaiives of the BERSIC2NEXE, 81 onhiér eheretrind nBIA than hdnuclhetidest ur al |y
occur i ng oReleE Rl Mlidd BRIMAERERLS i 3080587 Re SBaudfREL W SIRERAI Si ng
the pronmoter according to clarm 1 or the exp?esy on cassette according to
anyone of NP&Pnk! @ Bhd 3. 6. Vector according to claim5 selected from

plasm d vegt9es RBGrYhbR} iV&GAE"R vaccinia virus promoters and/or active in vaccinia

virus infected cells.

2. Expression cassette comprising a promoter according to claim 1 and a coding
sequence, wherein the expression of the coding sequence is controlled by said

promoter.

3. Expression cassette according to claim 2, wherein the coding sequence codes for
therapeutic proteins or peptides, antigens, antigenic epitopes, antisense RNA or

ribozymes.
4. DNA comprising the promoter according to claim 1 or the expression cassette
according to anyone of claims 2 and 3, wherein the DNA is not the naturally occurring

genome of Modified vaccinia virus Ankara.

5. Vector comprising the promoter according to claim 1 or the expression cassette

according to anyone of claims 2 and 3.

6. Vector according to claim 5 selected from plasmid vectors and viral vectors.

7. Vector according to claim 6, whersin the viral vector is a vaccinia virus.

8. Vector according to claim 7, wherein the vaccinia virus is Modified Vaccinia virus

Ankara (MVA), preferably strain MVA-BN deposited at the European Collection of
Cell Cultures (ECACC) under number V00083008 or a derivative thereof, strain MVA



7. Vector according to claim6, wherein the viral vector is a vaccinia
virus. 8. Vector according to claim7, wherein the vaccinia virus is

Modi fied Vaccinia virus Ankara (MVA), 3preferably strain MA-BN deposited
at the European Collection of Cell Cultures (ECACC) under nunber V00083008
or a derivative thereof, strain MA 32 572 deposited at ECACC under nunber
VA940127075%2 dgpositied aNAAABAG udegrosiniset VASHIER7 0 obetraiVO0/R 8706 tdeabsiEGACC. 9.

Vector accgydi. r?x%mtb%r% .587%73 EA@ the pronoter according to claim1 or
the expression cassette accor |ng o anyone of clainms 2 and 3 is inserted

into a non- essential part of the viral genome. 10. Vector according to

clai ms org 9Ve§@ﬁgs¢&d.h§%pcra?@$é ‘nhgg%ogq% Dt RL M, B oble 4 Sxpeession

cassette accor one ai s i FERSE™ Ea“FR a4 Ra uraIIy
occurring ebeir@?eswnc&seée @bcmrhengl\!w\argen@mé cims 2t anchB is itsertgemto a egi-on of

the viral es%%ﬁf?é@art]o:"the @% n@gsor ding to anyone of claims 5 to 10 as
vacci ne or nedic acci rie or pharmaceutical conposition conprising

an expression cassette according to anyone of clains 2 to 3, a DNA

accordi ng 1@ \gl, ?c{j@ccor&ng?? Xlgﬁ‘ng 8lor Qa\%ﬁgrreﬁ‘f {d liéor%eyg&t%r&&f‘ F’o cﬁé %E‘l g ha 10.

13. Vacci ne or ion a cornpri sing
at | east qmzesmnw@sem@ smmedroglm anmnerﬂfe:dﬂrmeusardi)éeﬁ) meérwchm ¥hewsallyect or

according {Q..a O&lﬁet%f SI l@f'tﬂgﬂy}\%f?\gmlg Bﬁi&n ﬂterggr&@‘%?ﬁsdf(me sette

accordi ng to anyone ot acc o Claima or of
a vector agoen®.ng to anyone of claimse 5 to 10 for the preparation of a
vacci ne or nedi canent. 15. Use of claim 14, wherein the virus vector is to
be administered in therapeutically effective anounts in a first

i nocul at i otfl. Mepior ateryding deamyemne @h tleirand té M0 as secwmedor medicarheanti on (" boost i ng
i nocul ation"). 16. Method for introducing a coding sequence into a target
cell conprising the introduction of a vector according to anyone of clains
5 to 10, of2. avieesi)sr @ sphenmaceutical composition comprising an expression cassette

according to anyone of claims 2 to 3, a DNA according to claim 4 or a vector

according to anyone of claims 5 to 10.

13. Vaccine or pharmaceutical composition according to claim 12, comprising at least
10? TClIDs; (tissue culture infectious dose) of the virus vector according to anyone of

claims 7 to 10.

14. Use of an expression cassette according to anyone of claims 2 to 3, of a DNA
according to claim 4 or of a vector according to anyone of claims 5 to 10 for the

preparation of a vaccine or medicament.

15. Use of claim 14, wherein the virus vector is to be administered in therapeutically
effective amounts in a first inoculation (“priming inoculation”) and in a second

inoculation (“boosting inoculation”).

16. Method for introducing a coding sequence into a target cell comprising the
introduction of a vector according to anyone of claims 5 to 10, of an expression
cassette according to anyone of claims 2 to 3 or of a DNA according to claim 4 into

the target cell, wherein the target cell is not a cell in the human and/or animal body.

17. Method for producing a peptide, protein and/or virus comprising infection of a

host cell with the virus vector according to anyone of claims 6 to 10, cultivation of the



cassette according to anyone of clains 2 to 3 or of a DNA according to
claim4 into the target cell, wherein the target cell is not a cell in the
human and/ or ani mal body. 17. Method f3er producing a peptide, protein

and/ or virus conprising infection of a host cell with the virus vector
according to anyone of clains 6 to 10, cultivation of the 33 infected host
cel | under indentechbbs atindider enigbiandndnﬁ;@saiahdrnscﬂxartcd:hoarndemrércrhrrmlaht of thehe

pepti de an p i / ) S ceII erein
Phe host - Bariier R SorERRol ViR BRTE o 4P B3R 1 B hod

f or productelys acphepell iddhe purote and/andrioral Imndws conpri sing transfectl on of
cells with an expression cassette according to anyone of clains 2 to 3, the
DNA according to claim4 or the plasm d vector according to claim®6,

i nfection 8. Malbsoddod prodiitihg @ mentide npratein mud/or eild corapiisimg dbnéfbetionndfect ed
host cell t ndi |sol io nd/ qr, enrjc t of
the pepti d%ghgﬁL r?h‘h eq{gteglsﬁﬂa% %‘%t?éq\%fx?oﬁ 18§ tBra&f eeg? CW%% 5’ ﬁ’o&'teh[ggﬁl ,
wherein t h@COSJt@m t@foﬁln‘f é ot ity plekmicc eddier aucbhlimy teadsgirmb ainfdctiors ohtiye dedl  nade
before or r S S cell is
e O e el l\ﬁfﬂ]i &y a&:%ﬁ \Plﬁﬁ %LI dy%?)ﬂac%’et% t%g hoggcglﬁu%%fr s"x‘@%ﬂi? aﬁ%H?'N§“? he

expr essi onaftﬁhig@émreafait@(ﬁm"ch@enbofampemldefandl’oalprmeta and/oB viousestneduced us
vector accgr g, 0..an 0, e of. r
accordi ng tt%{) ctﬁ]g?%ﬁcleﬂ MR&%W Jhe%lt‘%! E’flgl%ecx é'%sceﬁgwéys E VaCCE "J@mpse%gﬁe)%ce

Met hod formta@febﬁptﬁjqzrcaﬁeoma)c‘pteaOﬁﬁemﬁectaomlﬂda mjﬁsiwhaamdhecem ischcaian!l5 t o 10

conpri si ng,the,sh %aﬁé/oﬂéﬂﬁr% 5({3% t he expression cassette according to
anyone of clains nto e vector genone.

19. A cell containing the expression cassette according to anyone of claims 2 to 3 or

the virus vector according to anyone of claims 6 to 10.

20. Use of the promoter according to claim 1 for the in vitro expression of a coding
seqguence.

21. Method for the production of a vector according to anyone of claims 5 to 10
comprising the step of inserting the expression cassette according to anyone of

claims 2 to 3 into the vector genome.



