Promoters for Expression in Modified Vaccinia Virus Ankara 5The invention concerns promoters, in
particular for the expression of genes and/or coding sequences in vaccinia viruses such as Modified
vaccinia virus Ankara (MVA). The invention further concerns expression cassettes comprising said
promoter, vectors comprising said expression cassettes as well as pharmaceutical compositions and
vaccines 10 Background of the invention Recombinant poxviruses are widely used to express foreign
antigens in infected cells. Moreover, recombinant poxviruses are currently tested as very 15 promising
vaccines to induce an immune response aglainst the foreign antigen expressed from the poxvirus
vector. Most popular are avipoxviruses on the one side and vaccinia viruses, in particular Modified
vaccinia virus Ankara (MVA) on.the other side. MVA is;rel ) [hia.yirus, a member of the
genera Orthopo fr?fg%’w [ﬁ’e?%ml P& POl a?g{ ¥ fﬁ’ {%ﬁ;\ Igekﬁlgg%qé%azted by 516 serial passages
on chicken embryo fibroblasts of the Ankara strain of vaccinia virus (CVA) (for review see Mayr, A.,
etal. Infection 3, 6-14 [1975]). 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
restrictedTiceavianicetis: (Meayes, oetallerd, Gen NGOk 72] 108 BXP03BI091 Jethas shown, in a
variety of animal maodel t@?ett? I ing:MVA was._signifi Vil Mayr, A. & Danner, K.
[1978] Dea\%.ra ol é%%gi ' E%Sﬁwg(ﬂé%%ﬁ%h?gﬁ\%f ﬂ%f?’ %ﬂagéggterﬂ%legg? in clinical trials as
vaccine térikamuiiizéiaghinstiive untarshanpex disesse gajcatatt #hl. Bakt. Hyg. I, Abt. 01-g. B
167, 375- 1. Sti ) Y : 4944])s US 5,736,368 and
us 6,052%%%%%%%)%ggg@c{)}(ﬁn’iﬁﬁgﬁ%v%%%mgﬁﬁﬁlﬁ%ﬁf%ﬁ :;C%%riesses HIV antigens and
proteins. WS B7AT782% st BPesBHbinat Vaeeints virus strain NYCBH expressing lentivirus
- genes. EP 0243 029 discloses a recombinant vaccinia virus strain Western Reserve 5 expressing
human retrovirus genes. WO 02/42480 discloses particularly safe and attenuated MVA strains.
“RecombiBapksnumdref disciosedivrer aiia in WO 98/13500 and WO 03/048184. For the expression of
heterologous genes in pox viruses only a few promoters 10 are known to the person skilled in the art,
such as the 30K and 40K promoters (see e.g. US 5,747,324), a strong synthetic early/late promoter
(see e.g.RegRETBIANT W@@’éﬁﬁéeﬂ@@&)’i@?51@@?%@),%95‘?.?&5&6%%@)&%15.9. Endo et al., J. Gen.

Virol, (199112, 698=708)and the-prematerdesiee ses are currently tested as very

15 promising vaccines to induce an immune response against the foreign
antigen expressed from the poxvirus vector. Most popular are avipoxviruses
on the one side and vaccinia viruses, in bart%cuiar Madified vaccinia virus
Ankara (MVA) on the other side. MVA is refated to vaccinia virus, a member
of the genera Orthopoxvirus in the family of Poxviridae. MVA has been

o0 generated by 516 serial passages on chicken embryo fibroblasts of the Ankara
strain of vaccinia virus (CVA) (for review see Mayr, A, etal Infection 3, 6-14
[1875]D. Aé 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 (Mevyer, H. et al,, J. Gen.

Virol. 72, 1031-1038 {1991, It was shown, in a variety of animal models that

Pt
[

the resulting 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 smallpox disease

(Mayr et al., Zbi. Bakl. Hyg. |, Abt. Org. B 167, 375-390[1987], Sticki et al,,
30 Disch. med. Wschr. 99, 2386-2392 [1974]).



from the cowpox virus A-type inclusion (All) gene (Li et al., J. Gen. Virol. 15 (1998) 79, 613). All of
these promoters have been used in recombinant vaccinia viruses to express heterologous genes and
‘were shown to express said genes resulting 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 20need for alternative promoters in vaccinia viruses. In
addition, all of the promoters known so far are rather strong late promoters, i.e. useful for the
expression of genes after the replication of the ¥accinia virus vector has occurred. For some

application,it i irable to P S aJI wing the expression of genes immediately after the
infection o’fﬂéng’gg%s, |.é. ?H%@gaé%mg‘fé f?ir 388%?5%’1?%@@5?&’%’ %MF&’FMHF@BVH, as pointed out
above, MV#yistatiety:=proisingVirus farthezexpression of Beieralbgeus:-genes-due to its improved
safety proggebg %ev?rvaagligggmqt%rs tk_nQ r\;% r;‘(or,éhg. gxgre?sign\of heteralogous 30 genes in
MVA were derived from other Vattinia itliSes 6r are™ éyﬁfﬁe% eﬂ OMoterstor i pression in other
vaccinia vir4S. g thiere isaalsocarméethforjoronoterssoptimiz @d:fos th&expression in MVA. 3
Detailed ription of the invention The inventi s promoters derived from the genome of
Modif%d %E%E?n%‘%ﬁﬁs“ ﬁ%&é@%&%%‘“)ﬁ% gmgggﬁée@eg%& Cf/seetsIé?ﬁ)rvtv'nculEnaﬁl'}/e art. 5 In particular
the inventiefecort etirsaadronibtdr dompsisiteg onoonsisting’of & nimlectide sEgueiice selected from

the group, ] qﬁgéﬁﬁ leat] ence of anyone of the following SEQ ID NO: 1 to 6: to
57CTGCA&TAT#§G?'?'? C A%I% ﬁéé%mTAGTGTTCGAGTGAGTTGGATTAT
GTGAGTATTGGATIGTATATTTTATITTATATTTTATATTTTQTAGTAAGAATAGAA
TGOTAARGTOAMGILIATT %ééT@@ Ag & !Ag AOANBRGATAT Tg TANAIA ACA 3-(5EQ ID
NO:1) 15 S R e E R T P A I R aancoon
AATTTGATTOTPATAC T CESTTOTETAANAGRAACTGACETEATAAAAS (SEQ 1D NO: 2)
o promoters (see e.g. US 5,747,324), a strong synthetic early/late promoter

(see e.g. Sulter et al,, Vaccine (1994) 12, 1032-40), the P7.5 promoter (see

a.g. Endo et al,, J. Gen. Virol, (1981) 72, 698-7032) and the promoter darived

from the cowpox virus A-type inclusion (AT!) gene (Liet al,, J. Gen. Virel.

15 . (1998} 79, 613). Ali of these promoters have been usaed in recombinant
vaceinia viruses to express heferclogous genes and were shown fo express
said genes resulting in the production of the protein encoded by the
heterologous gene. Since only a few prometers are available for the
expression of genes in vaccinia virus axpression systems there is general

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

25 need for vaccinia virus early promoters.

Moreover, as pointed out above, MVA is a very promising virus for the
expression of heteroicgous genes due to its improved safely profile.
However, all premoters known so far for the expression of heterologous
30 genes in MVA were 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.



5-GCATITCATCITTOTCCAATACTAATTCAAATTGITAAATAAATAATGGATAGIA 20
TAAATAGTTATTAGTGATAAAATAGTAAAAATAATTATTAGAATAAGAGTGTAGTAT
CATAGATAACTOTCTICTATAAAA 3- (SEQ ID NO: 3) ! _
5"GATCTATAAAGGIAGACCTAATCGICTCGGATGACCATATATTTAT I TCAGTTT i
TATTATACGCATAAATAGTAAAAAATATGITAGGTTTACARAA 3' (SEQ ID NO: 4) 25
5'GGTAAACTITAAGACATGTGTGTTATAOTAAGATGGTTGGCTTATTCCATAGTA GCTIGTGGAA | |
TATAAACTTATGATAGTAAAACTAGTACCCAATATOTAAAGATG
AAAAAGTAAATTACTATTAACGCOGICGGTATTCGTTCATOCATTCAGTT 3-(SEG ID NO: 5) 30 4
TTATACAGKG T AN GG TT ATAGGETETAACCATTTTCAAG 3' (SEQ ID NO: 6) (i)
subsequences of the sequence according to anyone of SEQ ID: No. 1 to 6 5 (iii) sequences having
one or more nucleotide substitutions, deletions and/or insertions with respect to the sequences as
defined inTHeom@idnti cBEQMIRNOp oG earedrat@aliycparhefgheciA geMoméathd are located in
upstream of the reading fﬁ%&“r%ﬁ r\’i}f}%rﬁ' /iuf t@r@w@:@wﬂﬂ%@?!ﬁd@ﬁﬂﬁ%‘éeﬂt.The promoters
according to the present invention are pre raQb y active as vaccinia virus promoters or active as
prometers in vaccinia virus infected 15cells. The vaccinia virus is preferably PIVA, in particular one of
the 'MVA girains a5 specifisgthelow. Aciive as.vaneipin v Riomatek meansgtihe promoter is
able to direc ﬁ'ue expression of a gene to which it is operably linked in a vaccinia virus after infection of
cells with gaidevituls: Teicells seepreddrablytcelfs tHataoR Iateand/or early expression of the
vaceinia virig, 206 BLomolel- AEIe I vaceiiavinisifisgieg elltindludesalso the situation in which
v

the promoteér is not part of a vacCinia virus genome, e.g.

10 5’TCTGCAATATTGTTATCGTAATTGGAAAAATAGTGTTCGAGTGAGTTGGATTAT
GTGAGTATTGGATTGTATATTTYATTTTATATTTTATATTTTGTAGTAAGAATAGAA
TGOTAATGTCAAGTTTATTCCAATAGATGTCTTATTAAAAAACATATATAATAAATA

ACA 37(SEQ 1D NO: 1)

15 5 GATAAAAATTTAAAGTGTAAATATAACTATTATTTTATAGTTGTAATAAAAAGGGA
AARTTTGATTGTATACTTTCGGTTOTTTAAAAGAAACTGACTTGATAAAA 37 (SEQ

1D NO: 23

5 ’GCATTTCATCTTTCTCCAATACTAF\TTCAAATTGTTAAATAAATAATG GATAGTA
0 TAAATAGTTATTAGTGATAAAATAGTAAAAATAATTATTAGAATAAGAGTGTAGTAT

CATAGATAACTCTCTTCTATAAAA 37 (SEQ 1D NC: 3)

5'GATCTATAAAGGTAGACCTAATCGTCTCGGATGACCATATATTTATTTTCAGTTT
TATTATACGCATAAATAGTAAAAAATATGTTAGGTTTACAAAA 37 (SEQ 1D NO: 4)

5 GGTAAACTTTAAGACATGTGTGTTATACTAAGATGGTTGGCTTATTCCATAGTA
GOTTGTGGAATTTATAAACTTATGATAGTAAAACTAGTACCCAATATGTAAAGATG
ALAAAGTAAATTACTATTAACGCCGTCGGTATTCGTTCATCCATTCAGTT 3(SEQ
D NO: 5)

S ATTTCTCGGTAGCACATCAAATGATGTTACCACTTTTCTTAGCATGCTTAACTTG
ACTAAATATTCATAACTAATTTITTATTAATGATACAAAAACGAAATAAAACTGCATA



part of a plasmid or a non-vaccinia 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 25cell 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 30According to the present invention
it is possible to use anyone of the promoters as specified in SEQ ID NO: 1. to SEQ ID NO: 6. The
promoter that is actually used to direct the expfession of the gene/coding sequence may 5 consist of

anyone o ﬁ% %}&%@o %Eg | !ilo:ﬁé%r the actuall d promoter be a larger structure that
comprisegr ?i%y% e !i‘ 8% 0’8 %\iﬁ%}%‘gﬁﬁﬁ% ﬁﬁﬁs ﬁﬁm%é{%cope of the present
invention 49 use a derivative of these promoters, which may be a subsequence of the 5 sequences as
defined in anyone of SEQ. ID NO: 1 to 6. The term "subsequence of the sequences according to
anyone of SEQ ID NO: 1 to 6" refers to shorter fragments of anyone of SEQ ID NO: Ito 6 that are still
active as @ prohmetencinpadichlas es praracterdnivactinia vinus oF BEGadeinia virus mhfected cells.
Againi the vaccinia virus is preferably MVA, such as one of the strains specified below. A typical

subsequence of anyone of SEQ ID NO:1 to SEQ ID NO: 6 has a length of at least 15 nucleotides,
more preferaplyiofatdedstv2@ nueleotides; evetemare preferablyof atdiedst25:ndéteotides, most

preferabl ; [des. of anyone of the sequences of SEQ ID NO:1 to SEQ ID NO: 6. 15
A preferrc}eﬁ(g éﬁéﬁisﬁe%%éﬁig %ﬁ%%%e%er\?é“%%” %ﬁg@ ?Sﬁs\fg@e A %?&E&Ed subsequence of SEQ ID NO: 2
is SEG ID NO: S. Preferred subsequences and/or derivatives of said subsequences of SEQ ID NO: 3

are SEQUPANRY S50 D MDY 14, Preere shseshentes o SEQURNG: 4 are SEQ D NO: 11

. and SEQ ID'NO: 12. The sequences are given in example section. The
derivative ofitie prohidterasshngrisimg or £6nBisting. st nlitte dtitleaseh BEite of anyone of SEQ ID NO:

~1to 6 or s;g?%%@ s thereof, in 25 particular the derivative of the nucleotide sequence of SEQ ID
NO: 7 to SEG ID 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 sequences of SEG ID NO:1 to 6 or

subsequenges-thesegls in-PATiFAEofths busieatide sequances of SECLIRNQ: 7 to SEQ ID NO: 12,
The derivatives according to the present 30invention are still active as a promoter, in particular as
vaccinia \Bfirsnia 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 promoter” means that
the promoter 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 fate and/or early expression of the vaccinia virus.

20 "A promoter active in vaccinia virus infected celis” includes also the
situation in which the promoter is not part of a vaccinia virus genomé, e.g.
part of a plasmid or a non-vaccinia 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 ceil is infected with a vaccinia virus. Under these circumstances the viral
RNA polymerase recognizes the promeoter according to the present invention
and the expression of the gene/coding sequence that is linked o 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: €. The promoter thatis

sctually used to direct the expression of the gena/coding sequence may



promoter in a vaccinia virus or in vaccinia virus infected cells, more preferably as MVA promoter in
MVA or in MVA infected cells. A sequence having one or more nucleotide substitutions is a sequence
- in which one or more nucleotides of the sequence according to anyone of SEQ ID NO: 1 to 6 or
subsequences thereof, such as the sequences according to anyone of SEQ ID NO: 7 to 12 are
substituted by different nucleotides. A sequence having one or more 5 nucleotide insertions is a
sequence in which one or more nucleotides are inserted at one or more locations anyone of SEQ ID
NO: 1 to 6 or subsequences thereof, in particular of the nucleotide sequences of SEQ ID NO: 7 to
SEQ ID NO: 12. A sequence having one or more nucleotide deletions is a sequence in which one or

more nuelestides af thersefEEACS déeotding ahlyBhtl Q0P SEQAYRIG. 1566 or subsequences
thereof, jp particu 'ﬁ[agfég% nucleotide sequences RfpEQ HANR & BESEQIDNG,12 are deleted. in

the derivatives according to theé present invention deletions, substitutions and insertions may be

combineZE B SeGuéticena ali Examisiirotnsaenvalilecdra Sihdidite Becording to the present
inventionds SEQ;IRMNQ -0, ubich is & subsaquencs, f.SEQHR: NE:&having in addition one

nucleotide exchange with respect to the corres$onding nucleotide sequence in SEQ ID NO: 3. 20

PreférabiyiicrivaiveRad H HoMUIBGY of 8t IhYFA00% thoreSoréfarably Biteast 60%, even more

preferabémta%feee%h@@é’/%cmét;%@&éﬁ?ﬁh@@@@@s@&@@@ whea'cempatedtoanyone of the sequence
of SEQ ID NO: 1to SEQ ID NQO: 6 or subseq[uences thereof, in particular of the sequences according

to anyoriE8MNSES i 3w e @ SES IO 112 @\%rﬁfﬁﬂgﬁ? Yﬁ@ét%PéPe%%idmé% odiment not more

than-10 pugleotidess pvensmore;peafarablyinat snore thania nusleolidescare isibstituted, deleted and/or
inserted in the sequence of anyone of SE(? ID NO: 7 %g SEQ ID. rEIhO: %12. A bundle of prior art
documehEs RIS TREHAYALSKREHEIFTREANS preditE 30 WHIEH GeliVitives or subsequences of
anygne efSERIDNGN 1 torlka slilkhavethenbiolagispbactiviy Of beiiy ot @slia vaccinia virus

“promoter, in é)articular as a promoter agtive in ivivA. In t_hisrc?ntegﬁt re %ﬁ\e}lg%géﬁqnade to Chalcrarharti ..
7 et al., bt RRdR BT 087 B 354001881 BaliSoh AT MdLs 1 M1 Biol. (1989) 210, 771-784
Moreover,avaethes alragment s stitadtive aslassaciinieckenisipromotérinfparticular as a MVA
promoter can easily be evalugted by a persan skilled in th | quence derivative 5
can be &Bﬁgaaﬁkg}%%c f%&ﬁ&&é% (ﬁeegﬁlr}gep?ggrlﬁ“lgEggngs{tr%uéc[?.@a&ﬁﬁéﬁ‘c may be transfected
into a eulkatyot®: cell or cell line, such as GEE or BHK cells that has been infected with MVA. The
expression of the reporter gene is determined and compared to the expression of the reporter gene
controlled by the promoter according to anyone of SEQ ID NO: 1 to 6. A toderivative according to the
present Anvesfitiords adesivative KAGRG dptomblerHtivityNR daid rsfaystem of at least 10%,
preferably. of at least 30%; eferably-of at % I ferably of at least 70%, most
preferab%b(jo’f9 arieast 5980% Q%‘jﬁ%& t({)gt%gg&?vﬁ%%ﬁﬂ?ﬁné%&%quﬁg §0f anyone of SEQ ID NO:
1 to 6. AlsdAtoske desivatives fidmyone BfSEES D IBNG At i?%@r@%@tﬁ%% stope of the present

invention that-have a pioRsr PLOMAIEs 8CtVi ences of SEQ 1D NO: 4 are SEQ 1D
90 NO:11 and SEQ 1D NO: 12. The sequences of SEQ ID 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 nucleofide sequence of SEQ 1D NO 7 to SEQ D
NO: 12 can also be a sequence that has one or more nucleotide substitutions,
defetion s and/or insertions with respect to any one of the sequences of SEQ 1D
NO:1 to 6 or subsequences thereof, in particuiar of the nuc!eoﬂde.sequences
of SEQ 1D NO: 7 10 SEQ 1D NO: 12. The derivatives according to the present

50 invention are stiil active as a promoter, in particular as vaccinia virus
promoter in a vaccinia virus or in vaccinia virus infected celis, more preferably

as MVA promoter in MVA or in MVA infected celis. A sequence having one or



The promoters according to the present invention are particularly suitable for the expression of coding
sequences in MVA. 20 The promoter according to SEQ ID NO: 1 has a very strong activity, in
_particular as late promoter although it can also be used as early promoter. The same considerations
“apply for the corresponding subsequences such as the sequence of SEQ ID NO: 7, which is, however,
particularly useful as late 25 promoter. The promoter according to SEQ ID NO: 2 also has a rather
strong activity, in particular as late promoter. It can also be used as early promoter. The same
considerations apply for the corresponding subsequences, such as the 30sequence of SEQ ID NO: 8,
which is, however, particularly useful as late promoter. The(?romoter accgrging(}o SEQID NO: 3is
particuIaFﬁPﬂgéTHF%%@I?%M@P%WWWW%&@ggr v promoter Adaity' 6F all promoters tested.
Howevekyiitpan alse he:usedraslate propeterss he samelcansidesationsiapplysfor the corresponding
subsequences, such as the sequences of SEQ ID 5 NO: 9 g 0, ectively, Of these
subsequeld&S 'SES IBNGS 65 L&Qﬁ?&u‘?&ﬁ@'ﬁ?&%ﬂ? a%n(\é%r}%/{%ﬁg?n%agrrﬁﬁd?sﬁgé%ﬁo: 10 is particularly
useful asatetpramoter dFhedpronotertatconding te SEQADrNOn4 d¢s panticularly useful if it is intended
10 to_express a linked coding.sequence early and late si [ a rather high activity
undet eanr'lﬂ/cg%%\‘/glﬁ 5??5%@%%?1%%&6%% “fié ggmcgo%%%d%egﬁ%pr%j a%%l%é%%e? gcorresponding
subsequenees:$uchas theseglentesot SEQ:IDF NE) 11 lsnd 12 regpectively. Of these
subsequences SEO ID.NO: 11.is particularly: usefu arly. NO: 12 s
15particﬁlétﬂf/e&ygﬁ‘ﬁ%stﬁetfée#d%é) éF‘.“r'iaé ég%%?ééggg?éré?ég' %&%gﬂ%@%ﬁ &hd 6 are particularly
useful if it iniSEQdBAND: exprass:tinkect cading sequentesinuatBidoWHehonats This is sometimes
desirably it the linked soding sequence eNsoaes.R 19¥i 48nBARTRUUStANAARY I s intended to
induce a @Iﬁ a\(ﬁdlty Immurne response. )

<10 of SEQ ID NO: 1 to 6 or subsequences thereof, in particular of the nuclectide

sequencas of SEQ ID NO: 7 fo SEQ ID NO: 12 are deleted. In the derivatives

according to the present invention deletions, substitutions and insertions may

be combined in one seguence.

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

nucleotide sequence in SEQ D NO: 3.

2w Preferably the derivative has 2 homology of at least 40%, more preferably of
- at least 609, even more preferably of at least 80%, most preferably of at ieast
90%, when compared {o anyone of the sequence of SEQ 1D NO: 1 to SEQ 1D
NQ: 6 or subsequences thereod, in parﬁculér of the sequences according to
anyone of SEQ IDNO: 7 te SEQ 1D NO: 12. According to the most preferred

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

3
a3

than 5 nuclectides are substituted, deleted and/or inserted in the sequence of

anyone of SEQ 1D NO: 7 to SEQ 1D NO: 12,

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

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



The term "early promoter" refers to promoters that are active in vaccinia 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 25whether a promoter is an early promoter. In particular, the promoter of
interest can be inserted upstream of a reporter gene. The construct comprising the promoter arid the * -
reporter gene are introduced into cells that are infected with a vaccinia virus. In order to assess for the
activity as early promoter the cells are incubated with a substance that inhibits the DNA 30replication
such as AraC. DNA replication is a prerequisite for the late promoter activity. Thus, any promoter
activity that is measured in this assay system is due to elements active as early promoter.
Consequerithy, tBatesmmi9ubiaté ppdimbied Uefei 0 any promotersdhidbase adtive after DNA replication

has takené)glcﬁck% %’% Lﬂﬁ actyity, %W%:rse% he rpv%%%%eg %/sg}%tﬁogss knawn to the person skilled in the

ad. For the sa miplicity the term "late promoter” as used in thie present appﬁcation refers to the
activity of w&promotes thanis determiméd it a1 subBtah oeois atided thstsblobks DNA replication.

Accorcingoyg Juiher smbdimant e present nvenipn s Lo an expression sposette comprising

the promoter accor the present invention and a coding sequence, wherein the expression of the

coding setrieheeigheontivlieehby Said profmoter Fhe @ﬁiﬁ‘é@é@b@éé@@&eﬁéiérefergbly not an
expression cagseie that oecurs:natyrally in %@ﬂ@ﬁ%i%?é@%@?gmﬂ%g Bhes, jf the promoter

according to the present invention Is a promoter that naturally occurs in the genome of the vaccinia

virus the s8titientde tonishasidieehepeskaoteiiis inked is prefaraiiy aifférertirsHithe sequence to which
the promaterdsnatualiyinked in the VACEIandrus eRome; i OIRBHLWEFds,if the promoter

accdrding-te the dresehtinverition is identical to a naturally occurring promoter the coding sequence
the expre§aidrrBedvRicH s ORtESRE A BPROPIEMBYEN aRE /e SEdubhieds focated between the 20

promgter and the cading segusnse aredifferent framstheisauasRonsling seausAces-to which said

~promoter is naturally linked."The term "different" in this context refers to sequences that show at least

one nucleHlE Yifisdif d8 Thyaig Seefudneastpiaferabiyaiac e 5HiAg stiet¥ vhich has at least
one nuclegtifie Mifference:According to aiher pharnatives thedaemalogy-heiween

preferably of at least 909, compared to the activity of the promoter sequence
of anyone of SEQ ID NO: 1 to 6. Also those derivatives of anyone of SEQ 1D
15 NO: 1to 12 are within the scope of the present invention that have a higher

promoter activity.

The promoters according to the present invention are particutarly suitable
for the expression of coding sequerices in MVA.

20 |
The promoter according to SEQ 1D NOC: 1 has a very strong activity, in
narticular as late promoter although it can also be used as early promoter.
The same considerations apply for the corresponding subsequences such as
the sequence of SEQ [ NO: 7, which is, however, particularly useful as iate

25 promoter.

The promater acb_ording to SEQ D NO: 2 also has a rather strong activity, in
particular as late promoter. [t can also be used as early promoter. The same
considerations apply for the corresponding subsequences, such as the

3¢ sequence of SEQ 1D NG: &, which is, however, particularly useful as late

prormoler.



25the coding sequence in the expression cassette and the sequence to which the promoter is naturally
linked is less than 90 %, less than 80%, less than 70%, less than 60%, less than 50%, less than 40%
or even less than 20%. Most preferably the coding sequence that is controlled by the promoter
according to the present invention codes for a peptide/protein having a difference of at 30least one
amino acid compared to the naturally occurring protein encoded by said coding sequence: By way of
example the expression cassette is not the expression cassette comprising the naturally occurring
vaccinia virus C7L 10 promoter directing the éxpression of the naturally occurring 07L gene, e.g he
expression cassette is not the expression cassette disclosed in W02004/015113 comprising the C7L

promoter AAGTHECTY. e6ehAd Weduenis !B Bh thé SHACHAHY, HHE qtdhte which should be

expressed imateaturallycorring vaceinia vitisseauence;the gromotendhatisused to express said
sequence is different from the promoter that is directs the expression of the coding sequence in the

natural cORIEYE AdbSRTIRE RIS AeTR A eIt idigotids S84 Gehds A iC}p%moter differs in at least
one nuclggtige fiomdhe sequenteof thedattmally, eoeuringhéaceiniavieusopreiniptsr. According to other
alternatives the h logy between the romoter accordin t sent invention that controls the
expréssi\éﬁ ‘g‘? lﬂ@%ﬁ&i%ﬁ%?ﬂg{éqﬁﬂg@aﬁﬂbtﬁeeqHg?&ﬁagl% mﬁrﬁgsgr%moter linked to the vaccinia
virus sequeneg lis-lessthand 580, %ydessdhan@0%t; |8ss thard 710% tess dhani6e84, less than 50% or
even less t %n 40%. Preferably the coding sequence may code for at least one antigenic epitope or

antigen, t %&'jﬁ@qﬁ&?{tides or proteins, antisense RNA or ribozymes. If the coding sequence
encodes an antigenic epitope or antigen the expression cassette may be used to express said antigen

cluding BAARF T BALCBRAToR el Ea At AL ey MMk i Trene reaponse. m the
organismdthat may eadtal avaicgnation oftkerdsoransmragdinstiieragent ftom which the
“antgen/epione s emuse, WRie SRaRaall: 1% SRICRS(ARNGRN MRkl par of a larger amino aci
consiclerations apply for the corresponding subsequences, such as the
sequences of SEQ 1D NO: 11 and 12, respectively. Of these subsequences SEQ
IDNO: 11 is particularly useful as early promoter and SEQ IDNO: 12 s

15+ particularly useful as late promoter.

The promoters according to SEQ 1D NO: 5 and 6 are particularly useful if it s
intencled to express linked coding sequences in rather low amounts. This is
sometimes desirably if the linked coding seguence encodes a toxic gene

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

The term “early promoter” refers o promoters that are active in vaccinia 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 particular, the promoter of
interest can be nserted upstream of a reporter gene. The construct
comprising the promoter and the reporter gene are infroduced into cells that
are infected with a vaccinia virus. In order to assess for the activity as early

nromoter the cells are incubated with a substance that inhibits the DNA

;3
o

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

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



such as a polyepitope, peptide or protein. Preferably the coding sequence bodes for at least one
antigenic epitope or antigen, therapeutic peptides or proteins, a ntisense RNA or ribozymes which are
not encoded by a vaccinia 30 virus geno me. 11 Examples for such polyepitopes, peptides or

- proteins may be polyepitopes, peptides or proteins derived from (i) viruses, in particular viruses other,
than vaccinia viruses, such as FIR, HTLV, Herpesvirus, Denguevirus, Pollovirus, measles virus,
mumps virus, rubella virus, Hepatitis viruses and so on, (ii) bacteria, (iii) fungi, (iv) tumor related
polypeptides/proteins such as tumor related antigens. Alternatively the coding sequence may encode
a therapeutic compound such as interieukins, interferons, ribozymes or enzymes. 10 In more general

terms the.invention concerns any nucleic acid sequence gcomprising the promoter according to the
present in\’fgﬁt%ﬁ rgﬂiﬁbr'ﬁ{é} é?ﬁr@%%ﬂﬁ%@%@ét@%&éfﬁ@'?o b gﬁgéﬁ?ii gﬁ’tribn. The nucleic acid
may be RNA;skgn ifithe: prometer dstpelt ofiasetrovnakgename Megenprefenahly the 15 nucleic acid is
DNA. The, DNA may be an e of DNA such as Jipear _cireylar, single stranded or double stranded
DNA. Acggerd? ﬁ&ffg]ef ?ﬂ?ﬁ% g@b%?]‘i %u%rn\ht%é Fo%dw&ﬁéyo%%xﬁféfs%% cassette according to the
present invemntide ey e partiof arvestr:Jihedeom fsfeetdrs 2Greférdtaany vectors known to the
persan skilled in t rt. A vectar can.be a plasmid vectar such R or a vector of the puC
serie%. N%ﬂ%r%?ﬁ%?g afy‘ St'r%éa\{\%%%g’reé %Qﬁra \%%?3? Th? eecé#hﬁgﬁégc I13)11Seg§rgésent invention the term

"viral veoteplicativirus vector" refers to an infectious virus comprising a viral genome. In this case the

DNA of the present invention is 25part of the viral genome of the respective viral vector. The

recombinant viral genome is packaged and the obtained recombinant vectors can be used for the

infection facetisrand cell fthes simipaftivatdr fer thesénfeiction tofdivig animals including humans. Typical

virus vectors that may be used according to the present invention, ar enoviral vectors, retroviral

~ vectors oér%) 8@%???% %3/8%8 ee%?s% fcs)’fﬂl%ggg er%?cggéoa&%%%l@ lt}Csc)) ??EA%?E&%MOSI preferred are poxviral
+yectors. Therpoxviod meydbe peefecably aftamaryporyirassafoviifexsiris®r a vaccinia virus. More

f i ified inia: Vi Vv ]..Vaccine 12: 1032-40;
tone. B o S e R R e o 25 oot appication
refers tordfy: Ve stralpkeramelin thet mdow i@t a8 dxatnpleefae v viastesip isedeposit VP-1508,
depositegALinmAmaraR YRS G LS eateaian M NaRasras.AARIAR, LSA. Furiner

examples for MVA virus strains used according to the present invention are strains MVA 572 and 575
depositetl 3t té Ry peaw Tolldrign onsnmaecenTtifyieds EEAETESElSbury (UK) with

15 which the promoter is linked is preferably different fram the sequence to
which the promater is naturally linked in the vaccinia virus genome. In other
words, if the promoter according to the present inverfion 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 promoter and the coding sequence are different from the corresponding

sequernces-to which said promoter is naturally inkéd, The term “different” in
this context refers to sequences that show at least one nucleotide difference in
said sequence. Preferably it is the coding sequence which has at least one
nucleotide difference. According to other alternatives the homology between

5 the coding sequence in the expression cassefte and ‘{hé sequence to which the
promoter is naturally linked is less than 90 9, less than 80%, less than 70%,
less than 60%, less than 50%, less than 40% or even less than 20%. Most
preferably the coding sequence that is controlled by the promoter according
to the present invention codes for a peptide/protein having a difference of at

30 least one amino acid compared to the naturally occurring protein encoded by
said coding sequence. By way of example the expression cassette is not the

expression cassette comorising the naturally cccurring vaccinia virus C7L4



in the deposition number ECACC V94012707 and ECACC V00120707, respectively, MVA-BN with the
deposition number ECACC V00083008. The most preferred MVA-strain is MVA-13N or a derivative
thereof. The features of MVA-BN, the description of biological assays allowing to evaluate is 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 i# 70 WO 02/42480, such as the properties of MVA and
the properties and definitions of the derivates of MVA-BN. Said reference also discloses how MVA and

other vadeinizolirudes GareBErEpayaien CBHaNY A&k Bfic oIS ardidfitted Rith the virus. The
eukaryotig cells are-cells that.are suscaptibletg,infestion withithedespective poxvirus and allow

replication and production of infectious virus. For MVA an example for this type of cells are chicken
embryo EASIE4S ISR R andBHK Gelie Bfexrernotid stk svahréfi B EEffie V. and Sutter C. "Highly
attenuated mgdified 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,
347-352). CEF cells can be cultivated under conditions known to the person skilled in the art.

Preferably.the. GERcells are endtivaiad ip-serusn-free mediumpirestationarydlasksyor roller bottles. The
incubation preferably takes 13 place 48 t%%G hours at37.C 2 Cdl:toretperir%fseggi%'u MVA is preferably
used at &FAUTTIDRCTRFSF WedtishSaAEs of G650 T FEIDED Knd e ingibation preferably takes place
48 to 72 hours ab 37 &r2-EntTMethedsrarakeownitosthe perstre skiflegk incthefditchow the expression
cassette or the promoter according to the ‘_%9 ent invifntigg ﬁ;an b;? inﬂsé%{\ggcj(_‘j\réto a viral genome, in
particulafRBAREYEHERAIN 'S VACHAlL U mMEEPBraterably info the genome of MVA. By way of
examplesithe expressior cassetie:qf thedqeemistersan deérivativertheretfcubofdimg tosthe present ic
-invention may be inserted into the genome of MVA by homologous,re: ingti o this end a
nucleic zftﬁalﬁgnt?ﬁr?%f TG r?égﬁH%gf\geV%%!ﬁ'ﬂﬁé”slﬂsc a5 égl'—?lg s Bﬁgﬁ?@%}%%ﬁem the nucleic
acid comprises the exprassiongasseitedar the pramoter mcdedivative. tvepeeseadcording to the present
invention flanked by nucleotide, stretches that are homologou: | he MVA genome in
which thé‘}éﬁﬁ%ﬁb@.ﬁ&&@&é etﬁépﬁ)?‘osrsﬁ%?ecr%oﬁrn gﬁ&%@\% ?ﬁé}rgeg%%@%%gat(ﬁ%e present invention
is to be insented; Jhe.celts areinfeeteth nd N Rarekirintkevinfected el o Mefogdilis recombination
occurs b en the nucleic acid and the yviral rnatively jtisal ible to first infect the
cell%jwitrgmA %ﬁiphaenng%ﬁair%se%?ﬁj gﬁ%lé%%%@%@%b ?ﬁsteé iﬂ%@t%%%gﬁs.eafain recombination
occurs instheticalsThe 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
promoteF exdetrdingho the ipeesentdnvention pasy e mtibeicedEiRty &Ry SERABIES A of the vector, in

particular jnio. 2 vital genme, Joiease ot vaeeinia Miuses thensarionsymebemage into non-
essential parts of the viral genome or into an intergenic region of the viral
2w coding sequence encodes an antigenic epitope or antigen the expression
cassette may be used 1o express said antigen after introduction of said
expression cassette in cells in an organism, e.g. a mammalian animal
including a human. The prasentation of said antigen/epitope may elicit an
immune response in the organism that may lead to a vaccination of the

organism against the agent from which the antigen/epitope s dertved. More

{3
L84}

specifically the epitope/antigen may be part of 2 larger amine acid sequence
such as a polyepitope, peptide or protein. Preferably the coding sequence
codes for at least one antigenic epitope or antigen, therapeutic peptides or
prateins, antisense RNA or ribozymes which are not enceded by a vaccinia

30 virus genome.



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 he made into a 14 naturally occurring deletion site of the viral genome. The term "ndturally
occurring deletion site" refers to those parts of the viral genome that are deleted with respect to the
genome of the vaccinia virus Copenhagen strain. However, the insertion sites are not restricted to
these preferred insertion 5 sites in the vaccinia virus genome and the MVA genome, since it is within
the scope of the present invention that the expression cassette may be inserted anywhere in the viral
genome as long as it is possible to obtain recombinants that can be amplified and propagated in at
least one delEGiiard BystemPalEh Aa ehicken Embiyd Ershlasy e8il§j75f The promoter

accordin%@ptﬁ&eef&ﬁ%m Ivention Mmaybe ysed 1o expresa.aeneithatds,elieady,pad of the vector,

gel
e.g. the genome of MVA. Such a %ene ma{1 be a gene that is naturally gatt of the viral genome or a
foreign gefretHuR NHY Hifeady beeh iMsBrted. M IREVEEIOr SIFHIYEE TdSe&Liie Bromoter 15according

to the presentiavention isinsestad Upstieam afibe aene ia the.vestaidthe @xpression of which is to be
controlled by the promoter. A MVA vector comprising an expression cassette according to the present

invention BafR &b B ivad By rBprRinG aifFoRebeIeHE Bier Pealting frafie & K4SR, J6R, F6R, 12R,
C7L and RORAY A eeding sequence the expression of which is to be 20controlled by the promoter
naturally controlling the expression of anyone of said open .reading frames. Thus, by way of example
the A42R coding sequence or pads thereof may be replaced by the coding sequence, which is to be

expressed i e resulingconstruglsait cagdingsequiencerispeaniralted oy adpsanioter according to
the present invention, namely hy the promoter 25 sequence according to SEQ ID NO: 1 and SEQ ID

NO: 7. THESE B editn EaEEEHBs APAKBRRitNiR thE Scope of the present invention. According to a

- further embodiment the invention concerns the vector according to the present invention as vaccine or
~medicament. In more ge&eral 30term %E’.invention reIa]te% fo %ga%c;:%ﬂseeoa Q{p&rmaeeutical composition

comprisiné‘ Eﬁoé‘%ﬁ % Casette!y Rno?aé“\:/%&so%'éfccorcﬁlng 15'the Bresent invention. Methods are
known todbe:peitson $idlledincthe arthointhe vaecinscot phamiaceutital domposition can be
administered to the animai)ﬁor human bopdy. In case.of DNA and-piasmid. r DNA and the
vector caﬁxﬁFﬁBR/OBecﬁa?ﬁ ?s?&?é’ﬂ%%r%eﬁ%ﬁﬁ? ?Hg”\%{l’c{%g\ro% e{f\ﬁl)léraI§ Szagé%/o%%égcﬁ? S a vaccinia virus
vector, inpaRicljara My pectos it mayatsof ke administeredrte thécearinizizbhhiiman body
according 1o fhe la‘?a%VY'seﬂb%ﬁ.OfﬁQ%Rﬁ\r%qoé‘ﬁ%'E%'Q&Eeo?‘ﬁhﬁx%u% 599@1@56}995%@@ muscular, intra
nasal, intra deérmal or subcutaneous administratior. Further details on the amount of virus
administeviegarggivdacbelaiouble stranded DNA.

According to a further embodiment the promoter and/or expression cassetie
according te the present invention may be part of a vector. The term ,vector”
20 refers to any vectors known to the person skilled in the art. A vector can be a
plasmid vactor such as pBR322 or a vector of the pUC series. More
preferably the vector is a virus vector. in the context of the present invention
the term ,viral vector” or “virus v'ectef” refers to an infectious virus
comprising a viral genome. In this case the DNA of the present invention is
25 part of the viral ganome of the respective viral vector. The recombinant viral
genome is packaged and the obtained recombinant vectors can be used for
the infection of cells and cell linas, in particular for the infection of Hving-
animals including humans. Typical virus vectors that may be used according
to the present invention are adenoviral vectors, retroviral vectors or vectors
20 on the basis of the adenc associated virus 2 (AAVZ). Most preferred are
poxviral vectors. The poxvirus may be preferably a canarypox virus, a

fowlpoxvirus or a vaccinia virus.



io The pharmaceutical composition or the vaccine may generally include one or more pharmaceutical
acceptable and/or approved carriers, additives, antibiotics, preservatives, adjuvants, diluents and/or
stabilizers in addition to the promoter, expression cassette or vector according to the present
‘invention. Such auxiliary substances can be water, saline, glycerol, ethanol, iswetting or emulsifying
agents, pH buffering substances, or the like. Suitable carriers are typically large, slowly metabolized
molecules such as proteins, polysaccha rides, polylactic acids, polyglycollic acids, polymeric amino
acids, amino acid copolymers, lipid aggregates? or the like. 90 For the preparation of pharmaceutical
compositions or vaccines, the DNA, expression cassette or vector according to the present invention,
in particular a recombinant vaccinia virus such as recombinant MVA is converted into a physiologically
acceptahwof@mé%éwn wadeiniayineses:dni pariculaniMyA iy earthe doria based on the experience in

the preparation 250f ccines used for.vaccinati g |n tsm 0 described by Stickl,
H. etal. 1 ﬁ]tj ?&Irp ellozu\/}/\é%ﬁr 513%%‘“ %mgioﬁgga%p p%%‘-l éé\??fus Is stored at -80C
with a titrgoef Wh@&@r@iDMﬁhémmdlaﬁeﬁﬂ}mmbmﬂtlaﬁbmst @szmm NaQfipH 7.4. For the
preparath[n of accmes ts e.g. 1 1 109 art|cl?s of th r/'gcgt)%] %\ ggﬁ @%cordlng to the

30présent iAVEREGH Brd Iy@)epﬁlﬁzea'm pﬂdesxpm ate- bB%fgrr]e sallne the presence of 2% peptone
and 1% h&m@ncmb@mmamamr@rﬂwﬂe;ap@m@ylmmaséiaaﬁmuﬂéﬁ&@érrﬁé@ﬁ@wame vaccine shots

can be p@d ggﬁigg d% 16 5&%%englrtol?ng At\ﬁ MI{L& Jg; fgg@&)l @&d %stgormulatlon can

contain a ves® uc asm xtran sugar, g ycme actose or polyvinylpyrrolidone
or other #ddjtives:stichvasiantiaxidsintsror ekt gas, Egté&ﬁie@@mﬁ‘é@@rﬂbﬁﬁént proteins (e.g. human

serum albumin) suitable for 5| |vo admini ulation suitable for
freeze: dr@mg %aﬂp&r?%ﬂs \é Fis: (’jur@ sggﬁ @%Sié%\fﬁs b{9§ %‘E;QP e@rg%\rﬁ\glm 36000 - 40000), 45

g/l Sucrdbe, 108! QM@mam&@éﬁa@ﬁéﬂ@@&é@élaﬁdW@ﬁ(ﬁ?@b?&é% 7.4. The glass ampoule is
“then sealed and; ca BAGIOHY REANRELAG AR ORI PREIALTE fisygRl months.

The most preferred MVA-strain is MVA-BN or a derivative thereof. The
features of MVA-BN, the description of biclogical assays allowing to evaluate
15 whether a MVA strain is MVA-BN or a derivative thersof 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
o0 WO 02/42480, such as the properties of MVA and the properties and
definitions of the derivates of MVA-BN. Said reference also discloses how
MVA and other vaccinia viruses can be propagated. Briefly, eukaryotic celis
are infacted with the virus. The eukaryotic cells are celis that are susceptibie
to infection with the respactive poxvirus and aliow repiication and production
of infectious virus. For MVA an example for this type of cells are chicken
embrya fibroblasts (CEF) and BHK cells (Drexler b, Heller K., Wahren B.,

Frfle V. and Sutter G. "Highly attenuated modified vaccinia Ankara replicates

A
A

in baby hamster kidney cells, a potential host for virus propagation, but not

in various human transformed and primary cells” J. Gen. Virol. (1298}, 79,
20 347-352). CEF celis can be cuitivated under conditions known to the person

skilled in the art. Preferably the CEF cells are cultivated In serurmn-free

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



0 However, as long as no need exists the ampoule is stored preferably at temperatures below -20C.
For vaccination or therapy the lyophilisate or the freeze-dried product can be dissolved in 0.1 to 0.5 ml
of an aqueous solution, preferably water, 15physiological saline or Tris buffer, and administered either
systemically or locally, 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, greferably inducing an immunological response in a
living animal body including a human comprising administering the expression cassette, the DNA, the
vector, thel phad@acetticab comp Gsiticn:of tHe Vacdinei attcdrdiny ¥é theofreset invention to the animal

or human to be treated. If the vaccine js nia Virus, | ticular a typical vaccine shot for
humans ggr“hr%ﬁtséas{gt&ﬁet' é{C%OZO%PngE %y@@ﬁééftq l,rfélrgfe%p:irg?oe?é %@4 ﬁét least 106, even more
preferably1207=20r108 FE1950 (tissuelcukuts inféctibug dase) of thiedirus. 30If the vaccine is a
recombinant MVA, in particular recombinant MVA-BNI and its derivatives that the virus may be used
for prime-boost administration. Thus, the invention further relates to a method, wherein the vector is
MVA; 1Malpacticuss MarBN Hrrdries derisiativesndhd wiidrei S@iaeefst of the composition or the
vaceine comprising said wrgtors admipiniered to.an animah aslysing a humag paeed thereof, in
therapeutically effective amounts in a first inoculation ("priming inoculation") and in a second
inoculatidit{"Bodsthganecidation?y THe Invéatibn ErtABEceheeRs A méthed foPfitroducing a coding

sequence g A Ja9eL 6l COmBrISINg iAo MIEQSian AL ihgIVeater, PR expfession cassette or of the

DNA according tothe present invention into the target cell. tolf the vector is a vaccinia virus, in

particulaf Mvelsueh s MeRBR tedigel el iiapbecactdinm \WRIEhIRS&itus is able to replicate
such,as GEE QbR %J!é%iHé@ft%%”iﬁ@@%@gé}%iﬂ@&ﬁ%ﬂ«tﬂwmﬂ@%&which the virus does not

“replicate (such as all types of human cells for MVA-BN): 15The invention further relates to a method
for prodUSRRTEPpRBtAR; proiein AForAIHS BsHAPREAGTRE FdBivbR BRATHORESFith a virus vector

according-fo dherpresentinventionfellqwee:hytheclitivatieniofdhe iatectad host cell under suitable

conditions, and further followed by the isolation and/or enrichm$nt of the peﬂide and/or protein and/or
viruses Fﬁ@{@gg@wasset‘te or the promoter or derivative thereof according 1o the

present invention flanked by nucleotide stretches that are homologous to the
15 region of the MVA genome in which the expression cassetta or the promoter or
derivative thereof according to the present invention is to be inserted. The
calls are infected by MVA and in the infected cells homologous recombination
occurs betweaen the nucleic acid and the viral genome. Alternatively it is also
possible to first infect the cells with MVA and then to transfect the nucleic acid
0 into the infected cells. Again recombination occurs in the cells, The
recombinant MYA 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

usad to this end.

The expression cassette or the promoter according to the present mvention
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 intc non-
'essentiai 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 adiacent genas that ao not comprise coding

sequenceas. If the vector is MVA the insertion may also he made into &



20said 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 GEE 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 25can be infected by the virus
vector and that allows the expression of the virus encoded proteins/peptides. The invention further
relates to a method for producing a peptide, protein and/or virus comprising the transfection of a cell
with the expression 30 cassette, the DNA or th& 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 CONHRINS CACHITIRE SHEH FoRISIEdS Te Al & FBIAton Ah HIOF eAENTABKL of the peptide and/or

protein and/Qtvirisesipreduced hysaichhasteelhIher siepvafiniecting thecells with a vaccinia virus
fore or atter the step of transfection of the cells, The invention further relates to cells

may be made b
comprisincg’éefﬁgrwgféﬂeﬁﬁﬂ B Pressimtasstife ‘L oettor HECoriRg t fie Shrédent invention. In
particulariheriveentionirelatesteitells-infected withetheovirds v eettr-aecorging da the present invention.

anShort [S)ﬁ:criﬁ%n of the Fi%ures Figure 1: @%}? a({}ivit after expression hy difft rent promoters Cells
were infected WitH MYKBRAANG BRSPS Gel dithhe ﬁb%%‘BBWgteSB\%% a3 AREY 48 hours the cells
were exstragtechanc:the-cAdSi astivityWast 1bdeternineshindiradtly thyymeasiseing the extinction at 415
nna after ann %gz¥m.ati reacgon‘, which c?usges the. develo§r’n?n%8£%ellow colourégex negative control
(MVA-BI\?erfe ed é@l&‘)e. Al ié’ﬁpé?'ﬁfeéﬁg%cﬂ@i{ ElGas I?/ n 'Plﬁg?é@w gjon Cells were
infected With: MAfAB N raptifisansfe clegbayithath énagidreptiates cell cuiture system, such
as Chicken Embryo Fibroblasts (CEF celis).
10
The promoter according to the present invention may be used {o express a
gene that is already part of the vector, e.g. the genome of MVA. Such a gene
may be a gene that is naturafly part of the viral genome or a foreign gene that
has already been inserted into the vecior. In these cases the promaoter
15 according to the present invention is inserted upstream of the gene in the
vactor, the expression of which is to be controlied 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 BOR by a coding sequence the expression of which is fo be
26 controlied 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 resuiting construct said coding sequence is conirolied by a
oromoter according to the present invention, namely by the promoter
25 sequence according to SEQ 1D NO: 1 and SEQ 1D NO: 7. These expression

cassettes are alsc within the scope of the present invention.

According to a further embodiment the invention concerns the vector

according to the present invention as vaccine or medicament. in more general
3¢ term the invention relates to a vaccine or pharmaceutical composition

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

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



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 the development of
yellow colour. Zex negative control (MVA-BN infected cells). For that enzymatic reaction, samples
without AraC (e.arlytlate) expression had to he incubated for 5 hours, the one with AraC (early -
expression) had to be incubated over night in order to obtain a color reaction 50Figure 3: GUS activity
after expression by different promoters Cells were infected with MVA-BN and transtected with the
appropriate plasmids. After 24 hours the cells were extracted and the GUS activity was 19 determined
indirectly by measuring the extinction at 415 nm after an enzymatic reaction, which causes the
developm@ntel yeliew GoldaernQuoniiol = e gativercontro MV ARB Rrimfetedeetis): 5 Examples The
fonowng examplesiont) Biter tisitate- e preoent INaniian {LWHLLS wel ndatstood by a person

skilled in the-art 'tﬁat provided = examp e(s) in no way may be interpreted in @ way that limits the
applicability #dofi the esebivldgy rovidethby theopieseitanventiorrt6!tis examiplets). Example 1:

Analysis of promolers fo express coging sequences,in e dIVABN.gepeme 15,1.1 Aim of the

experiment: It was the aim of this analysis to identify promoters that are suitable to express coding

sequéncesiimther NIV gerefes preferamly CoBiR Leti Esheb S thar S 1&ErsI6gdte to the natural
MVA gengie Especiglly fardhe A0inserton, of o, aofe genesdnysingle inserton sit it s

advantageous to use different promoters for expression of the single genes in order to reduce the risk
of recomBHRHGH &VERtE SWHIEH G0 radiitan HarstiorNof 6rid stUReYorBigh genes. Furthermore it is

desirablef@-have-premptess, of different strength in order to have the possibility to express the foreign
genes inserted

3

10 ?;he pharmaceutical composition or the vaccine may generally inciude one or
more pharmaceutiba{ acceptable and/or approved carriers, additives,
antibiotics, preservatives, adjuvants, diluents and/or stabilizers in addition
to the promoter, expression cassette or vector according to the present
invention. Such auxiliary substances can be water, saling, giycaroi; ethanol,

15 wetting or emulsifying agents, pH buffering substances, or the like. Suitable
carriers are typically large, slowly metabolized molecules such as proteins,
polysaccharides, polylactic acids, polyglycollic acids, polymeric amino acids,

amino acid copolymers, lipid aggregates, or the like.

20 For the preparation of pharmaceutical compositions or vaccines, the DNA,
expression cassetle or vector according to the present invention, in
particular & recombinant vaccinia virus such as recombinant MVA is
converted inte a physiologically acceptable form. For vaccinia viruses, in
particular MVA this can be done based on the experience in the preparation

25 of poxvirus vaccines used for vacc%nationvagamst smalipox {as described by
Stickl, H. @t al. 11974] Disch. med. Wschr. 99, 2386-2392). For example, the
purified virus is stored at =80°C with a titre of 5x1 08 TCIDsg/mi formulated

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

shols, e.g., 161~109 particles of the recombinant virus according to the
30 present invention are iyophilized in phosphate-buffered saline (FBS5) in the
presence ©f 29, peplone and 1% human albumin in an ampoule, preferably a

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



25 in recombinant MVA-BN in variable amounts, depending on the strength of the prornotor. 11
putative promoters were isolated in total. These putative promoter sequences were cloned in a
plasmid backbone (pBSKS). In order to analyse their potential activity, the promoters were fused to the
‘GUS (E. coli 13-Glucuronidase ) reporter gene. BHK (baby hamster kidney) cells were 30 infected with
MVA-BN and transfected with the plasmids containing the putative promoters fused to the GUS gene.
If the promoter was functional, GUS was expressed and could be quantified by an enzymatic reaction
of 20 GUS. As positive control and as referen&e the well-characterized Vaccinia virus promoter's p7.5
and Ps were fused to GUS and analysed in parallel. By measurement of the GUS expression the
putative premiGENs e Seraaiied B AetiVia dtrengtis And @amyMae BXpresiion. The early/late
expressionywas,chesked by:adding AraG (Arabingsid Cytosine) tathe culiwe media. The promoters,

which are shown to be functional, namely the Ps, p7.5, 7.5L and ATl promoter which were known in
the prior 8148 WEIYAEHE RRWIVAdERITEE hrohiotet 8aGaditeedani Urd Ratfmy involved in the
expressianLeontalof the MMA QRFfs cA42L (BIRGn EBR 2RISR preferablypean be in used for
the expression of foreign g‘(_;&les in recombinant MVA constructs grecMVAgis%). 1.2 Material :
15Cefls: BHK/EeRE ViR VAL BN rade 8B e (P 5 X107 T EHDE6) DNA:pAB-GUS (Ps
promoter &dd S)PENXIdr(pBliesenpt W aeeimaidrus 1 AoHGIIS) 1EBNXT 3 (pBluescript + Cowpox

virus AT! promoter + GUS) pBN81 (pBluescript + mgodified H5R promoter + GUS1) pBNEL1 (pBluescript
+ MVA B&%‘%r%éﬁ&%r Q%ié?\l%‘ﬁ %L&%ﬁgr%ﬁrﬁg\ﬁ%ﬁﬁtﬁﬁiﬁﬁ% REOs) pBK163 (pBluescript
+ MVA BaRprometest GuS)-HpBNGS (pHILESTHpL i WIMA AQRpliomates ¢dGldS)
can be stored between 4°C and room temperature for several months.
) 10 However, as long as no need exists the ampoule is stored preferably at

temoeratures helow -20°C.

For vaccination or therapy the lyophilisate or the freeze-dried product can be
dissolved in 0.1 o 0.5 ml of an aqueous sclution, preferably water,

15 physiological saline or Tris buffer, and administered either systemically or
locally, 1.e. by parenteral, intrarmnuscular or any olher 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
2 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 fo the present invention to the animal or human to be

treated. If the vaccine is a vaccinia virus, in particular MVA a typical vaccine

i
i

shot for humans comprises at teast 10%, preferably at least 10%, more
preferably at least 108, even move preferably 107 or 108 TCIDey (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 vector is MVA,



75pBN82 (pBluescript + Vaccinia virus 7.5 L promoter + GUS) pBN83 (pBluescript + MVA C7L
promoter (SEQ ID NO: 5 + GUS) pBNX49 (pauescrip + MVA A42H promoter (SEC ID NO: 1) + GUS)
30pBNX69 (pBluescript MVA I12R promoter (SEC ID NO: 4)+ GUS) pBNX72 (pBluescriot + MVVA K5L
promoter + GUS) pBNX83 (pBluescript + MVA E6R promoter (SEQ ID NO: 3) GUS) pBNX84
(pBluescript + MVA B9R promoter (SEQ ID NO: 6 + GUS) 5pBNX85 (pBluescript + MVA J6R
promoter (SEQ ID NO:2) + GUS) Transfection kit:Effectene transfection kit (Qiagen) Media and
Supplements: DMEM (Gibco BRL) with10% FCS (Gibco BRL) in Chemicals and Buffers: Lysisbuffer
(PBS +. 0.1 % Tilton + 1 mM protease inhibitor) AraC (Sigma, Cat. No. 01768) GUS substrate 1mM

(p-Nitrophemdrbeta-(Dhglew aride; SiamasGat, Me- NEe27 ) is Hopsalutieni2 5 M (2-am
no-2-methyl-1,3-propandiol; Sigma, Cat, No. A 9754)

composition or the vactine comprising said vector is administered to an
animal, including a human in need thereof, in therapeutically effective
amotnts in a first inoculation (“priming inoculation”) and in a second

5 inoculation ("boosting inoculation™).

The invention further concerns a method for introducing a coding sequence
into a target cell comprising the introduction of the ve;tor, the expression
cassette or of the DNA according to the present invention into the target cell,
10 If the vector is a vaccinia virus, in particular MVA such as MVA-BN the target
cell may 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 MVA, but in which the virus does not

replicate (such as all types of human cells for MVA-BN).

15 The invention further reiates 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 followad by the isolation
and/or errichment of the peptide and/or protein and/or viruses produced by

26 said host cell. If it is intended to produce, i.e. amplify the virus according to
the present invention the cel! 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 celis. If it is intended to produce a pepltide/protein encoded by the
virus vector accarding to the present invenlion the cell may be any cell that

25 can be infected by the virus vector and that alfows the expression of the

virus encoded proteins/peptides.

The invention further relates to a method for produdng a peptide, protein
and/or virus comprising the transfection of a celt 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



1.3 Methods 90Seeding of cells 5 x 105 BHIK cells were seeded per transfection reaction in a well of
a 6-well- plate and maintained in DMEM/10%FCS over night at 37C and 5% CO2.
Infection/transfectionCells were infected with MVA-BN (moi 0.1) in 0.5 ml 25 DMEM/1 0% FCS per
‘well and incubated for 1 h at room temperature on a shaker. Transfection was performed as described
in the manufacturers protocol. 2 pg plasmid were diluted in buffer EB (100 pl total volume). After
addition of 3.2 pi enhancer solution the solution was mixed and incubated for 5 min. at room
temperature. Then 10 pl Effectene reagent wastadded, 30 suspension was mixed and incubated for 10
min. at room temperature. The virus-suspension was removed from the cells and 1.6 mF

DMEM/1076EES Wars 4 dad 016 fill DMEMPECTHECS Ware it 949HE DNASESfeetene mixture and

dropped onr theueelsiwhileratating the gultues plate-Gells werethep incubated, 7, 24 01 48 hours
dependent.on the analysis. For the analysis of early/late, expression AraC was added to the medium

during infé€tion BRY HaRsFEEoH 10 PR, Biaivesing of eIy (el was removed from cells
and 0.5 mi of Lysis buffer was added. After shaking 15 min. at RI, cells were scraped in the Lysis
buffer, transferred to.a 1.5 ml reactjon tube and vortexed vigtci)rously. ;[%sed cells were centrifuged for 1

min. at 500 ef BAd 267 tHE LR E G hariTataht WAS HHanse ftéd 1013 fresh Vial and stored at -20C until

use. DetesminationotGldStaciivityc 0 phefcelexiraet (Fauoteinut@f2 %104 cells) was added to 1
ml pre aswarmeo‘ substrate solution (37C) an incubatgd at 37C until a yellow
particliar the invention relates 1o cells infected with the virus véctor

according to the present invention.
10 Short Description of the Figures

Figure 1: GUS activity after expression by different promoters

Cells were infected with MVA-BN and transfected with the appropriate

plasmids. After 48 hours the cells were exiracted and the GUS activity was
15 determined indirectly by measuring the extinction at 415 nm after an

enzymatic reaction, which causas the development of yellow colour. Zex =

negative control (MVA-BN infected cells).

0 Figure 2 GUS activity after early and early/late expression
Celfs were infacted 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 the development of yellow colour. Zex =

negative control (MVA-BN infecied ceils). For that enzymatic reaction,

P
TuFy

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 obtain a color reaction.

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

plasmids. After 24 hours the cells were extracted and the GUS activity was



colour was developed. Samples were then placed on ice immediately and 0.4 ml 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 referehce and
a cell 70extract of IVIVA-BN infected cells was used as negative control. 1.4 Experiments and Results
ExperimentDeterrnma ion of function of putative promoters 2.5 For the first experiment all plasmids,
which contain a putative 1V1VA promoter or a well-characterized promoter fused to the GUS gene,
were analysed. Cells were infected with MVA-BNI (moi 0,1) and transfected with the corresponding
olasmid, Cells were harvested after 48 hours, lysed and GUS 30 activity was determined. This
experimentiwasrperfarmeatdntibrdertedeternmitie; shictiipromdtersraredieictional. The results are

shown in Fig. 1., TNe negatie eantiol (exuact rom MYAYEN infecied cellskclparly showed no GUS

1
activity (Zex; diAction ewe aracterized strong synthetic Ps promoter was shown to be
very efficientr (P53 fextinetivn! @8V a8\theiewascal high amount of GUS detectable after 48 hours of
expression, The also 5well-known naturally occurring Vaccinia virus pr7.5 promoter did show also a
quite high activity (p7.5; extinction 0.41). Also the late portion of pr7.5 (7.5L; extinction 0.25) shows a
clearly detéetabld exctivity. The Cowpox ATI promoter clearly showed to be very efficient for the
expression of foreign genes by MVA-BN (MI; extinction 0.76). For the putative promoter regions ic of
the MVA-BN genome, it was shown that A42R (A42; extinction 0.48), BIR (B9; extinction 0.06), C7L
(C7; extinclion ©l658) R TES: Extinbtion bez0By strake (Le;wrERcEN 8721190) dndI6R (J6; extinction

0.290) are fungtional prompters. T Be REorapiess. iwhich:eleaty showegitae active (extinction > 0.05)
in the first preliminary experimént, were characterized in more detail 15(Experiment 2).
example(s) in no way rmay be interprated in a way that limits the applicability

'. 10 ofthe technology provided by the present invention to this example(s).

Example 1: Analysis of promoters to express coding sequences in the
MVA-BN genome

15 1.1 Aim of the experiment:

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

26 Insertion of two or more genes in a single insertion site it is advantageous ¢

B use different nromoters for expression of the single genes in order to reduce

the risk of recombination events, which could resuit in deletion of one of the
foreign genes. Furthermore it is desirable to have promoters of different
strength in order to have the possibility to express the foreign genes inserted

25 in recombinant MVA-BN in variable amounts, depending on the strength of
the promotor. 11 putative promolers were isofated in total. These putalive
promoter sequences were cloned in a plasmid backbone (pBSKS+). In order
to analyse their potential activity, the promoters were fused to the GUS (E.
coli B-Glucuronidase ) reporter gene. BHK (baby hamster kidney) cells were

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

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



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- 2.0 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 cycle. In parallel the same experiment was performed without addition of AraC.
Infected and transfected cells were harvested after 24 hours and the GUS activity was determined in
triplicate. Fig. 2 shows the average extinction ef each sample. After incubation without AraC (-AraC)
for 24 hours, the total GUS expression (early+late) is clearly detectable for all promoters (Fig. 2: right
columns).%- Siariythive %%@Mv%@ﬁfﬁf@ﬁpﬁﬁ@nﬂma@irﬁaércﬂiﬁmgzgdc\é@ssim is: 30 12R (12) >

A4ZR (A4R)ROR(36):7 J6R (16) P89 (30 =G 7lc(07 ) T Arameters 9, G7 and 36 were shown

to be mainly involved in the late expression during the life cycle of MVA, as incubation with AraC
(+AraC), WHigRHhilHty Bhéexpression = re st in i EREreseBAL el f:GUS combarable to that of the

negative conttal(EextAlthaughae Q7i-pranaterhappeared o b ratherweak several hints exist,

that it plays an important role during early expression. The promoters A42R, I2R and F6R clearly show

a very effitiSht Sany 8XpraELI6H- AS oK tHe! detéimnination bl Samy espression the samples had to to

he incubateshover nightiim erdesooetadetectable: colommagtion: These ressits. cannot be compared
to the val PFF of the ear%hlate expression (Fig. 2: - Ara+C) directly as they only were incubated for 5
hours. Th% IO, Which RSSO BdRy expré¥sishavete! aralyseacituin after 7 hours of

expressiotandi tiemestlis:afien 2hbeuts could heconfirmed.data pet 15shoawn)-, 1.5 Conclusion It

was clearly shown,.tha rs of different strength could be obtained 20and that there is now a
spectrumcépiﬁﬁe?%%%%m%g avgﬁlagﬁe?%iéﬁ TR R, 6k preferably can be

16 used for the expression of foreign genes in recombinant MVA constructs
(recMVA.BN).

1.2 Material

15  Cells: BHK cells
Virus: MVA-BN standard crude stock (7.5 x 107 TCIDsy)
DNA: PAB-GUS (Ps promoter + GUS)
PENX71 (pBluescript + Vaccinia virus pr7.5 +GUS)
PBNXY3 (pBluescript + Cowpox virus ATI promoter + GUS)
20 PBNEI (pBluescript + modified HER promoter + GUS1)
pDBNEL (pBluescript + MVA B1R promoter + GUS)
PBNG2 (pBluescript + MVA B2R promoter + GUS)
pPBNG3 (pBluescript + MVA B3R promoter + GUS)
PBNGD (pBluescript + MVA A30R promoter + GUS)

25 PBNBZ (pBluescript + Vaccinia virus 7.5 L promoter + GUS)
pBNS3 (pBluescript + MVA C7L promoter (SEQ 1D NO: 5 +
GUS)
PBNX4Y (pBluescript + MVA A42R promoter (SEQ 1D NO: 1) +
GUS)

30 : PBNXES (pBluescript + MVA 12R promoter (SEQ 1D NO: 4)+
GUS)

PBNX72 (pBluescript + MVA K5L promotear + GUS)



show different expression patterns dependent on the incubation period and on the possibility of
MVA-BDI to replicate. If early + late expression is preferred, promoters A42R, 12R and 56R are
preferably used. If the early expression should be avoided (e.g. for foreign genes, which contain the
stop 25signal TTTTTNT for early expression), the promoters BOR, 365 or C7L are preferably used.
Example 2: Analysis of minimal promoter elements derived from SEC ID NO: 1 to 4 30 25 whether
shorter fragments fulfill the same purpose additional experiments were carried out. Shorter fragments
of SEQ ID NO 1 to 4 were isolated by FOR angd cloned in a plasmid backbone (pBSKS+). In total 6
putative minimal promoters were tested. In order to analyse their potential activity, 5 the promoters
were fused to the GUS Réptitefrgines BEIK délI$ wererinfectsd (HEONMVABN arid transfected with the
plasmids containing th tative minimal promoters fused to the GUS gene. By measurement of the
GUS expression the putative promoters were screened on activity and strength of expression (see
example 1). As positiveitohtrbl aii ees rafereliod the Rvelp ity shidrlcte H2 &6V &ctinia virus late promoter
Ps was fused to GUS @r@%fz\nalysed in parallel. The minimal promoter elements of about 30 bp can be
used for the expression of foreign genes in recombinant MVA constructs (recMVA-BN) without the risk
of honfologous recomiBinbitieh Getivesh Ak hiiMoIdotssurakrides8f tHdlsligingl and the additionally
cloned promoter. 15 2 terial and Method If not indicated otherwise the materials and methods
used in example 2 correspond to the methods in example 1. FOR was made according to 90standard
techniques. 2.2 Experiments and Results Fusion of promoters to GUS gene by FOR

Transfection kit: Effectene fransfection kit (Qlagen)
Media and Supplements: DMEM (Gibco BRL) with10% FCS (Gibece BRL)

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

15 Stop solution 2.5 M (2-amino-2-methyl-1,3-propandiol; Sigma, Cat. No. A
9754)

1.3 Methods
30 Seeding of cells

5 x 10% BHK cells were seeded per transfection reaction in & well of a 6-well-

nlate and maintained in DMEM/ 109 FCS over night at 37°C and 5% COC..

Infection/transfactionCells were infected with MVA-BN (moi 0.1)in ¢.5 ml

DMEM/109% FCS per well and incubated for 1 b at room temperature on a

2
wn

shaker. Transfection was performed as described i the manufacturers
nrotocol. 2 pg plasmid were diluted in buffer E8 (100 ui total volume). After
addition of 3.2 ul enhancer salution the solution was mixed and incubated
for 5 min. at room temperature. Then 10 ul Effectene reagent was added,

30 suspension was mixed and incubated for 10 min. at room temperature. The
virus-suspension was removed from the cells and 1.6 mt OMEM/10%FCS
were added. 0.6 ml DMEM/10%FCS were added to the DNA Effectene



The FOR reactions resulted in the fusion of the following minimal promoter sequences to the GUS
gene: SEQ ID NO: 7 ("A42 short late") TOTTATTAAAAAACATATATAATAAATAAGA SEQ ID NO: 8
("J6R short late")\ GATAAAAATTTAAAGTGTAAATATAACTAT 30 SEQ ID NO: 9 ("HER short early)
AGAGTGIAGIATCATAGATAACTCTCTICTATAAAAT SEQ ID NO: 10 ("PER short
late")ATTGITAAATAAATAATGGATAGTATAAAT 26 SEQ ID NO: 11 (128 short

early" ) AGTAAAAA.ATAIGTTAGGITTACAAAA SEQ ID NO: 12 ("128 short late")
ATTTATTTICAGTTITATTATACGCATAAAT = All putative minimal promoters fused to the GUS gene
were cloned in 5 pBSKS+ and sequenced. Determination of fupction of the putative minimal promoters
In order t@%&l@fséﬁﬁr%ﬁ@ﬁéﬁt?rb%ﬁéﬂtﬁéﬁﬁ/@ FHRRHAER prEmb EH élg}ﬁ@‘utg (fﬂé BER cells were infected
with MVAHBRN (moisk@anduansfected fwlm@@am{@p@mm@ tp@gnﬂdr €ells were harvested after 24
hours, Iysed nd GUS toac V|t ‘was determ 3@ lve control (extract from MVA-BN
infected cHIRRY el aHH @@%Ogc%f\ﬁfg"(’@drﬁacﬁ \;grgbeeﬂeﬁ hction0!08167). The

well- charaﬂtaﬁmdassmﬂgrwmheﬁqm promioter was shown to be very efficient (Ps; average extinction
2.05267) as there was a high amount of GUS detectable after 24 15 hours of expression. For the
putati\sle promoter minimal promoter elements of the MVA-BN gnome, it was shown that all of F6R
short earlyzaRGRtshor late cE28 short early, 128 short late, A428 short late and J6R short late are
functiona moters zoin tot I SIX function al fromoter lement ted. Two are
suitable f‘(gfet & Wes Seﬁeerglrl\ﬁﬁs ran r| ﬁ n @giglt ea ﬁz%\%gggigrewgftlﬁ% O&%% 33; F68 short early:
average extinctipn D M)?ﬁrﬁﬁ f@an‘iar\e%almtﬁeédnlatéfekmaélmﬁfﬁof ‘dﬁfw@mt&év@ls (rF68 short late:
average extinctign 98?f 128 hor Iate aver x 2\% 25average
extlnctlon% é%cdﬁ‘) A428%s tYa ee%e\?eF %e%(g])?tl C%)E%?%%g %E@Sg glI(%ewas clearly shown,
that mon‘fote]rs*@hdlﬁfeﬁéﬁt rsﬁrengtlﬁi “Couilek bésmotated arid thatah ererisieondalegectrum of different

-~ promoterg avaliablen f €3 at ~20°C until use.

Determination of GUS activity

10 ul of cell extract (= protein out of 2 x 10 cells) was added to 1 ml pre-

15 warmed substrate solution (37°C) and incubated at 37°C until a yeliow
colour was developad. Samples were then placed on ice immediately and 0.4
mi stop solution was added. The Extinction éi‘ 415 nm was determined and
squated with the GUS activity as extinction vaiues 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 cells was used as negative control,
1.4 Experiments and Results

Experiment 1. Determination of function of pulative promoeters

§3
o

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

or a weli-characterized promoter fused o 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, lysed and GUS
30 activity was determined. This experiment was performed in ordger to

determine, which promoters are functional. The rzsulis are shown in Fig. |



30 expression is preferred, the minimal promoter F68 short early or I2R short early are preferably
used. If the late expression is preferred and early expression should he avoided (e.g. for foreign
genes, which contain the stop signal THTTNT for early expression), the minimal promoter elements
"~ F6R short late, I2R short late, J6R short late and A42R short late are preferably used 28
Applicant's era=fil referencenumber BN 54 PCT aft anal tpplicrtrionNo.

23

The negative control (extract from MVA-BN infected cells) clearly showed no
GUS activity (Zex; extinction 0.001). The well-characterized sirong synthetic
Ps promoter was shown to be very efficient (Ps; extinclion 0.87) as there
was a high amount of GUS detectable after 48 hours of expression. The also
5 well-known naturally occurring Vaccinia virus pr7.5 promeoter did show also
a guite high activity (p7.5; extinction 0.41). Also the fate portion of pr7.5
(7.5L; extinction 0.25) shows a clearly detectable activity. The Cowpox AT!
nromoter clearly showed fo be very efficient for the expression of foreign
genes by MVA-BN (ATI; extinction 0.76). For the putative bromoter regions
16 of the MVA-BN genome, it was shown that A42R (A42; extinclion 0.48), BOR
(B9; extinction 0.06), C71 (C7; extinction 0.055), F&R (F6; extinction 0.208),
2R (12; extinction 0.130) and JBR (J6; extinction 0.230) are functional
promoters. The promoters, which clearly showed to be aclive (extinction >
0.05) iIn the first preliminary experiment, were characterized in more detall

15 {Experiment 2).

Experiment 2; Characterization of Expression of promgters

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 cycle. In paraliel

the same experiment was performed without addition of AraC. Infected and

ransfected cells were harvested after 24 hours and the GUS activity was

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

After incubation without AraC (-AraC) for 24 hours, the tofal GUS expression
(early+late) is clearly detectable for all promoters (Fig. 2: right columns).
The strength of the newly identified promoters in declining succession is

0 2R {12) » A42R (A42) = FBR {F6) > J6R (J6) > BOR (BS) = C7L(C7),
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The promoters BS, C7 and J6 were shown to be mainly involved in the late

expression during the life cycle of MYA, as incubation with AraC (+Aral),

which inhibiis late expression, results in an expression-level of GUS

comparable to that of the negative control (Zex). Although the C7L promoter
5 appeared to be rather weak several hints exist, that it plays an important

role during early expression.

The promoters A42R, 12R and FOR clearly show a very efficient early _

expression. As for the determination of the early expression the samples had
10 to be incubated over night in order o get a detectable color reaction. These

results cannot be compared to the values of the early+iate expression (Fig.

2: - AraC) directly as they only were incubated for 5 hours. The promoters,

which did show early expression were analysad again after 7 hours of

expression and the results after 24 hours could be confirmed (data not

15 shown).
1.5 Caonclusian

It was cleariy show'n, 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 fo replicate. If early + late expression is
preferred, promoters A42R, 12R and FBR are preferably used. If the earty
exprassion should be avoided (e.g. for foreign genes, which cornifain the stop
25 signal TTTTTNT for early expression), the promoters B9R, J6R or C7L are

preferably used.

Example 2: Analysis of minimal promoter elements derived from SEQ {D

In example 1 several sequences have been identified that are particularly

suitable to express foreign genes in the MVA genome. In order to check
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minimal prormoters were tested. In order to analyse their potential activily,

5 the promoters were fused to the GUS reporter gene. BHK cells were infected
with MVA-BN and transfected with the plasmids containing the putative
minimal promoters fused to the GUS gene. By measurement of the GUS
expression the putative promoters were screened on aclivity and strength of
expression (see example 1). As positive control and as reference the well-

________ 10 characterized Vaccinia virus late promoter Ps was fused to GUS and
analysed in parailel. The minimal promoter elements of about 30 bp can be
used for the expression of foreign genes in recombinant MVA constructs
{recMVA-BN) without the risk of homologous fecombinatioﬂ between the
homolgous sequences of the original and the additionally cloned promoter.

15
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 technigues.
2.2 Experiments and Results

Fusion of promoters to GUS gene by PCR

The PCR reactions resulted in the fusion of the following minimal promoter

Rl
]

sequences to the GUS gene:

SEQ 1D NO: 7 (“Ad2 short late") TCTTATTAAAAAACATATATAATAAATAACA

SEQ 1D NO: 8 (“J6R short late"GATAAAAATTTAAAGTGTAAATATAACTAT
30 SEQ D NO: 9 (“F6R short early)

AGAGTGTAGTATCATAGATAACTCTCTTCTATAAAAT

SEQ D NC: 10 (“FER short late”) ATTGTTAAATAAATAATGGATAGTATAAAT
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s

SEQ 1D NO: 11 ("12R short early ) AGTAAAARATATGT TAGGTTTACAAAA
SEQ 1D NO: 12 (M2R short late”™y ATTTATTTICAGT T TTATTATACGCATAAAT

Alf putative minimal promoters fused to the GUS gene were cloned in
pBSKS+ and sequenced.

Determination of function of the putative minimal promoters

In order to analyse functionality of the putative minimal promaoter elements
the BHK celis ware infected with MVA-BN {moi 1.0) and transfected with the
corresponding piasmid. Cells were harvested after 24 hours, lysed and GUS
activity was determined (Fig. 3).

The negative control (extract from MVA-BN infacted cells) clearly showed no
GUS activity (control; average extinction 0.00167). The well-characterized
strong synthetic Ps promoter was shown o be very efficient (Ps; average
extinction 2.05267) as thers was a high amount of GUS detectable after 24
hours of expression. For the pﬁutative promoeter minimal promoter elements
of the MVA-BN ganome, it was shown that all of F6R short early, FB6R short
late, 12R short early, 12R short late, A42R short late and JBR short late are

functional promoters.

in total six functional minimal promoter elements were isolated. Two ére
suitable for the weaker early transcription (I12R shert early: average
extinction 0.06933; F6R short early: average extinction 0.18%9) and four are
suitable for late expression of different levels (FoR short late: average
extinction: 0.09833: 12R short late: average extinction 0.391; JoR short late:

average extinction: 0.80167 and A42R short late: average extinction 2.07).

2.3 Conclusion

it was clearly shown, that promoters of different strength could be isolated
and that there is now a specirum of different promoters availablie. {f early
expression is preferred, the minimat promoter F6R short garly or 12R short
garly are preferably used. f the late expression is preferred and early

expression should be avoided (e.g. for foreign genes, which contain the stop
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Cultures (ECACC) under number V00083008 or a derivative thereof, strain MVA 572 deposited at
ECACC under number VA94012707 or strain MVA 575 deposited under number V00120707 at
ECACC. 9. Vector according to claim 8, wherein the promoter according to claim 1 or the expression
cassette according to anyone of claims 2 and 3 is inserted in a naturally occurring deletion site of the
MVA genome. 10. Vector according to claim 8, wheyein the promoter according to claim 1 or the
expression cassette according to anyone of claims 2 and 3 is inserted into a nonessential part of the
viral genome or into an intergenic region of the viral genome. 11. Vector according to anyone of
claims 5 to 16lagngaccine or medicament. 12. Vaccine or pharmaceutical composition comprising an
expression CaASSRItE-RGCHARGHY BNKORa-hElaiIME & fia dahlArecaidngdasintne4@iup vector
according to anyone of claims 5 to 10. 13. Vaccine or pharmaceutical composition according to claim
12, comprisiﬁﬁ éﬁ%‘%\%i’floz TCIDG60 (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 C(ﬁ?%%@éi@ét%é’%@&?feﬁ@@@@ﬂﬂ#@ angeqe pfie@ims b e 10 for the preparation of a
vaccine or medicameint. 1

5. Use of claim 14, wherein the virys vectar is to be admijni din
inerapeutically eftel I HHEINE 15 PEE FRH IR T oo Ao Gk abon
inoculation ("boostiftfirdentation”). 16. Method for introducing a coding sequence into a target cell
comprising the introgiliglaR.af&s V2 eHRr ARG 01 YN/ el atn: Sréarkd, 1f AueNRirgsion cassette

according to anyone of c%i_ s 2 to 3 or of a DNA accqrding to clai %into the targe herein the
target cell is not a & i gt]%‘&%ﬁ%%%P%%WéF@%%W%%e%%t 6§ ?8‘?'%%%%%%%5 E\Jeéptide,
protein and/or virusNédmprisihg infection of a host cell with the virus vector according to anyone of
claims 6 to 101 cultivation of the infected host cell under suitable conditions, and isolation and/or
enrichment of the Pe%gtide an(%/or,é)ro ein and/or. viruses rrod cednt&y ?aidt.\rlloisr;[ \(I:ellj.l\/vherr%in the host
cellis not a cvgl]leirr? the'HOMAS Sha/er gﬁi%saY%cé:HW e S HSROETSY pr% uccin% a paecphéae,\”prcs)tein and/or
virus comprisifertedestisction of cells with an expression cassette according to anyone of claims 2 to 3,
the DNA according to claim 4 or the plasmid vector according to claim 6, infection of the cell with a
vaccinia viruoi,[%ultivation of th%infected host cell ugder suit bletcopditi?ns dand isolation and/or
enrichment Jf thé&) b%%f?é’ecgﬁ%‘? ?B%Tgfﬁ; 'gﬁélgfo\ﬁr%gégcﬁ% Uced %)a/’rs'faloa Hos% & I’?%herein the step of
infecting the sllsendth wheseitie eroresaay betheagddingfaeuenedtisraprirstied bY saidsreutioletof the
cells, wherein the cell is not a cell in the human and/or animal body. 19. A cell containing the
expression c s%ette aiccordin%t 0 anyone of claims.2 tp 3 or the ViEH%E’ vs%ctoegnaccéc(%r égqotro anyone of
claims 6 to 10. 28 0¥8 e g?oa ?fer{%%éoo?cﬂ% o dIGIR L 16 e S expression of a coding
sequence. 2heMeghbiel fteins proguttdes antovestentasiedniorearfiiinensediihs’s to 10 comprising
the step of ingsstipadiie expression cassette according to anyone of claims 2 to 3 into the vector
genome. BN54EP MVA promoters.5T25 SEQUENCE LISTING

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 fo claim 5, selected from plasmid vectors and viral vectors.
7. Vector according to claim 8, wherein 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



<110> Bavarian Nordic A/S <120> Promoters for Expression in Modified vaccinia Virus Ankara <130>
BN54PET <150> DK P4200301730 <151> 2003-11-24 <150> EPO4000943.3 <151> 2004-01-17
<160> 12 <170> Patentln version 3.2 <210> 1 <211> 171 <212> DNA , <213> Modified Vaccin a Virus
Ankara <400> 1 tctgcaatat tgttatcgta attggaaaaa tagtgttcga gtgagttgga ttatgtgagt60 attggattgt atattttatt

ttatatttta tattttgtag taagaataga atgctaatgt120 caagtttatt ccaatagatg tcttattaaa aaacatatat aataaataac
al71 <210> 2 <211> 105 <212> DNA

Cultures (ECACC) under number V00083008 or a derivative thereof, strain MVVA 572
deposited at ECACC under number VA84012707 or strain MVA 575 deposited under
number V00120707 at ECACC.

9. Vector according to claim 8, wherein the promoter according to claim 1 orthe
expression cassette according to anyone of claims 2 and 3 is inserted in a naturally

occurring deletion site of the MVA genome.

10. Vector according to claim 8, wherein the promoter according to claim 1 or the
expression cassette according to anyone of claims 2 and 3 is inserted into a non-

essential part of the viral genome or into an intergenic region of the viral genome.
11. Vector according to anyone of claims 5 to 10 as vaccine or medicament.

12. Vaccine or pharmaceutical composition comprising an expression cassetie
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 aécording to claim 12, comprising at least
10% TCIDs, (tissue culture infectious dose) of the virus vector according to anyone of

claims 7 to 10,

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



<213> Modified vacci ni a Virus Ankara <400> 2 gataaaaatt taaagtgtaa atataactat tattttatag ttgtaataaa
aagggaaatt60 tgatigtata ctttcggttc tttaaaagaa actgacttga taaaal05 <210> 3 <211> 136 <212> DNA
<213> Modified Vaccinia Virus Ankara <400> 3 gcatttcatc titctccaat actaattcaa attgttaaat aaataatgga
tagtataaat60 agttattagt gataaaatag taaaaataat tattagaata agagtgtagt atcatagatal20 actctcttct
ataaaal36 <210> 4 <211> 98 <212> DNA <213> Mgdified vaccinia virus Ankara <400> 4 gatctataaa
ggtagaccta atcgtctcgg atgaccatat atttatlttc agttttatta60 tacgcataaa tagtaaaaaa tatgttaggt ttacaaaa98

<210>5
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 infected
host cell under suitable conditions, and isolation and/or enrichment of the peptide and/or
protein and/or viruses produced by said host cell, wherein the host cell is not a cell in the

human and/or animal body.

18. Method for producing a peptide, protein and/or virus comprising transfection of cells
with an expression cassette according fo anyone of claims 2 to 3, the DNA according to
claim 4 or the plasmid vector according to claim 8, infection of the cell with a vaociﬁia
virus, cultivation of the infected host cell under suitable conditions, and isolation and/or
enrichment of the peptide and/or protein and/or viruses produced by said host cell,
wherein the step of infecting the cells with a vaccinia virus may be made before or after
the step of transfection of the cells, wherein the cell is not a cell in the human and/or

animal body.

19. A cell containing the expression cassette according fo 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

seguence,

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.



<211> 160 Page 1 BN54EP MVA promoters.5T25 <212> DNA 213> modified Vaccinia virus Ankara
<400> 5 ggtaaacttt aagacatgtg tgttatacta agatggttgg ettattccar agtagrttgt60 ggaarttata aacttatgat
agtaaaacta gtacccaata tgtaaagatg aaaaagtaaal20 tactatraa cgccgtcggt attcgttcat ccattcagtt160
<210> 6 <211> 156 <212> DNA <213> Modified Vaccinia Virus Ankara <400> 6 atttctcggt agcacatcaa
atgatgttar cacttttctt agcatgctra acttgactaa60 atattcataa ctaartrtta ttaatgatac aaaaacgaaa taaaactgca
tattatacac120 tggttaargc cettataggc tctaaccatt ttcaag1l56 <210> 7 <211> 31
BHSAEP MVA promoters.ST25.
SEQUENCE LISTING

<110> Bavarian Nordic A/S

<120> Promoters for Expression in Modified vaccinia virus Ankara
<130> BNS4PCT

<150> DK PA200301730
<151> 2003-11-24

<150> EP(4000443.3
<15L> 2004-01-17

<160> 12

207

<170> PatentIn version 3.2

<210> 1

«211> 171

<212> ONA ‘

<213> Modified vaccinia virus Ankara

<400> 1 T
tctgraatat tgttatcgta attggaazaa tagtgticga gtgagitgga TTatgtgagt o0

attggattgt atattttart titatattita tattttgtag taagaataga atgotaatgt 120

caagtttatt ccaatagatg tcttattaaa aaacatatat aatagataac a 171

<210 2

<z211> 105

<212> DNA

<713> Modified vaccinia virus ankara

<4Q0> 2
gatazaaatt tzaagtgtaa atataactat tattttatay ttgraataza aagggaaatt 60

tgattgtata Critcogitc titaaaagaa aciygactiga Laada 105

<210> 3

<211> 136

<212> DNA

<213> Modified vaccinia virus Ankara

<400> 3
gcatttcatce trtctccaat actaattcaa attyttaaat aaataatgga tagratadar 50

- agttattagt gataaaatag taaaaataat tattagaata agagtgtagt atcatagata 120
actctcttet ataaaa 136

210> 4

<211> 98

<2172> DNA

=213> wmodified vaccinia virus ankara

<400> 4
gatcrataaa ggtagaccta atcgicicgg atgaccatat atttatitic agriitatia 60

tacgcataaa tagtadaaaa targltaggl tracaaaa 98
<210 5

<Z211> 160
rage 1



<212> DNA <213> Modified vaccinia virus Ankara <400> 7 tcttattaaa aaacatatat aataaataac a <210>
S <211> 30 <212> DNA <213> Modified Vaccinia Virus Ankara <400> 8 gataaaaatt taaagtgtaa
atataactat <210> 9 <211> 37 <212> DNA <213> Modified vacci naa Virus Ankara 400> 9 agadtgtagt
atcatagata actctcttct ataaaat <210> 10 <211> 30 <212> DNA <213> modified Vaccinia virus Ankara '
<400> 10 attgttaaat aaataatgga tagtataaat <210> 11

BNSAEP MVA promoters.ST25

<212> DA o )
<213 Modified vaccimia Virus Anlara

<400= & ) "
ggtagacttt aagacatgty tgttatacta agatggttgg cttattccat agragerigr 60

ggaatttata aactratgat agraaaacia gtacccaata tgtadagatyg aaaaagtaaa 120

rrzotattaa cgecgroggt arregrtcat ccattcagtt

<210> b6

<211> 156

<212> DHNA o ) .
<213> Modified vaccinia virus ankara

<400> 6
atttctoggt agcacatcaa atgatgtrac cacttttett ageatgetta acttgactaa 60

arattcataa CraaTittta traatgatac 2aaaacgaaa tazaactges tattatacac 120

tggrtaacgc cottataggc totaaccatt ttcaag 156

<210> 7

<211> 31

<2 12> DNa o .

<213> Modified vaccinia virus Ankara

<4(0> 7

trrtattasa asacatatat aataaataal a 31

<210~ 8

<211> 30

<Z212> DNA ] . .
<213 Modified vaccinia Virus Ankara

<d4030> &

gataaaastt taaagtgras atataactat 30

<210 9

211> 37

<2372> DNA . ) .

<I13» Modified vaccinia virus ankara

<400> 9

agagtgragt atcatagata actotorrct ataaaat 37

<210> 10

<211> 30

<212> DNA o ) !
«213>  ModiTied vaccinia Virus Angara

<400> 10 30
attgrtaaat aaataatgga ragtataaat

<210> 11

<211s> 27

<7212> DNA ‘ '

<213 Modified vaccinia virus anlkara

<400- 11 -
agtaaaaaat atgrrtaggtt tacaaaa

page 2



<211> 27 <212> DNA <213> modified vaccinia virus Ankara <400> 11 agtaaaaaat atgttaggtt tacaaaa
Page 2 BNS4EP MVA promoters.5T25 <210> 12 <211> 31 <212> DNA <213> MOdIerd Vaccinia
Virus Ankara <400> 12 atttattttc agttttatta tacgcataaa t. Page 3

BNS4EP MVA promoters.ST25
<210=- 312
<213> 31
<212> DNA o )
<213> Modified vaccinia virus ankara

<400> 12 -
arrrtatttic agttttatta tacgcataaa € >
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