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(Sinéth et al., Biotechnology and Genetic Engineering Reviews 2, 383 -407 [19847). This entails
DNA sequences (genes) which code for foreign antigens being introduced, with the aid of
DNA recombination techniques, into the genome of the vaccinia viruses. If the gene is
integrated at a site in the viral DNA which is non-essential for the life cycle of the virus, it is
possible for the newly produced recombinant vaccinia virus to be infectious, that is to say able
to infect foreign cells and thus to express the integrated DNA sequence (EP  Patent
Applications No. 83,286 and No. 110,385). The recombinant vaccinia viruses prepared in this

way can be used, on the one hand, as live vaccines for the prophylaxis of infections, on the

other hand, for the preparation of heterologous proteins in eukaryotic cells.
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3, 6- 14; Swiss Patent No. 568 392). The WA virus was
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Strains of viruses specially cultured to avoid undesired side effects have been known for a long
time. Thus, it has been possible, by long-term serial passages of the Ankara strain of vaccinia
virus (CVA) on chicken embryo fibroblasts, to culture a modified vaccinia virus Ankara
(MVA) (for review see Mayr, A., Hochstein-Mintzel, V. and Stickl, H. (1975) Infection 3, 6-
14; Swiss Patent No. 568 392). The MVA virus was deposited in compliance with the
requirements of the Budapest Treaty at CNCM (Institut Pasteur, Collectione Nationale de
Cultures de Microorganisms, 25, rue de Docteur Roux, 75724 Paris Cedex 15) on Dec. 15,

1987 under Depositary No. I-721.
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Quick and easy methods for generating 1ecomb1nant MVA are necessary to allow for

comparative evaluation of multiple candidate constructs.

Compared to its parental strain, MVA has deletions that consist of about 15 percent
(30,000 base pairs) of its former genome, including most of the KIL gene. Only a
fragment of a length of 263 bp is still present in the MVA genome. The MVA KL gene
sequences represent the first 263 bp of the ORF 022L in the MVA genome at position nt
20685-20981 as described in Antoine, G., F. Scheiflinger, F. Dorner, and F. G. Falkner.
1998. The complete genomic sequence of the modified vaccinia Ankara strain and a

comparison with other orthopoxviruses can be found in: Virology 244:365-396.
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stable nsertion of only the K/L marker sequence into the MVA genome. The second
observation occurs, when homologous recombination events take place between KIL gene
sequences in MVA and the transfer plasmid. The possibility of the latter recombination

event has also been suggested by Tscharke & Smith (13).

Therefore, it is an object of the present invention to provide an improved method of
producing recombinant MVA, which overcomes the above mentioned problems. It is a
further object of the present invention to provide MVA mutants and DNA vector

constructs, which can be used in such a recombination method.
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viral genome. Alternatively, a recombinant MV A defective in K/L sequence function may

be generated by sequence mutagenesis, e.g. insertional mutagenesis, leading to the

inactivation of K7L sequences through inhibition of KL gene-specific recombination. This

recombinant MVA can advantageously be used in a method for the introduction of foreign

genes and subsequent selection of transfected strains, i.e. in a method for the generation of

recombinant MVA.

As mentioned above, the inactivation in the MVA genome means generally a degree of
inactivation, which results in avoiding a homologous recombination between XK1L gene

sequences in MVA and the transfer plasmid (vector construct). In case of mutation, the
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replication does not occur. Therefore, the present method/MVA mutant/DNA construct is

suitable for the selection of recombinant MVA and therefore serves as a tool for the

effective generation of recombinant MVA.

As used herein, the term ,recombinant MVA“ means those MVA, which have been
genetically altered, e.g. by DNA recombination techniques and which are provided for the

use, for example, as a vaccine or as an expression vector.

According to the present invention, the recombinant MVA vaccinia viruses can be prepared as

follows. However, it is to be understood that a person skilled in the art can make alterations
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funcé@qe'fb¢s cflegk pacfierabit orenhit ajsce) B, vabembreg@RBotides 5° or 3° or within
the Ehjagiti oncﬂlﬁléq?(1 e{%ui valent in the neaning of this
AV Nt Bh > AP e Sy Oh s nasleotides @k rapfrced b orikers nAocmediog to the
inveRBbR sSUPFY Ky | ' 3 g9 o del etions when
con‘peslr ed to t hgaﬁﬁgﬁegﬁ%ge%} _gg&n URREC\AS 11“53?1% for example at
leastpttod 8O Yoahtoer fyp@ally st ledst Alsdut 009 Jhese séReHcRBENRY gt?{ﬁé nucleic
..on but .also 2, 3, 4, or nore nucleotides 5 or or
ac1d\§mo‘{e me@nglnal VV KIL gene (see above).

In this context, in particular variants of the VV K1L gene coding for an equivalent VV
K1L protein, for example deletions, insertions and/or substitutions in the sequence, which

cause for so-called “silent” changes, are considered to be part of the invention.

For example, such changes in the nucleic acid sequence are considered to cause a
substitution with an equivalent amino acid. Preferably are such amino acid substitutions
the result of substitutions which substitute one amino acid with a similar amino acid with

similar structural and/or chemical properties, i.e. conservative amino acid substitutions.



the nucleic acid sequence, or these nucl eotides are
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Nudl&3tde chRaes 25 BR 38 i L DB teRISLE LY atei
(basi c) ccgrged anfﬁ%hggfggk#%ggﬁggf%5%?%#%%?0?§§ﬂﬂgﬁuhOﬂml
do aetdcliingt i thé rpeoteitindcetivéigabissmby tleRarnged ardraMa A&l f%olved in the

. Jdnclude aspartic acid and glutam c acid. "Insertions”
b1018glcald%€1tlé’%t}7'o§@ UdbeaFrgeestah godifiatirons noaigevel thaicnoent state of

ids. . re of, vari ati.gn can.be
the 8% B und N2 < RS T 88 oatl HE S o B Fgouproas
insertions, deletions or substitutions of am no acids
in a polypeptide nol ecul e using reconbi nant DNA
OncrghedJdd - comaict ke bken inggodvaed it the edartic celstelthé @71 coding DNA
i i cal ,act} Nucl eot i de. changes, which

and gﬁgr]% : ;B#%Lﬁ%-r?‘é@?ﬁlﬂt i %ﬁf‘(}y‘{f’érWﬁalﬂ parossile tohiwlate the desired
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OVlp a5 Rlprrcupraicatigne (Goanarst Nekenof ctt dle Biool dGilcadicad. Sci. USA 79,

159R¢3d6V[15821 OFrahfi®er 3R REF ol BICY S8 -1924 [1085], Chakrabarti o al., Mol.
Cell. Biol. 3403-3409 [1985], Fathi et al,, Virology 97-105 [1986]),

The DNA-construct to be inserted can be linear or circular. A circular DNA is preferably used.

It is particularly preferable to use a plasmid.

The DNA-construct may contain sequences flanking the left and the right side of a non-
essential site, e.g. the site of deletion III, within the MVA genome (Sutter, G. and Moss, B.
(1992) Proc. Natl. Acad. Sci. USA 89, 10847-10851), the site of the engineered K7L deletion
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upon passage in cells that require KIL function to
withup lor MV AL geasmgravdny, n@w-sedBi&t $3e G01IHES thel P& L Bf Witant MVA
of the reconbinant viruses is possible in a manne
ACGRARR LR EIHIMNEROour i fi cati on (conpare Nakano et aI
Proc. Natl. Acad. Sci. USA 79, 1593-1596 [1982],
Franke et al., Mdol. Cell. Biol. 1918-1924 [1985],
Thefakiza A ise 'éncﬂ:' ma |
Phauaiact ey BOlsrtcBdycs Bl ot 03 AR e non esona
sitRia- henettrally oceusingdeletiser t ed can be | i near or
circular. Acircular DNA is preferably used. It is
particularly preferable to use a plasm d. The
Pfa t es .f | anking .t he
Thand %ﬁgﬁ%& 5% ueglg%%aﬁo gé%loe nc-%glﬁg}é ht ﬂéefapgmcegobépe@tld% He8 secreted

prosditspe.gf petigleptides of hrtibodied, chérholikha 198 0P [FEerferifls!
G and Moss, B. (1992) Proc. Natélwﬁ,lb\cad Sc:l%HS asnglypeptlde

fromyg ethegrae jeent wbichi qas’ st useh @raferghlpder eabcihtiond elugbdesror for the
PCT/ EP2004/ 001554 h he WA
profifRel ¥ 4 e%%ﬁo?{ Sé:éeélﬁﬁf iV4fua Ftpéﬂmeletmetﬁ ?%Eé@gwwﬁ@n@fare to be

genone or a

undﬁ:ﬁtcﬁfdtto W%m%c@ic@rﬁgmﬁ Patalihes Wlﬁ&leﬁ]l%& gﬂxse INgehQr gé Q811 as tumor

DNA sequence nay be inserted betwee sequencte
cells [vévddi myltiplyemnetricgsiteint dnadrganssint end @aygthuk had Fﬂcabathélbéﬁéal growths.

ocecur del.etion. The foreign DNA sequence can be
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chenoki nes, cytokines or

virfsesp nofa pﬁahiefg emdcreageaﬂcbry\/\@yr@?neﬁ apinies, U%@eﬁ%u%f %fré‘sl% Y of human
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fag;rglgg gfnlgﬁ%ﬁ)ﬁgrvé%lﬁseg% mﬂiwww% dhcatrgiasa pgwsitesRlasmodium
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an organi sm and nmay thus to pat hol ogi cal growt hs.
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p ﬁlé)a% B.D. et (M crobiol ogy, 3rd ed. Har per
releiEd r4TaeS Gﬁ%‘ﬂdnﬁd Fttm%n)assowt@ql ettigensgaisediosd qrfamblgerna—essomated
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respiratory sy T Puses:

antipenspeg. Mm@ElQ)dEf_%l Ch@ BAG,| dfl«h‘bﬁ%nutﬁt.@él s%%t?geﬁ! \év&egﬁ}gssed on
H'V I, of hunan hepatitis viruses, e.g
tumnors, e.g. Her-2/neu, MUC-1, and p53.

In order for it to be possible for the foreign DNA sequence or the gene to be expressed, it is
necessary for regulatory sequences, which are required for the transcription of the gene, to be
present on the DNA. Such regulatory sequences (called promoters) are known to those skilled
in the art, for example a vaccinia virus specific promoter as that of the vaccinia 11 kDa gene
as are described in EP-A-198,328, and those of the 7.5 kDa gene (EP-A-110,385) or a
heterologous poxvirus promoter which allows for vaccinia virus specific transcription, or a

synthetic promoter which allows for vaccinia virus specific transcription.
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vaccinia virus specific transcription, or a synthetic
e RFITREL 6, P SH PO R b S iecie tsyampls by mears of
calc MM hSEHUEPEED (WhED RLE $ESE §£,|4%6 467 [1973], Wigler et al., Cell
T77-785 [1979]), by means of electroporation (Neumann et al., EMBO J. 1, 841-845 [1982)),
by microinjection (Graessmann et al., Meth. Enzymology 101, 482-492 (1983), by means of
liposomes (Straubinger et al., Methods in Enzymology 101, 512-527 (1983), by means of
spheroplasts (Schaffner, Proc. Natl. Acad. Sci. USA 77, 2163-2167 (1980) or by other methods

known to those skilled in the art. Transfection by means of calcium phiosphate precipitation is

preferably used.

To prepare vaccines, the MVA vaccinia viruses generated according to the invention are
converted into a physiologically acceptable form. This can be done based on the many years of
experience in the preparation of vaccines used for vaccination against smallpox (Kaplan, Br.

Med. Bull. 25, 131-135 [1969]). Typically, about 10°10° particles of the recombinant MVA
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BRIEF DESCRIPTION OF THE DRAWINGS:

Figure 1: Schematics of possible pit-falls of K7L-based host range selection and their
elimination. (A) Schematic maps of the MVA genome (HindIl restriction map) and the
vector plasmid pIIIdHR. Site of deletion II: Representation of ORFs, including fragmented
KIL gene (hatched boxes). Site of deletion IIT: Flank-I and flank-IT refer to MVA-DNA
sequences which are essential to target insertion of foreign genes to the site of deletion III
within the MVA genome. Flank-I-rep indicates the position of a 283 bp repetitive MVA-
DNA fragment homologous to the right end of flank-I which allows deletion of the K7L
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the tri BBA n IGALRAGS g?ndﬂ'i‘%"s’hox%ﬁ 'on top. HCV coding sequence was placed
under the transcriptional control of vaccinia virus carly/late promoter P7.5 and inserted by
homologous recombination at the site of deletion III within the MVA genome. Flank 1 and
flank 2 refer to MVA-DNA sequences that are adjacent to the site of deletion III and serve
to target the recombination into the MVA genome. Rec?2 indicates the positions of 283-bp
repetitive MVA-DNA sequences corresponding to the right end of flank 1 and allowing
removal of the K1L selectable marker from the genome of final recombinant viruses by

homologous recombination. Representation of the genomic structure of recombinant

MVA-HCV-NS3 is shown at the bottom.

Figure 3: In vitro characterization of MVA-P7.5-NS3
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t he genone of final reconbinant viruses by honol ogous

To g@gféﬁgﬁ%ﬁrﬁgﬁgnﬁ&zf %&%nﬁ%% tchmgf;}gt %%Q%g gg%{t%cijn%\}vg rn(;)easures:
conkir@itfod GF-MVRA With&18 N 2GH kLA O (II%%E‘E lgaﬁg d\é\ggn of a

2004/ 074493 PCT/ EP2004/ 001554 " 13 Le

nevabalYy secsorafonstivcd (trdabfsr FRRE O (ERGfIOIHANR ces
inserted at the gl te gggdeclge(tl onﬁll Ipl andﬁ%q;@gem fic
sequences. CGenom c DNA of wild-type WA, MWA- HCV- NS3
and transfer plasmd plll-dHR P7.5-NS3 served as
tenpl ate DNA for anplification of distinctive DNA

1. fra(grmg?@n\ﬂdyuﬁﬁc%ﬁ%fﬁgQﬁ,ﬁﬁged by agar ose gel

1.1 Growing of the MVA and the MV A mutant virus

The MVA virus is a greatly attenuated vaccinia virus produced by serial passages of the
original CVA strain on chicken embryo fibroblast (CEF) cultures. For a general review of the
history of the production, the properties and the use of the MVA strain of vaccinia, reference
may be made to the summary published by Mayr et al. in Infection 3, 6-14 [1975]. Owing to
the adaptation to CEF, growth of the MVA virus on other cell systems is greatly restricted.
Exceptionally, baby hamster kidney cells (BHK-21), a well characterized, easily maintained

cell line, supports MVA growth and as proficient expression of recombinant genes as the



el ectrophoresis. The 1-kB-Ladder (G bco) was used as
mar ker (lane 1). Right panel: CEF cells were infected
Wowaoh/01493 U/ cel | of MVA or MVA- P7.5-NS3 and haP@EBP®A4/001554
at 24 h post infection. Protgins fromcell |ysates
wer e separated by SDS-10% PAGE and anal ysed by
highBs efidler?| OBF UsildNBasabR! %ebanhdddCY¥ors Et%ﬁaetriz&ed MVA propagation
anti serum Position and nol ecul ar nasses In Kk SA 8¥
dugegythgidevelbpmeiatrad ekpressiawrecians hrachiveMééomibi@attotakcnesn@rexler et al.

| eg,are_in ﬂ@ to contribute to a better
19%3289,’%‘36‘6‘?%590#4%? gpr esent invention. However, it

is not intended to give the inpression that the
invention is confined to the subject-matter of the

The MR vius WMokl grbomionUE &1k, hie hésabedl ofvhich it had been adapted.
sel ection_technique the inventors ad&{)t ed two _
To prepangrtesCEF eeliss 1 H-daysi absherabryma/merngiisctasert frethlinqubsted phicken eggs, the

le: MVA (LI'1 Fig. 1B desj gn of new . .
e N TR "
: ' 01 ' i fgati the
o BSR4 5y B A£G, e i co

suspénsips WisediMedl with vse velume @f eaddiun & (VEM Bagld, foaceiripla obtainable
Vi L US oduced b eri al_passages of the original CVA
fo GLiE o oo AR IO b B o0 Pontiing STl rald semm (FCS),
: r.evl ' f e. .
rrE gL AERSR, SR 100 3405 Yo e g e s
cellssdrednn(f@f exvapld sbtainatlefiemeTenomey RE, MRHe, tRwitABRand, Order No.
I shed by Mayr et al. in Infection 3, 6-14

sunmary publ ; )
Belicpol28p, 1%@/\&%@}1& and the eclidwpicatcidvrentag @Eﬁqnltrgfngaﬂoh aDﬁZOt)% em in a
i I t j t tricted.
ver et APRe RGP TR CEUR: B Sait ieastatirs oy mgtes. T
celMRldim&b a2k hi Zef 1/838 ey oﬁgi&?t\%ﬂlﬂﬁg of fifthitun] LY the CEF cells

supports MVA grow h and as p i cient expression o
obtpieebmishin @y vgengseaontdel cWDre 8MIsOTHOBere left to grow in medium I in

PCT/ EP2004/ 001554 _14 highly efficient CEF and has
2 Cha Bigubalex réé%?" k-6 daysy drpgndipg o theidvaregcalh depaity.gind were used for

. ' ' d.Li .
45 B A AEPLARTE N o, BLESRLER USEALANANIL i

of pAiY cultufs cadbé-3ed)in oA I ITSsIBS "CairRIck Yniea@WAT", Alan
on CEF cells, the host cell or which it had been

R. Lignpertag, Newo ook B[988 EChantsr CEPage?d ¢ sed1- days ol d

enbryos were isolated fromincubated chicken eggs, the
The MVA mutant of the present invention is routinely propagated in CEF cells or in baby
hamster kidney BHK-21 (American Type Culture Collection ATCC CCL-10) cells which

were grown in minimal essential medium (MEM) supplemented with 10% fetal calf serum

(FCS). BHK-21 cells were maintained in a humidified air-5% CO, atmosphere at 37 °C.

The viruses were used for infection as follows. Cells were cultured in 175 cm? cell culture
bottles. At 80-90% confluence, the medium was removed and the cells were incubated for one
hour with an MVA virus suspension (0.01 infectious particles (=pfu) per cell, 0.01 ml/cm?) in
phosphate-buffered saline (PBS/Dulbecco, for example Animed AG, Muttenz, Switzerland,
Order No. 23.100.10). Then medium was added (0.2 ml/cm?) and the bottles were incubated at
37°C for 2-3 days until about 80% of the cells had rounded. The virus lysates were stored with



extremties were renoved, and the enbryos were cut
into small pieces and slowy dissociated in a
W@ eluh7am conposed of 25% trypsin at room t enpRCHEP2084/001554
for 2 hours. The resulting cgll suspension was
dilfuted with one volume of nedium! (MEM Eagle, for
theC¥AIRhE neatdh N Rt tbARILCIDGR dBaghiGre l%%l{szﬁf 138 before further
Order No. 072-1500) containing 5% fetal calf serum
procRss®g, (purgiatiai dtd.) n (100 units/m ), streptonycin (100
ng/mM) and 2 MM glutam ne and filtered through a cell
screen (for exanple obtainable from Technomara AG
@HHE' : ' nd, Order No. Belico 1985, 150
1'2mas 1)9%{10%%5‘%}%@5%@2' | s were sedinmented by centrifugation
at 2000 rpmin a bench centrifuge (Hermle KG D 7209
Gosheim FRG at roomtenperature for 5 mnutes. The
The pyficatien srepst undagakealte nbtaw 4 ving/ptepfatioh evhoehi whnad pure as possible
| u of mediuml,.and the F cells. tained in )
ond! B 7 Sormren S St B Ty 6 s L i NNely eV virses
- QW ( | IO 0 376G,
e e o ch G D 2oy darfyoea). The
cellaevitume méidhsed bear infdctetient iten seirédar-3000. eeid thaed akd RBidual cells
assages. A clear description of the

1 -2 furth N
We’ﬁ?ﬁéé&fﬂgﬁ %E&agq% off ﬁlﬁ@}aﬁﬂ%wbﬁ@ﬁt@ gn¢ g¢llsad veunhwetenempreed from the

ol Pyl ORI A58 S TPl 8L 4 ) e
sediféht, o obddrofMitaBBid &dl pRECIR! Qe Blspbite %B@:égﬂl P}%S (l(% -20 times the

routinely propagated in CEF cells or in baby anster
volyang g€ the Befitent), (andwhre suspendipp svaCodntmifugedCol dbewd. IThn néF €&liment was

- .10 |1 i ch own i.n mnj | essenti al
susFRRE T LVERSS B Eobeat iR ter ol ol e S 3P K, 1mn
' j . : . ot . .
T
a 4 fion dianfetec tip,@bta@mbledldnoBendeCadd Bobt, & igidh, (¥ iedrldd, 719 seconds at

cn2 cell culture bottles. At 80-90% conf]uence, the
60 gt Ghel VRAD rETRRTREICA MY Ofdse T disimiegite semaainBati@dntaor cells and to

- , A Vil FUS,SUS Si .01 )

R A OIS O, s BRPS88100 5 Oty ot

werRhesphal @- s fsfieeqetns dlitnenttBSlHBH| Jpaks QusR%r%'ione KSFPALGSA rotor
Animed AG Mittenz, Switzerland, O der .

obtzigabi@orn AuPomten, P¥ds i Baddubeds ﬂR@ﬂninmbmtBX)()alnﬂn tule10° C.).
bot t.1 ' bated at, ,37C_for_ 2-3 days unti

Theag% g%o%%sonlfa galé@% ?@P%]éj&dr%‘u ﬁég buffgre tﬁ%ﬁeéswﬂ?s‘éﬁé@md and

cenﬁ@ﬁﬁg%d?&ﬁfe@gib  aho ORI gé‘ﬂeﬁ%é%g}?erﬁﬁgﬁe nc?n?a@rﬁ{rl]g ??]eSf'?%ée fﬁ% particles

the cells and nmedium w thout trea e
were abmbined hotlhyeead aiter a BACcddfovedoff 103 59 1REFRS §i M Tris-HCI,
(gourificat_ion etc.) .
pH 8.0, and centrifuged in a 'Kontron TST 28.38/17 rotor (Kontron Instrumente, Zurich,
Switzerland, corresponds to a Beckman SW 27 rotor) for 90 minutes with 14,000 rpm at 10°
C.). The supernatant was decanted, and the sediment containing the virus particles was taken up
in 10ml of 10mM Tris-HCI, pH8.0, homogenized by brief treatment with ultrasound(2x10
seconds at room temperature, apparatus as described above), and applied to a stepped gradient
for further purification. The steps of the gradient were each composed of 5 ml of sucrose in
10mM Tris-HCI, pH 8.0 (sucrose concentration steps: 20%, 25%, 30%, 35% and 40%). The
gradient was centrifuged in a Kontron TST 28.38/17 rotor at 14,000 rpm 10° C. for 35 minutes.

After this centrifugation, several discrete zones containing virus particles were visible in the



1.2 Purification of the viruses The purification steps
undertaken to obtain a virus preparation which was as
wEooe/0a89possi bl e and free from conponents spRCT/EPI04/a1554
the host cell were identical ;§or the WA and WR
viruses (Joklik, Virology 18, 9-18 [1962], Zwartouw
regitn of the gﬂadlﬁebetwhélﬁirwt)bﬂl 40% Sucrege3 Tﬁ%%e%én? @v%l llph(éqéﬁ éf from the
ore

cell cultures which had been i nfected then"s
graghent Ganl)sibe wicrasaswletiontas dilatsil ithl PRSERD snl) auelrtke sinakenticles were

secgltnf nt%)d Iﬂt% r%?\\dgﬁ? g) Ig;gblgatuﬁir @iﬁqﬂ%@%ﬁ%ﬁ% S%»ﬁ? %y&grd 9c(:)er|m|nutes at 14,000
f Pikn
rgfmg g% O%H%kd{’ %Hc‘ﬁ%lo{xr &)ﬁmt’é& ngﬁ}?jeoq’?ﬁ' r\%tug [ améles ]yvas taken up in

PBgjinalictameay élak theanﬂus cdmsmamaﬁs mmd&ﬁo@@@eage&o E’B§x 10° pfu/ml.

O.ti.nmes the _volune of the sedinent), and t
Th l@ﬁ?%éﬁ@ﬂéws vieckc ealitions are dsesls cidhss\directih er rrbhﬂ@lew/uthel?ﬂs for the

in 10 tinmes the volunme of RSB buffer
Su%lé%ln{‘f#?’?‘g@ " pH 8.0, 10nMM KCI, 1nM MyCl2), and the
suspension was briefly treated with ultrasound
(Labsoni c 1510 equi pped with a 4 mmdianeter tip,

obt ai nabl e from Bender and Hobein, Zurich,

5 W %rlang 2x10. seconds at 0O watts and room
Efor UG Pharactetization of gutgnt V(A yHUSES r emmi ni ng sti | |

i nt act ceIIs and to Ilberate the virus particles from
the cell nmenbranes. The cell nuclei and the |arger

2.1cebistrdethmi f Kiveddetioampigmit i n t he subsequent bri ef
centrifugation of the suspension (Sorvall GSA rotor
obt ai nabl e from DuPont Co., D-6353 Bad Nauheim FRG 3

] m t was onc _
o L L S, 1, e TS S5 e
proéitdler ©@0¢rcel BOSUY AGQRHEBOL St‘éll abeia- seg cEP J)Iﬁﬁﬁ&dnt 20719 to
supermatants cont ai ni ng the ree virus artlc

71]@me,th%@611@§1@&33@3st ia Ppadlnedﬁpﬁs Sdhfﬂflm:ger 7] Dbfmer and F.
o su 0, and centrifuged
G. FRKAERIRTR i 3387 395k kool PRt sconmyatst Rrsiatan plasmid
Zur B
pILZ (%{Zorgi ?eé*rSWaBE %r c%fﬁ?ggﬂgm]?% I‘F‘% 3%%&18 ,ﬁ%‘{lgfi (33 ¥Vr énologous
1ecc$mbmanat and thestedefcdodtal, 1T avichit g Nﬂ@k ﬂém@ Oﬁisaédysﬂﬁlted by a

Ee V|rus partlcl es was taken up in 10m of
newrtlpak (L), thag dol nqﬁ@ﬁ@t@éhﬁié@ewsmuﬁ@cfes tanédatadrbn¢11 isblated by PCR

sl S : seconds a oom t
ﬁoﬂéi g%'g?xa us%;lé d using é)&lnéeg% gnewgh dﬁe g%b(f}ai]gét%% CGG CCG CCT
TAStAR0OSET Ar@ud @ﬂ(SEQQD Nor thedd H%'exﬁvBC at t%fG G TRICPTA GAA
of the gradi ent were each conposed of sucrose
CG’IIIQA&GW TG $2 (KHQ IPNE.2). Additionally, aGI‘]lSeb’]tilrep&dtQ)lﬂ the 5° region of

0/ 25% 30% . 35% and 40% . The gradi ent was
the i\t?ﬁt ‘?HCPJQ ng frage k@ﬁqﬂ &%Sgrgfrfla@ BePQR, pgng prigers1 deliido 5° CAG

CTGRIABOCEA TR F8ATITOA &5 ofid 81 &é}%}? ﬁggﬁg)gﬁ) L433808: 5 cac

severa screte zones containin
GCGi 6CA 6CNGIRe TTC GAT GAT TAT TTT TAA CAA AAT AAC 3°, (SEQ ID

-U)

NO: 4)) was inserted downstream of the LacZ-gpt-cassette, yielding pll., LZ-gpt-del and
allowing for deletion of the marker cassette upon homologous recombination of N2L gene

sequences.



WD 2004/ 074493 PCT/ EP2004/ 001554 16 region of the
gradi ent between 30% and 40% sucrose. This regi on was
wGaehonge of f fromthe gradient (10 m ), the BUDEP®E4/001554
solution was diluted with PB$;(20 nml) and the virus
particles were sedinmented therefromby centrifugation
2.% Kortteneratidfo bf BBV 8&mkdnts ot or, 90 minutes at 14, 000
rpm 10 Q The sedinment, which now consisted nostly of
pure virus particles, was taken up in PBS in such a

Y hat  the vir oncentrations corresponded on
M‘gf’}‘e(rﬂa@g" ogif%%atﬁg %@ngaﬁfﬁﬁlﬁf% of I%ﬂ@v%gptfdeé dNA rinte psineark chicken
MibOBI VMR CH: ' INr&cC [ luted with PBS .
e T R etn MU ATEloh sl D ebied inaetecton of
B-grivatattase ipradiicorg ofrusestianthe Msevite UFemycdohbnolic acid as described

.Const r&gth%gn of KIL deletion plasmd In order to
Preyaqustiel i HaltetestsicHpn g1 pesembinant Mobduestestive posssirh avabMAmoved and

mageR t t-%)q it:D pyomoter sequences of MVA ORF
022L tvoftga ! e%tg\t{\nggalgsle lences conprise nt 20719 to

21169 of the MVA genone as described in Antoine, G,
F. Scheiflinger, F. Dorner, and F. G Fal kner. 1998.
Vi rol ogy 244:365-396), the inventors constructed the

el etion.plasmd | | RewLZ-gpt-del: Flank 1 of

5.G i0f o 7 bingpt 1145%r evi ousl y used for
honol ogous reconbination into the site of deletion |1
wi thin the MVA genone, was substituted by a new flank

3. 1(C@isyyctionaff vetitat phatnidsont ai n KI L gene sequences and had
been isolated by PCR from WA genom ¢ DNA usi ng
prinmers IIflnewA: 5 CAG CTG CAG CGG CCG CCT TAC ACC

AR R 0 SR oo PSesmplsEe raspmbimation between MVA
genAgdi téq@Bades Yand MG Oy r  LRe, 7. ' the.
N2L op(%n readi ng fr ae?rga t(sgd%%? e(Sgllzqso [ Soﬁﬁg{fgrgﬁlg{/h@&e &Slgned a
nevuplesgiduTIneRs thdetddtAins Ble KACMalEC40GGRAY ﬁéﬁke@ t@hom 216
ATC. GCC 3' (SEQ ID NO 3) and dellIB: 5 CAG
bp iepgiitese AcTurnceyderiad frommhT T Zimac CAA. AAT AAC 3, ( SEQ
ID NO 4)) was inserted downstream of the
LacZ-gpt-cassette, yielding pllne,,,LZ-gpt-del and

ool gous T ecant harlon 1 RBr s erseRa AR Refyjgnal contrl
of i3goieoiza neBaT HEP20OUT EDEHBAR as 1 100-bp DNA. fragment from genomic
DNA of vaccinia virus strain Western Reserve (kindly provided by Dr. B. Moss, LVD-
NIH, Bethesda MD, USA) using the oligonucleotides K1L-5-3 CAG CAG CCC GGG
TGC GAT AGC CAT GTA TCT ACT AAT CAG (SEQ ID NO: 5) and K1L-3'-1 CAG
CAG CCC GGG GGA AAT CTA TCT TAT ATA CAC (SEQ ID NO: 6) (sites for the

restriction enzyme Smal are underlined).

This KIL marker cassette with the direct repeats on either side was excised from pAK1L
that has been described previously (12) and was inserted into pIIIdHR, replacing the K1L
marker and flank I repeat to generate pIDAHR (Fig 1C). The genome of final MVA
recombinant viruses will now contain the target gene sequences and one LacZ gene

fragment. Insertion of additional foreign DNA might appear to result in less “clean” vector



17 2.2 Ceneration of MWA mutants MVA (I Rew) was
generated by transfection of plL,.,LZ-gpt-del DNA into
woeiomar4oxhi cken enbryo fibroblasts (CEF) i nfRCI/EP2004/001554
with MVA (clonal isolate 176)18 fol l oned by sel ection
of Il-gal actosidase producing viruses in tre p;esence
i | | ] VI Ous . .
Bt B R b apen P R oltL fay ppvnient
idepdidicrgorpofodcandnantdKar free viruses isol ated (Fig.
1B). 3. Generation of reconbinant MVA viruses 3.1.
Construction of vector plasmds APditionaIthbFo N
113 i pi it onol ogous reconbi nati on
3‘%EF&%@ﬁﬁ%Wigsﬁgﬁgﬁﬁgk%%%%%nc fand WA r epeat
sequences in MVA transfer plasm ds we designed a new
plasmd pl11(r)HR that contains the KIL marker
Figedlysetthe nepedt| apfketheby talterasibme t oB16rectypbinapied i teffi€encies in
ene. The KIL marker

inf%cgtgbglzgfrgfecgﬁxréie\é&%r g v&%q? Edelaegl%qzqz; . gg&‘u@eﬁ]@ewgﬁdéfected with MVA
T T Y N T —_—
haigested after 4ONAuref an\daél%rfuﬁisawéﬂe hY&d & n@ddp RAES ﬁ{o%ﬁggglg.r X%ter three

(kindly provided by B. Mdss, LVD- NI'H Bet

daywDinfessa) mesplagers Iveero hinyested kempliethss aid nlatdial 3uGaGeCASa second
TCT ACT AAT CAG (SEQ ID

paﬁ%f% %‘Bﬁﬂ&%@é& RGOSEA [cSeRceRee Miblzﬁfﬁ i ZS:ent cell
agg-%gat@s-rﬁe%t&‘gﬁgdl %gﬁn{lﬁg dl)ggcﬁtﬁll%ggs%@ft I"i%e in?eng%{g gé?r{ gsed this

enzynme Sinal are u : | marker ¢
dataito kalchietedihe @etcentage af sorgdtt edcbh®inabibl@vemRs QX &lss8Bn of the KIL
from pAKIL _that has been described previously (12)

magify CRESIF AEe hcedPi sfne 1ol MYMR(T2hdp  hdiiting tlivecdaventional selection
syofSh AR ) MR Pt LR b s i 5% of

focharecaraisthaitnfd e/ L aindebfoeng BRIURBEER MY Labiction of th
chen.e fragnment . Insl,ler%ipon of additi onal fg(ragek?ién %ﬁ&mn ot the

remiigihg Kaldptegpentce froms tHet MIVIA pemsne' dightin impeetd ot recombination
2004/.07 EP2004/ 001554 18 viruses, yet this
evePRole T V& e ity BRIFECRE agirvat engeh et Nl romest sequence

frofOtheCIWA N B8fer plasmid resulted in a clear increase of desired recombination

events (71%) even using MVA still harboring left-over KJL sequences. The inventors

obtained virtually 100% efficiency when using new MVA and gfp-transfer plasmid (MVA
(IL,,,) and pIIIAHR-gfp). One first “blind” passage on RK13 cells was performed before

plating dilutions and determining the number of foci, because it was observed, that when
counting GFP positive cell aggregations in the first RK13 passage the outcome suggested
higher numbers of correct recombination events, yet about half of these virus isolates when
brought into the next passage was unable to induce GFP-positive virus foci. This
observation is probably based on unstable single recombination events and/or transient gip

expression from carry-over plasmid DNA.

Taken together the inventors are able to further substantially improve the XKIL-based

selection technique by (i) removal of the remaining K/L sequences within the MVA



identification of reconbi nant MVA. 3.2. Formation and
i sol ation of reconbi nant MVA Finally, the inpact of

wo bago74b3 er ati ons on reconbi nation effici enci BGI/EP2004/001554
infection/transfection experigents was determ ned. CEF
cells were infected with WA (F6) or MWA (IL,,) and

e drad) Sh € ¢ P lesint Hf P | 3 r i ||5§Tg;- - | i,
& wer e hgr)\?es\t%ed af%dérl\gzlg %%ﬁfés?,plgjlrﬁhﬁlcl g [c')lgsho\%gorrirggoﬁlgélgn MVA
sequgn¢asf et daRiid nbitind ayesient wbdker gehe eBachdaasiraft8Cligds already

. rmnoéa ers were g%rvest d conpletely and material
IMRIOSPE FeBEaf180 Lls Ho AeFiIeh assagbnant RRuSEsc @llieis. toTdifferent extents.
PoSt 4 Nf [ viesiblelagf p fluorescent
CoERR P oL atzel BRBHITELS: e Sol 7L MoltdPery FRfRpoatied MVA
veatore plasmody resdli®] imnvent effisichheflettsdadd ip%ecis@a éh
cal cul ate the percentage of correct reconbi nati
targgjechggnome esitej ar@rallpwh fof itohasio1of pratikaly calysdfYA Rocmbinant
virﬁst% p gene into WA (Table 1). Using the conventi onal
Selection system (MVA (F6) and pllldHR- gf p) generated
by the inventors, they found 30.5%of all foci
reconbi nant for KIL and gfp after the second RK13
passage. Deletion of the remaining KLL sequence from
A genone slightly inproved correct reconbination
_evets { ENQRANg/ 59l GeHng dHR- gf p). \Wher eas
renmoval of flank 1 repeat sequence fromthe WA
transfer plasmd resulted in a clear increase of
Thel emices i reaardetiba bl @Recorteing MVAXMAY, | :
still harbori ngr | eft-over KL L seq@lﬂencl‘gj;?&ﬁr%%glgwgnonmuauml
[

3 (Ngdbeper seading Aamed GRINt efatheyHAN0Y6sehin (deantype il may serve as
lasmd (WA (I]1Rel

L0 w_IMWA and gf p-transfer ) '
exaf I Rt iR s GhB of pSie e Fidue sasgutde SMORceR the basis of
aelVhs f permd ; | at.] i MEL GNS )
e o g e e Rer o ARl WMAZL 38 using trauster
plaphisle rwigd hetetrddgonk,emon- MU trépegtiGE Re asit¢ ekencsl (LacZ). Originally,

g re%{elltigns in the first RK13 passage the outcone
we %%@ 8 thegreste b Vet fos srpesstion oF Sieb 63t NBH gene (MVA-

f_these.virus isol.at when .
HCR/R3H Por KECPA by Blod 530151 390 S5 MhEMe setecrion
profdcbt P3aiebdribed iy Btaits Cf, @Edl. 2000, Biotoe@ikabkansy-§14p4 obably
based on unstable single reconbinati on events and/ or

transient gfp expression fromcarry-over plasm d DNA
et her ors.are_able to further

K ' :
R ST RN R AT -
b ; i 1 Qfcit P ni .
SIS b LR ST s, s i
al. REYD.EPRURY 0LBH49528) served to prepare the NS3 gene (encoding HCV

el @ansfer into the
on

polyprotein amino acids 1028-1658) using PCR amplification, and to clone the
corresponding PCR product into the MVA transfer vector pIlI-dHR-P7.5 (Fig. 2). After
infection of CEF monolayers with MVA (clonal isolate F6) and transfection with pIII-
dHR-P7.5-NS3, followed by several plaque purification steps on RK13 cells, using K1L as
selectable marker, we were unable to obtain bona fide recombinant viruses. We isolated
either ’IMVA harboring only the K1L sequence stably integrated within the site of deletion
3 (del 3) of the MVA genome, or were unable to obtain stably growing virus progeny at
all. As a remedy, we then decided to use our improved new KIL selection technique, re-

cloned the NS3 gene sequence into the new MVA vector plasmid pIIl--AHR-P7.5, and



19 genone and (ii) design of new WA transfer plasm ds
carrying honol ogous non- WA sequences for deletion of

W b@4074ansi ent mar ker gene. Each neasure by it Bel/EP2004/001554
al ready inproved generation,of the desired
reconbi nant viruses, albeit ?o different extents.
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Tabl e 1: Reconbination efficiency using conventiona
and new MVA and transfer plasm ds. Percentages were
w@alogtaved as ratio of gf p-expressing foci* tRCT/BP1004/001554
visible under light mcroscoge**. Nunbers in
par ent heses show absol ute nunber of foci counted in
P14 di fferent 10-fold dilutions of each sanple and
are representative for three i ndependent experinments.
WD 2004/ 074493 PCT/ EP2004/ 001554 24 P16954 Met hod of
generating reconbi nant MWVA 1. A WA nutant, wherein

ho WK1l o
tAe—IKE gene—Seqguenees and—its nrnnnt e seguences in

the MA genoﬁ@eﬂwﬂkpﬂgﬁﬂ®rﬂbnguepﬂnﬂnnﬁnﬁﬂmVWXSequences
have been inactivated, preferably by deletion or
mut ati on. 2. A host ceII, whi ch has been I nfected Wth
the WA of claiml1l. 3. The host cell of claim 2,
which is a eucaryotic cell. 4. The eucaryotic cell of
L. ¢l ai®mVBV A whitot, Wlseramahw Kllé rgelﬁa feqodricas indord ]br,orrﬁ)tcﬁl,@aqlhences in the
fibropblast cell a BHK-21 cell, a BS-C 1
cel MV4 SR 0&%@‘““8“%@% ch éiﬂld segiepeIsdiave Bedn, inactivrizds
cel Qﬂgﬁ Qprimry cell (e.g. primary
fib gg?ﬁqugé (anqﬁen ?%IC cells). 5. A DNA-vector
construct, which conprises sequences, encoding the
Vacci ni a Vlrus (W) K1 L gene or for a functionally
2. equitviost pell, yevieh hag beqminfemerl witk therMydnst olaiot 1.0f ¢l ai m
5, wherein the construct further conprises DNA
sequences coding for a foreign protein or a functiona
3. par Tht hegt @kl of claifhe, meh\@&&waq&%%ﬂw of claim§,
wherein the foreign protein is a heferol ogous protein
derived fromthe group consi sting of therapeutic
i des. an es of. pat hogeni c agents

4. gggq’gaﬁtﬁw%celg Sf tla E r% Ee?’ ych 1ga chigleenpipprolasitcl, a quail fibroblast
Con@éll’ YT 9! AR 21 X‘Q?r HALNE hmg&%éﬁlg@ %‘6 15¢ll, a Vero

pol ypéptide 1S derived Aom the roup
sectdl adMRCAt &ling B-€s10or dJ@ilﬁ@ﬁ;ﬁ{mQ@%e@f{e. anirikadifiSoblast cells,

dendritic cells).

5. A DNA-vector construct, which comprises sequences, encoding the Vaccinia Virus

(VV) K1L gene or for a functionally equivalent gene.

6. The DNA-vector construct of claim 5, wherein the construct further comprises

DNA sequences coding for a foreign protein or a functional part therof.

7. The DNA-vector construct of claim 6, wherein the foreign protein is a heterologous
protein derived from the group consisting of therapeutic polypeptides and

polypeptides of pathogenic agents and functional parts therof.

8. The DNA-vector construct of claim 7, wherein the therapeutic polypeptide is derived

from the group consisting of secreted proteins, e.g. polypeptides of antibodies,

chemokines, cytokines or interferons.



chenoki nes, cytokines or interferons. W 2004/ 074493
PCT/ EP2004/ 001554 25 9. The DNA-vector construct of

w@eb@inr893 wherei n t he pat hogeni ¢ agent i s deriREHEP2004001554

1OV\,he

the group consisting of viruses, bacteria, protozoa

and parasites as well as tunor cells or tunor cell

associ ated antigens and functional parts thereof. 10.
The DNA-vect or construct of claim8, wherein the

- vi rdBed I\H}‘"EYC@@I @wsiedct fof alaint Bewlgr e ﬂle p@jhﬁgélﬁé égéﬁt ©®8erived from
|nf hlégrza viruses,. neasles and respiratory syncyti al

vi r USSP FRRITEE Of Virties bacteripviietazanansaressites asmedl as tumor cells or
Vi I SRS viruses, or
papi | | oﬁgh%%éefﬁﬁ%éffs aﬁ%ﬂnﬁﬁé{%gﬁ{gg@g%gnst ruct of

claim9, wherein the protozoa is Pl asnodi um
f al f%?ﬁ{‘#‘h 12. The DNA-vector construct of claim?9,
TECHRACBpTUEt pEcligh® mdteisths viressisienglected from the group

The DNA- tor construct of claim?9,
whe RSt et I RSB Ples o GiRevtial viskmedtigte

f r ovindsbsg h@gh@iiphre@idak .
differ Eebﬁt iation ant I%&é%ﬂsag V%Seg%ﬁﬁgg% aagigl?&sgg,%grpes viruses, or
t yrispillosnedmedsat ed proteins 1 and 2, of cancer testes
antigens, e.g. MADE-1,- 2,-3, and SAGE, and of

non- nut at ed shared anti gens over expressed on tunors,

11.€. Ofhe DA YonMdSr ds cl Rf%glgmi’[ge pﬁgﬁépgﬁle{sﬁgd%l

construct of any one of c arns

K1lfalgipdrunf. or ei gn protei n codi ng regi ons are each
fl anked by DNA-sequences, flanking a non-essenti al
site within the WA genome. 15. The DNA-vector

12. COngLmsGh _Qkigh @“%Tf?f&#}?‘{ re{V ﬂte]{ﬁﬁ]ée on-essential site

is the site o 11y ErfBhgEculpsiercausing
si tMy@badtétta. engi neered KIL deletion within the MWA
genome or any non-essential site within the genonme of

nmut ant MVA according to claim1. WO 2004/ 074493

P ER2004/ 001554 26
13. C-lilhe [ﬁ@g—vec’[or construct of claim 9, wherein the tumor cell associated antigen is

14.

15.

selected from the group consisting of melanoma-associated differentiation antigens, e.g.
tyrosinase, tyrosinase-related proteins 1 and 2, of cancer testes antigens, e.g. MAGE-1 -

2,-3, and BAGE, and of non-mutated shared antigens overexpressed on tumors, e. g
Her-2/neu, MUC-1, and p53.

The DNA-vector construct of any one of claims 6-13 , wherein the VV KJL and
foreign protein coding regions are each flanked by DNA-sequences, flanking a

non-essential site within the MVA genome.

The DNA-vector construct of claim 14, wherein the non-essential site is the site of
deletion IIT in the MVA genome, the site of the engineered K7L deletion within the

MVA genome or any non-essential site within the genome of mutant MVA

according to claim 1.



16. The DNA-vector construct of any one of the
precedi ng clainms, wherein the vector conprises the

wo edokowi4py) functionally |inked conponents: - tPET/EP1004/001554

mar ker gene conprising KIL cogi ng sequence of W and a
transcription wunit, preferably conprising the

160 r angeMNAL QR cORMFICOLS SUABRE &R BEcddiny AMERERhESIn the vector

17.

18.

pronoter, - two DNA sequences flanking the KI'L marker
geneofiprisesibs dojleving fewtived]lydinketieompemdoes: f r om

r econpi t A by honol ogoys_r econbi nati on o
pr ergﬁ%‘%@ n%%%ff aeé% ﬁ‘?m%%ﬂgg #é% Poglégﬁw@ncec@ﬁ YViagd 2 transcription
deri r - Holp\l [ ef er .
e AR CAATRRLE oy SN OB e B SR Ko

has préreeter,opti onal |y inserted, - a pronoter for

vacci nia virus specific transcription, preferably a

vac citip PNA saguengesr flapshegho b erarkergeae fetsebssiqogduemoval of the
poXVi rus. Hronot er, .whi Ll ows for vaccinia. viru

bt i rR Rt SV 8y ol et P Situiote rrapy two
al | Qu&itori b Nt [ hil ription,

whi ch corrpgﬁrzgff%rEa?SMfl{éﬁdfé%Q@??\?gr%%ﬁD%A sequences,

whi ¢l comengsise ptdafahblytnoultipleghing $ites @r whieh adfetdhdlogi@rzene has
gen;s to any non-essential site within the genone of

mut ﬁ?nW}QnéBEéTFSSﬂFé toclaim1l, to the site of

del et i bhi-n: tF o . or e site of .
e i tableh £ vaPfaaiy Min SEARMRAL plferkf oilat g virs
The deled/gohitercanshidietologbis Bokyirah pfdnadtebwBicl Gllowdfot Raccinia
is a plasmd. 18. Method of generating reconbi nant

MVA Virg® pigsicifed thasetigtion; epssysthetic prerhetst whightblows desl Yascinia virus
of I\NA.{wi{h thet.M\/A mutant of claiml or wt MA, -

t r angf e et Ay tRehost cells with a DNA-vect or

construct of any one of clains 5-17; and - selecting
restored WA by grom h on rabbit kidney RK-13 cells,

or aychotdmegoneetslare flyked bhawo BEEARDNAl deyuereas)iwtesh 4t kessential
gene functjon to allow for productive growh of  MWA

R, taEgRteapRETE PN of Ereien genes to any non-essential site within the genome of
mutant MVA according to claim 1, to the site of deletion III within the MVA

genome, or to the site of the engineered K7L deletion within the MV A genome.
The DNA-vector construct of any of claims 5-16, which is a plasmid.

Method of generating recombinant MVA, comprising the steps of?

- Infecting host cells of MVA with the MV A mutant of claim 1 or wt MVA,

- transfecting the host cells with a DNA-vector construct of any one of claims 5-17;
and

- selecting restored MVA by growth on rabbit kidney RK-13 cells, or any other cell
type that essentially requires KIL gene function to allow for productive growth of
MVA or mutant MVA of claim 1.



