SI NGLE RECOMBI NATI ON SYSTEM AND METHODS OF USE The present invention
relates to a single reconbination systemfor the cloning of reconbi nant
poxvi r usesolry1072ieagl e reconbi nati on event in a nodifi edCpEPIINOMOBIECT OF .
It further relates to the nodified poxvirus vectors, uses thereof and a
met hod for the production of reconbinani poxviruses. BACKGROUND OF THE
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responses in addition to antibody-based responses. Poxviruses are

wel | Sknoximeytbopinapoiviruydsr uses, thus any genetic material carried by such
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i nadvertent integration BACKGROUND OFTHEENVENTRON/I ruses can be
readily genetically engineered to contain and express foreign genes t hat
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15  wviral vectors normally remains in the cytoplasm without the disadvantage of inadvertent

integration into the host cell genome. Poxviruses can be readily genetically engineered to
contain and express foreign genes that have been inserted into their genome using, for example,
cloning techniques such as homologous recombination. These foreign genes can encode a wide
range of proteins, such as antigens that induce protection against one or more infectious agents,
20 immune modulating proteins such as co-stimulatory molecules, or enzymatic proteins. For
example, recombinant poxviruses have been engineered to express immunizing antigens of

herpes virus, influenza, and human immunodeficiency virus (HIV).

One of the main advantages of poxviruses as vectors is their large genome size, which

permits the insertion of a large amount of heterologous genetic material including, for example,

25 multiple genes (ie., as a2 multivalent vector). However, the heterologous genetic material must
be inserted at an appropriate site within the pox genome for the recombinant virus to remain
viable. Thus, the genetic material must be inserted at a site in the viral DNA which is non-

essental.

A well-established approach for the cloning of recombinant poxvituses is based on two

w
<

separaic recombination events. During the first recombination step, a gene of interest and a

reporter and/or marker cassette are integrated into a viral genome. For the selection process, an



A wel | -established approach for the cloning of reconbi nant poxviruses is
based on two separate reconbi nation events. During the first reconbi nation
step, a EAQIWO7R¥¢Ber est and a reporter and/or narker cERETAPRIANNW28
integrated into a viral genone. For the selection process, anantibiotic
resi stance gene is comonly used. Follow ng the subsequent isol ation of
reconbi nant poxviruses fromthe pool of reconbi nant and non-reconbi nant
POXVi I USASibiétit R&kistASe g&le%ém%ﬂﬁrulg@d. EARALD @e shleqRat R6%tON o AREoMBIKES
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cl oning systens and nethods for the efficrent generation of retonbi nant
POXVi I usesvBuvMARYBRalljHEME NUENTAR afith dabpriese e deaves ngsp entally svlizaseanmnedato
nDdified&goxviru vect or that %Ilogﬁ for.th%fﬂgneratiog of ﬁgcogbiqgng
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the invewndiod conprises a reporter gene that is deleted if a reconbination
with the insert of interest successfully occurs. In a first aspect, the
presgnt i nvenAtRrdihgly, dhére il £8keiGn thdREidk iBFrROX Vibhidg syR&rhPindABRbESfoRtheat

| east one reporter gene |ocated between two flanki ng sequences for

horol ogotféciertgsnesrtien eloscombingr@osmses ment , -t he nodi fi ed poxvirus vector
further conprises at | east one selection conponent |ocated between the two
fl anki ng regions for honol ogous reconbination in a perm ssive host cell. In
anot her enbodi nent, the sel ection conponent conprises a sel ection gene that
inhibits or slows down poxvirus replication in the host cell or is
cytotoxic to the host cell. In another enbodinent, the reporter gene and
the sel ection conponent are | ocated between a single pair of flanking
sequences all owi ng for honol ogous reconbi nation. In yet another enbodi nent,
the reporter gene and the sel ection conponent are | ocated between nore than
one pair of flanking sequences allow ng for honol ogous reconbination. In a
further enbodi nent, the sel ection conponent conprises a selection gene
whose expression is inducible.



In a specific enbodinent, the reporter gene codes for a fluorescent
protein, for exanple, green fluorescent protein. In a further specific
enbodi merWO 20078 ect i on conponent conpri ses a sel ecti EATHFPAWIHEI02Et ed
froma gene coding for a DNAse, a RNase, or a protease. In a further

speci fic enbodi nment, expression of the selection gene is under the control
of a regul atory sequence, preferably a pronoter. In another specific
enbodi ment the sel ecti on geUMMAREOFE T INWERTIONICI bl e expressi on
system for exanple, the tetracycline operator/repressor (Tet2/ TetR)
system In angther aspect, the present invention is directed to a
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the pr esgunc;[rescent protein. In a further specific embodiment, the selecion component comprises a

selection gene selected from a gene coding for a DNAse, a RNase, or a protease. In a further

20  specific embodiment, expression of the selection gene is under the control of a regulatory

sequence, preferably a promoter. In another specific embodiment the selection gene is regulated

by an inducible expression system, for example, the tetracycline operator/repressor

(TetO2/TetR) system.

In another aspect, the present invention is directed to a tecombinant poxvirus generated

25  using a modified poxvirus vector of the present invention.

In another aspect, the present invention is ditected to a host cell comprising a modified
poxvirus vector of the present invention. In a further aspect, the present invention is directed to
a host cell comprising a recombinant poxvirus genetated using a modified poxvirus vector of the

invention.

30 In a further aspect, the invention provides a method of using the modified poxvirus
vector to generate a recombinant poxvirus. In another aspect, the present invention is directed

to a method for the generation of a recombinant poxvirus that comprises infecting a permissive



invention is directed to the nodified poxvirus according to the invention,
t he reconbi nant poxvirus according to the invention, and a cell according
to the i YORP10IN28npri sing die nodified or reconbi nant PEGEPREIHONIS o

medi canent. In specific enbodinents the present invention is directed to
the nodified poxvirus according to the knvention, the reconbi nant poxvirus
according to the invention, and a cell according to the invention
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Bank AcceSsidn #giﬁﬂgﬂg; bﬁ%0|ne, 5., Schet® inger, F., Dorner, F. and

Fal kner, F.G_. "The,conpl et enom.c sequence of, the nodifjed v i ni a
Ankara strai n® ac%‘ﬁ‘&]ﬁ‘r ?HSBS% %eg’ﬁesf)‘ftﬁﬁ‘fe Ph%éﬁ’if\tﬁdrtﬁstg% use ‘iﬁft}“‘é f’boéigﬁgz?f T3,
365-RP6 ¢et@983dording & W@E&J&nﬁ&ﬂdx@ﬁ@%&n@faﬁ&@ begtdcombeaasgdivausyas i ntroduced
into the insertion site (Deletion ). Flankl Del 3 = flanki ng sequences

upstream of tiag kel ieRiboliihentd, R AbdiHBE pMHAE SRABEAcBRIIEY RNk GlventiSi 0N
synthetic promoter; TetQ2 = Tetracycline Operator (the binding site for

Tet R); Tercrnia viwsr e pdither Reprdas sorbodihenikthe Dapdified powimep mecteeefiseriegsto
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schemati ¢ representation o e process ogous reconbi ndtio
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interest (e.g. LacZ) l|ocated between two flanki ng sequences for honpl ogous
r econbi ni#¥¢sien (iF| disskted /to the|mydified pewrdmsi asserdingosey theuigventiogy iy tssamhient

the hom)ﬁ&gﬁ{fé according to the invention, and a cell according to the invention comprising the
modified or recombinant poxvirus as a therapeutic or prophylactic vaccine for the treatment or

20  prevention of cancer, influenza, hepatitis, AIDS, mumps, rabies, encephalitis, stomach or
duodenal ulcers, malaria, sleeping sickness, lyme disease, reactive arthritis, pneumonia, leprosy,

diphtheria, candidiasis and/or toxoplasmosis. In a specific embodiment, the medicament is a

therapeutic or prophylactic vaccine. In another specific embodiment, the medicament is a

therapeutic or prophylactic vaccine for the treatment of cancer.

25 Other embodiments of the invention ate provided by the detailed description, the
Examples, and the appended claims.



fl anks reconbine resulting in incorporation of the genetic material of
interest, and deletion of the reporter/selection cassette. FIG 3 provides
a map of WRaIwEdsbary plasmd (VEMD7; SEQ ID NO 1) us@ATER2009/48W28 | ng
genetic material of interest into the MVA genone, as schematically shown in
FIG 2. LacZ = Bacterial gene coding fog b-Gal actosidase. FIG 4
schematically depicts the resulting fusion of the tetracycline operator
(Tet2) to the DNAse ORIEGFEDEGEPNIONEOF THE DrRAXIN®GS i cal |y depicts the
resulting fusion of the Ps pronoter to the Tet(2- DNAse fragnent. FIG 6
shows a map of the standard reconbination plasmd vEMI| used for cloning
reconbi nant MG Fillsstrates hlmnsepprisriseleftionhensseste ovfbam axéroplaty| modifigd \pRWIPus The
Ps- Tet O2- e cassette was clon in_the. VvVEM | asnmid ,via the, Sad |an
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schemat i AadebsyorH (U 2B48; tAR0ihe,SE O Beliflibdee, IPSDpfRA. @hd FalkhFIGRI“ThE ¥ 6inbleée
repressor coding region (TetR). FIG 9 shows a map of the reconbination
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Sad and Mael,enaxeet iVQto[ogz byl C(%?' 985394 Q%S)E'ixﬁp wiflctl hle%é&ﬁér?&lécﬁ@g eikesd S
of 1 nduci bl e DNAse expreSsion on MVA repli‘cation. CEF cells were infected
Wi t h t hewssagwodicadnito MéAnseER@Y site (Dsletio 18). filamih {3al3 + flrEkAy (EpencePgpstream

pr onot er . = r er) and incubated wth di a cont ai ni

B T or eng? BB mGetoh I it B¢ PETA Bhdnefth s hsnlh Ehaisb uiRai rrrnd uth o _
25m t et r aqyahdydkneP®periio} (th&bindingntt F&H TetlFFe@etTetMBclind Réaedse Fhinkh DA
errpté) vector (MVA). One set of sanples were subsequendy transfected with
vEMLY ( MvAlagkipggrgasncendewpstieamnd thesdedstiond g sitg of gt MY Asgemomso, cop cel |'s were
harvested and_the virus titer was deternmned. CEF cells infected with WA
enpty vect or Nr-& #l 5 echepmatip aersepepiatinn odtthe pyrdessnel hammplogousereyomipapps g
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vector of the present invention, the cells are transfected with a plasmid that contains the genetic

15  material of interest (e.g. LacZ) located between two flanking sequences for homologous
recombination (Flank 1/2 Del3). A recombinant poxvirus is produced where the homologous
flanks recombine resulting in incorporation of the genetic material of interest, and deletion of

the reporter/selection cassette.

FIG. 3 provides a map of the exemplary plasmid (vEMO07; SEQ ID NO: 1) used for
20  inserting genetic material of interest into the MVA genome, as schematically shown in FIG. 2.

LacZ = Bacterial gene coding for $-Galactosidase.

FIG. 4 schematically depicts the resulting fusion of the tetracycline operator (TetO2) to
the DN Ase gene achieved by PCR. '

FIG. 5 schematically depicts the resulting fusion of the Ps promoter to the TetO2-
25 DNAse fragment.

FIG. 6 shows a map of the standard recombination plasmid vEM11 used for cloning

tecombinant MVA.

FIG. 7 shows a map of the recombination plasmid vEM12. The Ps-TetO2-DNAse

cassette was cloned in the vEM11 plasmid via the Sacl and Spel restriction sites. BsdR =

w
<

Blasticidine resistance gene.



The present invention is based on a nodified vector derived froma poxvirus
that permts the generation of reconbi nant poxviruses by neans of a single
reconbi naWpaeniog7eiss. The nodified viral vector of the | RCEMPREI/06WAPri ses a
reporter gene that is deleted if a reconbination with the insert of

i nterest successfully takes place. Thusg the nodified viral vector of the
present invention provides for the detection of a single reconbination
event which sprailg S%ﬁ@t‘ﬂh'@:laﬁy Gié‘ﬂi_&& &% fullen e R P_@{:(o?@clt@xctfo! B0 tGARp&Ght ﬁcgfi‘&gor
inserts the heperolagous genetic material of interest in the reconbi nant
viral veeadsgreger (FitR)-ons The term "vector" as used herein means any genome
or part or fragnent thereof of a poxvirus that contains sufficient genetic
i nformati on tHGI9 dwwsepmepl vt thorecombinhgorpplashidudEMhl.a The PeileeR vass¢toswas
cell. The vectar ding.fo th resent i nvention can be a genetically
engi neer ‘38““3‘&8 ﬁbervaﬁggé Biaf‘ﬁ’éltv“i‘ %“eﬁﬁ@ %ﬁﬁ}ﬁ}'e& SREYAANC SEEFECUGP SUFY  of the

el ements of t paxyirus it is derjived fro and/ or  additional genetic

el emehts. In A3 10 st Shsotifesinmt, inqisibls, DOV Ase capicaten Ay MYA reRbicpfians ShiF

i nvent i ogells refBfc8RAME @& r&nibifint MAYTRN0F 1ES €0f 5 giqé&@r),m!\/fd@{@s = Ps
Vaccinia Ankara (MVA) virus. In further specific enbodi nents, the vector
accor di nprometeth (LS| AvEAt promoity) tahd igevlnmel withpmetiat mtawng ofiffenantA
virus se fro he af.ou nsi stin f M/A-F6_(g.q.. Lotz et al,

barti ot P SaikAOQt LRl Pl g e Dby lloe Vet 5= By S Sitctter B g »

cyt ot oxi eontrol, YOIPI @elst @6rel infdttedewiil MVANEmpth Meeon (MY A). UneGaOoE sadPles weld)8
(4):, 571-79), A575_(E osi t nunber VOA 20707), MWA-MA (Cber et al

i ogir ey e T E MR AU S Walaes AL e diourt bRt el Son

W th modid,i @0, dAS GleRtl [arVdstddSinANKAYRs titdr wasVddi @it CEF Gellshinfected G MI
AcanB8000 (Accession nunber AY603355), MVA-ATCC (ATCC VR-1508), MATGN33. 1
(Accessi BRPHiUERier YEFS 252 9ngubatgd avitly 2aracydioe SMiVah milisDer TOMS3Bepe Guirure
anot her gpbod| nBot. £f the invention, the vector according to the present
invention iIs the genome or part thereof of a poxvirus selected fromthe
group consi sty f, Vaccinia vir Vst ern. Reser,ve (Accessi.on_number.
NC006998) , Vaff:lrc&? nlﬁél € llcrsu&sle ngt\éﬁg %gR g?na{fcs)lsgaf et a‘fl?uqr\ﬁfﬂge' in ulréséegn %lysme for
Vaccismat fopdigngdnias fiitht MV A& getsapddielRaod 3 0wisahvdiBgadédusingPOR ei ns of

intracellular and extracellular virions", J . Virol. 2004; 78 (19):
10230-37), Vaccinia virus Lister (Accession nunber



DQL91324), NYCBH (New York City Board of Health); CDC (Centers for D sease
Control and Prevention), Vaccinia (snallpox) vacci ne recommendati ons of the
| muni zatworzo®y@eissces Advi sory Comm ttee (ACI P), Mor bi éiCTEP200d/0MI28 al ity
Weekyl Report 40(R14): 1-10, 1991.), Canarypox (Accession nunber 005309 and
AY318871), Fow pox (Accession nunber 581527), Vaccinia virus Copenhagen
(Accessi on nunber M35027) NYVAC, ALVAC, TROVAC (Paoletti et al. "Hi ghly
attenuat ed poxvirus vectors: DEYASLED YESCREOUASN, Dev. Biol. Stand. 1995,
84: 159-63). The term "reporter gene" as used herein nmeans a gene
conferring certain characteristics on cells or organi sns expressing them
whi ch can be FheaBfepsptdaregpads hagehenfd swpdifiedresiqrr diveRepm tae pogane shalr e
commonl y, di5ed tﬁcfo%gl%;aﬁgmo{fQCw}r%inﬁ{t.p‘%xgﬁlg‘s%s ‘Bg hddh§ rof%t six%es 126881206 ’é{?ﬁ{t.at ed
or is expressed Dy a cell or organi'smpopulation. [nt context of the
present The enidifed, vickbtvector arf the inhentexpeangsisen aprepdttat gémeothat lie delegedrif er

gene i ndi cates that. no honol qgous reconmhi nati on has_occyrred, .and that the
gene nsréf?mlblflatfoﬁt“é‘#bg‘ff gk Oﬁg‘fterﬁétesﬁc%“g%%‘g's%]feﬁ Plage-i hawsy dn‘i"?’rfi%f[]?ﬁiv?ﬁt?ral
vector. &SepRr@kieit idRNHSERSSIESs BRNEe CRRBE U 8dsihflatreRABThitnAe@P¥hAdH 0N

of cells conprisi n% the original vector of the invention and those cells
conpr i si vigulangewstyo delgtse rtbe hispoltergenlestipr cosmsitn 2anid olsertss thec beteradepous genetic

Non- | i m&wgﬂ%&gm’g&%g}‘ rgceoql%iger{tvggln\,%gmihat are suitable for use in the

present 1nvention In e reporzfer genes that can induce visually

identifiable gharacteristics (e.g. involving fluor escence), which enabl es
separati on by‘,—im—exa e, FACS and | um nescent proteins such as the gene

npl
codi for jeld yfish green fluorescent protein (GFP), the.gene codi f or
t he nhancedeg‘—%&f‘@d—’ (o8 8| TP FESHE PIE5S A BSRRTS, O At %”ﬁ’/‘t%?ﬁ’-‘%ors}p érry,
nRFPI , f'@-cﬂﬁgﬁd’ tha€comAIPsufi& e ene e IRBGFmadee (Flo EFictdic Rﬁdretlﬂﬁdﬂlﬁain a
Phi YFP (Evrogen), DsRed, DsRed2, DsRed- Express, DsRed-nononer, EG-PAcG-PI,
AnCyan| , Pes@Ree hospedl Thragrtor Zesapmsuio (e BREEENNVERHRD, coty bRi ¢ aepeieally
MG Kaedg; : SIHYS - i (]Q%Qﬁﬁ
EYFP, Err‘g‘%éﬁegae%éﬁ(\(/téyltl’glrs 1649}12%1%“ l)tgjneayul ea%&%%{?\gft%lc?rr\;ﬂ,l Oﬁe%ta%%]%r?ggf Gi'es bec%(%{?is
AQL43 ( Ldgayedhdwom, ed7Pr (aStitenalgere)ic daity. |In( ¥WpdehrrembodiRen hea vaERs

(varfious, BLQUAB R, oty FHERLAIEN yorbhie ok o1 A5e QRN ol 6 haGFegene

I n orie € nt e 1 nve | Uorescence
codi ng geneiniFAnkdie (MVOY)-Viiul tinn@rbxabiecdis eibddanealts,ahe eaos atdoeditigléo genes
coding for proteins for .
present invention is the genome or part theteof of an MVA virus selected from the group
consisting of MVA-F6 (e.g. Lotz ef a/. “Partial tyrosinase-specific self tolerance by HLA-A*0201-
restricted cytotoxic T lymphocytes in mice and man”, Intern. J. of Cancer 2003; 108 (4): 571-79),
20 MVA575 (ECACC deposit number V00120707), MVA-M4 (Obert ¢ @/ “Immunogenicity and
safety of defective Vaccinia virus lister: Comparison with modified Vaccinia virus Ankara”, J.
Virol 2002; 76 (15): 7713-23), Acam3000 (Accession number AY603355), MVA-ATCC (ATCC
VR-1508), MVATGN33.1 (Accession number EF675191), MVA-I721 (Accession number

DQ983236).

25 In another embodiment of the invention, the vector according to the present invention is
the genome or part thereof of a poxvirus selected from the group consisting of Vaccinia virus
Western Reserve (Accession number NC006998), Vaccinia virus Wyeth (e.g. Fogg ef a/, “Virus
induced by Vaccination with multiple recombinant outer membrane proteins of intracellular and
extracellular virions”, J. Virol. 2004; 78 (19): 10230-37), Vaccinia virus Lister (Accession number

30 DQ191324), NYCBH (New Yo'rk City Board of Health); CDC (Centers for Disease Control and
Prevention), Vaccinia (smallpox) vaccine recommendations of the Immunization Practices

Advisory Committee (ACIP), Morbidity and Mortality Weekly Report 40(R14): 1-10, 1991.), Canary



whi ch specific antibodies exist and that are displayed on the surface on
the host cell. Such reporter genes permt the separation of cells

conpri si NYORZAW/WGRI6HI nal vector of the invention and cel PSTERAO068902 a
vector in which honol ogous reconbi nati on has taken place by affinity
purification, for exanple, by colums c®nprising anti body covered resin or
magnetic beads covered with said antibodies, wherein the antibodies are

speci fi GpdxqAcédigoPh@hBérOSBBOLRIIA VY1880 ), FS@I%I: EACc@Sh ndrﬂba 58P5a7), fcinia
enbodi ment, the reporter gene codes for a fusi a cell surface

F ecopt orviak dopanbazeD Aﬁsgﬁswg poEnR0RD MIAGLALY AL, TRGTES! @pdton Ane
cel | suriage, . JIRSI: 8- ReISOR, BrBNEr RLORCATHEN ALY 195 B QU 199954 and

correspon at are conmon y use n furt’her speci
enbodineﬁ@§$)the gene codes for a fusion gene of a cell surface receptor
and the fused affinity tag is selected fromdie group consisting of a
FLAGSt ag ( NDYRIDREI*répprtefger@Piat 0fd Heddn nidafs ¥pedeapnfdihify eerai;'/rcdtaa@teﬁsm

Hi s-tag and/or the HA-tag. In a further enpodi nent, the reggﬁé gene godes
for a st Felyior A8 AER15551BE dhe St agbe feaﬁalx Aeregiedpe 0% (PG5

Al phavi rl@\ﬁ)oﬁel RRd B c&hﬁl\éhg s B AR WHRARPAVIENS of: inflfest Ma%”geelﬁ
Arterivir GP,” Rhabdovi rus Filovirus @GP, Paranyxovirus F, HN, H and G

Ot honymowrpmteN@r iNAxprepsed ipgt aHEeH, orBurgylawmwgul@noxandn e coptextai thespr@lt

BornaV|rusn§bnRg OVIFU§'£% he te ctlon

conponentF a8y SEGCHE &F ré?gngg?nnaéf& Iglé(}:!geac 8th§Fm mdﬁ?es iZed

to epoer thmaeg@etrbwmmﬁmuh;e SdtuttedOfid tha{ ItheC gétRr msaag)famefbsﬁhssehetcbe@n
conmponent . ne engodlnent sel ection pressure is exerted by expr essi on
of a sel Sé‘&‘f‘is P theyFrabvetoror Greefra%gnx/ﬁep%errgéﬁf Fbs B4 ithit PRERFost

cell. I'n &B%H&{ o@é’@ﬁ?%rﬁﬁﬁ%&n &%'&%{da%c%r%? ™ ﬁvér?ﬂo%"a%ﬁttﬁ&e%usee%ﬁﬁﬁig% of
a sel ection gene that Ieads ying off of the host cell. In one

embodi nevector twlere élbe:@ﬂqgens emvpchmmpnclmchseei atN¢relimitingnexamples cafi @nogehe
V\hose ex r gssé'll pgrel S%.ltill CII \pséq%ﬁhenggésesrﬁ enhgn ?ﬂn?otg 1c or&ér Qgs \J.hngyzﬁlt ingﬁ'c

the expr€ssion Is co ans of regulatory equ ces, for exanple,
a pronot@sually fdleﬂnﬁalblet dhﬁfac&ﬁhﬂﬂl(agnhvolhhg ﬂaeﬂeaehtc()nwmemﬁmmseﬁatmdmby, for

conpri ses a i al, i nduci bl e syste regul ate ssi on_of the
sel ect | o‘ﬁ‘a’@‘BF? FATS aaﬂé BT Rfoméagr@wahe sercaslion e sab e BreresyRt em
feat ur espdohitn &emcmeoghng%enfgn@erthé Bha600H GEP (tet;F@) PHPRRE, BhChBL Fohatsed

to a repressor bi'nding site, wherein the selection’co onent further

conpr i sefsl Stavghent, cRHsPRETIoMBFPLpmdeagsringhmiY BB fchien).of-ReG AegisBRs6pPGFRdI ng
site. “ﬁ@RJ&J&L@&‘ﬁ PRRGH é%"%gg‘%dl "BRed, ' BERIBPTSTEA BRI BEREL Sordoindr 1€
tetracycline repressor bi
20 EGFPAcGFP1, AmCyanl, AsRed2, EBFP, HcRedl, ZsYellowl (Clontech), mKO, Azami-
Green, mAG, Kaede, MiCy (MBL Intl), Venus (Miyawaki), Ypet, CyPer (Dougherty), EYFP,
Emerald (Invitrogen), Cerulean (Prston), T-Sapphite (Griesbeck), AQ143 (Lukyanov), cOFP
(Stratagene), eqFP611 (Weidenmann), Renilla GFPs (various providers, e.g. Stratagene), the

luciferase gene or the lacZ gene. In one embodiment of the invention, the reporter gene is a

25 fluorescence coding gene.

Further non-limiting examples of reporter genes include genes coding for proteins for
which specific antibodies exist and that are displayea on the surface on the host cell. Such
reporter genes permit the separation of cells comprising the original vector of the invention and
cells comprising a vector in which homologous recombination has taken place by affinity

30  purification, for example, by columns comptsing antibody covered resin or magnetic beads
covered with said antibodies, wherein the antibodies ate specific for the protein encoded by the
reporter gene. In a specific embodiment, the reporter gene codes for a fusion gene of a cell

surface receptor and an affinity tag so that the affinity tag is displayed on the cell surface. The



site/operator (Tet2) and the gene coding for a repressor is the
tetracycline repressor gene (TetR), which can be isolated fromthe pcDNA6TR
pl asm d (WO214GR#®Sfrom I nvitrogen). In further enbodi mMBRTAP2QHE0MRE ecti on
conponent further conprises a mammal i an induci ble systemthat regul ates the
expression of the selection gene. In a gpecific enbodi nent, the mamual i an

i nduci ble systemis the RheoSwitch (New Engl and Biol abs) system In further
speci fi cskm@@?susafeﬁta%ﬁaré &€ vRHCHDIEEniBYEE LM c%n%@ﬂo%e}x%digaﬁ&mme g5akRnly
consisting of the LentiX system (C ontech), the Q mate Z%:t em ( Krackel er

Sci ent i fused In ferther spasific@mrbmdiméntisl g grine cedgsfessfusngpne efn ¢dlRaferaea)or
and/or t nQst at ffiXﬁt em (.Upstate) . In further enbodi pent the ;.

i nventi oar?l,% ?ﬁ:e%'ésg' ett1 o t@%nlé ?esecge%c§ &) ot%: cgtalé%ec.on?lg% eoﬁa"lé%gt%%(i%\]
gene" asDWEEIDDEISO) anadpitope ta@, W PR aht Badyc-thig ehe Hisptag asd /@ thanHlA-tap clad t o
the | oss or complete apoptosis of the host ce|ll, wherein said |oss or
apoptosi ﬂs*%&he& qﬁléb%gfﬂtc@r: [reRten BEBFOHss fona serlhyvisd sudacsaietepy seatet Homs thet

and onl Ygﬂ)?&;n\éﬁﬁn% ?ﬁAgﬁ%mﬁk B BE AR R HIWERES, fa%r&mlir@ss §EdEIRNRd B

product and natura curring conponents of the Rost cell (e.g. the host

cel |'s DhterivRNAGPpRbtleteyoneG, Fdovima 6% Paramysoabs B, H8)H ahd Gs fthiobiysovirus
nbodi t { i ) d DNa . Q. . Llabl e.f
erboch el 5, AL LS50 ERUF MRl BufeL RS BB,

an i on cHendedvirueB, Mand@opt osi s i nducer, such as caspase and/or ROS. The
term"insert” or "insert of interest" as used herein refers to any nucleic

aci diot hat i s T ffni“8dléRidH (@ehpoRt@” b @isatekdrbih referd RLadyn¥RMid fdid Bat may be
honol ogous. reconbi nation. I n one enbodi nent, the insert conprises at |east

one het ettPghBuEHentelachian patsusy onl ahwitfgl senprvieesichiratelestip® FeRBRRNGgBUS
reconbi N&e! e%otdﬁnérﬁ,ks%legh&‘p Ereﬂg%@istqurté/cgt% r&gioL Q)? al sBMERUH e thd? ihiBiRE fic

enbodi nent of the inventio east et erol ogous gene 1s under the
cont r ol mfardy virmg udpditasion is elapulerst esll. pr edahatrmbadimensnwieetion presexaiypkertadfbyan
insert of interest iis depicted in,FIG 6 2. r t.he insert is comnprised of
Lhe pl asHPHUELEbt 0PR Rese Banlers prhiindt of e osteld pro b ebmss Bt
the 15W0 deleatiddl EgnpREhOBSMPNds bRadt 38 sgeditRnUREE fvhoeNEtpatssioh it BRlutidle. In a
pronoter. In a specific enbadi nent, the heterol ogous_gene codes for at

| east onwesifit icgwiedimanss deanaycton o thegemprespian i contpliad By dreans Afcieayatan

i mune [ R5ANRSE férraxampﬁy b Plmotkf 18 RGGIthd: Cn@RQHLITERL Seledlf A8LRINRhOPANS:
gene codes for an antigen selected fromthe group consisting of an antigen

of a hetgqmgl:'@goy bagrenal gndugiple system that regulates expression of the selection gene. In one
specific embodiment, the bacterial inducible system features the selection gene under the control

20  of a promoter that is fused to a repressor binding site, wherein the selection component further
comprises a gene coding for a repressor that binds to the repressor binding site. In a further
specific embodiment, the repressor binding site is the tetracycline repressor binding
site/operator (TetO2) and the gene coding for a repressor is the tetracycline repressor gene
(TetR), which can be isolated from the pcDNAGTR plasmid (available from Invitrogen). In

25  further embodiments, the selection component further comprises a mammalian inducible system
that regulates the expression of the selection gene. In a specific embodiment, the mammalian
inducible system is the RheoSwitch (New England Biolabs) system. In further specific
embodiments, the inducible system is selected from the group consisting of the LentiX system
(Clontech), the Q-mate system (Krackeler Scientific, Inc.), the Cumate-inducible expression

30  system (NRC Canada), and/or the Genostat system (Upstate).

In a further embodiment of the invention, the selection gene is a cytotoxic gene. The
term “cytotoxic gene” as used herein refers to any gene that, upon expression, will lead to the

loss or complete apoptosis of the host cell, whetein said loss or apoptosis of the host cell is



antigen of a bacterium an antigen of a prokaryote, an antigen of a fungus,
and/or an antigen of a helmnth. In particular enbodi nents, the

het er ol og¥020dTI@366odes for an antigen of a species sel EETER260HM02he gr oup
consi sting of Influenza virus A, B, C Hepatitis virus A, B, C, E, Human

| munodefici ency virus, Rubella virus, fgunps virus, Rabies virus, Human
papill oma virus, Epstein Barr virus, Tickborne virus, Crinmean Kongo Fever

virus, Ehglea byichdiss réﬂgapgknx bEdtuct RTAHE omyrlﬂwvm&muw@hwow Setween the
Ent er ovi rus, West le virus, Rift Valley Fever virus, Japanes

encephal QXPIfﬁgsedl gens prqdam andi ratsallyRencaring pompangss ob thsrhost ealks(e: gNéw haseeddisng

Vi ruses, i rachomatl S, Clostri b ni,
Baci | | us an hra‘glfzto Seonll%ﬁné Tbmnﬁe(ﬁrn%etﬁg?ﬁg‘b E)"Ilséé:{rﬁléargm n@rﬁ&{t th@}tgé%&ﬁ

( Meni goc@ae uslles KersDNaeegt hﬁaﬂawwdﬂhﬁdheutﬂogéﬁ t(uhEramieoIsENTRmmodan& ébi um
| eprae, Sal npnella , Listeria, nonocytogenes, Vibrio, cholerae,

Haemdphi 1231 ﬁgh a@n&%{éﬂe BHERETSE! P ieFharash o ameappews’adfl@fcew%‘? 2 CBHrYel i a
spp. (regldreeRokS, hispanica, parkeri, burgdorferi), Leptospira

i nt errogans Ri ckettsia spp., Coxiella burnett , Mycopl asna pneunoni a,

Cor ynebact er i-4ip thhhﬂs&" gg“m;@r??p& PRl | e@%@}e @é@@a &c@él&m@mms

Pl asnodi um vi vax | asnodi um ova asm) 1um nmal ari ae, am)e a
hyst ol yttoche ifratudéda mtntmst‘renajn of, ther ;qsranrmnb}a Homudegous Lreccshbmmcm dppone

Hi st opl as sul.at.um illusspp., di da_al t ococcus
neof or mat"r’igr%a d%ﬁg‘ﬁnﬁ’éﬁsteft o %i it le%@ﬁ%}?eé?ﬁog’gfi‘é%%ﬁ% Pge h %‘%“%’sgoﬁﬁuer?ﬁﬁsom
and/ @ T@xopls mianﬁ,wgdhé recofhbinakioh t Betaks Pact fith elEbaidrest thet ention. In a
het er ol ogous gene codes for at |east one antigen that induces. a prot ectl ve

or t her ajpetifis €mPadinsat pEYIsoR@tiagaltieast PRt Beeiolaas e BYds sadgrethy covelaf 2and
bact t | f I 'l f
acterial, %Iyasgﬁ‘ﬁ&‘rcﬂé’?é %ggrprgﬁgt jdpst cancer cells, for exanple, cells o

cervi cal arC| no I pl e nyel ony, breast cancer, prostate

cancer 1ol || ghLar B ceLd oensRNIK Nt FGaRdaE, i HR8Y ARG Shed of

Vectors of the p I nven rst aspect present 1rivention
rel ates the pasmmﬂiréc'tcedh:pas(usedus ttaeefkcrrdle bngarded nm@; cahplieashe wreflinkpgregengene

| ocat ed betwee flan s .for honol ogous reconbi natj o he
repo#st er rgle\é% ﬂﬁ‘iz\%@ tt5 ené”e?r PrEPOF it e§tspfﬂﬁ8ueé’ﬁ Qr%i““rmrftbgbus
reconbi nigdeéBIdgbEs gedaosctdegetbt at néae@bﬁéi AMibdh, tEfAB 4 QEHRAXHat US cMRBI0bE

Ther ef or e, host cells conprising a nodifred Boxw rus vector of the present
i nvent i ORAUGIRE o IBMURS FEIPOBYUE # PeEsAs at SPeFilin smbodientsy thg Betegolpgoye gene

di St i NQULHNEE:Th AMiSALTR AR Horf Ble! Sl PNk 31 & ARG b heterologous virus, an

antigen of a bacterium, an antigen of a prokatyote, an antigen of a fungus, and/or an antigen of a
20  helminth. In patticular embodiments, the heterologous gene codes for an antigen of a species
selected from the group consisting of Influenza virus A, B, C, Hepatitis virus A, B, C, E, Human
Immunodeficiency virus, Rubella virus, Mumps virus, Rabies virus, Human papilloma virus,
Epstein Barr virus, Tickborne vitus, Crimean Kongo Fever vitus, Ebola virus, Nipah virus,
Dengue virus, Chikungunya virus, Enterovirus, West Nile virus, Rift Valley Fever virus, Japanese
25  encephalitis virus, Hantavirus, Rotavirus, SARS Coronavirus, New emerging viruses, Chlamydia
trachomatis, Clostridium botulinum, Clostridium tetani, Bacillus anthracis, Legionella
pneumophila, Neisseria meningitidis (Menigococcus), Yersinia pestis, Mycobacterium
tuberculosis, Mycobacterium leprae, Salmonella typhi, Listetia monocytogenes, Vibrio cholerae,
Haemophilus influenzae, Botdetella pertussis, Helicobacter pylori, Borrelia spp. (recurrents,
30  hispanica, parkeri, burgdotferi), Leptospira interrogans, Rickettsia spp., Coxiella burnetti,
Mycoplasma pneumonia, Cotynebacterium diphtheriae, Treponema pallidum, Plasmodium
falciparum, Plasmodium vivax, Plasmodium ovale, Plasmodium malariae, Entamoeba hystolytica,

Giardia intestinalis, Trypanosoma brucei, Leishmania spp., Histoplasma capsulatum, Aspergillus



poxvirus vector where such a honol ogous reconbi nati on has not taken pl ace.
This can be acconplished by neans of detecting the protein coded for by the
reporter yonel/Faisexanple, if the reporter gene encode®CTHP2@PPIWES t he
azam green protein, then host cells conprising a nodified poxvirus vector
of the present invention in which honol pgous reconbi nati on has taken pl ace
wi Il not produce the GFP or azam green protein, because the genetic

i nf or mat {oN & AdidaNhildak, OfypaA8tius HeSRAmRAL PREMNDHASHLELRI RRNEL] bR éae
vector by the honol ogous reconbi nati on event and ‘has been replaced with the
i nsert o$chistesemagnansggicod Gomkdspplasme potdiist cells will not displ ay

fl uorescence upon excitation and can, for exanple, be separated fromthose
cel I s that dolrf 4 hotles specific érhbalimsate Heehaablogategene aloHessfor tat fegst(dn_CBYged n
one enbo irre%, the re orteEh ene.is under the control . of a pronoter, .

or of or ablt BUf5 APTSIS I BF theMbPRin PRPLPS Eeponse FEHRTt InGiR (ioepies i efhr a
synt het i gndobRE@hPurfabtd paftahi)ed: KARNILRBRH celld, T6r RPN, QElls Sf @rfitd] @R@inoma,
pronoter, preferably a strong synthetic pronoter. I'n a specific enbodi nent,
t he pron®eepomns, mykiplsmyelomat breapfacdnger, thestate arass efolimplan PreilarerrHpAgkins
JIi"ITETLY ] %Q T, ekhar Chakrabarti, Jerry R Sisler and

Ber nard 4%4 g?h&orrpa-cgitﬁf g’é%ﬁ?&‘fl c, Vaccinia Virus Early/Late Pronoter for
Protei n Expression. Biotechniques 23:1094-1097, 1997). In another specific
enbodi nent the pronoter is the nodified H5 pronoter having the sequence
AAAAAAT GAAAATAAATA GGTTCTTGAGGGT TGTGTr AAAI TGAAAGCGAGAAATAATCATAAATT ;
Rosel JL, Earﬁé@g@—?—%%@é’—%“—e IS QrARe pEese ERI0R conserved TAAATG sequence at the

tranicri pti onPI ggs? transl ational initiation si teajéo% vaccinia virus late
genet’ deduced' by HEY AIREEL I PUEHE IYSEEPD AR A POfilied POXHE YeRGF FPRIYRhone

fragnentas lehst oflel @ported getik: 1R3Rd28E&wedP8Ro AdRkidgl Wubsdes € FROBLARMgous he
reporter gene encodes a fluorescent protein. "Enpty" vectors (i.e., vectors
i N whi chresembisedemi g trerastes gerr mah he eeplagke hy pr dselt of ¥peresfshidygh hemlageps
gene, and LRBMGHH & £ablSc AR, 'VH% th ijiloé{iﬁgé ﬁ%%iﬁé%{,t'o 10118366 re, HRLDLAGOUS
reconbination in a permssive cell Teads to defetion o he reporter gene,
and the proesthy e medifietl Sposyine caitvir naintthey geésents iventian, ninngvhidhe honsdogouof

interest that. do not cause fluorescence .i he host cell. In specific

oot meiESbiRgo T TR P> B GE S S erIors A, et e aRE A BpUfiFs
azam gr gexvidas et&bN whanaducB BohbRBbIBlecbRbRARGH hNabt taREn pla¥ObUMHE can be
Massachusetts, USA and distributed by MBI Tec GrbH, Goettdngen, GCernmany).

accomplished by means of detecting the protein coded for by the reporter gene. For example; if

the reporter gene encodes the GFP or the azami green protein, then host cells comprising a
modified poxvirus vector of the present invention in which homologous recombination has
20  taken place will not produce the GFP or azami green protein, because the genetic information
for the GFP or azami green protein has been removed from the vector by the homologous
recombination event and has been replaced with the insert of interest. Accordingly, such host
cells will not display fluorescence upon excitation and can, for example, be separated from those

cells that do fluoresce by fluorescence activated cell sorting (FACS).

25 In one embodiment, the reporter gene is under the control of a promoter, preferably a
virus promoter, more preferably a vaccinia virus promoter ot a synthetic promoter. In another
embodiment, the promoter is a strong promoter, preferably a strong synthetic promoter. In a
specific embodiment, the promoter is the Ps promoter having the sequence
AAAAATTGAAATTTTATTITTTTTTITITGGAATATAAATA (Sekhar Chakrabarti, Jerry R.

30  Sisler and Bernard Moss: Compact, synthetic, Vaccinia Virus Eatly/Late Promoter for Protein
Expression. Biotechniques 23:1094-1097, 1997). In another specific embodiment the promoter is
the modified H5 promoter having the sequence AAAAAATGAAAATAAATACAAAGGTT



In a further aspect, the vector of the present invention further conprises
at | east one selection conponent that is simlarly |ocated between the two
f I anki ng Weqaevyesssf or honol ogous reconbi nati on. | n onePEREPAONMON028 t he
reporter gene and the sel ection conponent are | ocated between nore than one
pairs of flanking sequences allow ng fagr honol ogous reconbination. In

anot her enbodi nent, the sel ection conponent conprises a selection gene
whose expesAlRichTd ReFPhRlETdMAdACARNA RTRAGCIRMNAATTCR SRI ACtRONPT,
conponent further conprises a bacterial inducible systemthat regul ates
expr essi Weir P, tMesssB) EConwrvedeHAAATIG caguespecit fthe tembaybitioealt andt kendagionelr i al
inducible.s%stenlfgatutes t he selectio% gg@g underltaﬁ cogtrﬁlaniaof .

pr onot er {TREYT FLes Qi Fagrivy viUs lfs aes dediohd oy grurel apd Synsirndl Re2'edy gt fcon
conponentindul HgdnosRNigh®as’, p WRN&G0q2H Rg240Nn9gs)r epr essor that binds to the
repressor binding site. In a further specific enbodi nent, the repressor

bi ndisng site fnS; kiehek RMLRAMS Nt NBie HBPSERS SRhe RhOSHDT Bid&CARGBER]. (ERIER)
and the gene coding for a repressor is the tetracycline repressor gene
(TetR), weiafoeh (iearveders igovhicte do freenmitifptiop ceDRitts TRV G Fgsmripthc)asratdsaBicerepprien

I nvi trogen). n. trangfection of the host |1, .t ressor _|=s. ssed
1"t he CEP andR T chE 0T SGnb Aol iuch dEe BB nn s (Ao SRRE TS &b BinBH
conponend patpidsive adll leadsttb@eRebeof thene@rite gérk, hitbthe pyocdperesits axfreambinam of
the selection gene, Once tetracycline is added to,the system (t bipds to
the tet rCiPEY FoRI2NES, BE Jpierty iSRS st 4 {OHERUsE HBOTERFLIOT &, b S oIt o

on tfie DiAAbieabodintentitRe ALERNSNE BrdthR IEXPHTESHhORATGFPeSEPRU:i @R 98hHe.
Consequent |y, expression of the selection gene is dependent on the addition

of tetragryyl ipreseianthvailshler &poy dMBlxjpranatiosal dc.t Néobyen.eblapssphugettre ¥8A and
rendereQﬁhﬂgyé?ﬁgﬁgﬂ*?ﬂﬁGLE&iQﬁ%ﬁ%ﬁ:&t ggg%wéthe pronoter that controls

expression o el ectron dene a e ge coding for the repressor, is

a virus pro er vaccinia virus not er or, nost ef er abl. Stro

Synt heti o pr oot ek §iiecb By iR B BT Flen v TRE BRY FhPiles PR O |
a furt hegeleetidao diofigitinesd thdieisi sivdlatly Obcatédebes@denC ihed wo O fiptiiasequuiipes S5 a

sel ection gene that, upon expression, inhibits or retards vjrus replication

in the nigpelegrys reqombupation dincnejegibogiprnt; the ropatfcedrne AAf Sreelepian arPapsnt

i mproved,sqbekdd BBrREn thédSEiEn QQiIP{;:iil%i 60 ﬂEJ?lSndg' %Gcﬁ&hc&f allodd§ng B RbMBIbgVRET €
honol ogous reconbi nati on has taken place, and the selection conmponent and

t he reporetembigetmn. Havaothee smbeginzns dthejsdiectidrecimpanent gpmprigeg raespiection gene
E‘e’gg i c:»%;_]e h(%zsgi xgﬁée 'riléd R’ ilﬁia“gu%e}’ee (i Q%irhdhe MHCLid2A8R! Q8URent further
place, arpor nore

comptises a bacterial inducible system that regulates expression of the selection gene. In one

20  specific embodiment, the bacterial inducible system features the selection gene under the control

of a promoter that is fused to a repressor binding site, whetein the selection component further

comprises a gene coding for a reptressor that binds to the repressor binding site. In a further

specific embodiment, the repressor binding site is the tetracycline repressor binding
site/operator (TetO2) and the gene coding for a repressor is the tetracycline repressor gene

25  (TetR), which can be isolated from the pcDNAGTR plasmid (available from Invitrogen). Upon
transfection of the host cell, the repressor is expressed in the cell and binds to the repressor

binding site of the selection component upstream to the selection gene to thereby suppress

expression of the selection gene. Once tetracycline is added to the system, it binds to the
tetracycline repressor and immediately detaches from the binding site on the DNA which, in

30  turn, leads to the expression of the selection gene. Consequently, expression of the selection

gene is dependent on the addition of tetracycline and, therefore, expression of the selection gene

is rendered inducible. In a further embodiment, the promoter that controls expression of the

selection gene and the gene coding for the repressor, is a virus promoter, a vaccinia virus



replicated reconbi nant viruses than those where no honol ogous reconbi nation
has taken place. Furthernore, the inhibitor of viral replication is

expr essedvol2endi’edyst o a decreased or even conpl et e prohiPOIrtEPRIDIHHI0RS r al
replication. Thus, the ratio of produced viruses conprising a genome
including the insert of interest to thoge viruses conprising the genone

wi thout said insert of interest is significantly shifted in favor of the
former. ;ﬁ%ﬁ{a_{e@'d}gh%st &f&atﬂﬁw%&@)@%ﬂ&ﬁ YRR GRR ReuIBpy t&dot the
generate an inproved yield of viruses conprising the insert of interest. In
part i cul mpditebbdipremp®r. t he sel ection gene is an RNase, an ion channel or,
a DNase (available fromlnvitrogen; ORF clone pENTR221, clone ID | OH23149).
In a further lambodheemibalimédtef ithmiendniton, tht kdegioheotmiponerc anmprisnta stlsctan

cytotoxic ne, i.e. any gene that, upon expression, wWll |ead to the.loss
or conpl %ef’g%o‘ﬂ’tob‘seixgreé%;o‘g H%“h‘éss?r fegard's vipyg repfication 1o thehgy; %@'n?g%hetsﬁlgcnon
Cyt OtsOXi geng @RAGRAE i Bllovd fONAR 8mpAfveNABRiono ¥ iREASSNprathgl @B vehBNBEkhe OF

an apoptosis inducer. According to the invention, the selection conponent
i s an opfrenian vdiesohemelegowt ree¢rabingiaankdsgrkengilreeantbthe sgleftion ¢papswenhngnda
reconbi t oJ..of ' ' 60 kSl he [ns ' t .gan
be. sel corad bt eaf Yk KA P HRY LAk e MEerk 2 X osBloch AP el
report ercapgnBingSa esseint inalwhichr hbelogetse eédoaibimutidh Ohass elket t plare, déartsiucinose

reconbi nant vector, .the optiaonal inducible. expression of. the selectiogn
conponen&epﬁcaf?ﬁﬁacqa%%ﬁa% asep a*fanetkaﬁ?pwtfl}éﬁre gp H@F‘&[%PUW?‘F‘ ’l“é“‘tfhé?afé@é‘ e
vecty Pr@ehéehbRN thd thhsifde| GFUbigdl BPRAGBARNES redsClE 18RNIAL 1 ANdLRARANSN evdrRY |

for exanple, significantly accelerate the generation of reconbinant

POXVi I USESPRISePEPIibitign t ofevirah seplicatisin. | Fhay, ¢be ratips of psedused Viusestcompribiging a
reconbin . Of | ] C .8 (o3 ' t to
br oduce FagptaRifiogind Bch PYERLLEN ARG VLAY SRPH-HOTE! b FARSE SH e
sel ect i omsonfporest is significhntly dafsel intfiver of denfoirnent Aceedinglp, 20k petventage, the

i nvention, containing a reporter gene.and sglection conponent result in

I or es CERER BYproRariRy gt sroe ot PaPrurb e, ¢ BRFnEr D vty AP iere o

andtige ttdat YR par€cuildt :abvidinhdtes, HRCLRRBIGESIncEst RNBsé] e @indcHahnd Ry, 2 DNase

fluorescence. In other words, only cells containin erq)ty vect or exhi bit
AR

f 1 uor esc@rilabls f@on Fydresse ABH-clase pRN Fadl scleam! % ed by techni ques

i ncludi ng plaque picking or FACS sorting. |f the expression of the.
sel ection congonBiuthet smppdimeatiobtedresnsing, the idectioppomionantcan Petesds ginsd

out in & signifi.Gant | Yol o &l orsi ring
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In specific embodiments, the cytotoxic gene codes for a DNase, an RNase, a protease, an ion

20  channel, or an apoptosis inducet.

According to the invention, the selection component is an optional embodiment of the
invention, since host cells hatboring a recombinant vector of the invention comprising the insert
of interest can be selected and isolated by means of the reporter gene alone. While the reporter
gene is essential for the detection and/or selection of such a recombinant vector, the optional

25  inducible expression of the selection component can be used for, for example, single or multiple

passages of vector production.

In particular embodiments, the selection component may, for example, significantly
accelerate the generation of recombinant poxviruses comprising the insert of interest, as host
cells not harboring a recombinant vector of the invention comprising said insert are directed to

30  produce less or no viruses (or are killed entirely) upon induction of the selection component. In
this case, the recombinant vectors of the invention, containing a reporter gene and a selection

component result in fluorescence expressing “empty” vectors sensitive against tetracycline and



beneficially reduced prior to separation. In further enbodi nents of the
present invention, flanking regions permt honol ogous reconbi nation.

Honol ogo¥Or28Wg1Biohat i on general |y invol ves the al i gnme RCTHP2600/4)903%
sequences, formation of a Holliday junction, and breaking and repair (known
as resolution) of the nucleic acid resulsting in an exchange of materi al

bet ween the strands of the nucleic acids. Therefore, any flanking regions
that ar ang kdiatRlin@ResaNivt Qe RBMINE P€ctto AR QY BE Sny MEREBEHRA! InQithéWords, only
enconpassed by the present invention. In a specific enbodi nent, the

f 1 anki ncehe gpetaigingr empieridtetakxhibin fhioreseanise rand pidss fthe nostreeimiipants cpg be

fl ankin J v i . - 0 r r abjcy, e ize
of 100 (:sPERlSE B <A s hARIRL phidul Bkl e PACRIBLEES deknl dEk AR o o ¢
r econbi nekttig@oeompaieny Bdhdicedbefdrélant] thg seidtonscan petdasdidh cundh deigngicaslym of
a deletion site of the MVA genone. In_a specifigc enhodi ment, the flanking
regi Ons LA ARRINGG YRGi BssuRPe f1e58D hﬁ&onﬁsefgwam YECiaD 14 &Wﬁa@p%nd

upst r eanpAREk; mg@gg&ggs%rgj(jnon sites I, Il, IlI, IV, V, or VI of the
MWA genome (WA genone position: | I : 7608/ 7609, Del I1: 20718/ 20719;

De
Del 111: 1493414, 4334aboddknds bt &%/Bééé&it iffntidn, Azhknf/ 4@355@@3& hdfhologous
9831/9832). SEQ ID NGs: 2 - 7 show the flanking regions of "Deletion Sites
| -VI, respeshinaeiny, Hembbigeds arcumbiinitve Petezdliyomvelvee thhatlignmynt ef usedar

according to th resent. invention..As an. ex le, SEQ D NO 2 is .a
equenc e arenstin PBHEoR ok ety BitrispatLpRERRE ~rd ok (Prem pr ke RiGmeo!
(posid i ofhe HRO8K HeAesultlhifh aPefdhhh@NSf hRLalIKMecaf thOERatdd NQhe DuckicrRE&RON
to positions 7608/ 7609 of the MA genone. Accordi ngfl y, the flanking regions
in one sPastpres auilinessgiony thapareisipilasepeneharllsy fphhamelyenys GpPPEAIATOf

posi ti on,d Q0donQ,sQEDy! e R&Qeseﬁt AR, tlﬁalsgg’&ﬁé)@mﬁemha GRMARH kiR Rlgfdn@Mrel 002
of SEQ I D NO I n anot her specific enbodi nent, the flanking regions of

the recodbitivanin pdwitheripesific embodimens ehe fawldng regiwoadyve hatze oh0itnJOPP bpn

site wll pe.positioned.w t-hj - codi ng region of the poxvirus.
Non- codi rﬁgfagg'i%%h%' aﬁbzf\?}fgggéozld\@%"i n length and may conprise from

around 100 to, nore than . 1000 bp., Each.of the nugl eotides of such a
non-codi ng r edi AR eﬁgjogg?%{)él?f g@“q?’f%r@g’f’fl%ﬂyglet%?or%ﬁ‘garftlpé’n Mg’ F&5i%6hs
accor di NgankigtrBBohNWMRAEIRAE] A6R a0 QT IR, sitp bE HRr MWVIAYgehdBieo 14 AGBedific
upstream and_downstream of this selected insertion site |l ocated wwthin a
non- codi ‘Hﬁb?"é‘@FQ}thelfP{ﬂflPé FeeaR i fankingregigns 2big 1O Pegpsferahis 14 1osH9P hpof
1000 bp @}96&£Qn3 AB&hLtth Sf Dfletion sites I, I1, III, IV, V, or VI of the MVA genome (MVA
genome position: Del I: 7608/7609, Del II: 20718/20719; Del III: 149341/149342; Del IV:

20  170480; Del V: 19754/19755; Del VI 9831/9832). SEQ ID NOs: 2 —7 show the flanking regions

of Deletion sites [-VI, respectively, centered atound the Deletion site that may be used according
to the present invention. As an example, SEQ ID NO: 2 is a sequence of 2002 bp, centered
around Deletion site I of the MVA genome (position 7608/7609). Thus, positions 1001/1002 of
SEQ ID NO: 2 cotrespond to positions 7608/7609 of the MVA genome. Accordingly, the

25 flanking tegions in one specific embodiment of the invention ate 50 to 1000 bp upstream of
position 1001 of SEQ ID NO: 2 and 50 to 1000 bp downstream of position 1002 of SEQ ID
NO: 2.

In another specific embodiment, the flanking regions of the recombinant poxvitus vector

are selected in a way that the insertion site will be positioned within a non-coding region of the

30 poxvirus. Non-coding regions of poxviruses vaty in length and may comprise from around 100
to more than 1000 bp. Each of the nucleotides of such a non-coding region may be selected as

insertion site. The flanking regions according to the inventions ate 50 to 1000 bp, preferably 100



woul d be selected to be between positions 500 and 501 than the flanking
regi ons according to the invention would be 50 to 1000 bp upstream from
positi on WORIHAA2BS to 1000 bp downstreamto position S5@CIT/EPR00HEWRE | c
enbodi nents, the non-coding region is a non-coding region of MWA. In
further specific enbodi ments, the non-csdi ng region is the nucleotide
sequence between any of the follow ng genes of MVA (Gen Bank Accession #
U94848) : ta0000 bp,Apitrean?d B2d dOPBtsea BT tnid 08 bcte D6 tiON iR 100RRv BB la, ndd1codidg1 8L,
018L-019L,. 020L-021L, 023L-024L, 024L-025L, 025L-026L, 028R-029L,

030L- 0311803 foszrpmplegthe. wrasodingmgiongme 2 lepgh | fgPP bromm theJpsertion site
039L-04 4 0,

0511 0521 " OSSRE AR 05 SR bRa R0 EER S atm R R arE TR
062L, 06dhb_ 106Stion 06&ild 06 60 tOGB(LOOOBﬁmpsﬁe"aHL chYtBR;osﬁﬂﬁRSW@hd 08 6R-1081 Ibp
085R- 086R- 087R OBgEIQI% 89L- 090R, 0 4L - 096R- 097R, din
097R D98 VOEHAR 1O PRI OReEINg 650 o ing 1egion. 1§ #(fjon-coding
110L- 111116; iof IGFLMVIM Lin fuktHer Js%éd*ﬁc LdbbdilnkaR, tﬂelhbn%é!a r2diSh-id R nucleotide
123L- 124L 1241-125L, 125L-126L, 133R-134R, 134R- 135R 137L- 138L,

141L- 142Rquepsg betwearanyl aitke fallmying asrs of BV A (GeRBrak RecersoR# Y#$348): 001L-

150R 160121 800 1ETR GRTIO T EC O osts b sy, ORdspR, gaor o,

173R- 174R3L124AR: 0Z4R02517 SR5SLAZRL, 0Z§R02917 R)30LABRLL PIH.-03719 RO3RBOR3L, 035L-

168101 g0k DRaRened LiBely teokhBde Gencosd nd iDL Rl TP RE

reconbi nN@sIL- (ISQKVDSHSOSQQQtGSQRﬁfng,S 0bCOSAR | 048R - O’%R, t0BSR-06HE 03FEILTROMGEILL €
will be positioned within a non-essential gene of the poxvirus. A gene is

consi der ¥dlt 86He080In HSEW6Rt PAFL-§6He 77LiG/8Rs ORBR-0F gquP§Ri0§1hs OSHR-086R,
Product | MERIGPR! GR4H 88910 0sd1 LY owgwm%krbﬁﬁe@m 69@%&@% 1030

non-essential gene is sélected ffromt group consisting of t
ki nase gHHMB, (185TFROCRSC HHLE109%g €109F-116k, a10L- rmalmaL+1omLoﬂ14Lmal&1hy1rﬁsm1néR,

wa B ol -t R R P PRBeR e s BBEd B M B 12 Bne
(= HA  AmasDj netIG14aR, a3L-1 4@Rana¢mﬂnsfzat45am4@iz t1RERMATR] MR- Mék 148R 149L,
hemaggl uti n| n gene 'ocus uation as an insertjon sit

forei gn e 5O SRS TS AL 35788y 150kl GilaL1 QiR 161R-
ri bonucl ﬁ%{' QGSI(C%@GK'[?&?\ {dRan oyr MRt 1 AR-174R, (2ERI1AER. VidRIS7dR aRgRar 7R,

vector usi ng
178R-179R, 179R-180R, 180R-181R, 183R-184R, 184R-185L, 185L-186R, 186R-187R, 187R-

20 188R and/or 188R-189R.

In another specific embodiment, the flanking regions of the recombinant poxvitus vector
are selected in a way that the insertion site will be positioned within a non-essential gene of the
poxvirus. A gene is considered to be a non-essential gene if it is not required for the productive
replication of a given poxvirus. In specific embodiments, the non-essential gene is selected from

25  the group consisting of the Thymidine kinase gene (= Tk; Scheiflinger F. ¢z 4/ “Evaluation of
the thymidine kinase (tk) locus as an insertion site in the highly attenuated vaccinia MVA strain”,
Arch. Virol. 1996, 141(3-4): 663-9.), the hemagglutinin gene (= HA; Antoine G. e 4l
“Characterization of the vaccinia MVA hemagglutinin gene locus and its evaluation as an
insertion site for foreign genes”, Gene, 1996 Oct 24; 177(1-2): 43-G), the I4L coded
30  nbonucleotide reductase (Howley PM ez 4/ “A Vaccinia Virus transfer vector using a GUS

reporter gene inserted into the I4L locus”, Gene, 1996 Jun 26; 172(2): 233-7), the E3L (Langland

10 & ng s BRI, “The role of tha P D inkiliia.o o

e o 2T
(S A0 2 N 210 LUAT the r Lu\-u.uuulLUJ.y SCLICD S auu 1\J1.4 111 ucu:ruuluug deClnla

C
virus host range”, Virology, 2002 Jul 20; 299(1): 133-41), the K1L (Staib C. ¢ a/. “Recombinant



reporter gene inserted into the 4L | ocus", Gene, 1996 Jun 26; 172(2):
233-7), the E3L (Langland JO d Jacobs BL, "The role of the PKR-inhibitory
genes, E3NO20W/KRBI65 in dcLcrmiiing vaccinia virus host PEAEFa009/09902%| ogy,
2002 Jul 20; 299(1): 133-41), the KIL (Staib C. et al. "Reconbi nant WA and
met hod for generation thereof EPI 594974@, 2005 Novenber 16) and the ATI
gene (Wntersperger S. et a/. "Vector for integration of heterol ogous
sequencesVIANiA Rethvl e g GHRPGBR Shered® G2P 1507802005 Nobdmhbdra6) sRE el ATI gene
enbodi nents, the non-essential gene is a gene from WA and sel ected from
032L ( Ri Gbntsesperget $e o edutVestey fon Imegratiometi beterelngorn sempencess 810 (IXARY at e
ki nase f i unct i on not. -known). 8 f i noft . nd
189R, (1 UFPEn: B en i Tk e BRkiar SaRBdimehl e sHitEich Al 00 KRE oA
poXVi r usMiVa\ and selededd frowti 0323, (RiBomucledtidld egdueiat),di IEN{fundtoa paxinomnl 1ERMWA.
In a furfher aspect, the invention relates to a cell harboring the fied
poxvi'h sl PRBIGE s fraetprnsndrd (oun PoknoesneibaR| Gencas At LBry i TR
per m ssi yetigh nb@ERWH.NY the nodified poxvirus vectors of the present
inventionh is enconpassed. Preferably, the cell is a eukaryotic cell. In a
particul ar enhogdi | le 4 S g@[iq@!'?g:,g? i | 10 LMufh
speci fic enbo |%ﬁ?%ﬁ)§a§%qﬁ? oifsthe;m(a:rﬁl o ’enéb yo fgsp%g%{%g?a ?%IXESI':)In (L:Ael I .erl n a
furt her entmelmesnte pphersed MViAss an i sol ated human cell. In a further aspect
the invention is directed to the novel plasm ds and vectors used for the
gener at i on of Intdfarthexdispecthp iéhticisrelaestton call babdiing tHeombddifed paseiis vertorThe

present invention thus. alsg encgnpasses._a nucleic.acid or its conple t
Sel ol o PrRIFHAT GVERIPT o MEPERIThG V6W GHQRTTS IRESmistEe Jor freeiying e moriiel
honol og RISt Ridis 8CIhE prieh@h@enBats GRemPSssal. Pr&ably4¥cebRWeuknYbtictliM

65% 70% 75% 80% 95% 90% 91 % 92% 93% 94% 95% 96% 97% 98%
98. 5% 9bua potcBARendpdientghe gell isgongnmalisguasrecviageshi fya sphsiicembadiaent,

57505 . 08l S S5 Sl B

99. 7% 9OBuBdfceB9. 9% of the respective nucleic acid selected fromthe group
consisting of SEQ ID NGs: 15-23. Methods of the present invention In a
furtiser aspecln, a flithet Bspeed thelinvetich iscdifeeedtdito the netd pthsinals apdnetctats wgd dor

r i nan XVi I wher ej h || rm.ssible for ifi
pgg\?m) usg\;teg:eppg?atig? uctsfi,]@ep}?né) l apoxwosrut s Cveector paecccgrrld1snsg Po ethe ?nvetngcem. e prgs%nt

invention thus also encompasses a nucleic acid or its complement selected from the group
consisting of SEQ ID NOs: 15-23 or a fragment or homologous nucleic acid thereto that shares
at least 40%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 95%, 90%, 91 %, 92%, 93%, 94%, 95%,

20 96%, 97%, 98%, 98.5%, 99%, 99.5%, 99.7%, 99.8%, 99.9% sequence identity, wherein the
fragment has a length of at least 40%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 95%, 90%, 91 %,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 98.5%, 99%, 99.5%, 99.7%, 99.8%, 99.9% of the
respective nucleic acid selected from the group consisting of SEQ ID NOs: 15-23.

25 Methods of the present invention

In a further aspect, the invention is directed to a method for generating a recombinant
poxvirus, wherein a host cell permissible for the modified poxvirus vector of the present
invention is transfected with said vector, and furthermore with a plasmid comprising
heterologous genetic material of interest under conditions permitting homologous

30 recombination between the vector and the plasmid within the host cell. Necessarily, both the
modified poxvirus vector and the plasmid comprise flanking sequences that are similar enough

to allow for such homologous recombination to occur. Furthermore, the modified poxvirus



invention is transfected with said vector, and furthernore with a plasmd
conpri sing heterol ogous genetic material of interest under conditions

perm tti NYORBWI7dYOus reconbi nati on between the vector EGAEPROIHPWII d

wi thin the host cell. Necessarily, both the nodified poxvirus vector and
the plasm d conprise flanking sequencesi7that are simlar enough to allow
for such honol ogous reconbi nation to occur. Furthernore, the nodified

POXVi I USpRek Qarrécd! the ERpbia& F&ROLAEin FeALn AHbIBImERS t Bk NseRERNMICERPbBerkt N8
sel ection conponent as described above between said fl anking regions, while
t he pl asdeseribedrabose befweeh enaist Hrriges segiensetvhile nthe enlasmid shrrient the dsterglagaitsen
said fl i F ONSe - i , | us_I. nbi I e e
e s A L R S R S e s U S

t he i nvektiminnitonobigiednetht aceiifal padvirud eedt@pordt the pieméd padcdsheres@hkinbmnton
compaonent, if _present) by the heterol ogous genetic terial of interest. In
certai n wriP54f rif‘%";““?ﬂé‘“ﬁié%rlhffﬂ’ﬁﬁ?fflﬁtfgéheare Frraegs ?%6%5? PUCIGR CPBPORTA he
I nventigp &Wﬁy%é'ﬂe@ro?&éoﬁg 4B GRMANENheerlnd further conprises the
addltlonaF step ‘of inducihg expression of the selection gene in the host

cel . The indyctian Afhoafhétd A mIRRE RHRS G336 Bfe Sv&Qort JFend AGUGIR e
sel ection conponent that Is enployed. As an exanple and in a specific
enbodi nesimprising 5 eklegidnoporopoponemd donipr | ®espraes dhesddivpnayete thatdwmgodes
t he DNase Frot eiE whi ih is ex‘{)rea‘sﬁ d un rTEhe egul a{,or1 contr ol ofe J he
bact er i aTPISRICRE CHITRS TFPIR BENT He gkbc?s% r B MAURECL L &7 oPeP BT STHEC) as
descyol bedbpafd\e: tht BluEbleGBletorCétnigodntOtbt iD¥YmplRgeddil 4d éanple dnitin agy&dfine,
whi ch bi n(}i)s to the tetracycline repressor that I medi ately detaches_from
the bi nciRPETE: Sif tHRSUPMACHIRPNCRNFRpESet dr 1P1o5HPR RE e Mt 8Py tF Tphase

DNase t %tMMht1§ e¥phrleldSd lupBld ﬁx@txje%[latogrhéo%tﬂ-opgy%é PikedaP liﬂciu%ibienteéacycl_ine
desirabl'e sel ection of host cells conpri'sing reconbinant vector relative to
host cel depresoniding sjteffopérhioe A Tp6IR) ias (e saribed ebotdhalndiioeen mrotardeshput by thehe
gene insert. of dnterest. .Il.n a further enbodi nent, the .net of .t he

Prvent | ot et gt SRt R RE 0t B o DR PR Pt M
conprs Si thg biddngr sixe @AhOBNA UL, this i LeMallfiese&phasibn o tlesDBlaspthhsinhtpits virus

non- r ecombj nant di.fied poxvjrus vector. In a particylar enhodi nent, this
separ at irﬁaflqag%a%?q%&hﬁe?n B%F“Jrﬁ%é’n”sdﬁfm‘?lﬁéel@‘é‘ﬁé PBroducet!s SPmPHENG ISSPROLAL!

report eryeGelativk Wﬁos@@ﬂ’sdk&fﬁﬁﬁmgt Hl%dfﬂ%g%{ogc%usg@élﬁbrctﬁglegoésq{otaeoiﬂﬁﬂﬁé gRcent
protein and the separation is carried out by neans of FACS and an attached

cel | sorgeor insem ohmterthesr enbodi nent, the reporter gene is an arbitrary

In a further embodiment, the method of the invention further comprises an additional

20  step of separating host cells comprising the recombinant vector from those host cells comprising
non-recombinant modified poxvirus vector. In a particular embodiment, this separation is
carried out by means of the gene product of the expressed reporter gene. In one embodiment,

the reporter gene codes for a fluorescent protein and the separation is carried out by means of
FACS and an attached cell sorter. In another embodiment, the reporter gene is an arbitrary

25  protein that is expressed on the cell surface and to which an antibody exists. Separation is then
achieved by coating magnetic beads with said antibodies and contacting the cells with said
magnetic beads in order to separate the two cell populations. In another embodiment, the

antibodies are attached to a resin and used in a column to separate the two cell populations.

In yet another embodiment, the separated host cells comprising the recombinant vector
30 are used for at least one additional passage on fresh host cells. Accordingly, the number of cells
harboring recombinant vector, and thus the number of generated recombinant poxvirus

particles, is significantly increased. In particular embodiments, at least 2, 3, 4, 5,6, 7, 8, 9 or 10



protein that is expressed on the cell surface and to which an anti body

exi sts. Separation is then achieved by coating nagnetic beads with said
ant i bodi e¥02W/(gd¥ebacti ng the cells with said magneti c BEREP2008/00008%r t o
separate the two cell populations. In another enbodinent, the antibodies
are attached to a resin and used in a gglum to separate the two cell

popul ations. In yet another enbodi nent, the separated host cells conprising
the recqihhd1ghbsay&CoOhedeEoHBigsht fxvahs hRaSkinsuaddintd ofRlficPassBReRN 6
fresh host cells. Accordingly, the nunber of cells harboring reconbi nant
vect or, furbertirssageshel therdseombipaniarmavirbe drer asdnddutanin poxther psnbedimens) &g i s
S Opi LGB RALSRE 6o of I RALL LG Rl SIRRALRRLS Bl 100t 2, 8, 4 5 6.

7, 8, 9 or ur passages o e reco XVirus are carried out.

In a specific enbodi ment,.. 6 further passages of t.he recopbi nant poxvi.r.us
are carried gﬁtarmﬁ%hetgmfbﬁf’%eélf Oghﬁdﬂ?tgr%(i?? &Flﬁ’éesﬁ%ttlﬁ‘be&uf”ﬁ’ctggagmgs BEep” of
i nduei ng-i@xpF BB/ .on of the selection gene. In a further enbodi mnent of the
nmet hod of the present invention, the poxvirus is vaccinia virus or WA. The
generat ed r ecbjdhaRtedd REYinbHRRE poRANREs taPbatiGTa S g adhy Stitableble&hnique
techni que known To the average sll<)| | I ed person, for exanplé, by neans of
cent ri f Ugawnda themydizgaskilledeperson, fohexgmpedntmiany ehedngrfugatioa. f urt her aspect,
the present invention is directed to the nodified poxvirus according to the
i nvention, the reconbinant poxvirus according to the invention, or a cell
conprising the nodified or reconbi nant poxvirus according to the invention
for use as a Medicalwsesiof thenp@sagaovdttionenbodi ment, the nedi canents of the
i nstant invention are advantageous for use as a therapeutic or prophylactic
vacaione. | n dnatfagherenpead die pieseditiaventies éndirdctedanttho modifiedi pogeiredthactordidge
nodi fi ed poxvirus agcordi to the invention, the r ecombi nan@1 goxvi.r us
accor di g PO TR0/ ROXEIEYY AT €1ty TRRIGfb &F fiEY cBpprsmg the
reconbi NARAIARPYY irdcdmbafaaP heiiaistRcddife! BVERLIRRALSR TolliR ASa dndMRdeaimanta f or
the treatment and/or prevention of an infection in a species selected from
t he groupedtmsinbedimgnbfthe pfedisaments \vif ithe instanBinventioge prgt 4dyprtagaops orAuse Bs aC,
E, Huma P}ge- [ Cl irus, Rubella virus, Munps virus, Rabies virus,
Human p;t[})llla o%g%gﬁo%??ﬂ%s%g{ﬁné%rr virus, Tickborne virus, Crinmean Kongo
Fever. virus, Ebol a virus,, N pah virus, Denque vi{u i kun VA 1V I U
Ent glrsovi rus, %%%O%ﬁrleén v(fdrnﬁgr,a’ %hef PreaL lg‘);e é’\g/elrS (%/ﬁergfﬁggg\]g%aﬁggé%d feleVius
according to the invention, the recombinant poxvirus according to the invention, or a cell

comprising the modified or recombinant poxvirus according to the invention for use as a
medicament for the treatment and/or prevention of an infection in a species selected from the
group consisting of Influenza virus A, B, C, Hepatitis virus A, B, C, E, Human
20 Immunodeficiency virus, Rubella virus, Mumps virus, Rabies virus, Human papilloma virus,
Epstein Barr virus, Tickborne virus, Crimean Kongo Fever virus, Ebola virus, Nipah virus,
Dengue vitus, Chikungunya virus, Enterovirus, West Nile virus, Rift Valley Fever virus, Japanese
encephalitis virus, Hantavirus, Rotavirus, SARS Coronavirus, Emerging viruses, Chlamydia
trachomatis, Clostridium botulinum, Clostridium tetani, Bacillus anthracis, Legionella
25  pneumophila, Neisseria meningitidis (Menigococcus), Yersinia pestis, Mycobacterium
tuberculosis, Mycobacterium leprae, Salmonella typhi, Listeria monocytogenes, Vibrio cholerae,
Haemophilus influenzae, Bordetella pertussis, Helicobacter pylori, Borrelia spp. (recurrents,
hispanica, parkeri, burgdorferi), Leptospira interrogans, Rickettsia spp., Coxiella burnetti,
Mycoplasma pneumonia, Corynebacterium diphtheriae, Treponema pallidum, Plasmodium
30 falciparum, Plasmodium vivax, Plasmodium ovale, Plasmodium malariae, Entamoeba hystolytica,
Giardia intestinalis, Trypanosoma brucei, Leishmania spp., Histoplasma capsulatum, Aspergillus

spp., Candida albicans, Cryptococcus neoformans, Pneumocystis catinii, Wuchereria bancroft,



encephalitis virus, Hantavirus, Rotavirus, SARS Coronavirus, Energing
viruses, Chlanydia trachomatis, Costridiumbotulinum dostridiumtetani,
Baci | | us WOhri#ge3s5 Legi onel | a pneunophil a, Nei sseri a mPRITAFRA0H)W28

(Meni gococcus), Yersinia pestis, Mycobacteriumtubercul osis, Mycobacterium
| eprae, Sal nonella typhi, Listeria nonowytogenes, Vibrio cholerae,

Haenophi l us influenzae, Bordetella pertussis, Helicobacter pylori, Borrelia
Spp. (I eSdiskRBinh SmatonPadEe: TRALKREMha %Mﬁﬂd%fﬁlﬂlﬁm sh&dMO b ciments, the
interrogans, Rickettsia spp., Coxiella burnett , Mycopl asma_pneunoni a,

Cor ynebamedieamant i piedhier ithe treqtmepb eé medifrasd P the) syPipAeRD grusad x| asy prfr thase

Pl asnodi | I al | dole] lar.l.ae, a .

hyst ol yt%f)(%,& éﬁl}rﬂ |c<£;]1E|§ Eﬁ*@g@?f}%ﬁ sd% ; %ﬁp%%g%%&g%&%é%@§Léﬁg§’mnl Q’S%Bfe,s ’

Hi st opl asweplabts uskahidh oAdpedeghl hlésrss pirlaria Calbehintn siakdyss algne Qisype O eacines
neof or mans, . Pneunocystis carjnii, Wichererig bancrqfti; Schi stosoma mansoni
and/ ¥ T8 ’é’é’ﬁ’ém@%‘ﬁ’dﬁ’r?sﬂ’ H‘P?‘E}FPH’éiané‘gésﬁ é%ﬁ%%ﬁﬁ%tss, t he medi canent
is used for the treatnment of a disease or the synptons caused by any of
these speci eslt # fughsr tsrhadipensnBsdpiaEsst d0vephps igfisessadety thej ppfifisd poxvirus
hepat i1 georblddSo HiMendoRPHRS recBABERANRLbL s REGARENChIHIRRAL okl LEIS.
mal ari a, sl ee i ng sickness, Lyne disease, reactive arthritis, pneunonia,

| epr osy, capyhingethie apodifiediod arscambingitopoxtvous pt@sdmgits . the nnwenfign tfheruse as a
enbodi nment,. the present inventjon is directed tq the.nodifigd poxyirus
accor di et NI HEATBE TR OF REeBr AR o st P PR koG o froer

i nverd i 0 sel€dtedfré:lthe £GP cbsistiglg tolf Cerfiall dat@tbnd, nleB&61HA) Malipleifyeldha) breast
according to the invention for_use as_a nedicanent for, the treatnent and/or
pr event i GAcEf PresAEerncerfoligde Brell rembarguns Empherpa andys kidngy sa@ceict ed from
t he group consisting of cervical carcinoma, nelanoma, nmultiple nyel ong,
breast cancerln WGQL&E’@Q%Q& the integipncthe medBament|is pea reEaYia prsientimpserhal
and/ ot k| 43&aBBRCH! andleLOELEERAM TiNhe OfividiBal MCHcbABiqahi otmlCOTRR |5
used to treat a patient 1n need of a vaccinatioh. 1n another "enbodi nent of
t he i nvenvémsion drithe cdcomiprisangt saplosevombisamf pdxeud nnepriseoar least tohe gemd toding

corrpﬁ' Si tng sai du.rec nbi. nant on%ia%cgs. con;ﬁr.i ses at | east. one ene c‘cl)i(r:llinng‘1 for
an atiti gh Pharised Pah Lo raBE PhAvTIcHS ah TG PRIS0 18 & PRYS i HTERE
requiri NgacanmMamC Inapdciit ehbodipessf the AERQdisneREed fidhe tangiogpohsistig ecied
fromthe group_consisting of an antigen of a heterqgl ogous virus, an antigen
of a bact®BPUR{ 2 heicralnePyeTirust ansansigek af § Brectivam 2B IgePIGPrakaIoTEre, 2048 or
an anti ggn, ¢fn s,mﬁld%mlbamh%np@fr; inEidlith, ef@gﬁﬁ@;ﬁm Smbddifie Al 1Stk ANan
antigen of a species selectéd fromthe group consisting of Influenza virus
A, B, C adﬂgpapf 4 specigs selegted from the group consisting of Influenza virus A, B, C, Hepatitis virus

20 A, B, C, E, Human Immunodeficiency virus, Rubella virus, Mumps virus, Rabies virus, Human
papilloma virus, Epstein Barr virus, Tickborne virus, Crimean Kongo Fever virus, Ebola virus,
Nipah virus, Dengue virus, Chikungunya virus, Enterovirus, West Nile virus, Rift Valley Fever
virus, Japanese encephalitis virus, Hantavirus, Rotavirus, SARS Coronavirus, Emerging viruses,
Chlamydia trachomatis, Clostridium botulinum, Clostridium tetani, Bacillus anthracis, Legionella

25 pneumophila, Neisseria meningitidis (Menigococcus), Yersinia pestis, Mycobacterium
tuberculosis, Mycobacterium leprae, Salmonella typhi, Listeria monocytogenes, Vibtio cholerae,
Haemophilus influenzae, Bordetella pertussis, Helicobacter pylori, Botrelia spp. (recurrentis,
hispanica, patkeri, burgdorferi), Leptospira interrogans, Rickettsia spp., Coxiella burnettii,
Mycoplasma pneumonia, Corynebacterium diphtheriae, Treponema pallidum, Plasmodium

30 falciparum, Plasmodium vivax, Plasmodium ovale, Plasmodium malariae, Entamoeba hystolytica,
Giardia intestinalis, Trypanosoma brucei, Leishmania spp., Histoplasma capsulatum, Aspergillus
spp-, Candida albicans, Cryptococcus neoformans, Pneumocystis carinii, Wuchereria bancrofti,

Schistosoma mansoni and/or Toxoplasma gondii. In a further specific embodiment, the antigen



A, B, C, E, Human | nmunodeficiency virus, Rubella virus, Mnps virus,

Rabi es virus, Human papillonma virus, Epstein Barr virus, Tickborne virus,
Cri nmean R¥O@O10FEIS virus, Ebola virus, Nipah virus, DeRGUAEPRI09{G89028

Chi kungunya virus, Enterovirus, West Nile virus, Rift Valley Fever virus,
Japanese encephalitis virus, Hantavirus2o Rotavirus, SARS Coronavirus,

Enmergi ng viruses, Chlanydia trachomatis, Costridiumbotulinum d ostridium
tetani, iBagirdteinSexprsstdas Scank@PeD MRl dndthen epetifthdrhiaditientS G fah fgdiEif ia PPbteindi S
(Meni gococcus), Yersinia pestis, Mycobacteriumtubercul osis, cobacterium

| eprae, BalipErRsessed bysnd displaysd enithe swsfase 9t vefesesellvi bri o chol er ae,

Haenophi l us influenzae, Bordetella pertussis, Helicobacter pylori, Borrelia

spp. (recur r datfusthetipsgifinembodiprenkse thie, repembidantfpoxivirus ofethe drsjshiien, or the cell

i nterrogans... R ck Si Coxi el | urnett . copl n ni

Cor ynebet briekin SR RERDERAR: porils arbadl MR nipe¥SRRET I, £ SRR et
Pl asreodi Bramplasaof,sull s amigen Bxpavatd by Pleasetds dell imalide, ibaeare mat Rifred o, alpha-
hystolytjca, Gardia intestinalis, Trypanosoma brucei, Leish ra spp..,
H st opl a Wf%&ﬁs@%gﬁmS%ﬁeF@ \ Pwegdgweamoa@ glopiccapigen %é&&@w&

neof or masA a'?xﬁgé{méiﬁ-h?h@ﬁﬂ-@; éﬂi@fﬁrrﬁﬁﬂd&n}gaﬂaéﬁt%&iasso%ﬁmd%x%m ] 391“
and/ or ToxoplaSma gondii. In a further specific enbodi nent, the antigenis a

pr ot ei n eolyogdsgdup pratein anlancerced destelhonzmieg AEEZERE LD 1iditrodiNMastin,4; gpitd
antigen js a,protein that.is,_ express [ di,spl ayed t.he surf of a
cancer caff .Shg?\k GrEResP i%%e??‘i“%“e%b@&%@h ﬁﬁé anchyrq}’b]?érgr}f p%x%i%%tgerof

t he ivedhb@iimemnrthé keof®lnanCEsRRitus bfithe v efitio® 00 tHai deB ROmPHiNG $aith reeOfipinafies

an antigen expressed by a cancerous cell. Exanples of such an antigen
expr esseRPHPIRCVIANESS 3 gEnceicrding @ pgabogy {n an'élfJﬁo%mququféa SPQ} antibodies are

al phaf et gpEAL @il AlaRlers ApASIALS BRRELAIC antigen (PSA); carci noembryonic
antigen é(;PQCEA) ; disialosyl LEA antigen; Ml an-A/ MART-1; SART3; nultidrug
resi stance- aspachARAOLEE BretdRERentBR|NE UL UL ROt ShdteRNDARRERS Of
zeste honolog 2 (EZH2); ALDH ; Her-2; Nectin-4; gp96 heat shock protein;
gpl OO tkaoysi trashe; sidlidel pd@EE-IA3somzn embiydiER@s| of the iavéntionhthre ewdoanengatarg he
reco%i napt. 'Qt%%(e\élibr unsl.egéont he i nvention or the cell conprising said

r ecori naﬁ’flmpoxw Pus conprises a gene encodi ng an anti body. In specific
enbodi nents, such anti bodies are specific for cell markers expressed on
tunmor cells. The nedicanents of the present invention can be adm ni stered
to a patient by nmeans known to the skilled person. In sone enbodi nents of

the invention, the nedicanments are adm ni stered by injection. EXAMPLES



For assessing the efficacy of the nodified poxvirus vectors of the present
i nvention, several foundational MA vectors were created. These WA vectors
contai n aWVPIROBYEZWENnce codi ng reporter gene under the cE&RTHEFR0INOW28t r ong
vaccinia virus pronoter, and a selection conponent conprising a DNase

sel ection gene under the control of a sitirong vaccinia virus pronoter and
the Tetracycline operator (Tet2) elenent, and the Tetracycline repressor
(Tet R) codi ng gene under the controExaMpeLERerent pronoters. As shown in
FIG 1, the basic MVA genone was nodified by the introduction of a reporter
gene/ sel ecti on conpaonent cassette into _the insertion site (Deletion |1l or
Del 3) of the favmsyfssingnthe sidicayerh thegnedified, pervisuniecioan Rl fif PEgEY HrEmton,

Del et i ongeld;hi &)Ehgzﬁi!&hal vEctbERPIL €feal@NCrhdsO Wﬁa«;mlo(fs cGhtih & fuorescence
fluorescence protein (GFP) gene was inserted under the control of a strong
synt het i @dingcepoiter gene usidpr drentertrol P )a steong vagpioiat Grus gyemerar, Al & selepomt er
for an']éo){rqe, GFP, olg)timal IS{NaI | ows .t he det e(fetgﬁn of t1h<§f MWA t hat contai ns
the CassEYPEFNSEYRL ST T BAMSFIThE VeIt &P GENE (Udf A% Y16H Jhi2
DeB), a 15i6hdediafd teOTROARPAIne \WpSratIYTEITH clchienr, RE HISTORRyCIRBir&réRS (T%tH) Of ,
for exanple, a DNase gene under the control of a strong synthetic vaccinia
virus presigeeng mder thgfongro] of dffprepttPe@tdsy a bacterial operator el ement
(Tet@2) that interacts with a repressor (TetR). The repressor interaction

is in turn coht sloivied BIGt &t hadspeiciM¥EA genontrewahmeddeddly thetingedushipmef aTet R

binds to T trol s ence reby .i nhj bj of
t he DNasré:})%geﬁeg.%%\?\%%)P , W o?' e Cﬁgseegé%géqg? S‘[Séérfl P%éfﬁ: |er%£et?°%112¥<% Iﬁ%ﬁ; g?éhzfs ed
f r oma heMVet gdhosiet gljdcont toahe bystehindlankixp regai ofDeletidhHI ONasd IDelbea rephger
expressed se pr?teinth n inhibits th Srplifica,tion of th viraIIWin
di e cyt P&shi GRS 2 gitctigesceler Pretgin iBER XEY BRFTEsH YodRoRGichATP! Mada
conpri si fighndisenthEt T RLBAOHRs FRBRbice (PRSI Rborddr JyALAI €hls: repdieer] RP QRkABple,
gene/ sel ectron conponent cassette is deleted by freans of honol ogous

r econbi nafPoeptinsiip sbefiethgydetachen pbthgI MV Agthet onéinssthp aassettpelgisarh PRwnyreesence
of tetr [ j S o ' t £ .

det ect agﬁ&%yr Qf rltfgﬂglslig: éﬁ@%?ﬁgaﬁbdﬁ%ﬁ%%? eesz’pgggsiga%ﬁ Clow&eftngg? e sgr?%d\?vtmrtlo (t) ©
MWA. 1Cel gemomeniphis songsts € oivh ieramble, MVRNaa€ igettchendee plor t@ntrd el @/ swing cyntbatic
conponent cassette, and refore they do,not exhibit fluarescepnce,.,and
Cherr WA B ProREr (T Brebe SHRRICDRASEIpP BUlsrtsRt sBe e R e
The i sol jater8s With & h@r&@@pmnth@agregsm MO ALH HD h3a RbnMRJ G tetdfycline.

performed by separation of the fluoresci n_lg S
In the absence of tetracycline, TetR binds to the TetO2 control sequence to thereby inhibit the

expression of the DNase gene. However, in the presence of tetracycline, TetR is released from
20  the TetO2 site to thereby allow expression of the DNase gene. The expressed DNase protein
then inhibits the amplification of the viral DNA in the cytoplasm of the infected cell.

For the isolation of recombinant MVA comprising the heterologous genetic material of
interest, the reporter gene/selection component cassette is deleted by means of homologous
recombination. Subsequently, the resulting virus is passaged in the presence of tetracyéline. Cells

25 comprising non-recombinant modified MVA are detectable by fluorescence, and DNase
expression inhibits the growth of MVA. Cells comprising tecombinant MVA lack the reporter
gene/selection component cassette, and therefore they do not exhibit fluorescence, and their
MVA growth is not inhibited since DNase expression does not occut. The isolation of the
recombinant and the non-recombinant MVA can be petformed by separation of the fluorescing

30  and the non-fluorescing cells.

A bacterial plasmid containing the flanking sequences of the MVA Deletion III is used

(FIG. 2 and 3) as a shuttle for the insertion of the heterologous genetic material of interest into



and die non-fluorescing cells. A bacterial plasmd containing die flanking
sequences of the MVA Deletion |1l is used (FIG 2 and 3) as a shutde for

t he i nserWPa@A104f7236he het er ol ogous genetic materi al of | RCEARZQ09/00208% he

nodi fied MVA vector. The plasm d further conprises a LacZ expression
cassette flanked by a plurality of singlhe cutter restriction sites. The

het er ol ogous genetic nmaterial of interest that is to be inserted in the
modi f i edhMMAMRANIVAIRco OTRIpkHhid %Rﬁer%ﬁ%ﬁéés;&' La¥¢2Ghpfes &M setrolEGhildd BYO.

1) by means of one or nore single cutter restriction sites. The LacZ gene

i s del eteplunhy offngl auter destrontipaisitésn glhenlectérelogped gapotis nmytenial dfcintepase thagls of

| nt er est oG, Be 8! feledubia RIS LI & Relgeldon. Halng) K Falvenbe ies bl i ng
plasm d 1's then used for e 1nsertron o £’ et &1 ogous genet| terial
o f inteNest)bymedie ofode bt RdrdAidply Bttted FesbittibR 31, AfhellQBRlgogrOiWHeleted and the
reconbi nation. EXAMPLE 1: Cdoning of the nuodified M/Avector selection .
conmponeritlastid cpripBingathe Jsiraplogqus enelis matspy e interess san bedtaded RE Sleathifent o
the WA QREGIPudY: RATR! a9RUSIGHPTRLIAL BBn ubRS ol M SinBEBD BE thel HiEerSloBALE
conponents of (1)  reporter gene, (i11) Ps-TetO2-DNAse, and (1i11) TetR were
cl oned igeneticstragwiiad eof asteresh inntlee ambdifiedrMAA pleasmi Hy Gleoni of bémolegodNAse
gene The gg%§etIragnent (Spel - Ps- Tet O2- DNAse- Sacl ) was synt hesi zed via a
two-stepre lﬁ?éﬁﬁss and cloned in the vector VEMI| (Spel/Sacl) (SEQ I D NG
15), resulting in the production of VEML2 (SEQ ID NGO 16). For the first
PCR & eprxiierf £l1l O\ 1H8in8!d i : . Tet O2- DNAse
star 1’? 'FI)'ECCCT ATEC%CET G\E'I!%%K d‘li%@%%%&% %&%Ag%?&?%%&w GCTG ( SEQ

9y The templ e 55 HORC AL cortihen (BT S RETGACHT R ORRokR B
Dhase Onan T eadiag [rare . Thia f1rst POR Ster resalted in the tragmnt
dep ot e T RN hse el (i SECweh aloged et P Piroamee Fha RO PRATRCR

product of th ep, and follow ng oligonucleotides were used: 1)
O0EML69: Spel PRS- CAICGRCTAGRAMNAATTGAAATI TTATTTTTTTTTTTTGG

15 The DNase fragment (Spel-Ps-TetO2-DNAse-Sacl) was synthesized via a two-step PCR
process and cloned in the vector vEM11 (Spel/Sacl) (SEQ ID NO: 15), resulting in the
production of vEM12 (SEQ ID NO: 16).

For the first PCR step, the following oligonucleotides were used:

1) oEM167: TetO2-DNAse statt; TCCCTATCAGTGATAGAGATCTCCCTATCAGTG
20 ATAGAGATATGAGGGGCATGAAGCTGCTG (SEQ ID NO: 8)

2) oEM168: DNase end — Sacl; GAGCTCCTACTTCAGCATCACC (SEQ ID NO: 9)
The template for this PCR process was the plasmid pENTR-DNAse (Invitrogen ORF

Clone collection, clone ID IOH23149) that contained a human DNase open reading frame.
This first PCR step resulted in the fragment depicted in FIG. 4.

25 For the second stage of the PCR, the putified PCR product of the first PCR step, and

following oligonucleotides were used:

1) oEM169: Spel-Ps-TetO2; GACTAGTAAAAATTGAAATTTITATITITITTTITITGG
AATATAAATATCCCTATCAGTGATAGAG (SEQ ID NO: 10)

~\ ™ - —a —_— N N - —— = T~

2) oEM168: DINase end — Sacl; GAGCTCCTACTTCAGCATCACC (SEQ ID NO:

)

)



AATATAAATATCCCTATCAGTGATAGAG (SEQ ID NGO 10) 2) oEM d: DNase end - Sad;
GAGCTCCTACTTCAGCATCACC (SEQ ID NGO 9)This second PCR step resulted in the
fragnment WPB@MP/47836F1 G 5. The resulting fragnment was th@QTFP2¢08409028 0 t he
reconbi nation vector VEM| (FIG 6) through use of the Spel and Sad
restriction sites. This cloning step regulted in vector VEML2 (FIG 7).
Cloning of TetR During the next cloning step, the TetR codi ng regi on was

[ nserted i ntoeqtoig WENLZy ThAAIPMOLRheAXROEASPAIGRLR 15 an i npor t ant

experinmental paraneter, as'it has to be sufficiently expressed in order to
cover all Tet 1en f i e cehl : i ehl ),
but should nof%b%glg%%r gg@“e%tsx%e%(egeg%ﬁ%smt%h%g r\%\%u arﬂ(%a)ggﬁe?tgpgﬁmég gglsés;’ Jci?f

t et r acycthraughiuse of derSped ahd Suderedthienionxyiee s This rklaiing $rep BiNalee] inTieetoe VEMEL2 t he
TetR expé:?ésjﬁon was assessed under the control of three different
pronoters:~trde Ps (strong expression), the H5 (nedi um expression) and the
p7.5 (Il ow expression). Coning of Coning of TetRwth the Ps pronoter The
Ps - 5Tetrac;giflﬂ%%—‘lféigssor (TetR) cassette was synthesized by PCR The
tenpl ate was the pcDNA6/ TR plasm d (Invitrogen), and the foll ow ng

ol i gonucl eot i ldesngide eyt dening steph thef TesR spdisg tegien pas ppseried @to Feton waM12.

anplifi ion: : -Ps-T t. . . s e
GGGAGCTmm&%&%&iﬁlﬁ%iﬁﬂ%%‘Aﬁxmﬂ?aﬁw%ﬁﬂ&m% Beseq
| D NO 1lshfficentlp EMir6sbed Treoddend- ddved 41l THRODAGETIEAASE AAGARGH GAATENCEb (UBEQ EdpitdO
12) The resulting, PCR fragnent |G 8 s cloned using Sad and Nhel in
Vet o VRS, BHRBOTH ST AG CBTEReT BSIFFRa® e VEtR grIvRNB el [N i
(FI Go 9) ord&d @NindBcOthe [&HRsYIbA bfttHE TNase/ HbhdORD RS TEHRE efheRionNFasHBsessed
pronoter are present in the Ffl asm ds pVTVO (SEQ ID NO 18) and V07 ( SEQ

| D NO ﬁg)d,er arrdcomatak afgbreg rgiifeente promentersnther ks 6ﬁonﬁteépqeffé§% %cﬁglr(@eéw@m
i 1 QWi - eotjdes: 1) oEML65: Xhol - Tet Rs ;
Crochentare ARSI AR rBRHSRS 13)° ol ertan

Cloning of Cloning of TetR with the Ps promoter

The Ps - Tetracycline tepressor (TetR) cassette was synthesized by PCR. The template
15  was the pcDNAG/TR plasmid (Invitrogen), and the following oligonucleotides were used for the

fusion of the Ps promoter and the amplification:

1) 0EM163: SacI-Ps-TetRstart; GGGAGCTCAAAAATTGAAATTTTATTTTITITITIT
TGGAATATAAATAATGTCTAGATTAGATAAAAG (SEQ ID NO: 11)

2 0EM164: TetRend-Nhel; GCTAGCTTAATAAGATCTGAATTCC (SEQ ID NO: 12)

20 The resulting PCR fragment (FIG. 8) was cloned using Sacl and Nhel in vector vEM12.
This cloning step resulted in vector vEM31, SEQ ID NO: 17 (FIG. 9).

Cloning of TetR with the p7.5/HS5 promoter

The p7.5 and H5 promoter are present in the plasmids pVIV06 (SEQ ID NO:18) and
pVIV07 (SEQ ID NO: 19), and TetR was amplified for insertion into these vectors by PCR

25  using the following oligonucleotides:

1)  oEM165: Xhol TetRstart; CTCGAGATGTCTAGATTAGATAAAAG (SEQID NO:
13)

2) oEM166: TetRend-Apal; CCGGGCCCTTAATAAGATCTGAATTCC (SEQ ID NO:
14)



2) OEM 66: Tet Rend- Apal ; CCGGGCCCTTAATAAGATCTGAATTCC (SEQ I D NGO  14) For
appropriate fusion of the TetR coding region to the pronoters, PCR

f ragnent swoep®/GkdAed via Apal and Xhol in vector pVlI VOPCHEPZ)094AMW28 ect or
pVvIVO7 (H5). The cloning of the TetRin pVIVO resulted in vector pEML2
(7.5) (SEQ ID NO 20), and the cloning iz pVIVO7 resulted in vector pEML3
(HS) (SEQ ID NO 21). The TetR expression cassettes were then extracted

usi ng Sad anchﬁ%{;xogB &5 6f et Qo on B'tﬁe %%Ht&@q?(tﬁ' fﬁégrﬁ&% wéFMB2
(7.5 (SEQ ID NO and vector VEM33 ( (S whi ch were

i dent i ca¢loned %&pdmndm.llr(ﬁlcar 1136W0é>(1¢7e%tanﬂ0¢ctohleVWQir(ﬁSér t hat |s used to
express the TetR gene. EXAMPLE 2 : Coning of the nodified MVAvector VvEM,
32 and 33 vver’éheeacdlinglmﬁlﬂmq/’éethm EVBHGeresnbeld fin eehtM/pEMé@t(M)s(SEQrIDtNQZO)

ur pose, IIsvver e d, wth 0 sfected
ot hovene bestening it BT FeRfFe 1 Yeer pRATIafr) BB ) NRE ) ol B
infeos ede@%sﬁﬁe kdsSetwE Rrd HRA esz&&cs&geﬂng bicEand IAFRBadtbiHRE ctcfnea h GEM12etthss and
under selective conditions g&oﬁ%&hﬂl ast1 ci di ne containing medi um 5%/ m),

si nce cefebdted dmpegton HEMP2ED DNNR: @?) d vectps V@@ﬁf AR Ve rEY), are

oo R I B Ll SO BRI B3 LS8 e

(fluorestelMeR gaiei vated cell sorter). Fol I OWI ng anpli f| catl on and
characterization of the resulting nodified MVA vectors resulting from
reconbi nati on of MWA with vEM31l (nEMD6, Ps-TetR), wth vEM32 (nEMI7,
7.5-TetR) and wdi vEM33 (nEMI8, H5-TetR), die tetracycline/ DNase system

was 1eedEKAMPEED: ng. EXiMRIoShe AGSEEEADMIVAGcioie tetracycline/ DNAse
system For testing the inducible reverse selection system cells were

infected W t hymmdi,fiedadMA Witk Ua8S efibMyed A caddek AR dimdi Miv@bdrsaNBor this
i ncubated in tetrac icl i ne-cont ai nlMgémedl um Different concentrations of

t et r acy cPyReseneFE calisewert dtfeetediiytsiMdV (1m0 0 Oppnd then pransdectest witlh vEYESds32 ehe

i nfl uences afyidif&nd N¢H & r Qlioed thr
o 11 64 K hAL o Bef BEP CF  EARE T Bed PRETEM ER bl ape e
facilit atumes tmang &ahsﬁ%telbmpdemﬂemleotﬁvd}ﬁﬁdmont:(ﬂg téastimdiee comeiningfhebwmoe of
tet r:?Scycg r)renl)o cht;ehc:eell rllt!a.ﬁ%grgc%mquant MVA (ie., the modified MVA vectors) are resistant

to this antibiotic. The recombinant MVA particles were subsequently purified by plaque

purification and using 2 FACS unit (fluorescence activated cell sorter).

Following amplification and characterization of the resulting modified MVA vectors
resulting from recombination of MVA with vEM31 (mEMO0G6, Ps-TetR), with vEM32 (mEMO07,
20  7.5-TetR) and with vEM33 (mEMO08, H5-TetR), the tetracycline/DNase system was used for

testing.

EXAMPLE 3: Assessment of the tetracycline/DNAse system

For testing the inducible reverse selection system, cells were infected with modified
25 MVA viruses mEMO06, 07 and 08 individually and incubated in tétracycline-containing medium.

Different concentrations of tetracycline were used for analysis (0-500 pg/ml).

In order to assess the influence of the inducible DNAse expression on the replication of
unmodified MVA, MVA-infected cells were transfected with (vEM12) to facilitate the transient
expression of DNAse. Furthermore, the influence of tetracycline on the replication of

30 unmodified MVA was analyzed by incubating MVA-infected cells with tetracycline only.
Additionally, for monitoring the influence of tetracycline on the growth and status of cells, MVA



unnodi fi ed MWA was anal yzed by incubating MA-infected cells with
tetracycline only. Additionally, for nonitoring the influence of
tetracyclwoeomm7edseé growt h and status of cells, MWAI nfeeCe®rPasd/omihf ect ed
CEF cells were incubated with the identical tetracycline concentrations
used for testing of the nodified virus asectors. Briefly, CEF cells were
infected with the nodified MVA viruses nEM)7 (7.5 = 7.5 pronoter), nEM6

(Ps = PsinptRERLE luhinfOMOGEL Iellswe iRéubIREHith &R dddnficd RakRP e tcBndBReh@ons
containing different concentrations of tetracycline (Tet = no

t et r acyc¥seshéor tesging oEthe mxslified wrus yegtersi ne per m). For controls, CEF cells
were infected with unnodified MVA enpty vector (WA), and some MVA infected
cells were alBreflsuOEEqeetintveye tinfasted @athethewnodificIMVA (Wisdes+mBNM@R 7.5 CEF.5

cells infect Wi di fied WA e ector re al so i ncubat ed, wi.t h
Cotr acy ety MR IR Ty oot IREMON ARISL HETSaRoRD) AEREER b,
cel | $ wenhedifasntdning difsReht icBRcentationst dftt@facy@ife Bt @ b @étrackdlice; T 2p1-035,ges a

sumary of the results obtained. The unnodified MVA control (FIG 10, MWA)
resul t edeitrygingpegmlo fog comln & Biords strre nfsssedguidhunpodifind MY 4 empyy vecter

that cannpeapei SHSOMUA LIHAE] LAl Wikd Do QIRANE B MNRWI BT ERY AV +

presence of ‘any 1 nhibiting substances un Itions. The
expr essilolagd. [NEE eellsemfdcteddwith wniediferd MatUceptibyeod wgresded avubfedswith0,

et abl | SRRBYTHSCAP T on it §° 10H0 SEHOLOHHER B SO b Chn R T ie

t hi s10t r eaddrROVindi tlerveds de@silned] FI@N10 providasLsunim@f Ry e @fultéiobtisnedi . €. NO
productive replication), and therefore DNase expression does inhibit viral

replication efrheahins@ifitd MORAl Sonkddf gaiged oyvivin)wesmdii fih adichVéy @msk neapy ed
with tetracycline denonstrated that tetracycline itself has_an influence on
MVA r epl Feasequsatly|thixdy thedifer thet eandye ashisxedbrinfecgipn with wenodifgl My A without

tetracycld . r - | nf

e e s e e e L
repl i catiesteByin & titeg reduged hgrarbrgescakes (BHE.etl, dVidon BINa2506.56] i TCHB,bind) ed
the mir replicati conparable to th served .ef f ect & iently
expr ssgﬂéoﬁf\ﬁté’esufcl—el @S’ Alb“,@ﬁ%?ﬂ Wasrg?tﬁl?hs%‘ggﬁf r‘r‘?e‘?‘ff'EB?n (?‘8&1 %anf egﬂzf&i?ffﬂ of
modi i edudvik@IC VOIS, tHEVBGataied: AEMAS: Wstiit i SanMBichdasd & haeuad bh&irhesid. trd i n
a reduced viral replication thr%ﬁgh i nduced DNase expression (FIG 10,
NEMD6 ankforiEanysyeplicationt. rnd theseforrdp Natreexpessaen dess iphibit ¥isgl aeplisationetfegayehe) v,
as the viral titer was reduced even nore significantly. This same effect

can be obser Vedls ifesied Wb ungnadeiiedadyd pikingelated witloimeerilina drmagstafed] et
mg/ m tetracycline itself has an influence on MVA replication, likely due to a cytotoxic effect. If 25—
20 50 pg tetracycline/ml were used, there was no detectable influence on MVA replication, while
using a concentration of 100ug/ml reduced the MVA replication by 1 log; furthermore, a
concentration of 250 pg/ml inhibited the vital replication comparable to the observed effect of

transiently expressed DNase (FIG. 10, MVA + Tet). Treatment of cells infected by modified

MVA vectors mEM06 and mEMO08 with 75 pg/ml tetracycline resulted in a reduced viral

25  replication through induced DNase expression (FIG. 10, mEM06 and mEMO08), and this was

not due to direct tetracycline exclusively, as the viral titer was reduced even more significantly.

This same effect can be observed using 100 pg tetracycline per ml. Concentrations of 150 pug/ml

result in a pronounced cytotoxic effect of tetracycline such that the modified MVA viruses do

not replicate at all. Accordingly, for further testing purposes, a narrow concentration window of

30 75 to 100 pg tetracycline per ml was used. Modified MVA vector mEMO7 expresses TetR with a
weak p7.5 promoter clearly produces an insufficient amount of TetR for inhibiting the DNase

expression in any quantitative amount. Therefore, the viral replication is markedly reduced in all



result in a pronounced cytotoxic effect of tetracycline such that the

nodi fi ed MA viruses do not replicate at all. Accordingly, for further
testing pUPRONAN236a narrow concentrati on wi ndow of 75 t @CTEP2¢0g/009028
tetracycline per m was used. Mdified MVA vector nEM)7 expresses TetR with
a weak p7.5 pronoter clearly produces ao insufficient amount of TetR for
inhibiting the DNase expression in any quantitative anmount. Therefore, the

viral regpt@aédtAlhoafigdiRinke dhy tHeodHE elf B @dtlpyRable e attabic FirhaRgaRe dlosingand
the virus itself is not applicable as a basic virus for the cloning of

r ecombi rAfecOmRiRAnE Kiryges With 2 single recqmeliBHisiT&EO6N vect or. EXAMPLE 4 : O oni ng
of a reconbi nant poxvirus vector using the single reconbination system

Si nce nodified MVA viruses nEM)6 and mEMD8 denonstrated simlar replication
patterns, additional experinents were performed using mEMI6. Cells were

i nf ect edEXAMPLBdHf i ed Mningr of aEie6mdnuartr posviesst ewcwirt bsingMilfe (fihgle 3) .
Due 1tso hom)lg ous reconbi nation, the LacZ gene was inserted in select

modi Pi ed SFRRPHAHE ¥ iBhes and the reporter/sel ection cassette was del eted.

The rel eased yirus rti S were p ged on . fresh CEF cells.in di um
cont ai ni ng. té‘?ﬁc%&%ﬁé@&WFMT@%&@h@%@E%@W%%W@ r‘g’i%ﬁﬁol“on
on cel | spatfet3 OldiditRBhIRGDEMRetOREcHcfBBmed gdiogel | s were sorted using a
FACS to select non-fluorescing cells. Once the settings for the sorting

process were ©off i §ectd SidOhicAth-ael e WeLE IO GRE 286 sRBEJ RGRS 3887
again on CEF cells. The infected cells were sorted and the virus was

anmpl i fi efflGnée Puxr @ boméblogsly €EFmbishtian, thhéadkIgese wes ersetteshin selden fmsifeed and

exhi it o .fl uorescen meani that th cont ai urified. recomhi nant
wa B ¢ (VAR RBREREENG e ABRTDRILIRh A FRE R R B et
anpl i fi edert HRsdapseoh ifessh STRE celfs inhmedingi tosinddyAetragtiare (160 Gg/hd) and ligenPCR
produced a 3.40 kb ,SL%E%I for the nodified MA vectar aHdB‘? smal l er, 0,76 kb
f r agmentP¥geed Peseria PR &aAcekvRhIR drciivR Gordionsynferted sals BssF st 1ng

reporter] $AE kb QRleRASLHLERIndQBM! 0GOS aﬁcwmgaatdr OfRe sls%lg Sesaly papt
MVA virus sanples provided a clear signal at 0.76 kb (FIG 11, rec WA),
but no serfimired the sased faeksdwivig/onmiavmped and)prrsadiel iagan It CERgAYs.  Theeinfected
rec i nati v r 7.al so _prag: th cte i 0

(Fi 1 10 By S AR il S BT Sl Y RE A CRORY:, A ellPwih
casset t ecleirly lvifactediendladhitited no Slubfesvamse, wsading sha thgnionalned puefitdiesomhmasd

the eXp%IV?\dvi%&sg nl%écdnfbil%h(t)w}i'l?s 1()&‘(5%\,/0 v?ags'colg.t%gdn girogllidllegrol\é/@ure that amplified the
insertion site of the modified MVA vector (FIG. 11). The PCR produced a 3.0 kb signal for the
modified MVA vector, and a smaller 0.76 kb fragment for the recombinant MVA containing

20  LacZ which had replaced the repotter/selection cassette by homologous recombination.

The tecombinant MVA virus samples provided a clear signal at 0.76 kb (FIG. 11, rec

MVA), but no signal for modified MVA (mEMO06) or unmodified MVA (MVA). The

recombination vector vEMO07 also produced the expected signal of 0.76 kb (FIG. 11, vEMO07).

The modified MVA containing the selection/reporter cassette within the deletion site was used

25 as a control, and this showed the expected signal of 3.0 kb (mEMO06). The unmodified MVA
vector also resulted in the expected signal of about 200 base pairs (MVA).

In order to confirm the robust results achieved by the present system, the cloning
process was repeated using the procedures described above. A recombinant MVA was again

readily isolated using the described single recombination system.

[fY]
[j=]



vector also resulted in the expected signal of about 200 base pairs (MWA).
In order to confirmthe robust results achieved by the present system the
cl oni ng PVOCBHY 7S r epeat ed usi ng the procedures descr PEEEPAWSHEI02H\
reconmbi nant MVA was again readily isolated using the described single
reconbi nation system EXAMPLE 5 : Clonimy of a further reconbi nant poxvirus
vector using the single reconbination system A reconbi nant poxvirus is

cl oned UBKAMPDLE %i NgiQtorifig stba faithen réxoshifiih@C poxdhizgvédod BSingntheNéingle
using a nodified poxvirus vector conprising a reporter gene |ocated between
a pai r OfECPMRHIAQY sy&l§tences al | owi ng for honol ogous reconbi nation is used.
Cells are infected with the nodified MVA virus and then transfected wth
VEMD7 (FI G 3} .requbinant pompirusce wioned cisingi thasingls, reedmebipztion gyatem josoidingetot ed
in selec WA Vi k- NONE n u he 1eporter ette
i s del et%a m%hé&?gf%%/sa etaocii/ﬂﬁ?%ggpar t ;Svgf?tgg Cé‘?lgggﬁ%%qg%%geéégée g%%a{egggﬁ%gﬁcae on
fr esls Chhaiclflagkihg) seimeindebnlavihg fotibogndl@idua eacombiiati¢d BGisedy/ M ) . | nfect ed
cells are then sorted using FACS to select non-fluorescing cells as

descri bed abouéls aAf in€dctddRbith tHe@Bddie LRIV A viiavsdoBen usaféed witle vEMOISFIG.
anplified once nore on fresh CEF cells. The reconbinant virus purity is
conf i r ned: Bye & berojogorsegerabinptnn, shfla94 ganednigsericddn seler rapdiied,M Whgirus
nodi fie ) S f L3 :

r econbi g%%éﬁ{/%%%ﬂsg@ﬁ@nyg&%ég%&%ﬁ iccﬁgﬁggsqgle%lgéé%ﬁ ‘%‘%%@3%8{ ?Jershgﬁgg e&t1 'E:[ne by
honol ogopessaget gritrisnhartde on. f7&Sh CEA ¢dis in medinmdiohiagdngerredyclie (0¢pgmlzonpri si ng
a reporter gene | ocated between a pair of flanking sequences allow ng for
honollogous r elderidnadls are thizn sbed el fFACS po xsledt upnvibetrercingfcelld ad destribed
wherein the reporter. gen odes a fluqgrescent. protein. 3. The i £
MR L T L S R e PR LV Y e
conponendell.ocat ed between a pair of flanking sequences allow ng for

honol ogous reconbi nation. 4. The nodified poxvirus vector of claim 3,

wherein the seheeddofibit:AMRANE PurigP MW EbSHHehed by a PCR procedure that amplifies the
insertion site of the modified MVA vector (FIG. 11). The PCR produces a fragment for the

15 recombinant MVA containing LacZ which has replaced the reporter cassette by homologous

recombination.



sel ection gene that inhibits or slows down poxvirus replication in the host
cell or is cytotoxic to the host cell. 5. The nodified poxvirus vector of

cl ai m 3 \WNOr2e10m7e3%é reporter gene and the sel ecti on conmBOmaRR00&/0890R®HCat ed
bet ween a single pair of flanking sequences allow ng for honol ogous

reconmbi nation. 6. The nodified poxvirusysvector of claim 3 wherein the
reporter gene and the sel ection conponent are |ocated between nore than one
pai rs of flanking sequences all ow ngdiggiyMmenol ogous reconbi nation. 7. The
nodi fi ed poxvirus vector of clainms 1-6, wherein the poxvirus is vaccinia
virus or_ Modified Vaccinia Ankara virus. 8. A cell conprising the nodified
poxvi r uslvectdmasified| porpigus egtor gompggngt reprEcigsar focaed heseer apay@ét or  of
claims 1-7 orglpg g@%denpés Bb PR M ABRRE Ui GERMD! nant poxvirus. 10 A
met hod for generagln a reco nant poxvirus capéb e of expressing a gene
of 1ntergst (SN h eps o), infecting a perm ssive host !

o th et TREReEREpbES LERS: it 1 RS8N B RSN BRUR BRS¢

i nfect ed permprsgisve host cell with a plasm d conprising said gene of

i nterest under conditions that permt honol ogous reconbi nati on between said
vector apnd sarkt Rbaised forBudhEd GV chhith&IC QiFHeN adthpi@xpVdt dast drfe sple@diaced. 11.
The method of claim 10, further conprising the step of: enhancing the
product i on of CorRoGAR lagased hroweanraraitrf laskisg seqygness allorang ferdomalegonee of the
sel ection conponeRhatioh2- The nethod of clainms 10 - 11, further conprising
the step of: separating perm ssive host cells conprising reconbi nant
poxvirusgfro er Mh:$Sh S1.6 hSi he. nodi f | j ect or
Phat has*not TAdaPuael Bty ket O kel Rt AR p R KR T
t he tene of selection gene that inhibits or slows down poxvirus replication in the host cell or is

cytotoxic to the host cell.

5. The modified poxvirus vector of claim 3 wherein the repotter gene and the selection
component are located between a single pair of flanking sequences allowing for

homologous recombination.

15 6. The modified poxvirus vector of claim 3 wherein the reporter gene and the selection
component are located between more than one pairs of flanking sequences allowing for

homologous recombination.

7. The modified poxvirus vector of claims 1 — 6, whetein the poxvirus is vaccinia virus or

Modified Vaccinia Ankara virus.
20 8. A cell comprising the modified poxvirus vector of claims 1 — 7.

9. Use of the modified poxvirus vector of claims 1 — 7 or the cell of claim 8 to generate a

recombinant poxvirus.

10. A method for generating a recombinant poxvirus capable of expressing a gene of interest

comprising the steps of:

25 1) infecting a permissive host cell with the modified poxvirus vector of claim 1 —

7; and

(2) transfecting said infected permissive host cell with a plasmid comprising said
gene of interest under conditions that permit homologous recombination

between said vector and said plasmid,



interest. 13. The nethod of clains 10 -12, further conprising the step of:
using the perm ssive host cells conprising the reconbinant virus for at

| east oneWvOuPtER36passage i n previously uninfected per mPEIEPRIINOHEI2E el | S.
14. The method of clains 10 -13, wherein the poxvirus is vaccinia virus or
Modi fied Vaccinia Ankara virus. 15. A cal|l conprising a reconbi nant
poxvirus generated by the nethod of clains 10 -14. 16. Use of the nethod of
clains 10 -14wloerre5ymere@&hﬂ,mg{tp@ka}lmig.gmugc@,enerate a reconbi nant poxvi rus.
17. A reconbi nant poxvirus generated using the nmethod of clainms 10 -14 or

the cel I110f emirﬂztﬂ,édoé-aaimThgﬁmm&ﬁgﬁapgmers&?&I claims 1-7, the cell of
claim8 or 15 or the reconbi nant poxvirus according to claim1l7 as a

medi canent . 19, ThEnIRAAS IR pROKLEN e Ofec Bl Bordvinl 11 Qéﬁég?gga G B of

15 or the reconbi nant pokxvirus according to c 17 as'a t tic or
prophyl acti ¢ vaccipresehor of the s¢leaat rempoonentpr event i on of cancer, influenza,
hepatitis, AIDS, nmunps, rabies, encephalitis, stomach or duodenal ulcers,
mal ars a, 15| ecfliengethbd kAesims 10yH, dirgrasenptig@cthesepaitt hritis, pneunoni a,

| eprosy, diphtheria, candidiasis and/or toxoplasnosis. 20. A nucleic acid

or its conplement ssplre@igecheimiivé NBosgr GelR GBAPEiSihy NecOMbIRR | poxMdEs Abm23
or a fragnent or honol ogous nucleic acid thereto that shares at | east 40%
sequence i dent ity PeRRisEs hosheelsr easpritngnthe modifisdt porsirugtvertendhatabas, 89t t he

respective nucl ei C\n@l@ég@ne homologous recombination with the vector comprising the gene of

interest.
10 13.  The method of claims 10 — 12, further comprising the step of:

using the permissive host cells comprising the recombinant virus for at least one

further passage in previously uninfected permissive host cells.

14. The method of claims 10 — 13, wherein the poxvirus is vaccinia virus or Modified

Vaccinia Ankara virus.

15 15. A cell comprising a recombinant poxvirus generated by the method of claims 10 — 14.

16.  Use of the method of claims 10 — 14 or the cell of claim 15 to generate a recombinant
poxvirus.

17. A recombinant poxvirus generated using the method of claims 10 — 14 or the cell of
claim 15.

20 18.  The modified poxvirus of claims 1 — 7, the cell of claim 8 or 15 or the recombinant

poxvirus according to claim 17 as a medicament.

19. The modified poxvirus of claims 1 — 7, the cell of claim 8 or 15 or the recombinant
poxvirus according to claim 17 as a therapeutic ot prophylactic vaccine for the treatment
or prevention of cancer, influenza, hepatitis, AIDS, mumps, rabies, encephalitis, stomach

25 or duodenal ulcers, malaria, sleeping sickness, lyme disease, reactive arthritis, pneumonia,

leprosy, diphtheria, candidiasis and/or toxoplasmosis.

20. A nucleic acid ot its complement selected from the group consisting of SEQ ID NOs:
15-23 or a fragment or homologous nucleic acid thereto that shares at least 40%

sequence identity, wherein the fragment has a length of at least 40% of the respective

30 nucleic acid.



