WO 2010/072365PCT/EP2009/009028 1 SINGLE RECOMBINATION SYSTEM AND METHODS OF
USE The RrgspnlAyantion relates to a single recombination system,fqr.the cloning of
recombinant poxviruses by a single recombination event in a modified poxvirus vector. It further relates
to the modified poxvirus vectors, uses thereof and a method for the production 5of recombinant
poxviruses. BACKGROUND OF THE INVENTIO Recently, significant effort has been invested in
developing and ipdp¥&ulids) RICOOIBNB ENATKYIN-BY b IRE FEX(HDS-DHEddSFectors have
been identified as beneficial for a number of uses such as generating immune responses through

vaccines, in the devgloppagpt qfv;ﬁeaﬁweva&c%eatng@piﬁébﬁ@mi@ygt@aeme&m;&&%i%%ﬁon& The

advantages associated with recombinant poxvirus vectors are well-known and include efficient delivery
of genetic mat&ra %‘?ﬁﬁﬁ?ﬁ’l’&lﬁé‘lI%ﬁe@?&%ﬁ‘é‘r?fﬁ%“?é‘i‘@se?ﬁ?‘ﬁrﬁ’te“ln“@?b@é%ﬁ@ﬁ?%lﬁd‘lﬁ%’ab“ity to elicit
cell-mediatedfirtmurlecresptiesesdifi@ldeitidntoantihodys biacedt responsemdioxuituseguwtenvell-known
cytoplasmic ViFuses.Hihus Mggtic material carried by such 15 viral vectors normally remains in the
cytoplasm without the disadvantage of inadvertent integration into the host cell genorrie. Powiruses
can be readily genetically engine@®adkaGRaiadD arE exEessviareigogenes that have been inserted
into their genome using, for example, cloning techniques such as homologous recombination. These
foreign genes can ercqdg, awidasaegs-olRmigins sHeNA3HNLgRRS thaLingYeE RELaGHQN against
one or more inf%?}lil(s). S Qc%n% %O .immlgne_qugul tin proiﬁinsguc' s co-stimulatory molecules, or
enzymatic priteins. For examplectacombinant poxvirises Nave Bl g8 B 6Bk ireds
immunizing arighensiofrenrbsyigarsttiie dnzrrandiwmathimgiuncdeficiendy disubthibd) of  One of
the main@dvaniages-etRexyifISes asRCIAS ishSiries aaaome.sit.ubich Rermits Jag insertion
of a large amr%gontbof h?teorxg’ljcggous enetic gﬂe_aégrial in udi{ng, foir example, 25 multiple genes (i.e., as a
multivalent vocton), However the heterologous ganatic MAEHa HHIY: BE TR S e aR4SBlopriate site
within the posedentittedd e aseervsitart ofrptonrerpaisiviabid. tihaslithe gértett-nrateridl must be
inserted at a pHauiR: e Mikal RNANWRIGH iadHBEssRAtAINonsesA Well-established approach for the
cloning of recombinant pox-viruses is based on two separate recombination events. During the first
recombination stepPagenes efimeldstandyaopiporteriand/dnmark gercas settaisireuintd drated into a viral
genome; or4e seleetionAERGesenals W0 LADT236RITIER2Q0UA09028 2 antiRiglic sesistance

gene is commonly used. F%!JO ing t subsequsnt isolation of recombinant poxviruses from the pool
g% nto € NROS N

of recombinaht &nd HoR feCsmBiRant poiuses et S i REPREr LR o8t tide Selection
and market cerstattendvapicshéordiaie gedef tre ecormdn rmmttpbiory tiscis gatemdeddfg fuse-aspifor example,

a vaccine in Rmans RIS RHIRIEn A8 R HRSRbIRRLIOR QYN MVSL DE pefarpgd involving
further passagji)ng g{gg o%)clagus(?1 &uar;fication ?Jthe recombinant pcncvirus. Consequently, presently
rc

known technigues B Ring Fe eOATB AN B b RS SR AT e L SRR AT A P #& B Srious
endeavadfs, espresialipedhenngoptpraredstshhoseoptvodeure stedmsranty ysedfok thevelonifgof other
types of recombipat-expiessianueatatss hdAccRrdinghvtharedsaneedimihe;art fardmprgved cloning
systems andthEEQOdSsfc;}fffké%zeaﬁiﬁheﬂe}lﬁenn%%tiondoé recombin mxviruses. 3 SUMMARY The
present disclostre is based on a moditied pof\ﬂ?u% vector thatanots for the generation of recombinant

poxviruses by a singlg cambinatieneventEhe.marified viral vectarpithe disglosure cagprises a
reporter gene thaiésisthdilletetg if afre%g)mblnationfwith the insert of interest successfully occurs. Ina
first aspect, tRETa 1s providad & hoathe AeRy Tt S TR IB R SRRt S PRB I e ¥ SHIPR'Selection
componé&ht conpmisignga Selectiomygbmdanosesxgiession thadguiateghbbyghredetracyslinest
operator/repnessei:aysien Ingatedhetvesmapal si.flanking seadences.aliawingforhamelogous
recombination, . . _A%] OQE embodimenl:tfaltr;gugr%gent disclosure is diéect,ed to a madified poxvims

vector compriaing at least bR FahHeT GeRe Toca St bahiied TS AahIiY SoHUSHEs foHomologous
recombinatiofsstatiehe embodiment, the modified poxvirus vector further comprises at least one
selection component IoEat%%{é)SSt een the two flanking regions for homologous recombination in a
permissive host cell® A &R0 é%’%’é‘?ﬁ% pr {he Sengioh CRB RN O Ed % €bRIEBh gene that
inhibits GF slowisdowrrpokvirgsepticatichurrththih 65t cedbmbisatiptotosic d@dhediosteostl 2id another
embodiment -i3e-i@RAdIe: aaRe-Andkhe selaclioneamponentalslecatgdinayesn. a.single,pair of
flanking sequences allowing for homologous recombination. In yet another embodiment, the reporter
gene and the selection component are located between more than one pair of flanking sequences
allowing for homologous recombination. In a further embodiment, the selection component comprises
a selection gene whose expression is inducible. In a specific embodiment, the reporter gene codes for
a fluorescent protein, for example, green fluorescent protein. In a further specific embodiment, the
selection component comprises a selection gene selected from a gene coding for a DNAse, a RNase,
or a protease. In a further 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

(Tet02/TetR) system. 3a  In another embodiment, the present disclosure is directed to a
racombinant novviriie adanarated ricinA 2 modified novviriie vaector of the nrecent dieclaciire In




In a fifth aspect, there is provided a cell comprising a recombinant pox virus generated by the method
as defined abyg 241004585SiXth aspect, there is provided the use of the method asgsfined above or
the cell as defined above to generate a recombinant poxvirus. In a seventh aspect, there is
provided a recombinant poxvirus generated using the method as defined above or the cell as defined
above. In an eighth aspect, there is provided the modified poxvirus as defined above, the cell as
defined abovengbithie resonbigran tipoxvinasinssdbiifiethalng viee astacquedicamgnt ofiraainthaspect, there
is provided t%mggme@[mxmmsga@dsﬁ netbalaus. theicollasdeinghabovgialibe fegompinant

pox-virus as defined abgve as a therapeutic or prophylactic vaccine for the treatment or prevention of
cancer, influsiSS WEPAHITS CRIBS, RFFpEomMmaSaicspishtishatsrhadrcsidl Buarrarthioars, malaria,
sleeping sickpessulyimedised e, teactj\ferasthnipls, preximoini Anleprosyodiphthefiasccandididsis and/or
LoXOP1asB10S RrombilflbISRAARRG e HIErS R ROVINGS AAMEISIC.A00 0L FAINEmENigiayng at least
70% sequence identity to a sequence selected from the grou Con.lﬁln &f EQ ID NOs: 20-23. 4a
In particular SRSBEAMPYRIS, RIS et et et Seeat dimtriot duisrist rerm®igaicinia virus.
In a further pacticuless emabodiifeftethenmodliijeddhkviios vadtarascafdingiotha dischasdreis a
viodified Vacgipia ARKAGEVILRAMYM.A audRei SMpAd mRn. dhe PPt dirdloaure s directed to
the modified poxvirus according to the disclosure, the recom mzﬁ%pt poXVIrus accordlr’fg fo the
disclosure, aftf&eell according to the disclosure comprising the modified or recombinant poxvirus as
a medicggnent. In SReGifgiphpdiTienies plesentdissionue adresied o e medilid poxvirus
according to the disclosure, the recomrt)lnant poxvirus according {othe disc osure, and a cell according
to the disclosHESX&FIFeHRG ffershimeataPrEEBhinant pm:virus as a therapeutic or prophylactic
vaccine for the treatment or prevention of cancer, influenza, hepatitis, AIDS, mumps, rabies,
encephalitis, stomach or duodenal ulcers, malaria, sleeping sickness, lyme disease, reactive arthritis,
pneumonia, leprosy diphtheria, canclidiasis and/or toxoplasmosis. In a specific embodiment, the
medicament is a therapeutic or prophylactic vaccine. In another spedific embodiment, the medicament
is a therapeutic or prophylactic vaccine for the treatment of cancer. Other embodiments of the
disclosure are provided by the detailed description, the Examples, and the appended claims. WO
2010/072365PCT1EP2009/009028 5 BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1
illustrates the reporter/selection cassette of an exemplary modified poxvirus vector according to the
invention. The vector is based on the MVA genome (Gene Bank Accession # U94848; Antoine, G.,
Scheiflinger, F., Domer, F. and Fa&nes, F.G. "The complete 5 genomic sequence of the modified
vaccinia Ankara strairr comparison with other orthopoxviruses”, Virology 244 (2), 365-396 (1998)) into
which the reporter/selection cassette was introduced into the insertion site (Deletion I11). Flankl Del3 =
flanking sequences upstream of the Deletion Il site of the MVA genome. Ps promoter = strong
synthetic promoter; Tet02 = Tetracycline Operator (the binding site for TetR); TetR = Tetracycline
Repressor; Flank2 Del3 10 = flanking sequences downstream of the deletion 11l site of the MVA
genome. FIG. 2 is a schematic representation of the process of homologous recombination in host
cells permissive for the poxvirus. For a MVA poxvirus such host cells include, for example, chicken
embryo fibroblasts (GEE). Following infection of cells with the modified poxvirus 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 (vVEMO7; 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
p-Galactosidase. FIG. 4 schematically depicts the resulting fusion of the tetracycline operator
(Tet02) to the DNAse gene achieved by PCR. FIG. 5 schematically depicts the resulting fusion
of the Ps promoter to the Tet02- 25 DNAse fragment. FIG. 6 shows a map of the standard
recombination plasmid VEM11 used for cloning recombinant MVA. FIG. 7 shows a map of the
recombination plasmid VEM12. The Ps-Tet02-DNAse cassette was cloned in the vVEM11 plasmid via
the Sad and Spel restriction sites. BsdR = 30Biasticidine resistance gene. WO
20101072365PCT/EP20091009028 6 FIG. 8 schematically depicts the fusion of the Ps promoter
to the tetracycline repressor coding region (TetR). FIG. 9 shows a map of the recombination
plasmid VEM31. The Ps-TetR cassette was cloned in the vVEM12 plasmid via the Sad | and Nhel
enzymatic restriction sites. FIG. 10 illustrates the effects of inducible DNAse expression on NfVA
replication. CEF cells were infected with the recombinant MVA mEMO7 (7.5 = 7.5 promoter), mEMO06
(Ps = Ps promoter), mEMO08 (H5 = H5 promoter) and incubated with media containing different
concentrations of tetracycline (Tet O = no tetracycline; Tet 25 = 25p, tetracycline per ml). As a control,
CEF cells were infected with MVA empty vector (MVA). One set of samples were 10 subsequently
transfected with vEM12 (MVA + DNase). After 48 hours of incubation at 37C, 5% CO, cells were

harvvaected and the viriie titer wace detearmined CEE calle infarctead with M\/A eamnty/ vvector were alen



20 MVA575 (ECACC deposit number V00120707), MVA-M4 (Ober et al. "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), MV&-l?Zl (Accession number DQ983236). 25In
another embodiment of the inventi gtor 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 NGOOGIOR). Mageinig. vifits, WEhi(e @h5oad 6@ maY isingiard by Vaccination
with multiple recombinant outer membrane proteins of intracellular and extracellular virions", J. Virol. -
2004; 78 (19):AL023Q-37 yrMattinin pirasrhistdry(ActegsionamiriterB6 B0 1 9324 v BE (New York
City Board of H o?'é?fh& Cc{@c@oﬁ&?%%?ﬁ@! DiseasetemelardiEreventiomivascinia {smallpox) vaccine
recommendations of the Immunization Practices Advisory Committee (ACIP), Morbidit, and Mortalibi
Weekly RepdrtattRasyest s4e5=5884 §°@5nary WO 2010/072365PCT/EP2009/009028 8 pox
(Accession number 005309 and AY318871%(?$owlpox Accession number 581527), Vaccinia, virus
Copenhagen (Acce&sidihmme PRSERIT Ay & Re RAVRE T FREVACTBESREA BPATHIGRY
attenuated paxwistiiyeatprsiN Yol AS i TREMAGI s ereBioh iStegrtdD9she £111691E3) .

The term "reporter genes Asuaehhaleinmarns fo8re.seRfring.cartainahatssHstics.on cells or
organisms expressing them which can be readily detected, identified or measured. Reporter genes are
commonly udEP Y& mine whether a gene of interest has been incorporated or is expressed by a

cell or organism popylafian.Riihe.canisxaf e REesentievention-delestion ahihe.axniassiengroduct
from the reporter gene indicates that no 10 homao ogous recomb'%glaltlié)n as occurred, and that the

gene insert o]feﬁﬁé’i’?ﬂ:%@rr%?eo]@%%egSg%efgfm@/flinselﬁgesﬁ%%c‘fﬁe viral Vetetor. Generally, any reporter
gene can be usesiihatqeimits: arsepdirationiof cefisisbpoprisingeher Griginat veptorsoft iaestinvention and
those cells comprising a vecton whera homalagons, recambination has gscugsd. Monddimiting examples

of reporter genes tchat.ar' suitable for use in the present invention include reporter genes that can
induce 15 vistiaRybieriTaptestatactianed te §iRisRify ﬁﬁo?@%%’éoﬁcéﬁ’?‘\ﬁ%%ﬁtecné’ﬁf@%%e%aration
by, for examplgeJnASranehiushibescesibps ckoinpsudnasthegena coding foil jetlifistogreer
fluorescent pigtein (GE). dhe.aane cadigfar. e, cahancefGFRSGF R DRI Behe
tdTomato, mStrawberry, mRaspberry, mRFP1, mTangerine, mYFP (Tsjen), J-RedbAceGFB, CopGFP,
HcRed-tandelreaRivaePREYy gD DR B PR BT 1 2R K B8 s RE A RBHEHE™ 2
EGFPACGFP{a: AfdGyaskiAsRed?, d=BiRrdc Redl. ks e llewt{@lontepinsmn kO loAzadni@raen, mAG,
Kaede, MICY (M8 ol venus AMMAYAKN-X RSk Skt (RUaBEIh - EXHEnasReald biaitiogen),
Cerulean (Priston), T- apBﬁ‘ltre (Griesbeck), AQ143 (Lukyanov), COFP (Stratagene),_egFP 11
(Weidenman i RSk G RPeiesit ot RIBRGH SRR SR tAIEhER IRE N FVAEE g ehB B ths lacz
gene. In one gmpadinaert-biaciy entiepotie geperésdene fisacrsHupreste hoecsodirg geme. Further
non-limiting examples,ofeporter genes nelidadenes sainaorarolsins as ubigh. sagcifioantbodies
exist and that are c?lspf ed on the surface on the host cell. Such reporter genes permit the separation
of cells comprisiergInEBrGHArdEs? dEME FTBAHBHENY CaL SOMiSiSHY BV tor Th WRIEK
homologous resombinatiendias eieaplace: iatieiycd0xpyiticatién, dor examble, bywgolirms
comprising antibody covered resin or magnetic.peads coversdaniin seidantiadies, wheteinghe
antibodies are’Speciitior the prgteln encoded by the reporter gene. In a specific emé?o iment, the
reporter gene bodes fofectisioHRIEHOD! & EetsUfacetEeihdP anF ST siin BT SO TREFHE affinity
tag is displayeg-aotre-gelkgrutace. The WO 2010/072365PCT/EP2009/009028 9 skilled person is
aware of a variety of affinity tags and corresponding ligands that are commonly used. In further
specific embodiments, the gene codes for a fusion gene of a cell surface receptor and the fused
affinity tag is selected from the group consisting of a FLAG-tag (NDYKDDDDK-C), an epitope tag, the
Vb5-tag, the c-myc-tag, the His-tag and/or the HA-tag. In 5 a further embodiment, the reporter gene
codes for a small viral surface protein selected from the group consisting of Alphavirus El and E2,
Flavivirus El and E2, Coronavirus S, HE, M and E, Arterivirus GP, Rhabdovirus G, Filovirus GP,
Paramyxovirus F, HN, H and G, Orthommovirus M2, NA, HA and HEF, Bunyavirus Gn and Gc,
Arenavirus GP, Bornavirus G, Retrovirus Env, Hepadnavirus S, M and L. 10The term "selection
component” as used herein refers to any nucleic acid that may be utilized to exert a selection pressure
on a host cell comprising such a selection component. In one embodiment, selection pressure is
exerted by expression of a selection gene that inhibits or retards virus replication in the host cell. In
another embodiment, selection pressure is exerted by expression of a selection gene that leads to a
dying off of the host cell. In one embodiment, the 15 selection component comprises at least one
selection gene whose expression is inducible. In a specific embodiment, the induction of the
expression is controlled by means of regulatory sequences, for example, a promoter. In a further
embodiment, the selection component further comprises a bacterial inducible system that regulates

expression of the selection gene. In one specific embodiment, the bacterial inducible system features
tha calection Adene 11indear the control 20 nf a nromoter that ic fiiced to a ranracenr hindinAa cite wharain



10 that allow homologous recombination to take place with the vector of the invention. In a specific
embodiment of the invention, at least one heterolggous gene is under the control of a regulatory
sequence, preferably a promoter. An example of an insert of interest is depicted in FIG. 2. Here,
the insert is comprised of the plasmid vector that is used to transfect the host cell and comprises the
two flanking regicnstib aftdihe-hiatf gene: didencontiobatthedae prbmatgiodiras spesifiel
embodir@gﬁg,a%g(g&t@gg@%y%%p&&g%gégﬁrd%tcigﬁéone antigen, preferably an antigen that is
capable of inducing an immune response in a patient. In specific embodiments, the heterologous gene
codes for an antigsnisetatietriramihergrauisconsisingrefarartigesidtaheatarologous virus, an
antigen gl AACIGHIAL ARAHIRT.AlaRokan!S: ARAMIERALAMIS AR AGANIOEN of a 20

helminth, In particular embodiments, the heterologous gene codes for an antigen of a species selected
from the Jr6t5P COHSRHRY BRI AS TR BOCIE SPutteVirine AmgdiEeqPortiiarctor
Immunodghieindyswicus, Rubella virus, Mumps virus, Rabies virus, Human papilloma virus, Epstein
Barr virus, Tickbome virus, Crimean Kongo Fever virus, Ebola virus, Nipah virus, Dengue virus,
Chilmngunya vIRZSERERRIFL SR E NI Ui-68! RmrTEngPeavdri 88  Ja5a588625 encephalitis
virus, HanfavireisyRotavirus, SARS Coronavirus, New emerging viruses, Chlamydia trachomatis,
Clostridium botulinum, Clostridium tetani, Bacillus anthracis, Legionella pneumophila, Neisseria
meningitidis (M@ﬁi&B@@éBﬁé’)?@é@ﬂfﬁ”ﬂ%fﬁW&B‘é@f’&ﬁﬁ%ﬁﬂﬁ’%dﬁéﬁ?Wg%%"[‘é‘f‘?um leprae,
Salmonef & tyshicd dsferbanun degtogereseitibhivachobaraes. Haemophilus influenzae, Bordetella
pertussis, Helicobacter pylori ,Borrﬂjia Spp. ﬁrecurre tis, 30 hispanica, parkeri, burgdorfen), Leptospira
interrogans, Ri&‘kﬁﬂf ef%a‘?f’@f%’ﬁ%‘r| %ﬂh%%ﬁ ﬁeWEb%fé‘s'ﬁ?glﬁ% Bnihe PGS BRI diphtheriae,
Treponeradop ol aswodium fekiparume Pl rablidmeniy Bk, itteshdodiorrovaliescRfaismodium
malariage kEpateehanbystehticas (@R rdirvtniasinatiss T RaRosQIaIueel Jeaishraania spp.,
Histoplasma capsulatum, Aspergillus WO 2010/072365PCT/EP2009/009028 11 spp., Candida
albicans, Cryptococcus neoformans, Pneumocystis carinii, Wuchereria bancrofti, Schistosoma
mansoni and/or Toxoplasma In a further specific embodiment, the heterologous gene codes for at
least one antigen that induces a protective or therapeutic immune response against infectious
diseases (e.g. viral 5 and bacterial surface proteins) or against cancer cells, for example, cells of
cervical carcinoma, melanoma, multiple myeloma, breast cancer, prostate cancer, follicular B-cell
non-Hodgkins lymphoma and/or kidney cancer. Vectors of the present invention 10In a first aspect, the
present invention relates to a modified poxvirus vector comprising at least one reporter gene located
between two flanking sequences for homologous recombination. The reporter gene may be replaced
by an insert of interest through homologous recombination in a host cell infected with the modified
poxvirus vector. Therefore, host cells comprising a modified poxvirus vector of the present invention, in
which homologous 15 recombination has taken place, can be distinguished from those host cells
comprising a modified poxvirus vector where such a homologous recombination has not taken place.
This can be accomplished by means of detecting the protein coded for by the reporter gene. For
example, if the reporter gene encodes the GM' 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). 25In one embodiment, the reporter gene is under the control of a
promoter, preferably a virus promoter, more preferably a vaccinia virus promoter or 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
AAAAATTGAAAL 11iAI 1111111 1IGGAATATAAATA (Sekhar Chakrabarti, Jerry R. 30 Sisler
and Bernard Moss: Compact, synthetic, Vaccinia Virus Early/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 WO
2010/072365PCT/EP2009/009028 12 CTTGAGGG1 1 GTG'l IAAA 11
GAAAGCGAGAAATAATCATAAATT; Rosel JL, Earl PL, Weir JP, Moss B, "Conserved TAAATG
sequence at the transcriptional and translational initiation sites of vaccinia virus late genes deduced by
structural and functional analysis of the Hindlll H genome fragment”, J. Virol. 60(2): 236-249, 1986).
5In a further embodiment, the reporter gene encodes a fluorescent protein "Empty" vectors (i.e.,
vectors in which no recombination events have taken place) express the reporter gene, and therefore
cells comprising such vectors can fluoresce. Homologous recombination in a permissive cell leads to
deletion of the reporter gene, and the procedure results in recombinant vectors containing the insert of

interest that do not cause fluorescence in the host cell. In 10 specific embodiments, the fluorescent
nrotein ic CEP enhanced CEP (aeCCEPY or the a7zami areen nrotain (avvailable from MRI Intarnatinnal



passages of vector production. In particular embodiments, the selection component may, for
example, significantly accelerate the generation of recombinant powimses 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 kill&d entirely) upon induction of the selection
component. I his,case. e (BCOMbIABNL LSS OLIDS, AYSAIAN RaNAININGAIRRIE! gene and a
selection comiponent result in Udrescence expressing "empty"” vectors -sensitive against tetracycline
and WO 2016/072866PTHY ER26A0/IB0028 1Y te-wivaeyrirelnasensiivic reesatbpiaAtééetors devoid

of any fluoresgance, A RilesYdsOnlcrlls CoRtaiRIng. 8oARIYvesianexbibit lhorsssarceand thus
the non-recombinants can be séparated by techniques including pl que picking or A(%\lsmgorting. If the
ﬁgfg oD I a £r

expression offe SRR BTSRRIt EE HEYo FRISHE IR ‘€8 paratSh &R be carnad out in a
significantly Scifbpiaves mannerdineethe nepaberphcelisthadagring shptroveatersasaiamatically
and beneficialy [dueed PR SERAI A inad ' SUHARL COAImENts:o tie.preaenbimantion,

0

flanking regions permit homologous recombination. Homologous recombinatiog genﬁrally involves the

alignment of SHATPEFSCHIREREZITOTALRFUF LIFGHIRY [Th RO BRI bREZKIRY AFdHepAT Rhown as

resolution) of A@ntheRuceieasicupsullifgin aa-ekchange ofmaterial between the strands of the
nucleic acids. Therefore, any flanking regions that are similar enough to allow for homologous
recombination are eRcoMPaFSed,RY, tnﬁlgrgsgeatf@@@t@awa aspeaificcambadinant.ihe flanking
regions are identical. In a further specific embodiment, the flank'%ng regions have a the of 50 to 1000

bp, preferably tREYIHAVEPE IS DFTH6 15 T6HG Bp 15iR Barieliar embodiments, the flanking regions of |

the recombinant poxylis vegtor ate.lankinoceaionesliealn. and. dawnsiealtkol & deletion site of
I1c

the MVA genome. In a spec mbodiment, the flanking regions are flanking regions 50 to 1000 bp,

preferably 100 to 1008 bp,spatiearn and-downsireamiekDelption sifeshill kMg, @i\ibaf the MVA
genome (MVA genome position: Del | 7603‘/76(%9 Del 11: 20718/2071

120718120719 Del J:ﬁ%“?ﬁé%(%é??ﬁc?? Del
IV: 20 170480; Del V: 1975%7%?5%“;%%I°% /gﬁléé}r@éé B NESS? 27 Show the anking regions of
Deletion sites I-V1, respectively; eanteted:arslind 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 | of the MV RCBRB FAE THOEHO 7608/78U8) Thus, positions 1001/1002 of SEQ ID NO: 2
correspond to positigng 9§JZ§Q&ﬁem,%Myéi&gg§%§ué&cayga&9%tﬂg%;.%%ﬂtﬁ@maﬁg SRR one

specific embodiment of the Invention aré 50 to upstream_of position 1001 of SEQ ID NO:

and 50 to 10004 asAHERdake SSEESHoR DS BT 8RB RS A6 specific embodiment, the
flanking regions of the jagamBANROK VB YPCLSK Al SElee IS Ay MAINe giian sile will be
positioned within a non-coding region of the 30 poxvirus. Nofi-coding regions of poxviruses vary in
length and mayeEsprisdTréAYAfound 100 to more than 1000 bp. Each of the nucleotides of such a
non-coding region may be selected as insertion: site, Theflanking reqions aecording. 1 ghe inventions
are 50 to 1000 bp, pr?lcjfa>1ia‘e?falt fo8§ WS 58101072365PCT/EP2009/009028 15 to 1000 bp, upstream
and downstre AffTtHIevEAERSER NS EMABPIEHR! RSEAEEE within a non-coding region. If, for example, the
non-coding region has a lenath of 1000 bp and.the. insertion site wolld he Selacied 49 Aeatween
positions 500 and 58@ ﬁ%ﬁeﬁea? <’§F:]11I’<inerereS |(r)0né gc%é?ding to tr%)e_inven ionrwould e 50 to 1000 bp
upstream fronfigfEsHighy 500 BnerBostes 5 downstream to position 501. In specific

embodiments, the Nop-goRIAR Lgar %@g%%%@&iﬁ% ioian QLA ndihelbecilic grabodiments,

the non-coding reglonnlzént% nucleotide sequence between any of the following genes of MVA (Gen
Bank Accessidt#a3 98848y U tEenbp L QoY e B RRetE A0PISBEPR, 007R-008L, 017L-018L,
018L-019L, 020L-021L, 0231 0241 , 0244 0254, 0201026k, 0280290304031, 0310321,
032L-033L, 035L- 10 036L, 038L-037L, 0§7L-Q38L, 039L-042L, 043L-044L, 044L-045L, 046L-047L,
049L-050L, 05bE Bk a1 49594 205210 I52ROBIRIOBIRIUSAROBAROBER 2 0BSRVBE6L, 056L-057R,
061L-062L, 06465k, B0 SLrlebior BROLAIRLA:, R prdr-@d&R:f078R-079L, 080R-081L, 085R-086R,
086R-087R, 088R-089L, 089L-090R, 094L-095R, 096R-097R, 097R-098R,.1 : -104R,
105L-106R, 16811081 Tob 110 %%%%—Tﬁlﬁ,s’f%?ﬁfiﬁcfé%iﬁf-infﬁ,?1%8%%%?%%5%%%%11&,
118L-119R, 12BEPiR4ickadwioSiscaastcy s iTI3RIsaRy 3o 3SR e chabliestverd/paoR,
143L-144R, 14gﬁplﬂngisl45R-l46R, 146R-147R, 147R-148R, 148R-149L, 152R-153L, 153L-154R,
154R-155R, 156R-157L, 157L-158R, 159R-160L, 160L-161R, 161R-162R, 165R-166R, 166R-167R,
170R-173R, 173R-174R cht4Re4TSRIe 7 SRVIPERIUGFERAT PRISTTBREFPORA IO R ¢8O 1 80R-181R,
183R-184R, 184ReA85kerk85b sLB6RABER-AB Hom 187 Rnu3 Q3 88RaneAHGLBBRALBARS.  In another
specific embodiment, the flanking regions of the recombinant poxvirus 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. et al. "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

heamanaliitinin Aaene '(—= HA® Antoine (. a al "Charactarizatinn of the vvaccinia MV/A hemanaliitinin Anenea



poxvirus, wherein a host cell permissible for the %dified poxvirus vector of the present invention is
transfected with said vector, and furthermore with'a plasrnid 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 ATBRHE PSS %“%6{16‘}@?%8?&%%&“@%’@%3%@6% S} Vectdr Earmies the
reportersfendranfdrinccertainl ermbodimenit$ eodidledtioricorporentadtdschibée-tbuoés Between said
flankingyggiaas, while. theplasmid vaie s thehetesaieaeus g ereticmateriahel intwsidhetieen said
flanking regions. Accordindi, homelogaus regambination between.ine.madiied padus yegtor and
the plast 1’8?%8?1"8’(—%%3?%0 HORERCE VEdE o the Ihvantidn through repfacement of the reporter
gene (and!tirecsdieriich: coriporrenifisiesba B iitfe hete S YBUY HaTe tit YREBHAISH ifiterest. In
certain gpbadicnsbisnthe mathaguutitias.aimpdiiedpoxviisiesar pidaeinuention.coripssing a
selection companent-andurier compiisenne,Addiional stes el ndysaa. axRiessignaf fag selection
gene in e fiost cefl. 1he Induction Fse ection gene expression 1 depenés on the inducible selection
componentifrat s mmployett. pRsvemsexariplerantt inp spégificie misgdimienhdeasetaction component
comprisgs.a-selgcion.gene thatencedesthe ONase-prateinwhich.is expressed-pndes the regulatory
control of the bacterial inducible tetracycline repressor binding site/operator (Tet02) as described
above. IABRIHB S BB S e addition ot ?éi?%féyé?fﬁgﬁwéﬁtﬁwa%‘tﬁl%tméwine repressor
that immépglidtety. detdcihes freiird Steplsnding Site opetife BNA-dmdnthis:imtuiirualiows expression of
the DNagg thatiphibitsoitis seplication o hisinductionsresulis.i.-a.de gitableselection of host cells

comprising reco_mbinag}givector relative tgﬁkj]ost cgll§ comprising modified poxvirus vector that does not
comprisé e YEn 8 RERPBFIRSIER® I U RHEPEHBotATENt, the method of the invention further
comprises an additional 20 step of sep%atln host cglgizbcoggpg%%‘ér% (tihe recomgénant vector from those

host cells compriefi§ S s RbHaHt R TE P ORVIUS VAT & PAricL

apar sl embodiment, this
separaticg)l(&'{ﬁlﬁgg’rigg %ta%ég}%@%mghe 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 WO 2010/072365PCT/EP2009/009028 18
further passages of the recombinant poxvirus are carried out. In a specific embodiment, 6 further
passages of the recombinant poicvirus are carried out. In a further embodiment, the method includes
the step of inducing expression of the selection gene. In a further embodiment of the method of
the present invention, the poxvirus is vaccinia 5 virus or MVA. The generated recombinant
poxviruses can be isolated using any suitable technique known to the average skilled person, for
example, by means of centrifugation. Medical uses of the present invention 10In a further aspect, the
present invention is directed to the modified poxvirus 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. In a specific embodiment, the medicaments of the
instant invention are advantageous for use as a therapeutic or prophylactic vaccine. 15In another
embodiment, the present invention is directed to the modified poxvims according to the invention, the
recombinant porvirus 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, Tickbome 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
ttachomatis, Clostridium botulinum, Clostridium tetani, Bacillus anthracis, Legionella 25 pneumophila,
Neisseria meningitidis (Menigococcus), Yersini,a pestis, Mycobacterium tuberculosis, Mycobacterium
leprae, Salmonella typhi, Listeria monocytogenes, Vibrio cholerae, Haemophilus influenzae, Bordetella
pertussis, Helicobacter pylon, Borrelia spp. (recurrentis, hispanjca, parkeri, burgdorferi), Leptospixa
interrogans, Rickettsia spp., Coxiella bumettai, Mycoplasma pneumonia, Corynebacterium diphtheriae,

Treponema pallidum, Plasmodium 30 falciparurri, Plasmodium vivax, Plasmodium ovale, Plasmodium
malarinae EFntamneha hvetalhvtica Ciardia inteactinalic Trvynanoncenma briicel | eichmania enn



spp., Candida albicans, Cryptococcus neoformans, Pneumoc-ystis carinii, Wuchereria bancrofti, WO
2010/072365RqTiR#I9R1009028 19 Schistosoma mansoni and/or Toxeplasma gepdi. In further
specific embodiments, the medicament is used for the treatment of a disease or the symptoms caused
by any of these species. In particular embodiments,sthis disease is influenza, hepatitis, AIDS, mumps,
rabies, encephalitis, stomach or duodenal ulcers, malaria, sleeping sickness, Lyme disease, reactive
5arthritis, pneumonia, leprosy, BREFADBESCRIIISNE QR Wb EDRARANGSS. In a further
embodiment, the present invention is directed to the modified poxvirus according to the invention, the
recombinant poxvinugsaqcordingodhe ipuanion.@ba cal.aeniprisingdnsInosifiad.ar yasmmbinant
pox-virus ac%%dipgctcort e irg(\)/e tion f%uge %lg‘ a rréteodicfg@e?né fort eﬁ%%tment anlgéoréo%e\r/lﬁntion of
cancer. In speciic embodiments. the cancer 10 1S seletted froft the rotipoAEisiing of carvical
carcinoma, niekssRand WSt myslorfa, Soheifatoen fodpopres fatend ditieerfblic THreB-wailete
non-HodgkinghymrNaeaa.aed/ ot Kiglhe Ganee!  vaccidd ORgembadimentafthednvention.ae
medicament Is used to tre’atfﬁp?tie%w#f%g?%ﬁ ﬁ/l%g ation.}tha other em oldiment of the invention,
the recombinant Poxvirus of theingerition orthe celi compnaing Said fetBMBMERTBENATE Comprises at
least one geresdotiyctd ifoe dre antigen thatlisloapaldle Bhiddediyafeiking e respopsecama patient
requiring a vacQieaiani W ISP ernRodinenis. e ariigen: is selpeteddam thegraupgensisting of
an antigen of:a,[hgter logous viru ag.a@gen 9f arbf%:_t%ri m, an antlgf?] of a prokaryot an antigen of
a fungus, and/or anantigen o1 & hefminth- a1 parficdfar embodiniehts e Shtgen Bﬂﬁg%%gen of a
species ¥electdarirogrsthecarerdrwosisistirng OF Hfkrenal virustABIA Frepatitis virus 20 A, B, C, E,
Human Immunodeficiency virus, Rubella virus, Mumps virus, Rabies virus, Human papilloma virus,
Epstein Barr virus, éﬁékl%d?n%ﬁfi GO IFREEREERY S FEEF RS, E HORIURReES KipPHIRTE Bengue
virus, Chikungrshsdisirasissintdrovirusoiniest Rile WU, RiftialleyhReverelirusiudapanesenglacephalitis
virus, HantavirseR et sioadRses GO AV P GEing Yiuisess Ghiamydia Sachaniatis,
Clostridium botulinum, Clostridium tetanj, Bacillus anthrads, Legionella 25 Pneumophila, Neissmia
meningitidis (’ﬁéoﬁigé%‘c‘fcpéﬁ%e)‘ft%vr%rfﬁ?él’p R S ‘f‘ﬁ%’o@g‘éﬁ’l‘(‘}s‘f? FRAEE e Seprae,
Salmonéfa typivsitlisté datereen dogtdepede Soddibdi d ohoter deoHiwinap hilus:mfu doz dpBolestella
pertussis, HelicobeatebRYIarhBOUehassPR. LESHHEINS JUIRANIGH-BATLEILOYEdaRR),oPtospira
interrogans, Igic ettsia ?;EP Co>della bumettii, My OLEIasma pneugwg%?réi;?, Corynebagterjum iphtheria;
Treponema patiddsiCBIASHSTITHE 50 DERIAT PIRHRSATM AR PIANKSHian 598 Mhsmodium
malariae, Enthsiersisetissitotipicas @iardia intestinalis, Trypanosoma brucei, Leishmania spp.,
Histoplastna capsulatum, Aspergillus spp.,.Candida albicans, Cryptocaoccus neoformans
Pneumocystis carir?ﬁfg\ﬂﬂjeﬁoe‘? Ff‘aab?ﬁ%r%ffﬁl,’%mrﬁgsm’gn@%%gh&/%gf&Wééh‘ésﬁgﬁéiii. Ina
further Si¥ecificetoadireniicdad nfigen a2 0t 0072 36E5RE TIERRO0I0U9GRS¥A0HFE PIbtein
expressed bi@gwgg&&gﬂﬂ@gqﬂgg;&@g@ﬁ@g@g@g@iment, the antigen is a protein that is expressed
by and displayed on the surface of a cancer cell. In further specific embodiments, the recombinant
poxvirus of the invdiifior, sohdhettellycbmpsisingesaithgdoombifiaint poxvichisecopmpus€beddZantigen
expressed by pancerauss sell.rbxapeRles of such an antigen expressed by a cancerous cell include,
but are not limited to, alphafetoprotein (AFP); prostate specific antigen (PSA); carcinoembryonic
antigen (CEA); disiglosys lsBananiigin ddfetamkANAARTE- FoSARI Ihanbitigiataotesistanc&aseociated
protein 3 MRR3):H mb group protein enhancer of zeste homolog 2 (EZH2); ALDH1; Her-2;
Nectin-4; gp96 heat shock protein; gp100; tyrosinase; GM2; MAGE-A3; and NY-ESO-1. In a further 10
embodiment the reEbtEinantpaxm4pust ehidheddvenitatntidassaellaemprising said recambigant
poxvirus comprises,8.98pe £ncoding an antibody. In specific embodiments, such antibodies are
specific for cell markers expressed on tumor cells. The medicaments of the present invention
can be administereHi® a paientbydpednbinovabitathe skigdiparsan, INsomereohqoimeats of the
invention, the icaments are 15admjnistered by injectian.. WO 201(1/072365PCT/EPL009/009028
) AL B e e Sl e Bl
inventior? sePASFIBBNEEEBASE MYA vectors were created. These MVA vectors contain a fluorescence
coding reporter gene under the control of a strong vaccinia virus promoter, and a selection 5
component comprising a DNase selection gene under the control of a strong vaccinia virus promoter
and the Tetracycline operator et02) element, and the Tetracycline repressor (TetR) coding gene under
the control of different promoters. As shown in FIG. 1, the basic MVA genome was modified by the
introduction of a reporter gene/selection component cassette into the insertion site (Deletion Il or
Del3) of the 10 MVA genome: adjacent to the upstream flanking region of Deletion Ill (Flankl Del3) a
reporter gene, for example, a green fluorescence protein (GFP) gene was inserted under the control of
a strong synthetic vaccinia virus promoter (Ps) as a reporter system. This reporter, for example, OF?,
optimally allows the detection of the MVA that contains the cassette insert. Downstream of the reporter
gene (adjacent to Flank2 Del3), a selection component was inserted into the 15 genome. This

consists of, for example, a DNase gene under the control of a strong synthetic vaccinia virus promoter
(P which ic controlled hy 2 bhactarial nnearatar element (TetD?2) that intaracte with a renreacenr (TeatR)



For the first PCR step, the following oligonucleotides were used: 1) oEM167: Tet02-DNAse start;
TCCCTATCAGEGATASAGATCTCCCTATCAGTG 20ATAGAGATATGAGGSoMIGAAGCTGCTG
(SEQ ID NO: 8) 2) oEM168: DNase end - Sad; GAGCTCCTACTTCAGCATCACC (SEQ ID NO: 9)
The template for this PCR process was the plasmidgpENTR-DNAse (Invitrogen ORE Clone collection,
clone ID I0H23149) that contained a human DNase open reading frame. This first PCR step resulted in
the fragment depict8rif RIBmiL28F detive Sechmdstdge: 3theRGR, tthepteaifigdiRCRpprsduct of the
first PCR stegc,(g%i[; ug\{diigg{pligonucleotides were used: 1) oEM169: Spel-Ps-Tet02;
GACTAGTAAAAATTGAAA T 11 IATINITT11111GG AATATAAATATCCCTATCAGTGATAGAG (SEQ
ID NO: 10) 2) oEIViFBB: DiNase endp Sable (sAmEHIEGTPUhIGAGGA THA CCTRE Qstetd@4s9) WO
2010/072365R,GI{ERRCOMANNRE, 3 This seeonthRCR SieR (esulied.in the fragment shown in FIG. 5.
The resulting fragment was then cloned into the recombination vector vEM11 (FIG. 6) through use of
the Spel and Sad resuictiausitas doistelaniig.atepirasiiiad iRpescton vEMYA delGaddn SCHENING of

TetR Durirﬁg the n<§xt C onitrgl stegbtht()a Tet Rdi &9 ggve}ssinserted int M&agt vVEM12. The
amount of excperegseéaml'gtzﬁ%sw élnqllrlﬁﬁocrtglntmea%g[r?mentai paﬁ meter, Be ’ﬁ)%g%’ '&)’%be SL%cienStly

expressed inRspEED cBRRORI| Fot02 §Eqnereesthrsseincibatnd ceithabein zoozieptediffereell), but
should not be®xpiessed iT excessias thisovoulduesyinamexesssal.iefiagyatiogdn:dl) atder to induce
the expressian Qf th ase. Therefore, the T expression w, sessed under the control of three
different prorﬁ%r%(r)ss’: %%Nﬁgﬁ s?;%:ﬁgméf%?%s%%n ot ecﬂ%t%rﬁgéﬁf exp é?snl%r% and afﬁg (E)SY\.’{ftfl\/lw
expressidn). ERSHHeEf erpisedFTBIRENIR ME S Rbasere frer 48THeump e iqshatiopalint Yepressor
(TetR) casseite GassynhesadhyRaRhT hpdemplaie dhowasdheqobNAGLERasmigr{avitrogen),
and the following oligonucleotides were used.for the fusi the Ps,pr er apd th lification: 1)
CEM163: o B R e RS or T T IR TP o
TGGAATATANEFAR PETFCTAGATTAGATAAAAG (SEQ ID NO: 11) 2) 0EM164: TetRend-Nhel;
GCTAGCTTAATA G TCC (SE NO:.12) 20 resylting PCR fragment (EIG. 8) was
cloned tsing Sal A NHA T e SRR SRS S S A VIR Er RIS BEG 1D N
17 (FIG19). fgtsigngrreiR fethiie gsrosrrBdtermdieras investiieed isaREHH5 promoter are present in
the plasmids pVIVOG6 (SEQ ID NO:18) and pVIVO7 (SEQ ID NO: 19), and TetR was amplified for
insertion into these vectors by PCR 25 using the following oligonucleotides: 1)o0EM165:
Xhol-TetRstart; CTCGAGATGTCTAGATTAGATAAAAG (SEQID NO: 13) 2)0o0EM166: TetRend-Apal;
CCGGGCCCTTAATAAGATCTGAATTCC (SEQ ID NO: 14) WO 20101072365PCT/EP2009/009028
24 For appropriate fusion of the TetR coding region to the promoters, PCR fragments were cloned
via Apal and Xhol in vector pVFVO06 (p7.5) and vector pVIVO7 (1-15). The cloning of the TetR in
pVIVOG resulted in vector pEM12 (7.5) (SEQ ID NO:20), and the cloning in pVIVO7 resulted in vector
pEM13 (H5) (SEQ ID NO: 21). The TetR 5 expression cassettes were then extracted using Sad and
Apal and then cloned in vEM12. This resulted in vector vEM32 (7.5) (SEQ ID NO: 22) and vector
vEM33 (H5) (SEQ ID NO: 23), which were identical to vector vVEM3I (FIG. 9), except for the promoter
that is used to express the TetR gene. 10 EXAMPLE 2:Cloning of the modified MVA vector

VEM31, 32 and 33 were each employed to create modified MVA vectors. For this purpose, CEF cells
were infected with MVA {(moi 0.05) and then transfected with vEM31, 32 or 33, individually. The MVA
particles released by the infected CEF cells were then passaged three times using fresh CEF cells and
under selective conditions (e.g. blasticidine containing medium; 15 5ug/m1), since cells containing
recombinant MVA (i.e., the modified MVA vectors) are resistant to this antibiotic. The recombinant
MVA particles were subsequently purified by plaque purification and using a FAGS unit (fluorescence
activated cell sorter). Following amplification and characterization of the resulting modified MVA
vectors resulting from recombination of MVA with vEM31 (mEMO6, Ps-TetR), with vEM32 (mEMO7, 20
7.5-TetR) and with vEM33 (mMEMO8, 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 tetracycline-containing medium. Different concentrations of tetracycline were used for
analysis (0-500 ug/m1). 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 fginflyenge of tetracycline on the growth and status of cellg, MV A WE%
2010/072365PCT/EP2009/009028 25 infected and uninfected CEF cells were incubated with the
identical tetracycline concentrations used for testingrof the modified virus vectors. Briefly, CEF
cells were infected with the modified MVA viruses mEMO7 (7.5 = 7.5 promoter), mEMO06 (Ps = Ps
promoter), mMEMO8 (H5 = Fi5 promoterPdBARSEBda s GRIPTT3dia containing different concentrations
of tetracycline (Tet O = no tetracycline; Tet 25 = 25p.g tetracycline per m1). For controls, CEF cells
were infected with Uhenpditied iividAoenipbrssdctar {MdAficanetsomiithiA fiate cieshoells ware also

subsequently, iransfactocwith, Y MAZ MV DINARE): RRESEIS fnfesiad with wamodified MVA empty
vector were also incubated with tetr%::é/cllne (MVA + Tet). After 48 hours of incubation at 37C (5%

CO2), cells wete HERfESaH 4 the Wi USRS BRI NERORTS 29 phavidedelstedidhary of the
results obtainechmbhedtanvab ifie dobdl Afcoiateed {fckesshlly My lsasultes,ihaditarrel 8idbkik:TCID".
Consequently s izl WeL1hal ga0hr.aehianedbudntecion i Lomeaiied MA Wiyt any the
presence of any inhibiting substances under these conditions. The expression of DNase resulted in a
titer reduced $§9118t7sta 18LstE aheL aergna/ s Pe S5 We e TES0he Deaslpesieseteiince MVA
infection wasnestaklligheeay inbewtationindth d:AQ&d:»S TCID50/m1 of unmodified MVA, this treatment
did not result in an increase in amount of virus (i.e. no productive replication), and therefore DNase
expression does inRgfeifiens-eplication effectively. Cells infected with unmodified MVA and incubated
with tetr?ocycline d orgstral;eg tthtg;at tetraay}(lzlin.e itself has an influenceton I%VA re%gcatifolnflikely due to
a cytotoxic effect If 25 20 50 g telfacyclineiml ware tedd: thare WAE 56 GaBEtasIE T defice on MVA
replication, Wi Si s aBtiee mfbtiont aF10O indgrmeted vcdip thewpdacrep idatiopdyituidy »
furthermore, geapiigentaiionof 260 wgiad inbihitad Wewirgteplicaionicamparable ldheppserved

effect of transiently expressed DNase Q;IG. 0, MVA + Tet). Treatment of cells infected hy modified
MVA vectorseﬁ‘%ﬁggaﬁcée anéﬂqo ibtvffh %%ngyrﬁin%ﬂgé’tfﬁfn%l rpgsﬁﬁ é%rlrhc%tsrgg%lgé)d) virar 2 replication
through induéetrBiNEs. e3shessioritprd. gmersEfo6End nEMOBY fEnanthistimantn8tdvrest direct
tetracycline exchusively,Bs gheairalditelowasredesadcxgnmeresighiicacthy Thissamamifect can be

observed usigg 100 l& tetr ine.per ml. Copcentrations,of 150 ug/m1 result in a pronoynced
cytotoxic effectc(‘):?jt%trg%%lige s%l t Satr?ﬁe mo%iﬁg?ﬁ%ﬁ\fﬁ’ }\D/?rcllj%énsltaotﬁr%o eicetﬁ ica %r%%%ﬁ? E'(‘f’cordingly,
for further te SRS URPEYSIES, A HerashresneeRttatibrrindow 830 TBupsthoradyfremadyiiverper ml was
used. ModifiedM¥Ag v GIOTATHE MQ/ Ixp ressesadrt B oaitha-Weakdbpremel ey slearly+produces an

insufficient amaunt of TetR far,inhibiting the DNasc¢ expression jn uantitat| noyni Therefore,
the viral replif:cag)#é}le%%%?ﬁlé )}Yf% ) tced in s a??‘\?\f&géﬁaﬁ)f&g;%%js3%%@5’2%@5%%@8%2} (gg{perimental
arrangeflent¥ AT tHEAHHS itsairis selgspViediBR & MYAsii4itabetof the Glomimg sshidguoirbinant
viruses with aasigole deeombiviadian.waatolistX AMRE:4iGlonirg afairveasmbirant pexyisusjvector
using the single biecombination.system ince modified MVA vi 93595; [ d% 08
demonstrated s?rrlilar re tItlcoj?tion at%érn?ng&(%igncgfséyngrﬁgﬁts%%re T ’r?gr%nb{(le%a_{?s?n Alr}n%yMoa

Cells were infetted i INAGHTEMENDE i tPdRbrebdd dith vEXoTitRI 8w BPDue to
homologous reg@sttifation, the LacZ gene was inserted in select modified 10 MVA virus genomes
and the reporter/selection cassette was deleted. The released virus particles were passaged on fresh
CEF celts in mediuin geniairingdditrasycfine {10adég/mhi yeatnd dhenipgssagep-bymseriahdiution on cells
without seleciive aendtions.nieeiad pells WIS sqUsd Usind:a EAGS0.seleelnqn:lupresging cells

" (8]
Once the settings for the sorting process were optimized, the sgrrte cells were homoz}enlzed and

passaged agNr 6 eerrelicoriemrustber D ORLRN drsdurasantivel GiruEwas smpTimed once
more on fresim@iedd beliscdheigelistvardaple achpitimaie dwdndexhibile ghie:fid ofeseanriaamaaning that

they contained pULES FEEAMDINGDE MY IS oRECATMPNAAL YIILS W . Wag confitmed By.a PCR
procedure that am&llfled the insertion site of the’modified’ MVA vector (FIG. 11). The PCR produced a

3.0 kb sinal f5¢ the ot e bl Seibr CunBogdatiet &y 6RE fragiraferirwiecreedmbifdnt MVA
containing 2(0PteaedvalicYiebadr dplatiodDh earejporieriseleation-easse tie: Dirhomeldgo B setembination.

The recombia%%&mﬁé ?fmwzi%g%ﬁmgi%@éz HOERABIG- Tl 1596 MYA), DUt NO
signal for modified MVA (MEMOG6) or unmodified MVA{MVA). The recombination vector VEIK/|07 also

produced the expected signal of 0.76 kb (FIG. 11, vVEM07). 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 (NIVA). 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.



an WO 2010/072365PCT/EP2009/009028 27 EXAMPLE 5:Cloning of a further recombinant poxvirus

vector using tkegsim@le-segombination system A recombinant poxvigpsisalengehesing the single
recombination system according to the invention using a modified poxvirus vector comprising a

reporter gene located between a 5 pair of flanking sequences allowing for homologous recombination
is used. Cells axe infected with the modified MVA virus and then transfected with vVEMO7 (FIG. 3).
Due to homarsgébesrstarmpirhet RS iPieand ¢ ¥ s Tinstea dAncevier mmbifiadl MOAY ISR genomes

iemol consequaaﬂyﬁmmeﬂj@&ﬁ@%%ﬂadﬁﬁ@lmdozﬁhmafwmwim n&m@mm&}i epasnsaged ﬂt
east once on CEF cells in medium C%Wrnl‘eg&gﬁey%!rgf ( ]SOIncF 5@ gells are then
. ftepuat S vectors
ové Aft

sorted using fo°Sefecthon: uorescing cells as descti the I ec ‘cells have
been sorted #&-#hus is amplified once more on fresh CEF cells. The recombinant virus purity is

confirmed by a PCR procedure that amplifies the insertion site of the modified MVA vector (FIG. 11).
The PCR produces 8188 &t e 5P eEs MISTITAPRIV A B8 ARMIE TR RMEHRES S Taced the
reporter casseattelyychongoiogousyesongbinatiorhicR 828 BQEENCGEHIST INGebtd O EBMERGENT

PRODUCT BEVELOFMENT. GERMAN Y.GMEH dxRER Ronia 2MAXER, Kalia<he03aNGLE
RECOMBINATION SYSTEM AND METHOPS OF USE <130> 145-009P 10 <150> EP 08022296.1

<151> 2008-T50LPBEE L {5 SBFH%Y Foy °Fh O SIB LU EOPYIH L 1 §B 18 S D1 O PR ERH Version 3.3
20 <210> 1 <@kchbod386ecRdR oD MA «Ril8mdhrtifiodic? Sra®? (e <2RBreReaembimationthvactor vVEMO7

attitttaagHatagagiy £RacHEARALAALAAAL AR CocaCOttatgIRIAG 0alHGA D st has not been

successfully inserted into the viral vector. Generally, any reporter gene can be used that permits
a separation of cells comprising the original vector of the invention and those cells comprising a
vector where homologous recombination has-occurred. Non-limiting examples of reporter
genes that are suitable for use in the present inventon include reporter genes that can induce
15  visually identifiable characteristics (e.g. involving fluorescence), which enables separation by, for
example, FACS and luminescent proteins such as the gene coding for jellyfish green fluorescent
protein (GFP), the gene coding for the enhanced GFP (eGFP), mPlum, mCherry, tdTomato,
mStrawberry, mRaspberty, mRFP1, mTangerine, mYFP (Tsien), J-Red, AceGFP, CopGFP,
HcRed-tandem, PhiYFP (Evrogen), DsRed, DsRed2, DsRed-Express, DsRed-monomer,
20 EGFPAcGFP1, AmCyanl, AsRed2, EBFP, HcRedl, ZsYellowl (Clontech), mKO, Azami-
Green, mAG, Kaede, MiCy (MBL Ind), Venus (Miyawaki), Ypet, CyPer (Dougherty), EYFP,
Emerald (Invitrogen), Cerulean (Pdston), T-Sapphire (Griesbeck), AQ143 (Lukyanov), ¢cOFP
(Stratagene), eqFP611 (Weidenmann), Renilla GFPs (vatous providers, eg. 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 displayeé 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 2 vector in which homologous recombination has taken place by affinity

30  pudfication, for example, by columns compsising antibody covered resin or magnetic beads
covered with said antibodies, wherein the antibodies are 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



taaaaacaat caattcactg 50 agatgacgat tcctgttatt taaagegtgt 55 ttcctttttt  tgcggcacct 60 tctacatgac

caataggccy agigiigisgagegaaaaa titttggggt agagcettgac tgtctaaacy attagagoasasaaiaasty tataaaaaga
gacaagactc atatccatag gcgtgtatag accaaaggaa cccztaagaa gagcttccga aaatcggcaa cagtttggaa

ccgtctatca cgaggtgccg ggggaaccac cgttagtaaa gttgtgaaaa cagatttgcc atgtatcaag ctactggtgt
gaaaggatag agttaaattc atgcatcatt gtgcaaccga gttccaattg aatcccttat caagagtcca gggcgatggc taaagcacta
tatttagtty acatgjtrshegyseyicangaaé arataty ghrHaittteagadatetastitat agdigtitht thiateaagtengaljtattctc

taataatgtz gtieRagiiadalcARana GlRMiaAaA GeaERCIIIABICOARRL CAOGCICR I HaaARaaIG gticacattg
aatgcggtat ttt%cdta%tc; tita tttgatt azzatatcta tacataa accga

Ceta gaactattaa gecatigtic c;g ta_aata
acgtggactc aaccatcact %ézla a{‘é"g%at@gtgl&a“i‘@l&?ﬁfjal%?g‘a %ﬁ’é’él@gé%%f’éff&ngcﬁgt@taqgﬁ&é% at
aagatgccat tdHEGPEG&GyatgricietaigghgHbansaye gtaaagtobyg dli2@cotadifitch¢ddhagithc tagatgetgt

atcatcgiyl atafipala.gtaaaiatiadatitioar Qalalgades J9ateTda acrasssriphcatrratag.gacattgtat
tggatctgtg attagacaat gattctégat tatgatg%at atgcatgcaa actacaatta agagatgaga ttacc;?ftg tagctgataa

acgatgagty t§CtEBATY tEg dHBE " 10 ) gatciagt BSHTa £t Jealacg bigicodteg tatidagate
tggcgccgtt 15\cggtgeyGiiciitditbgetia adiitgygt Gachoeagyyi26 [iddiadgad@adtatagyegeagigggtc

ccetgggeta agiatgRagq WAGIaR Glelagaash Agogatact.IlG0eR HiGA0dAI0eY RAcdstAk{g9cgaaagy
ttttcecagt cacgacgtty ggcgaatigg agctecateg caggagticg agatcaaact

epadnavirds

10 The term “selection component” as used herein refers to any nucleic acid that may be
utilized to exert a selection pressure on a host cell comprising such a selection component. In
one embodiment, selection pressure is exerted by expression of a selection gene that inhibits or
retards virus replication in the host cell. In another embodiment, selection pressure is exerted by
expression of a selection gene that leads to a dying off of the host cell. In one embodiment, the

15  selection component comprses at least one selection gene whose expression is inducible. In a
specific embodiment, the induction of the expression is controlled by means of regulatory
sequences, for example, a promoter. In a further embodiment, the selection component further
comprises a bacterial inducible systern 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 tepressor 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 pcDNAGIR plasmid (available from Invitrogen). In

25 further embodiments, the selection component further comprises a2 mammalian inducible system
that regunlates the expression of the selection gene. In a specific embodiment, the mammalian
inducible system is the RheoSwitch (New England Biolabs) system. In further spei:iﬁc
embodiments, the inducible system is selected from the group consisting of the LentX 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, wherein said loss or apoptosis of the host cell is



aagattgctc tttcggtggc1260 ccgggcetgca ggaagacatg 1320 caactgttgg gaagggcgat 1380 gggatgtgct

gcaaggcgat 1449 insaaggacy gccagtgaat 1500 cggeggeggt cgttcgagaa 3ebiatigaians gttgatcttg 1620
aggggggtcc cggtaccagc ttttgttccc tttagtgagg gttaatttcg agettggegt1l680 25 aatcatggtc atagctgttt
cctgtgtgaa attgttatcc gctcacaatt ccacacaacal740 taggagccgg aagcataaag tgtaaagcct ggggtgccta
atgagtgagc taactcacat 1800 30 taattgcgtt gcgcaaactt aattaacact tccgtggcta gcgaattcga tatcaagctt 1860
atcgataccg tecgecétby g gregggasvgeadagtittettaghtaltingatey dacdied 926 saitasdtetetttighaaaaa

taaatcactt ttt%@%@@c@éﬂ@%@&ﬁﬁﬁﬁ@@éﬁﬁ%ﬁ}gﬁgﬁéﬁéﬁmﬁﬁkﬂétéi%tﬁog@%%%%%%g@%tcagacatCt
aaaaaaatag204 R% atgatgc aactttatca tgtaatcgaaﬁéa aatacaaa tgactacgtt gttatgagtg 2100, 40

cttggtataa gégggccaa tcpgﬁffgff’éiﬁtﬁﬁ%fﬁ&[ﬁé)éa{aﬁt@ et dPaiRs 160 FY R A T RS S aaatatctt
acgactctcc atrogatehs dtagitdbdaR20 statddedattadmtcatigraQfEtatyng alijsthgedc tatgtiityt
geattctita?28Ahgasaleossiacasaidasacivalaang lagalialya agealacioc acagagtion,2a40 tigtaaatac

agatagtgaa tcgactatag acataatact atctggatct acacattcac2400 50 cggaaactag ggcttcctcg ctcactgact
cgctgegcete gt ﬂtcﬁ tgcggcgag 2460 cggtatcage tcactcaaag gcggtaatac ggttatccac agaatcaggg

gataacgcag 2520 gpgagagcal.gl9agcanar 9ogeadeaaa JU0EcAG9AA £GY1ARARAN9GEAGNGE 2580 55
tggcgttttt ccataggctc cgeccecctg acgagcatca caaaaatcga cgctcaagtc2640 agaggtggcg aaacccgaca

ggactataaa gtecRFgEiciteclhggatEt oty (y sttt tht Jre Haert ety t§eegéttateggata
cctgtccgcc ttistteditztbiegngangeghGacecliict catageiensgaigtag gialteloaotedkigigiageicg2820

ticgetoog OGIA0AAIA aIGRAGEARC GRAaGAIIG dECEaRGaG 19RACRLIQLRABA PR .ceqalaagiaeq otioag
tccaacccgg taagacacga cttatcgcca ctggcagcag 2940 30 ccactggtaa ggtggcctaa cagttacctt gcggtggttt

10 atcctitgat TGttty aNge Rt e Jottarlegrt s5ac gt Jeteade gt ghaagce

ctacaggcat regulatory sequence, preferably a promoter.

An example of an msert of interest is depicted in FIG. 2. Herte, the insert is comprised of

the plasmid vector that is used to transfect the host cell and comprises the two flanking regions

15 and the LacZ gene under control of the lac promoter. In a specific embodiment, the
heterologous gene codes for at least one antigen, preferably an antigen that is capable of
inducing an immune response in a patient. In specific embodiments, the heterologous gene
codes foran antigen selected from the group consisting of an antigen of a heterologous virus, an
antigen of a bacterium, an antigen of a prokaryote, an antigen of a fungus, and/or an antigen of a

20 helminth. In particular 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 virns, Rubella virus, Mumps virus, Rabies virus, Human papilloma virus,
Epstein Batr virus, Tickborne virus, Crimean Kongo Fever virus, 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 bowlinum, Clostridium - tetani, Bacillus  anthracis, Legionelia
pneumophila, Neisseria meningitidis (l\lienigococcusj, Yersinia pestis, Mycobactetum
tuberculosis, Mycobacterium leprae, Salmonella typhi, Listetia monocytogenes, Vibtio cholerae,
Haemophilus influenzae, Bordetella pertussis, Helicobacter pyloti, Borrelia spp. {(recurrends,

30  hispanica, parkeri, burgdorfer), Leptospira interrogans, Rickettsia spp., Coxiella burnetti,
Mycoplasma pneumonia, Corynebacterium diphtheriae, Treponema pallidum, Plasmodium
falciparum, Plasmodium vivax, Plasmodium ovale, Plasmodium malarize, Entamoeba hystolytica,

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



aacgatcaag 30 gtcctccgat cactgcataa actcaaccaa caatacggga gttcttcggg 40 ccactcgtgc caaaaacagg
tactcatact gcggjagalessgaaaagt caggattage ctacggctac cggaaaaaga tiigiitas ailiciasy gagattatca
aatctaaagt acctatctca gataactacg cccacgctca cagaagtggt tagagtaagt cgtggtgtca gcgagttaca cgttgtcaga
ttctct tact gtcattctga taataccgcg gcgaaaactc acccaagiga aaggcaaaat cttecttttt atttgaatgt gccac
agagcgaggt actagaagga gttggtagct aagcagcaga gggtictgacg aaaaggatct atatatgagt gcgatctgtc
atacgggagg ceggétenhd citgenacitipgitogosay cigotegic fntyatocpos a-agiadbityergicatgeestigaatagtgta
ccacatagca tegaggalrhiclicageal Hecacanafang att atttagaaaa atgtaggcgg cagtatttgg cttgatccgg
ttacgcgcag ctcagtggaa tcacctagat aaacttggtc tatttcgttc gcttaccatc atttatcagc tatccgcectce ttaatagttt
ttggtatggc tgttgtgcak eccheagigi-cigtanyaifidgeodedatadaaniiipas tadegaight wiknetd agggaataag
gaageattia algaesatal, WGIAGAACIAICIRAR. AIRGAAG AGPARRA0R careandlen (ellGap!

tgacagttac atccatagtt tggccccagt aataaaccag catccagtct gcgcadcgtt ttcattcage aaaag dott atcactcatg

ctittctgty YagiRftRecisEiy seiate BEiEmeranreuneagRet ‘@ﬁhd&é&éﬁ'@ﬁ@a@‘ﬂgﬂéﬁﬁ@gﬂgﬂ&@o%ugmgt
ctgctgaagc aeegeiggia toitphgaggcaiidregpadaagqatga CaatgsRRgcigRat hestgcaaiga
ccagccggaa @g aitart %Egcc%&g tccggttccc agctccttcg gttatggcag actggtgagt tgcccggcegt attggaaaac
tcgatgtaac tctgggtgag aaatgttgaa tgtctcatga cgcacatttc 3000 3060 3120 3180 3240 3300 33603420
3480 3540 3600 3660 3720 3780 3840 3900 3960 4020 4080 4140 4200 4260 4320 4335 50 <210> 2
<211> 2002 <212> DNA <213> Vaccinia virus strain Ankara 55 <400> 2 9,y9,0.vav yatut ualLL;
ctt:yal;uyat t actcyy ¢ presedpinvedtigiigactttga gaggatgatt ttgctattga atatattttc 10 aaaaagcggg
tggctacaité tactatataignl %Ittcttt gaaattcaga 20 agacgggatc

st aspect, the present inventon relates to a modified pOXvirus vector comprising

‘-Cnll 15/ 4]

el b3

at least one reporter gene located between two flanking sequences for homologous
recombination. The reporter gene may be replaced by an insert of interest through homologous
rccornbinaﬁon in a host cell infected with the modified poxvirus vector. Thexcfore, host cells
comptising 2 modified poxvirus vector of the present invention, in which homologous
15 recombination has taken place, can be distinguished from those host cells comprising 2 modified
poxvirus vector where such a homologous recombination has not taken place. This can be
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 infortation
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 promotet. 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
AAAAATTGAAATTITATITETTTTITTTGGAATATAAATA (Sekhar Chakrabarti, Jerry R.

30  Sisler and Bernard Moss: Compact, synthetic, Vaccinia Virus Early/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



cgctgagacc tttccacatc agacggtgtg cgtatcctat 30 attcacagat tgaccttcat acgatgcgtc aacaatatat atgccggtaa

40 aggacattat gigisasktatotaggca taataacatc gctgaagact tigagtactg tagiijtace toagitigga acccacatga
tatatagatg gctttcgtta gtgcacacct gcagtcttta ggtagtggtc gatatagtta agaatatgtt tccacatttt tctattgtga

tcttaccgtc catctcataa ttttttagta atgtttttat cactccatga ctgtggcegtt ttcttcattc gattcccata ggcaggcaca ttctttatga
agaaattaat attagtgatc taagagattg tcgacgctag actgtttgga ttctcctgta tgattcatag gtccgagtac aaggtatttc

ccgagaccac GGy SBRTICHTGIT 1o TRGEA tyCIGaEt AlGHTANTCATAIGYIT; tRealtaitTgt gttt

tattaatgtc toaiglitgs t9galoGeaaictactsciRRa At agiitalot talcagliic aqliagals.ogaRdantst
aagaaacctg taatagttag acgatgtgtc tgggtacggg ac %agaaca cacatgcctt acgatcgcgt acgttaggta tttcataatt
£

gagacatata gi§Sategatta atpsgiiy Yat kst ttcsrd renenet seg eacserd coghgeLag8 gtgaaa
tatcgcaact gtégiatinH ipegaatiagritattaliyecdagicpetac-tergageit gttaactgga ticgcattta gatgacgtct
gcatccatga cgacattgtt tgtaccacat aaagatgtga aaataaactc ttgtaatatg atcctctcat tcaaacatgg cgctttagtt

cgtacacgat tgtitcatda athskeagatrdtniidbasnpyge sayraneirat JoatgumyratinmtciEengttaaga
gagatggatt tacag@gitaa. ietgaggangisch galactedsgggadadad acadaracglaciHegegdaragpaaaccy
cgtgtttatg ccatggaaac tgttetttgc,agacgcctga cattatgacg 180 240 300 360 420 480 540 60Q 660 720
780 840 900 LY ‘i@zﬁ%&ﬁgﬁ%%f@b‘&“?%‘ﬁqﬁ%f%éﬁ %‘iﬁf&s‘i% ° g‘tﬂ%ﬁ&“‘i‘@ 317401800 1860
32 tgatttacagrdeeltireechisticeddeinmabbet ey et ot Cargacd o Ocpaantetapivaamgtty
ttgtccgteg tetiatessasat@goatian algatoguiad@80nniaghactalategneatardg200a <RIN>31.<311> 2002
10<212> DNA <213> Vaccinia vifus,strain Ankara <4002 3 gtaagcat t agctattt tctctatatc
taatttctgiaczcgsﬁ%cgfﬁéscg gofcgn gfa?’cttéfag% gégé?ﬁtgﬁﬁogﬁa%t%&% ga“&:%%%ggc? %gg%tg&t%ﬁ&g?gta fattatbo

actggttgat tcaEetaretaticsardale daeyditla drgrmaiteecangtciiabse 20l erabitntie Aldtatedcc
gtcatctacc aaficateeal agaemiaagGaitiioaaaddfiicatgatiafaataggtityg atcgttgtca tttctccaaa gaatatatct
aataagtaga300 gtcctcatga ttagttaaca actatttttt atgttaaatc aattagtaca ccgctatgtt360 25 taatacttat
tcatatttta gtttttagga Migafatsatetathaaat taatf Cat cad20: terattiony RuthtactmgHttocddgtet ghsaatgaaa

catttgaact categéascagdsihhb3h-gaaaiicicgdatagracghandatarac sgotitataidighicaagadneatasgaaas40

15  homologous recombination. In one embodiment, the reporter gene and the selection component
are located between more than one pairs of flanking sequences allowing for homologous
recombination. In another embodiment, the selection component comptises a selecton gene
whose expression is inducible. In a further embodiment, the selection component further
comprises a bacteral inducible system that regulates expression of the selection gene. In one
20 speafic embodiment, the bacterial inducible system features the selection gene under the control
- 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 (TetOZ) and the gene coding for 2 repressor is the tetracycline repressor gene
25 (TetR), which can be isolated from the pcDNAG6TR 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 sclection 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  turm, leads to the expression of the selection gene. Consequendy, 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 vitus promoter, a vaccinia virus



tccgataact ttttttacga attctacggg atccacttta aaagtgtcat accgggttct600 ttttattttt ttaaacagat taatggtgtg

atgttgatta gotGiifaggaatitgata660 35 tagaatagceg tttacatatt ctccataatg gtgaalegesAtlgcat
atgtcataaa720 ttctttaatt atatgacact gtgtattatt tagttcatcc ttgttcatca ttaggaatct780 40 atccaatatg

gcaattatac tagaactata ggtgcgttgt atacacatat tgatgtgigt840 gtttatacaa tccatgctac taccttcggg taaaattgta
gcatcatata ccatttctag900 tactttaggt tcattgttat ccattgcaga ggacgtcatg atcgcatcct aaaaaaatat960 45
attattttta tgttgittigdtaasaates twafogbiaia cgasicatubagtipcactyal 020 atateaZaptoottiactattdtggtatctt
ccaatgtggc tg{;g@g@@g@g{gg@@gttlom 50 cattctctag aagatttttc aatgctccag cgttcaacaa cgtacatact
agacgcacgt 1140 tattatcagc tattgcataa tacaaggcac tatgtccatg gacatccgcc ttaaatgcat1200 ctttgctaga

gagaaagctt ttcagct@ct taghettesbodgtatiadtthe gigackgaii 60 Shceatgicigan antgrgacgedantiagtgt

ataatittty tcatgyg ﬁ%@ﬁg&?éﬁ%@%%%%Piﬁﬁ%ﬁ%t%ﬁc}eéﬁé‘g@&gﬁg, alagiagahacaldaciat §9¢AAARGRR
catatacacal380 tttaataaaa aaataatgat 5 ataaatccag tcag%a atg tcgtcgacat atatgtttaa gacttaatat

15ttcectatitt EROSEIIRAreCe dibte bt 0t at Aty dlsaitstion ricttasstcIRREsteaigatetcegtetatctitge

acgacgcatt cagiaitatl ghaatgactacacaialiginticitigic:gangegiiit.aBaagaaantiaqgaticangtacccatat
taaggagatt tcfgatgatg aacacaaalg agetaccala atpotagalg gliclaaaac attialaaa alglagalia gacatactag
ttcgatagaa aatttaggga a%agtctaa_t ttt (_:ag}écg caggtacata ctaatattag atcgattgt attglya’ltttc Cg cgtacccatc
ctaccttacc gtg?&tf&alagcetﬁﬁét’éc‘?aﬁgﬁfétg@@a'@é%‘tcﬁf@ft‘?g&@aﬁt tdefiEatPeatc RS cigERattt

aatataaata catpiracdatdbetagiii agilecitgh glcaciagic AChgattegiasachiadgiganatgy-aggaaggcgt
201201360 TRHGAoA BRI AT RIVASAL P YRERIR e AN ARIE o psReta
complete prohibition of viral replication. Thus, the ratio of produced viruses comprising a
genome including the insert of interest to those viruses comprising the genome without said
insert of interest i1s significantly shifted in favor of the former. Accordingly, as a percentage, the
system can be manipulated to generate an improved yvield of viruses comptising the insert of

15  interest. In particular embodiments, the selection gene is an RNase, an jon channel oz, 2 DNase

(available from Invitrogen; ORF clope pENTR221, clone ID IOH23149).

In 2 further embodiment of the invention, the selecon component is a cytotoxic gene,
ie. any gene that, upon expression, will lead to the loss or complete apoptosis of the host cell.
In specific embodiments, the cytotoxic gene codes for a DNase, an RNase, a protease, an ion

20 channel, or an apoptosis inducer.

According to the invention, the selection component is an optional embodiment of the
invention, since host cells harboring a recombinant vector of the invention comprising the insert
of mnterest can be sclected and isolated by means of the reporter gene alone. While the reporter
gene is essendal 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 selecion 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 aind a selection

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



tgaaaaagtc tttgccatat 40 atcaagaata tggtgtatat ggatagagat aaattca tat atcattgatt 50 aaccgataat

caattggttc tgttgaigga anatatatta gattaggatt tagttggtgg ggcgaggaaa aagagegits,slggataaty tccagatttg
aattatttta gtttgtgaac aaagtagcca attctcctgt aatgttatta aagttttaca tctgtgatgc gacaatacta cttgatagag

tcgccatgga taaatcatat acattggcgg cggtatccga ctaattigat aacctaaaga tattaatctc ttcttcccat ttgatttcte
tatctagaca taagtataaa atgcaatagc caattaacga atgagatgct tggtgttatt aaaaaatgat acaatctaaa tgtatgcaat

aaagatagat tfecatteutiateigstain ggatgtiicentaegatgdy ddad egrdinagtecyactht egurameadacgagtgtaga
caatggatca gtatagiatedicaloiia sacaniasas teaciaiairgasgataacadtiatiatet deaigigcahtitittacca
gcacctctct cacgacgagc tgttctatat actfacgcaa tgctgttatt tc a taaacgcgit aaccatgttg tgattgcaga
aaaagaatgt aﬁ%ﬁ?ﬁg’é{ & &‘ﬁéé&%’l&g&g%‘ﬁ"ég aﬁag%tg‘%ﬁgsé)ara?ét g’c?;cgcaé’ﬁ%r?%lst%?af’é% Atattagcaa
ttgaaccaca tgelacagacamittgtattatgdgeacbtfaehbrdgtigatagataegatidecoratciaat ana gitgttaty cgacgtcttg

15 tgatctagit giglgeatic.alecagacad, algiagacalCloleaeianmy agasaecalGHRcAACAIARARCIgICICa
cgatgatgcg aggcggtagt 35tattaccgca taataaacgt atgaatttac atgattaaga acaaaataca atacttttgt

ataggtgatg agtge GBI AC 5B Matgacat tigattgtaa tcaccggaaa ticgaaatcg acatacacta
gagactccgg tacactagag, gaicliialgacaacsaia tarliatalicasdtanat, Hoaigiagg Hactdheipatitgta

tactaatatc atgcaacttt ataaggagcc attataccaa caattaaatc cgcctacaaa atacagatag 34 cgaatttgga
ggtggctggt aa%a@%eoata&f%@ei%&eaﬁgfamﬁeg‘@al’aaaﬁf&vaﬁgfa&tgeﬁg’ﬁeaagéﬁfg}afatcgact
tctagtatgt attiggamag,dotttiiata getatrliptiicyaaaiapiaddtteittiggqtcitapgackagagaigecdaaagibgatt

atagacajga tajatagala galaalgiag agidcaloal.gaasalnala disaciack Apamiaceahoactilgtagdgtattacat
tggggaaata960 ttttataggt1020

Therefore, any flanking regions that are similar enough to allow for homologous recombination
are encompassed by the present invention. In a specific embodiment, the flanking regions are
identical. In a further specific embodiment, the flanking regions have a size of 50 to 1000 bp,
preferably they have a size of 100 to 1000 bp. |

15 In particular embodiments, the flanking regions of the recombinant poxvirus vector are
flanking regions upstream and downstream of a deletion site of the MVA genome. In a specific
embodiment, the flanking regions are flanking regions 50 to 1000 bp, preferably 100 to 1000 bp,
upstream and downstream of Deletion sites I, II, III, IV, V, or VI of the MVA genome (MVA
genome position: Del I 7608/7609, Del II: 20718/20719; Del IIL: 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 I-VI, respectively, centered around 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
atound Deletion site | of the MVA genome {position 7608/7609). Thus, positons 1001/1002 of
SEQ ID NO: 2 correspond to positions 7608/7609 of the MVA genome. Accordingly, the

25  flanking regions in one specific embodiment of the invention are 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 anothert specific embodiment, the flanking regions of the recombinant poxvirus vector

ate 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 vary in length and may comprise from around 100
to more than 1000 bp. Bach of the nucleotides of such a non-coding region may be selected as

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



ctaatatgac1080 ttcctcagacl1140 caaatgactal200 ctgctaaaagl260 ctccatacgal320 gtacttatgt1380
atgaagaatal44htastaietgg1500 attctaattgl560 aagatcatacl620 ctggagaatede8RLagitacagal 740
aatcaaccacl800 caactactgtl1860 aaatatttgg1920 attatatatal980 2001 40<210> 5 <211> 1996 <212>
DNA <213> Vaccinia virus strain Ankara 45<400> Ggygcgatatgg taagtatacc tatcattcaa tgcatgttgg
ataagacgac ggacaacaac60 tttgttaata ataatctcgt cgatgtaaac gtcgtaaggt ttatcgtgga aaatatggac120 50
acgcggctgt agatbatbrartzenzng deeytetan chiytackgicdigattiont i80gud atiteia raengedyy tatcactgtt

atgaagatgt atiégaiata magﬁa@atza@x@aaégﬂagqagtaﬁawatg@&gataa@@ ciaciatalt acgagstcga

tgtcaataat300 55 atacaattt a c tt att aat a a taatcaatac3 ccatccag
aaaagcagtt acc‘gg}éasglgcfgctzgftga tt a?tg ctg %rtfgstaftélogg‘ag ccatgtl ?L'* ig‘é%ffgf?éléc? Orfglé%?atc

gaagaatgcc deadatsatergyagtdmaasaciitabr Srstisemdsen gastieggsty ghdfatightagaatct
tgtggaatay 23JeHRiEARA0 position 501. In specific embodiments, the non-coding region is a non-coding

region of MVA. In further specific embodiments, the non-coding region is the nucleotide
sequence between any of the following genes of MVA (Gen Bank Accession # U94848): 001L-
002L, 002L-003L, 005R-006L, 006L-007R, O07R-008L, 017L-018L, 018L-G19L, 020L-021L,
023L-024L, 0241.-025L, 025L-026L, 028R-029L, 030L-031L, 031L-032L, 032L-033L, 035L-
10 036L, 036L-037L, 0371-038L, 039L-042L, 0431-D44L, 044L-045L, 046L-047L, 049L-050L,
050L-051L, 051L-052L, 052R-053R, (53R-054R, 054R-055R, 055R-056L, 056L-057R, 061L-
062L, 0641-065L, 065L-066L, 066L-067L, 077L-078R, (78R-079L, 080R-081L, 085R-08GR,
086R-087R, 088R-089L, 089L-090R, 094L-095R, 096R-097R, 097R-098R, 101R-102R, 103R-
104R, 105L-106R, 108L-109L, 109L-110L, 110L-111L, 113L-114L, 114L-115L, 115L-116R,
15 117L-118L, 118L-119R, 1231.-124L, 1241-125L, 1250-126L., 133R-134R, 134R-135R, 137L-
138L, 141L-142R, 143L-144R, 144R-145R, 145R-146R, 146R-147R, 147R-148R, 148R-149L,
152R-153L, 153L-154R, 154R-155R, 156R-157L, 1571.-158R, 159R-160L, 160L-161R, 161R-
162R, 165R-166R, 166R-167R, 170R-173R, 173R-174R, 174R-175R, 175R-176R, 176R-177R,
178R-179R, 179R-180R, 180R-181R, 183R-184R, 184R-185L, 185L-186R, 186R-187R, 187R-
20 18BR 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-essental gene is selected from

25 the group consisting of the Thymidine kinase gene (= Tk; Scheiflinger F. ez o/ “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. ¢ a4l
“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): 43-6), the I4L coded
30 dbonucleotide reductase (Howley PM e 2/ “A Vaccinia Virus transfer vector using a2 GUS
reporter gene inserted into the I4L locus”, Gene, 1996 Jun 26; 172(2): 233-7), the E3L (Langland

JO & Jacobs BL, “The role of the PKR-inhibitory genes, BIL aind KL, in detenmnining vaccinia

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



tatatcgatg actaccggtc gactgcgatc gtgcactctg 35 gaaagcaaag tatatactat gtgggtaatg aacccacceg

aaagtagaaa gaghatgathsigtatcaga geeggtegte tacatatcag agatacgcaa tgieqighi searateata attgttcggt
catcgttcge aggtcacgtt gtgaatgctc gatacggagt ccgtctcttc tggaaattaa tcagcgaatc ccgtcttctt aatttcgaga

aatgatacta atagtaatac tagccatatg ctttttatag atatattctgs gacgcattta tacgccttaa ataaggaact gegtctc cat
agaacaatga ccatggcata aacacggagt tttctttcac gacagtatgt tctgtcaaca tcccgatcat atccggagac cgcagataaa
cctgtatcca carttdaaslreatad dgtagttadatgbasdsCaitRicgesr eaziticidarobey fthgtitdaghifitgatttattgca

35 atagagataicslagalga a9agcHCarailioalata,aaaaRicoRCARIARAIC taliliala alsliaatiagtacatacc
atgtcgacgc ggatgcagg%) %tccatctatt tgcgaacccg gitaacgaca tcggaactaa cgacttcagg taacaaagat
2

ttcggagaca gAERHaaR YehatatacH deehat el qgthadman™ fearee i e 4gat 5% ca
ttatttaaac tcchfidnabdaticogictdgtOidjic Ribdgadeaasigt talacgtaliti §aAtc(itgtaarc atgtytite oicbg®)tgg
tacccagaga qajeaigiacsiatiaciatistiasadaliesices vlaagictagicigalasant iaaacigatnaqastaatta

gtagaatcat tatcctgaac tctaaagfaa ttaatagaat gaagcaaacg aatttatcat aagatgataa aaacattact aaatcattat
atggacgacg At ‘caaaa tctcggaaca tacctttaac tcggacgacc gaatcataaa ggagaaaggt

aacagttaac cgtcgagate cietialcalaciaalicra, aliicleala aRA0aAsAYL, A7, aRiARIsealadRaRlgat

ttcagcaatc atcctcatcg ttattatcaa agtcacaaag 50 taacggaaat tacagagtcc tagatcctce taccac 55
tgtacggaag adppedimEaaRakeasdtHecgaccga gagtcagate cagatcccga acatcatatg ggaatcgatg
_AM] _AANT ini
igataagat tgccaatcgg, 91g0aalca JICIRIGRIS, SRIQ%S. Lt Yk s2A22.QNAS2 17, yaccinia
virus strain Ankara 36 ‘
10 of the present invention. Generally, every cell that is permissive for receiving the modified

poxvirus vectors of the present invention is encompassed. Preferably, the cell is a eukaryotic cell.

In a particular embodiment, the cell is a mammalian or an avian cell. In a specific embodiment,

the cell is a chick embryo fibroblast (CEF) cell. In a further embodiment, the cell is an isolated

human cell.

15 In a further aspect the invention is directed to the novel plasmids and vectors used for
the generation of the modified poxvirus vector according to the invention. The present
invention thus also encompasses 2 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 preseat
invention is transfected with said vector, and furthermore with a plasmid compmsing
heterologous genetic material of interest under conditions permitting homologous

30  secombination between the vector and the plasmid within the host cell. Necessanly, 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



<400>6 aaataatttt tagtttgcat ccgtagttat cccctttatg taactgtaaa tttctcaacg .60 5 cgatatctcc attaataatg

atgtcgaatt cgtgeidinhasseatacty aatggatgaa 120 cgaataccga cggcgttaaagigatiiasstiticatct ttacatattg
ggtactagtt 180 ttactatcat aagtttataa attccacaag ctactatgga ataagccaac catcttagta 240 10

taacacacat gtcttaaagt ttattaatta attacatgtt gttttatata iggctacgaa 300 tttaaacaga gaaatcagtt taggaaaaaa

aaatatctat ctacatcatc acgtctctgt 360 15 attctacgat agagtgctac tttaagatga gacatatccg tgtcatcaaa
aatatactcc 42@ctor carties the reporter gene and in certain embodiments the selection component as

described above between said flanking regions, while the plasmid carries the heterologous
genetic material of interest between said flanking regions. Accordingly, homologous
recombination between the modified poxvirus vector and the plasmid produces a recombinant
5  wvector of the invention through replacement of the reporter gene (and the selection component,

if present) by the heterologous genetic material of interest.

In certain embodiments, the method utilizes 2 modified poxvirus vector of the invention
comprsing 2 selection component, and further comprises the additional step of inducing
expression of the selection gene in the host cell. The induction of selection gene expression

10  depends on the inducible selection component that is employed. As an example and in a specific
embodiment, the selection component comptises a selecion gene that encodes the DNase
protein which is expressed under the regulatory control of the bactedal inducible tetracycline
repressot binding site/operator (TetO2) as described above. Inducton is carried out by the
addition of tetracycline, which binds to the tetracycline teéressor that immediately detaches from

15  the binding site on the DNA and, this in turn allows expression of the DNase that inhibits virus
replication. This induction results in a desirable selection of host cells comprising recombinant
vector relative to host cells comprising modified poxvirus vector that does not comprise the

gene insert of interest,

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-recornbinant 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



attaaaatga ttattccggc agcgaacttg atattggata tatcacaacc tttgttaata 480 tctacgacaa tagacagcag

tcccatggtt ccalpgasagigagtttate tttctttgaa 540 20 gagatatttt gtagagajttaiaaaaniglcgaatgaca
tcgcatttat atctttagct 600 aaatcgtata tgttaccatc gtaatatcta accgcgtcta tcttaaacgt ttccatcgcet 660 25

ttaaagacgt ttccgataga tggtctcatt tcatcagtca tactgageea acaaatataa 720 tcgtgtataa catctttgat

agaatcagac tctaaagaaa acgaatcggc tttattatac 780 gcattcatga taaacttaat
further passages of the recombinant poxvirus are carried out.  In a specific embodiment, 6

further passages of the recombinant poxvirus ate carried out. In a further embodiment, the

method includes the step of inducing expression of the selection gene.

In a further embodiment of the method of the present invention, the poxvirus is vaccinia

5  virus or MVAL

The generated recombinant poxviruses can be isolated using any suitable technique

known to the average skilled person, for example, by means of centrifugation.

Medical uses of the present invention

10 In a further aspect, the present invention is directed to the modified poxvirus according
to the invention, the recombinant poxvirus according to the invention, or a cell comprising the
modified or recombinant poxvirus according to the invendon for use as a medicament. In a
specific embodiment, the medicaments of the instant invention are advantageous for use as a

therapeutic ot prophylactic vaccine.

15 In another embodiment, the present invention is directed to the modified poxvirus
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 viras A, B, C, Hepatiis 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 virus, Chikungunya virus, Enterovirus, West Nile virus, Rift Valley Fever virus, Japanese
encephélitis virus, Hantavirus, Rotavirus, SARS Coronavirus, Emerging viruses, Chlamydia
trachomatis, Clostridium botulinum, Clostrdium tetani, Bacillus anthracis, Legionella

25 pneumophila, Neisseria meninpitidis (Menigococcus), Yersinia pestis, Mycobacteriam
tuberculosis, Mycobacterium leprae, Salmonella typhi, Listeria monocytogenes, Vibrio cholerae,
Haemophilus influenzae, Bordetella pertussis, Helicobacter pylori, Borrelia spp. {tecurrentis,
hispanica, parkeri, burgdorferi), Leptospira interrogans, Rickettsia spp., Coxiella burnettiy,
Mycoplasma pneumonia, Cotynebactertum diphtherize, Treponema pallidum, Plasmodium

30 falciparum, Plasmodium vivax, Plasmodium ovale, Plasmodium malariae, Entamoeba hystolytica,
Giardia intestinalis, Trypanosoma brucei, Leishmania spp., Histoplasma capsalatum, Aspergitlus

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



gaaaaatgtt tttcgttgtt taagttggat gaatagtatg 840 30 tcttaataat tgttattatt tcattaatta atatttagta

acgagtacac tC{alpaann 980 cgagaatgac ataactagtt atcaaagtgt ctaggacgegiapiitical.aligotataga 960 35
tcctgtaagc attgtctgta ttctggagct attttctcta tatctaattt ctgaacgttc 1020 accaatgtct ctagccactt tggcactaat

agcgatcatt cgcttagcgt cttctatatt 1080 attaactggt tgatscaatc tatctagcaa tggaccgtcg gacagcgtca ttctcatgtt
1140 40

Schistosoma mansoni and/or Toxoplasma gondii. In further specific embodiments, the
medicament is used for the treatment of a disease or the symptoms caused by any of these
species. In particular embodiments, this disease is influenza, hepatitis, AIDS, mumps, rabies,
encephalitis, stomach or duodenal ulcers, malaria, sleeping sickness, Lyme disease, reactive

5  arthrifis, pneumonia, leprosy, diphtheria, candidasis and/or toxoplasmdsis.

In a farther embodiment, the present invention is directed to the modified poxvirus
according to the invention, the recombinant poxvirus according to the invention, or a cell
comprising the modified or recombinant poxvirus according to the inventon for use as a
medicament for the treatment and/ot prevention of cancer. In specific embodiments, the cancer

10  is selected from the group consisting of cervical carcinoma, melanoma, multiple myeloma, breast

cancet, prostate cancet, follicular B-cell non-Hodgkins lymphoma and/or kidney cancer.

In one embodiment of the invention, the medicament is used to treat a patient in need of

a vaccination. In another embodiment of the invention, the recombinant poxvirus of the
invention or the cell comptising said recombinant poxvirus comprises at least one gene coding

15 for an antigen that is capable of inducing an immune response in a patient requirng a
vaccination. In specific embodiments, the antigen is selected from the group consisting of an
antigen of a heterologous virus, an antigen of 2 bacterum, an antigen of a prokaryote, an antigen

of a fungus, and/or an antgen of a helminth. In particular embodiments, the antigen is an
antigen of a spectes selected 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 vitus, Ebola virus,
Nipah virus, Dengue virus, Chikungunya virus, Enterovirus, West Nile virus, Rift Valley Fever
virus, Japanese encephalitis virus, Hantavirus, Rotaviras, SARS Coronavirus, Emerging vituses,
Chlamydia trachomatis, Clostrddium botulinum, Clostridium tetani, Bacillus anthracis, Legionella

25  pneumophila, Neissetia meningitidis | (Menigococcus), Yersinia pestis, Mycobacterium
tuberculosis, Mycobacterium leprae, Salmonella typhi, Listeria monocytogenes, Vibrio cholerae,
Haemophilus influenzae, Bordetella pertussis, Helicobacter pylori, Borrelia spp. {recurrentis,
hispanica, parkeri, burgdorferi), Leptospira interrogans, Rickettsia spp., Coxiella burnetti,
Mycoplasma pneumonia, Corynebactedum diphtheriae, Treponema pallidum, Plasmodium

30  falciparum, Plasmodium vivax, Plasmodium ovale, Plasmodium malariae, Entamoeba hystolytica,
Giardiz intestinalis, Trypanosoma brucei, Leishmania spp., Histoplasma capsulatum, Aspergillus

spp-, Candida albicans, Cryptococcus neoformans, Pneumocystis carinil, Wuchereria bancrofd,

Schistosoma mansoni and/or Toxoplasma gondii. In 2 further specific embodiment, the antigen



cttaatcaat gtacatacat cgccgtcatc taccaattca tccaacaaca taagcttttt 1200 aaaatcatca ttataatagg tttgatcgtt’

gtcatttctc caagggajaltaiaataag 1260 45 tagagtccte atgattagtt aacaactatitiaigiia.aaigaattag
tacaccgcta 1320 tgtttaatac ttattcatat tttagttttt aggattgaga atcaatacaa aaattaatgc 1380 atcattaatt

ttagaaatac ttagtttcca cgtagtcaat gaaacatttg aactcategt 1440 50 acaggacgtt ctcgtacagg acgtaac tat

aaaccggttt atatttgttc aagatagata 1500 caaatccgat aactttittt acgaattcta cgggatccac titaaaagtg
tcataccggg 15@Qtotein expressed by a cancer cell. In another specific embodiment, the antigen is a protein

that is expressed by and displayed on the sutface of a cancer cell.

In further specific embodiments, the recombinant poxvirus of the invention, ox the cell

comprising said recombinant poxvirus comprises an antigen expressed by a cancerous cell

5  Examples of such an antigen expressed by a cancerous cell include, but are not limited to, alpha-
fetoprotein (AFP); prostate specific antigen (PSA); carcinoembryonic antigen (CEA); disialosyl

LEA antigen; Melan-A/MART-1; SART3; mulddrug resistance-associated protein 3 (MRP3});
polycomb group protein enhancer of zeste homolog 2 (EZH2); ALDH1; Her-2; Nectin-4; gp96

heat shock protein; ppl100; tyrosinase; GM2; MAGE-A3; and NY-ESO-1. In a futther

10  embodiment the recombinant poxvirus of the invention or the cell comptising said recombinant
poxvirus comprises a gene encoding an antibody. In specific embodiments, such antibodies ate

specific for cell markers expressed on tumor cells.

The medicaments of the present invention can be administered to a patient by means
known to the skilled person. In some embodiments of the invention, the medicaments are

15  administered by injection.



55 ttctttttat ttttttaaac agattaatgg tgtgatgttg attaggtctt ttacgaattt 1620 gatatagaat agcgtl-1-ac tattnYnnAt
AAl-ggtr==t cgesattgi-ieggatgtca 1620 taaattcttt aattatatga cactgtgtat tgifiagiic,siesiigitc atcattagga
1740 37 atctatccaa gtctgtttat 5 ctagtacttt  atatattatt 10 ctgaatagca tatggcaatt acaatccatg aggttcattg
tttatgttat atactagaac ctactacctt ttatccattg tttgttaaaa 2tataggtgcg cgggtaaaat cagaggacgt ataatcatcg
ttgtatacac tgtagcatca catgatcgca aatacgaatc atattgatgt1800 tataccattt1860 tcctaaaaaal920
atccagtccal980 2002 <210> 7 <211> 2002 15=RAMPDRA <213> Vaccinia virus strain Ankara <400>
7 ctaatatagg gctgacgtcg tatactctac acgtgtccac atcctttatt aataatctct60

For assessing the efficacy of the modified poxvirus vectors of the present invention,

several foundational MVA vectors were created. These MVA vectors contain a fluorescence
coding reporter gene under the control of a strong vaccinia virus promotet, and a selection
5 component comprising a DNase selection gene under the control of a strong vaccinia vitus
promoter and the Tetracycline operator (TetO2) element, and the Tetracycline repressor (TetR)

coding gene under the control of different promoters.

As shown i FIG. 1, the basic MVA genome was modified by the mtroduction of a

reposter gene/selection component cassette into the insertion site {Deletion IIT or Del3) of the

10 MVA genome: adjacent to the upstream flanking region of Deletion III (Flank! Del3) a reporter

gene, for example, a green fluorescence protein (GFP) gene was inserted under the control of a

strong synthetic vaccinia virus promoter (Ps) as a reporter system. This reporter, for example,

GFP, optmally allows the detection of the MV A that contains the cassette insert. Downstream

of the reporter gene (adjacent to FlankZ Del3), a sclection component was inserted into the

15 genome. This consists of, for example, a DNase gene under the control of a strong synthetic

vaccinia virus promoter (Ps), which is controlied by 2 bacterial operator element (TetO2) that

interacts with a repressor (TetR). The repressor interaction is in tumn controlled by tetracycline.

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 proten
then inhibits the amplification of the viral DINA in the cytoplasm of the infected cell.

For the isolation of recombinant MVA comprising the heterologous genetic materal of
interest, the reporter gene/selection component cassette is deleted by means of homologous
recombinations. 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 recombinant 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 occur. The isolation of the
recombinant and the non-recombinant MVA can be performed by separation of the fluorescing

3¢ and the non-fluorescing cells.

A bacterial plasmid containing the flanking sequences of the MVA Deletion T1I is used

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



20 atatctatgg ttgagcaaga ccagtagtat tggatggaaa cattgttatc gatcaaacat120 ttaattacat ccttggatag
agattctcta tgagaggaia.tatagtaatg aagagagttc180 25 ttacacatat cactgtigta,eaiasageia.sgaaatacgt
aaccggtgct gtaacattct240 gatttaagaa gccatagcaa tacttctggt ctcggattag gcgtcgttac gtatatatcc300
accaatccga gaccattgat tgcataattc gtattcttgg acggacgsat ccgtttatcc360 30 acaattaggt attttagcag
acgtaagtcg aaatcattta tattcgactt gagttcgtta420 gaggaattcg aatagctgga tatcagtaga tgcacaatct gagattttac
gtatctatgc480h8 stidibtgitdfy £tcctayg Chy abitast Gotrhegttgtitostacdaagtetotsgattosgtd Gaged hgagta
acagtcgaac aqieARIG ISIgIAleak-RIALicoR Saco'aRCaRRRRIBiAdRical InHiaicg IAlEialg (giitgata
aatt660 40 tctagttt

agttgtgaca cgtttc : tta tttttttgta cgtcacatct tcatccagta gacgacatag aatacatgtg720
caatccatag ctt &6‘@?‘&&5&%@8&‘&8&%‘5&5 R G CEE COR BAEgRs St LA S R Ritagt
atttagcagt gcjgatatgartesaagagggrigagaiagic 84t gitotogiic sigaaltitiCgZageaiadd-tadtathtiog atatacttat
cgttgaagac9g@.,m:emeg%t@%xglgg&@%@%@cmm@qn@é;%%99%@ Gliclicogr9RQ SR gytttcatg

gagtcatttc tgatgaaaca fttaatgatc taaatttcag tttatgtttg1020  taccccgtat tcatacttaa Caaattggta ttacatacca
ttaataatgc aadj Fgéd‘é%(?%ls Aheciditapatgidcs Saanredftticghasges ahsdirsgosous
gaatgaagcglgedengtanigabla@atcaed cot teleCclaadifdd gMEatactetaittafittadahetal tatanbRyodtaacacata
catttttaac aggaacacatjcaatattgt attgttattt ttatattatt1260 38 tacacaatta tcttgtcata 5 aaattatctg
cgctatcgaa 10 attatgcggt tatcgacggt agtattagta 15 tcccggtatt 20 ataaattttt tttatgagta tataaaaatg

ctaaatat%c tacctcta%a tattatacaa 25 cttgaaaatg aatacagtgg tttttacaaa gatgtatcta aaatttttta
EXAMPLE §:  Cloning of the modified MVA vecior selection component

The reporter gene/selection component cassette was inserted into the MVA genome by
homologous recombination. For this purpose, the single components of (i) reporter gene, (if)

Ps-TetO2-DNAse, and (ii) TetR were cloned in a stepwise fashion into a bacterial plasmid.

Cloning of the DINAse gene

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), resultng in the
production of vEM12 (SEQ ID NO: 16).

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

1) oEM167: TetO2-DINAse start; 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 IID IOH23149) that contained 2 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 purified PCR product of the first PCR step, and

following cligonucleotides were used:

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

~y ra

Z oBEM168: DiNase end — Sacl; GAG

)
|
Oy
e
o
)
e
e}
e
B



gt attactgaat ataaacacaa gataatcaga aaacgctaca tttacacggt tggttataca accaaacact tattattatt tatacaagat

aatgtataaa tgtiggtgh fiicogeata taataatata aatccatcaa tcattcgecy acagataiiq gasigiaishgacattagat
acaacgtcat acgtgttgtc atggttgtgc gtgtatgtct atttatctaa ttaaagtaaa aaattcccaa aaatgttgat atagtggtaa

cagctatcag acgctagaga gtcagcatgt atatcccatc tattatgigt cataattttt tatgtatatt acaatacctc atctagttac

<210> 8 30<211> 62 <212> DNA <213> artificial <220> 35<223> Primer oEM167 <400> 8 tccctatcag
tgatagagat ctccctatChisgigataigiin 4o tgs«Izb0» tBet@hiven? 2h5a2d PEGDNA <213> artificial <220> <223>
Primer oEM168 SO <400> 9 gagctectac t cagcatca cc 55<210> 10 <211> 65 <212> DNA <213>
artificial a gaggggc Bty saenscberenp yagger shpsdipwabp mrsplirtrreo<aodMy! BGadiagtaaa

aattgaaatt ttatttibphtttg@dake Spel and Sacl testriction sites. This cloning step resulted in vector vEM12
FIG. 7).

5 Cloning of TetR

During the next cloning step, the TetR coding region was inserted into vector vEM12,

The amount of expressed TetR is an important experimental parameter, as it has to be
sufficiently expressed in ordet to cover all TetO2 sequences present in the cell (about 200 copies

per cell), but should not be expressed in excess as this would require an excess of tetracycline in

10 order to induce the expression of the DNase. Therefore, the TetR expression was assessed
under the control of three different promoters: the Ps (strong expressioﬁ), the H5 {medium

expression) and the p7.5 (low expression).

Cloning of Cloning of TetR with the Ps promoter

The Ps - Tetracycline repressor (T'etR) cassette was synthesized by PCR. The template
15  was the pcDNAG/TR plasmid (Invitrogen), and the following oligomacleotides were used for the

fusion of the Ps promoter and the amplification:

1) oEM163: Sacl-Ps-TetRstart; GGGAGCTCAAAAATTGAAATTTITATTITITITIITTI
TGGAATATAAATAATGTCTAGATTAGATAAAAG (SEQ ID NO: 11)

2 oEM164: TetRend-Nhel; GCTAGCTTAATAAGATCTGAATTCC SEQ ID NQO: 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/H5 promoter

The p7.5 and H5 promoter ate present in the plasmids pVIV06 (SEQ ID NO:18) and
pVIVO7 (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)



ataaatatcc ctatcagtga 60 tagag 65 10<210>11 <211>68 <212>DNA <213>artificial
<223:B5imeroEM163  <400>11  gggagctcaa aaattgaaat uecchysiigiuiuisio o/ete)

<220>
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For approprate fusion of the TetR coding region to the promoters, PCR fragments were
cloned via Apal and Xhol in vector pVIV06 (p7.5) and vector pVIV(7 (HS5).

The cloning of the TetR in pVIV06 resulted in vector pEM12 (7.5) (SEQ ID NO:20),
and the cloning in pVIVO7 resulted in vector pEM13 (FH5) (SEQ ID NO: 21). The TetR
expression cassettes were then extracted using Sacl and Apal and then cloned in vEM12. This
resulted in vector vEM32 (7.5) (SEQ 1D NO: 22) and vector vEM33 (H5) (SEQ ID NO: 23),
which were identical to vector vEM31 (FIG. 9), except for the promoter that is used to express
the TetR gene.

EXAMPLE 2: Cloning of the modified MVA vector

vEM31, 32 and 33 were each employed to create modified MVA vectors. For this
purpose, CEF cells were infected with MV A (moi 0.05) and then transfected with vEM31, 32 or
33, individually. The MVA particles released by the infected CEF cells weze then passaged three
times using fresh CEF cells and under selective conditions (e.g. blasticidine containing medium;
Spg/ml), since cells containing recombinant MVA (i.e., the modified MVA vectors) are resistant
to this antibiotic. The recombinant MVA particles were subsequently purified by plaque

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

Following amplification and characterization of the resulting modified MVA vectors
resulting from recombination of MVA with vEM31 (mEMO06, Ps-TetR), with vEM32 (mEMO07,
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
MVA viruses mEMO06, 07 and 08 individually and incubated in tetracycline-containing medium.

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

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

15



tataaataat gtctagatta 60 20 gataaaag 68 <210>12 25<211>25 <212>DNA <213>artificial

<220> 30 <%&§?0F1)(W{;%ESOEM 164 <400>12 PCT/EP2009/009028

25

infected and uninfected CEF cells were incubated with the identical tetracycline concentrations

used for testing of the modified virus vectors.

Briefly, CEF cells were infected with the modified MVA viruses mEMO7 (7.5 = 7.5

promoter), mEMO6 (Ps = Ps promoter), mEM08 (H5 = HS promoter) and incubated with

5 media containing different concentrations of tetracycline (Tet 0 = no tetracycline; Tet 25 = 25ug
tetracycline per ml}. For controls, CEF cells were mfected with unmodified MVA empty vector
(MVA)}, and some MVA infected cells wete also subsequently transfected with vEM12 (MVA +
DNase}. CEF cells infected with unmodified MVA empty vector were also incubated with
tetracycline (MVA + Tet). After 48 hours of incubation at 37°C (5% CO,), cells were harvested

10 and the virus titer was determined. FIG. 10 provides a summary of the results obtained.

The unmodified MVA control (FIG. 10, MVA) resulted in 2 titer of 8.75E** TCID,,
Consequently, this is the titer that can be achieved by infection with unmodified MVA without
any the presence of any inhibiting substances under these conditions. The expression of DNase
resulted in a titer reduced by 2 log scales (FIG. 10, MVA + DNase, 6.56E™ TCID,,/m).

15  However, since MVA infection was established by inoculation with 1.00 ¥® TCID,/ml of
unmodified MVA, this treatment did not result in an increase in amount of virus (e no

productive replication), and therefore DNase expression does inhibit viral replication effectively.

Cells infected with unmodified MVA and incubated with tetracycline demonstrated that

tetracycline itself has an influence on MVA replication, likely due to a cytotoxic effect. If 25 —

20 50 pg tetracycline/m! were used, thete was no detectable influence on MVA replication, while
using a concentration of 100pg/ml reduced the MVA replication by 1 log; furthermore, a
concentration of 250 pg/ml inhibited the viral replication comparable to the observed effect of
transiently expressed DNase (FIG. 10, MVA + Tet). Treatment of cells infected by modified
MVA vectors mEMO6 and mEMO08 with 75 pg/ml tetracycline resulted in a reduced viral

25  replication through induced DNase expression (FIG. 10, mEMO06 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 ug teteacycline per ml. Concentrations of 150 pg/ml

result in 2 pronounced cytotoxic effect of tetracycline such that the modified MVA viruses do

not replicate at all. Accotdingly, 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



gctagcttaa taagatctga attcc 2535 <210>13 <211>26 <212>DNA <213>atrtificial

<220>
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experimental arrangements, and the virus itself is not applicable as a basic virus for the cloning

of recombinant viruses with a single recombination vector.

EXAMPLE 4 Cloning of a recombinant poxvirus vector using the single

recombination system

Since modified MVA viruses mEMO06 and mEMO8 demonstrated simnilar replication

patterns, additional experiments were performed using mEMOG.

Cells were infected with modified MVA virus mEMO6 and transfected with vEMO7
{FIG. 3). Due to homologous recombination, the LacZ gene was inserted in select modified
MVA virus genomes and the reporter/selection cassette was deleted. The released virus particles
were passaged on fresh CEF cells in medium containing tetracycline (100 ug/ml), and then
passaged by serial dilution on cells without selective conditions. Infected cells were sorted using
a FACS to select non-fluorescing cells. Once the settings for the sorting process were
optimized, the sorted cells were homogenized and passaged again on CEF cells. The infected
cells were sorted and the virus was amplified once more on fresh CEF cells. The cells were
cleatly infected and exhibited no fluorescence, meaning that they contained purified recombinant
MVA virus. Recombinant virus purity was confirmed by 2 PCR procedure that amplified the
insertion site of the modified MVA vectot (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

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

The recombinant 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 vEM07 also produced the expected signal of 0.76 kb (FIG. 11, vEMU07).
The modified MVA containing the selection/reporter cassette within the deletion site was used
as a control, and this showed the expected signal of 3.0 kb (mEMOG). 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 descrbed above. A recombinant MVA was again

readily isolated using the described single recombination system.

40



<400>13 45 ctcgagatgt ctagattaga taaaag 26 <210>14 <211>27 50 <212>DNA
<213>artifiCialwoﬁagﬁ3ﬁs <223>Primer oEM166 55 PCT/EP2009/009028

10
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EXAMPLE 5: Cloning of a further recombinant poxvirus vector using the single

recombination system

A recombinant poxvirus is cloned using the single recombination system according to
the invention using a modified poxvirus vector comprising a reporter gene located between a

pair of flanking sequences allowing for homologous recombination is used.

Cells are infected with the modified MVA virus and then transfected with vEMO07 (FIG.
3}. Due to homologous recombination, the LacZ gene is inserted in select modified MVA virus
genomes and consequently the reporter cassette is deleted. The released virus particles are then

passaged at least once on fresh CEF cells in medium containing tetracycline (100 pg/mi),

Infected cells are then sorted using FACS to select non-fluorescing cells as described
above. After the infected cells have been sorted the virus is amplified once more on fresh CEF

cells.

The recombinant virus purity is confirmed by a PCR procedure that amplifies the
insertion site of the modified MVA vector (FIG. 11). The PCR produces a fragment for the
recombinant MVA containing LacZ which has replaced the reporter cassette by homologous

recombination.



<400>14 cogggccatt aataagatct gaattcc 40 <210> 15 <211> 5687 <212> DNA <213> artificial 5
<220> <223> vector vEM11 10<220> <221> misc_feature <222> (338)..(1263) <223> Flankl Del13
15<220> <221> gene <222>(1283)..(1962) <223> Amazi green (C) 20<220> <221> misc_feature
<222>(2002)..(1963) <223> Ps 25<220> <221> misc_feature <222>(2009)..(2048) <223> Ps 30<220>
<221> gene <222>(2049)..(2447) <223> BsdR 35<2g80> <221> gene <222>(2463)..(2653) <223>
MAV164R (putative 34.9k protein) 40<220> <221> misc_feature <222>(2463)..(2653) <223> Flankl

Del3 45<220> <221> promoter

SEQUENCE LISTING

<110> EMERGENT PRODUCT DEVELOPMENT GERMANY GMBH
LEYRER, Sonja
5 MAYER, RKatja
<120> SINGLE RECOMBINATION SYSTEM AND METHODS OF USE
<130> 145-009p
10
<150> EP 08022256.1
<l5%1> 2008-12-22
<150> US 61L/139,%91
15 <1l51l> 2008-12-22
<160> 23
<170> Patentln version 3.3
20
«<210> 1
<211i> 4335
«<212> DNA
<213> Artificial
25
<220>
<223> Recombination vector vEM0O7
<4600> 1
30 ctaaattygta agcgttaata ttttgttaaa attcgegbta aatttitgtt asaabcagotce 60
atttittaac caaltaggccg aaatceggcaa aatcocttat aaatcaasag aatagaccga 120
gatagggttg agtgtigttc cagtttggaa caagagtcca ctattaaaga acgtggacte 180
35
caacgticaaa dgggcgaaasa ccgtctatca gggcgatgge ccactacgtg aaccatcacce 240
ctaatcaagt tttttggggt cgaggtgecy taaageacta aatcggaace ctaaagggag 300
40 ceecegattt agagettgac ggggaaccac tatttagttg gtggtcgeca tggatgotgt 360
tattgtatac tgtctaaacyg cgttagtaaa acatggcgag gasataaatc atataasaaaa 4290
tgatttecatyg attaaaccat gttgtgaaaa agtcaagaac gttcacattg geggacaatc 480
45
tazaaaacaal acagtgattg cagatttgcc atatatggat aatgcggtat ceogatgbatyg 540
-caattcacty tataaasaga atgtatcaag aatatccaga tttgotaatt tgataaagat 600
50 agatgacgal gacaagactc ctactggtgt atataattat tttaaaccta aagatgecat 660
tcctgttatt atatccatag gaaaggatag agatgtttght gaactattaa tcteatctga 720
taaagegtgt gegtgtatag agttaaattc atataaagta gocattcttc ccatggatgt 780
55
ttcectttttt accaaaggaz atgcatcatt gattattcote ctgtttgatt totcotatcoga 840
tgcggcacct cteottaagaa gtgtaaccga taataatgit attatatcta gacaccageg 500
60 tctacatgac gagcttccga gticcaattyg gttcaagttt tacataagta taaagtccga 960



<222>(2817)..(2969) <223> lac promoter 50<220> <221> gene <222>(2818)..(3170) <223> LacZ
55<220> <221> promoter <222>(2843)..(2863) <223> T3 41 <220> <221> promoter
<222>(2988)..(3008) <223> T7 S <220> <221> <222> <223> misc_feature 4 (3243).3753) Flank2
Del3 10 <220> <221> gene <222>(4702)..(5559) <223> AmpR 15 ttttgttaaa aaatcggcaa cagtttggaa
ccgtctatca cgaggtgccg ggggaaccac cgttagtaaa gttgtg@aaa cagatttgcc atgtatcaag ctactggtgt
gaaaggatag agttaaattc atgcatcatt gtgtaaccga gttccaattg tggttgttga gcaaaaatat cacagattag gacattgtat
aatatgaacc cttacttggc attcgcgtta aatcccttat caagagtcca gggcegatggce taaagcacta tatttagttg acatggcgag
agtcaagaat-atatatggat Henhtécaga AaAbEataTagatgRit aiedaabetatganatieie taatamtt gitdagttt
logateigt aliagacagh aalloat apigaallaacalealt claasionus, Aatliol analeanano clgligaaga
ccactargtg aatcggaacc gtggtcgcca gaaataaatc gttcacattg aatgcggtat titgctaatt tttaaaccta gaactattaa
gccattctic Chytitgatt attatatctec treataagtaatgeatgeas actacnatim aganaty aga: tieeotgatg aagattgcte

agcatagaat tgggéca%ctc aagtggacce?a ac%tggéactc agccatcace c'g__aaaggfgai? tggatggtgt atataaaaaa
gcggacaatc ccgaﬁ;tt %ggtga?a a0at Fa5arGECat IR aTRTR Realgfstgticitia c%ga ag%lca%cagcg ?aaagtccga

tagctgataaraggatgagty dgetonnian taggegaalt HCagogeAOCIAgeaB6 42 Ygealictkatagagetiga

ccttgttgta atctttgtca t%cttcaaaa tctcaatggngSO

tggcrcatey gtggcggecg ct gaact agtggatccc ccgggcetygca ggaagacatg 1320

1s catcgagatc tggegeegtt tattegecat tcaggetgog caactgttgg gaa§§gcgat 1380
cggtgegygge ctecttegeta ttacgecage tggegaasgy gggatgtget gcaaggogat 1440

7 taagttgggt aacgccaggg ttiteccagt cacgacgtbtg taaéacgécg gecagtgaat 1500
20 tgtaatacga ctecactatag ggcgaattgg agctccatcg cggoggoeggt cgtteogagaa 1560
cgagtgggte cccoctgggeta caggagtibcg agatcaaact tattgatacc gttgatcttyg 1620

25 aggggggtce cggtaccage ttttgttece tttagtgagy gttaatttcecg agcttggoegt 1680
aatcatggtc atageotgttt cctgtgtgaa attgttateo getcacaatt ccacacaaca 1740
tacgageegyg aagcatasag tgbaaagoct ggggtgcocta atgagtgage taactcacat 1800

30 taattgcgtt gegeaaactt aattaacact toegtggeta gogaattcga tatcaagett 1860
atcgataccg tcogaccboga gugggugeoce ggaaagtttt ataggtagtt gatagaacas 1920

35 aatacataat tttgtaaasa taaatcactt tttatactaa tatgacacga ttaccaatac 1980
ttttgttact'aatatcatta gtatacgeta cacctttteoo tcagacatct aaaaaaatag 2040
gtgatgatge aactttatca tgtaatcgaa ataatacaaa tgactacgtt gttatgagtg 2100

40 cttggtataa ggagocceaat tcecattattc ttttagetge taasagegac gtcottgtatt 2160
Ctgataatta taccaaggat aaasataictt acgactcice atacgatgat ctagttacaa 2420

45 ctatcacaat tasatcattg actgectagag atgcecggtac ttatgtatgt geattettta 2280
tgacatcegee tacasatgac actgataaag tagattatga agaatacteg acagagtitga 2340
ttgtaaatac agatagtgaa tcgactatag acataatact atetggatet acacatteac 2400

50 cggaaactag ggcttocteg ctecactgact cgotgogete gogtogttogg ctgcggegag 2460
cggtatcage tcactcaaag goggtaatac ggttatccac agaatcaggg gataacgcoag 2520

55 gaaagaacat gtgagcaaaa ggccagcaaa aggogaggaa cogtaaaaag gocgogtige 2580
tggcgttttt cecataggetc cgooeeccctyg acgageatca casaaaatcga cgctcaagte 2040
agaggtggeg aaacccgaca ggactataaa gataccagge gtttecccoot ggaagetccoco 2700

60 tegtgogete tectgticoyg acccigecge ttaccggata cotghtocgee tttcoteccott 2760
cgggaagegt ggcegctitcet catagcetcac getgtaggta tcotcagtitcyg gtgtaggtbcg 2820

65 ttcgetccaa getgggetgt gtgeacgaac coccogtbca geoocogaccge tgegecttat 2880
ceggtaacta fogtettgag tecaaccoogy taagacacga cttatcgeca ctggcagoag 2940



gtggtccaca gaaatcacat cagcactcca 10 ctgcataacc acagtcgecc catgcttctt tgctgggtac agcgaaaggce 20
aggatttcct acacagcttg aaaaaataaa tataaataat ctacaatcaa 30 gcgacggcecg aactcgtggt cgatcggaaa
tcgatctgca ttgggattcg 40 acgatgagtg tgctcaatgg taggcgaatt titcggtgge acgcaattaa 50 cggctegtat
accatgatta gaccccccte acccactcgt cgtattacaa aagtgatagt cgataatgge tcacgtacgt ggaccattgg ctcatgctta
tcccagtgat ttggtgaatg agaggtgegc tttecttete atcttcatcgatttcaattt ggccaagect cageatcece catcttcact
gctgggeact tgagaacagg tcctgggate tgaattgcetg tagatgetgt atcatcgtgt tggatctagt tggeceggge tgtgagttag
gttgtgtgga cgccaagctc aagatcaacg tctcgaacga ttcactggee ctggcaaacg gacatccttc tttgetttgt cacctectte
aagcaacagajeeatgtaacscatitiefc agtggasgge tceeatRaayagantrtsae docttaraancgaifP tgttgctgt
ggcggtgea cetggt accectcagg aaaagtctge ttgaaatagt cectgttgee gtactggaac actgttgtca cttcagtgac
Oitoaagtet B e e R L iRt gt ggenn
aaattgaaattitatitit-tigteigpac aagaalceasn actontigaa-ateiciy ang Aclasag Gl GEeeagegcaggtgtcaaty
tatatcattt tactggggga gctgctgetg cggeagetgg caacctgact ggeatcttga gecectgegg acggtgecga aaagecatag
tgaaggaca?f BatfgactagEcattigtt atf6tgG69°gGoetaadcr tatigadeieqtagatarperntettgat-atatgaaca

gacagigtat laigaigqat algiigogaa-aaaiaaace gacalgatijosaggaaga calgcalcoa, gatclogegp, peacteatt

aggcacccca ggctttacac attgtgagcg gataacaatt tcacacagga gaaattaacc ctcactaaag ggaacaaaag

gtatcaataatgtitgatctergaagicctigt Gegesgergt gatggageieceaaticgceeagicy ttitae aggicgtgaseigggaaaac
aagtagtttt1440 catcaccctt1500 gagtottctt1560 catagaaaaa 1620 cttcataagt1680 cctgaatatcl 740

agataiegtal SO0 HECGCRATBRY e SetCAr S0 faeasdgE J&5 thfitGaa 2046 43RG caatttf 2100

gctctctctaztag celigtocrgld20atalegloa-2¢80 cagatastic2340.6693699688 ¢400-agticaatia 2460
agagatgaga 2520 ttacctgatg2580 aagattgctc2640 cgtttgcgca2700 tttatgcttc2760 aacagctatg2820
ctggtaccg GO AGER CARRIT 2040 TARARGERFAS 0T ERtgaEqitadvBGectagetarretegcace§ils
aacagglygc.cegaanagit ltlalact acaceitt agataqtaca Lo ettiaget tacgactet agatgeegal agragattat
agacataata 25 ctcgctgcgc acggt tat cc aaaggccagg tgacgagcat aagataccag 35 gcCttaccgga acgctgtagg
accccccgtoggtaaganac-glatgiagge 45gaeagtatit steitgatoc-gattasgege cgeteagtgg oitcaceag

gecgggaage tagagtaagt agttegecag ttaataghbtt gogcaacgtt gttgecattg 36606
25

ctacaggecat cgtggtgtca cgetogtegt ttggtatgge ttcattcage teoeggttoce 3720

aacgatcaag gogagttaca tgatococcca tgttgtgeaa asaageggtt agectcocttcg 3780
30 gtectecgat cgttgteaga agtaagttgg cogeoagtgtt atcacteatg gttatggcag 3840

cactgcataa ttetottact gteatgecat cogtaagatg ctttitetghbg actogtgagt 39200

actcaaccaa gtcattctga gaatagtgta tgcggcegacce gagttgeotct tgeécggoegt 3960
35

caatacggga taatacogeyg ccacatagea gaactttasa agtgctcatc attggaaaac 4020

gttcttoggg gogaaaacte tcaaggatoet taccgectgitt gagatccaght tegatgtaac 4080
40 -pcactegtge acccaactga tothoageat ctittacttt caccagegtit tetgggtgag 4740

Caaaaacaygg aaggcaaaat gcecogceasaaa agggaataag ggcgacacgg aaatgttgas 4200

tactcatact cttectttet caatattatt gaageattta tcagggttat tgtctcatga 4260
45

gcggatacat atttgaatgt atttagaaaa ataaacasat agygggttocg cgeacattte 4320

ccecgaaaagh gcocac 4335
50

«<2i0> 2

<21l> 2002

<212> DNA

<213> Vaccinia virus strain Ankara
55

<400> 2

gtggtaggay gatctacats cicgactgat tocacctcegy gatctggato tgactoggac £0

tctgtaattt cegtbacgga ttggeaaatc ttatcatcogg tcggtgtttyg gtottgetteo i20



55 gtaaacttgg tctatttcgt gggcttacca tcgecttgea tegeect tee tagegaatte ttataggtag aatatgacac cctcagacat
aatgactacg gctaaaagcg ccatacgatg act tatgtat gaagaatact ctatctggat tcggtcgttc acagaatcag aaccgtaaaa
cacaaaaatc gegtttccee tacctgteeg tatctcagtt cageccgace gact tat cge ggtgetacag ggtatctgeg
ggcaaacaaa agaaaaaaag aacgaaaact atccttttaa tctgacagtt tcatccatag tctggeccca geacatcece
caacagtigc gatatcaage ttgatagaac gattaccaa t ctaaagaaat tigttatgag acgtctigta at ¢ tag ttac gtgeattctt
ccacagagtt ctacacattc ggctgeggeg gggataacge aggecgegtt gacgctcaag ctggaagcte cetttcteee cggtgtaggt
getgegcctt cactggeage agttcttgaa ctetgetgaa ccaccgetgg gatctcaaga cacgttaagg at taaaaatg accaatgcett
ttgcctgact gtgetycaat tax3datitgcoagigcagtttgaatifatigatacraanatacataaettgtiataggtgamat
tgcttggtat tittgataat aactatcaca tatgacatc (gaact;ggaaat accggaaact ag%g?tatca aggaaagaag getggegttt
tcagaggtad teteatgeacticggdaate EgRatiet attTEat dotRatRIGt g sRigEcr§RRagt tACE tageggtgat
agatccttty gajitiggteaagiiiaaaaatoadiont ceECcoleate galaceassay  slggauiaat dggcgaatgghcgtcgaccte
at t t tgtaaa ctaatatcat gcaactttat aaggagc cc a tataccaagg attaaat cat cctacaaatg acagatagtg
agggcttcctiféfctditaa aighfdfesa tRBRAYFE Egetdetada terisigatoghig egetitagigitgggct datcgtetty
aacaggatta aaclac Ckggg%a?%%a IHUtaftt afciticta atgagat ﬁtgggg%gg:égagcgcacgatl@gct tagpfpacza

add
gacccacgcat1 Etg?ata ga cagegatclg cgatacggga caccggeice 44 agalttatca fitatecgec agttaatagt

gtttggtatg toceatgitgigagacogoagiotateegiangn tatgeggega cagaactitaQetiacegety atctitast
aaagggaata 25 ttgaagcatt aaataaacaa gcaataaacc tccatccagt ttgcgcaacg gcttcattca aaaaaagcgg

ttatcagtea tGEHftery B JAIRGer abhoitgeicd tgdoatica tichccdgey Hygiegacatittdhgatt atdgggattc

agccagecgg clattagitg dotigeeat.gcleaggite Haggleclt logitatgge {9actgataa cligeeaggc tegjggaaa
gttcgatgta tttctgggtg ggaaatgttg attgtctcat cgcgcacatt aagggccgag ttgccgggaa tgctacagge ccaacgatca

cggtcctccragrebictgeat Pactcasce jieaptatytpacgicictrbgceagtogrageaddastasaatactcatd

gagc atac tcccce aaa CJgc ag ctagaqgtaa atcatgatat a cgaqtta atcqttgtca aattctct aagtcattct
G R e R

gtagttcgccdf8heaagctegtebid0eatgniceaedbddQ gpagiongital60tigieatgechdgzorgagaatagtg5280

cgccacata%5340 .

- ttccacatc gatatagtta aaggtatttec tggogtacggg ttogeattta totgeggaag 840
agacggtgtyg agaatatgtt ccgagaccac acggagaaca gatgacgtcet ccggatacte 300
cgtatecctat tocacatttt gtttgggaaa cacatgectt gcatccatga tcgggagagco 9260

30 attcacagat tctattgtga gtogtgttac acgatcgogt cgacattgtt gacagasacg 1020
tgacctteat tcttaccgtc gtceccataaat acgttaggta tgtaccacat actgtogoga 1080

- acgatgocgte catctcataa tgatttactt tttcataatt aaagatgtga aagaaaaccy 1140
aacaatatat tttftttagra atgtttatge gagacatata aaataaactc cgtgtttatg 1200
atgeoggtaa atgtttttat catctiggac ggaatcgatt ttgtaatatg ccatggaaac 1260

40 aggacattat cactccatga taaattattt aatggagtocg atectcecteat tgttetttgo 1320
gtatctcaat ctgtggegtt tgcitcegttt aaataatata tcaaacatgg agacgoctga 1380

45 tatgtaggea ttettcattce tattaatgtc tgctctatag cgotttagtt ccttatgacg 1440
accggegata tcatacttac tttagaagga asatcatcat ctaggattaa ggegtatctg 1500
atacaggcga ataatggtte aggatataga tagogtatat ctctattaaa tgegtcaatce 1560

50 atagtcteta gagtgggatyg gtaactcagt asataaatcaa ctagetbtote tttggtaact 1620
gottttotgyg atggecgtat tgattatcga geogtgacact c¢gotccatat tocaataacco 1680

55 gerrtgecaaa ttgtatatta ttgacatoga cocgegtaata tagtagaghbt ategatceata 1740
tetatatcat ccatgtactt gettagtata tcaaatacat cttcataaca gtgatacceg 1800
caattattaa atctcegataa tatcagaccg tacatacata gacggccatt gttagatatg 1860



tctcaaggat5400 gatcttcagc5460 atgccgcaaa 5520 ttcaatatta5580 gtatttagaa5640 5687 30 <210> 16
<211> 6096 <212> DNA <213> Artificial 35 <220> <223> vector VEM12 40<220> <221> misc_feature
<222> (338)..(1263) <223> Flankl Del3 45<220> <221> gene <222>(1283)..(1962) <223> Azami
green 50<220> <221> misc_feature <222>(2002)..(1963) <223> Ps 55<220> <221> misc_feature
<222>(2009)..(2048) <223> Ps <220> <221> genex222>(2049)..(2447) <223> BsdR <220> <221>
promoter <222>(2454)..(2493) <223> Ps promoter <220> <221> misc_feature <222>(2494)..(2534)

<223> TetGQaEEWQms%f@ﬁéQﬂZ‘;EZSSQ..63383‘35‘0“ tacgacgttt acatcgacga 1520
gattattatt aacaaagttg ttgtcecgtceg tettatccaa catgcattga atgataggta 1980
5 tacttaccat atcgccgtaa tg 2002
<210> 3
<21i> 2002
10 <212> DNA
<213> Vaccinia virus strain Ankara
<400> 3
. gtaageattg tctgtattcet ggagetattt tetetatatc taatttotga acgttcacca 60
. atgtctetag cractttgge actaatagoeg atcatteget tagegtettc tatattatta 120
actggttgat tcaatctatc tagcaatgga cogtoggaca gogtcattct catgttctta 180
20 atcaatgtac atacatcgce gtcatctacce aattcatcca acaacataag ctttttaaaa 2490
tecateattat aataggtttyg atogttgtca tttetecaaa gaatatateot aataagtaga 300
gtectecatga ttagttaaca actattttit atgttaaatc aattagtaca ccgotatgtt 360
2 taatacttat tcatatttta gtttttagga ttgagaatca atacaaaaat taatgcaktca 420
ttaattttag maatacttag tttceccacgta gtcaatgaaa catttgaact catcegtacag 480
30 gacgttctcg tacaggacglrt aactatasac cggtttatat ttgttcaaga tagatacaaa 540
tcecgataact ttttibtacga attcectacggyg atccacttta asagtgtcat accgggttet 600
ttttatttit ttaaacagat taatggtgtg atgttgatta ggtcottttac gaatttgata 660
» tagaatagcg tttacatatt ctcecataatyg gtcaatcgeoo atttgttogt atgtcataaa 720
ttetttaatt atatgacact gtgtattatt tagttcatee ttgtteatca ttaggaatets 780
40 atccaatatg gecaattatac tagaactata ggtgegttgt atacacatat tgatgtgtet 840
gtttatacaa tccatgetac taccttoggg taaaattgta gcatcatata ccatttcectag 500
tactttaggt tcattgttat ccattigcaga ggacgtcatg atcgecatcct aazaaaatat 960
* attattttta tgttattttyg ttaaaaataa tcatcgaata cgaatcabtce agtocactga 102¢
atagcaaaat ctttactatt ttggtatctt ceaatgtgge tgectgatgt aatggaaatt 1089
50 cattctetag aagatttttc aatgeotcecag cgttcoaacaa cgtacatact agacgeacgt 1140
tattatcage tattgcataa tacaaggerac tatgtocatyg gacatccgec ttaaatgeat 1200
- ctttgetaga gagaaagott ttcagetget tagactteca agtattaatt cgtgacagat 1260
ccatgtctyga aacgagacgce taattagtgt ataattttbyg teatattgea ccagaattaa 1320
taatatctct aatagatcetyg attagtagat acatggetat cgcaaaacaa catatacaca 13890



<223> DNAse <220> <221> gene <222>(3389)..(3579) <223> LacZ 25 <220> <221> promoter
<222>(3397)..(3417) <223> T7 promoter 30 <220> <221> misc_feature <222>(3652)..(4162) <223>
Flank2 Del3 35 <220> <221> gene <222>(5111)..(5968) <223> AmpR 40 attttttaac gatagggttg
caacgtcaaa 50 ctaatcaagt cccccgattt tattgtatac 55 tgatttcatg taaaaacaat caataggccg agtgttgttc
gggcgaaaaa tttttggggt agagcttgac tgtctaaacg attaaaggat acagtgattg aaatcggcaa cagtttggaa ccgtctatca
cgaggtgccg ggggaaccac cgttagtaaa gttgtgaaaa cagatttgcc aatcccttat caagagtcca gggcgatggce

taaagcacta tatitagtgsaeatggagageagicaagaas atatatggat caaaterarag Glatiaaaga seactacgly
aatcggaacc giggtcgeea gaaataaatc gticacattg aatgeggtat aatagaccga acgtggactc aaccatcace

ctaaaggga@afgtjﬁtgﬁtbt%ﬁ%%% it CEHEIGRAGE CRARCACRFC cataaacaat 1500
atasatccag taatatcatg tctgatgaty aacacaasatg gtgtattaaa tteeagtttt 1560
tecaggagatyg atctcgecgt agctaccata atagtagatg ccototgetac agttoottgt 1620

0 tegtegacat ctatcotttge attctgasac attttataaa tatataatgg gtecctagte 1680
' atatgtttaa acgacgcatt atctggatta aacatactag gagccatcat tteggetatce 1740
gacttaatat ccotottatt ttcgatagaa aatttaggga gtttaagatt gtacacttta 1800
15 ttccctaatt gaaacgacca atagtctaalbt tttgeagecg taatagaatc tgtgaaatgg 1860
gtcatattat cacctattge caggtacata ctaatattaglcatccttata cogaaggegt 1920
accatgtcat attctttgtc atcgattgtg attgtatttc cttgeaattt agtaactacg 1380
20 ttcatrcatgg gaacegtttt cg 2002
<210> 4
25 <21i> 2001
<212> DNA
<213> Vaccinia virus strain Ankara
<400> 4
30 tactrateta aacgatttag taasacttgac taaatcittaa tagttacata caaattaaaa 60
taacactatt tagttggtgg tcgccatgga tggtgttatt gtatactgte taaacgegtt 120
agtaaaacat ggcgaggaaa taaatcatalt aaaaaatgat tteatgatta aaccatgtty 180
5 tgaaaaagtc aagaacgitc acattggcecgg acaatctaaa aacaatacag tgattgceaga 240
tttgecatat atggataatg cggtatccga tgtatgcaat tcactgtata aaaagaatgt 300
40 atcaagaata tccagatttg ctaatttgat saagatagat gacgatgaca agactectac 360
tggtgtatat aattatttta aacctaaaga tgcocattoct gttattatat ceataggaaa 420
ggatagagat gtttgtgaac tattaatcote atctgataaa gogtgtgogt ghtatagagtt 480
45 aaattcatat aaagtagcca ttctteccat ggatgtttee ttttttacca aaggaaatge 540
atcattgatt‘attctcctgt ttgarttete tatcgatgeg geoacctotbot btaagaaghgt 600
50 aaccgataal aatgttatta tatctagaca ccagegtcta catgacgage ttccogagttc 660
caattggttc aagttttaca taagtataaa gtccgactat tgttctatat tatatatggt 720
65 tgttgatgga totgtgatge atgcaatage tgataataga acttacgcaa atattagcaa T8O
aaatatatta gacaatacta caattaacga tgagtgtaga tgctgttatt ttgaaccaca 840
gattaggatt cttgataéag atgagatgct caatggatca tcgtgtgata tgaacagaca 900



agatgacgat 5 tcctgttatt taaagcgtgt ttcctttttt tgcggcacct tctacatgac 15 ctattgttct tagaacttac tagatgctgt
atcatcgtgt tggatctagt 25 tggcacatcg ggcattctca gtggtccaca gaaatcacat cagcactcca 35 ctgcataacc
acagtcgccc catgcttctt tgctgggtac agcgaaaggc 45 aggatttcct acacagcttg aaaaaataaa tataaataat
ctacaatcaa 55 gcgacggccg aactcgtggt cgatcggaaa tataaaaaga gacaagactc atatccatag gcgtgtatag
accaaaggaa ctcttaagaa gagcttccga atattatata gcaaagatta tattttgaac gatatgaaca atgttgggga gtggcggccg
tagagcttga aagtgatagt cgataatggc tcacgtacgt ggaccattgg ctcatgctta tcccagtgat ttggtgaatg agaggtgcgce
tticcttctc atctweict atticaadtizggceaagost cageaicceeacateiicaci-getgggeactigrgaacagg atgdatcaag

ctactggtgt gaaaggatag agttaaattc atgcatcatt gtgtaaccga gttccaattg tggttgttga gcaaaaa tat cacagat tag
gacattgtat AETATTRARE QLI EARSE RIS LI CASa L o(EERE Aot B Rt ¢ 19ABotiot

accccteagg gecdatiges cleagigaccicaatcas clogiiiaatigecagaaa talcicaag algicigaag ggigicaatg
gctgcetgetg ggcatcttga 46 aatatccaga atataattat agatgtttgt a tataaagta gattattctc taataatgtt gttcaagttt
tggatctgtg aagRjacaas gattcttdatr eigagbat tgacargatadyactcggmadctitgtca-gatatgetic adgéhacaga
agtggatggc cacaccatca gggggtggaa aaagtetge glactggaac gcttcaggtct (%aaattat%c cacactcacc

aaattggaat aag%%?gégcaactacggcat Batarcattt cggeage gaﬁccc%?gacgﬁaﬁ g Gt ?ﬁgéécctallzgogactattaa

gccattcttc cigtigattajtaiagtciacagatangiagigeaigaan actacaal {23 agagatgage ttacelgatgaagattgctc
agcatagaat tgcttcaaaa tttgctttgt gccatgttaa tcccatttaa aaacgaatgt atgecctggt ttgaaatagt actgttgtca
aaaatctgcEEGHRIAEEY Aftatitatd ttatttite Lty 9 GeEaGRgE At IBGY e eaRkettgact atlftgccga 47
tcgatggca figggatic 9gaatiat icagigatag 10 tactgeag 9&:@%?98&@%% c(t;g%ct%tggéaathcaafggﬂacagctataa
20 gctactacta ccatigtcag atgcggeccce tecaagagaa gotatgigag 30 ggetgatcecc tegtggtige acticcagge
cagtggaggt tcaetggeeg 4l Tyrsttgcag cysosttect agegagticgatataggiagt atatgacgaegH0 cteagacatc
atgactacgt ctaaaagcga catacgatga cttatgtatg tcctgggatc aaagccatag tgaaggacag tgaattgctg ccotctggtt
atgtgg_@ggact%ﬁﬁ?t‘fta %&g’aé aé%tg%%égflccac‘iﬁf%a@%%%?g55@%583?&8@%5@6gb%cﬁaﬁﬁﬁ?ﬁtcc %?ﬁ(iagatcg

cagcclicaascasigacacctisgloadst acaltglgca,sCaggaauic.r0agacagna acsigacian ggatgeagea
gacacctatc actacgtggt ggagcgctac ctgttcgtgt acaggcctga cgatgatggc tgcgagccct gcgggaacga gttcttctcc
cggttcacag”agHteagtY o bfFgacq cagratctigd tEgat Rt ergaayetrpryaggictreactgitgeifyg
accetggeaq, [agicaleea Leedeelolg.Caeagegcl gacaceacag clagacceeac, a0ggatgelq clecgagge
ccgttgttce tgcctatgge ctgagtgacc aactggccca gatgctgaag taggagctcc aattcgccct%cgttttaca acgtcgtgac

tgggaaaaccaaeatssscwtitegecage igycgiaataaacagtigagrcagesigaat ggcganiggmatatcaigot
tatcgatacc gtcgacctcg t%atagaaca aaatacataa ttttgtaaaa attaccaata cttttgttac taatatcatt taaaaaaata

ggtgaggatg CAACHTALC tgtiatgagt getbdtatd Sytadcccas Bt et g atiat Wkt attiva t¢filitaca

actatcacaa-gagnicgtyigeaiteiit atgacateqn £1acaaalga. 19alogasadNudelagact-cagtgataga getgctggea
catccagaca gatcctgagc cgtggggaag cagtgagcca ccaggtgtct caccttcaac gtttgccatt ctatgacgtc cgacttcaat
gacaagccctigeaetgfc G eaRricHaRt HeRtcneatt diadtgatteTtgaeyita-gegerRfRiGe Tacttadaa
aggggegag C t atgtaat ttccattatt taaaatatct gactgctaga cactgataa
ccgagggc%%%égg%g%?ae}%%%%%&g%%%%%%%g%Z%QE?QE‘QE@%EC%%%%%%E&%Sqé%at %i acgct%gt%%caZ?OO
ctgctggacak&decigggacgga28a gecggtggaca2880 cgagagcecag 2940 gttccectge3000 tamatggatg3060
gcgggcetgca3120 accttccagt3180 tatgacagga 3240

40 <210> 5
<211> 1996
<212> DNa

<213> Vaccinia virus strain Ankara

45 <400> 5

ggcgatatgg taagtatace tatcattcaa tgcatgttgg ataagacgac ggacaacaac 60
tttgttaata ataatctcgt cgatgtaaac gtcgtaaggt ttatcgtgga asatatggac 129
50 acgcggetgt aaatcacata tctasacaatyg gocgtcetatyg tatgtacggt ctgatattat 180
cgagatttaa taattgeggg tatcactgtt atgaagatgt atttgatata ctaagcaagt 240
55 acatggatga tatagatatg atcgataact ctactatatt acgoggtoga tgtcaataat 300
atacaatttg caaageoggtt attggaatat ggagegagtg tcacgotoga taatcaatac 360
ggccatccag aaaageagtt accaaagaga agctagttga tttattactg agttaccatce 420



cttcccttta3300 gaccactatc3360 gtattacaat3420 ccaacttaat3480 ccgcaccgat3540 acacgtggct3600
cggaaagttt3660 ttttatacta3720 acaccttttc3780 aataatacaa 3840 cttttagctg3900 tacgactctc3960
gatgccggta4020 gtagattatg4080 48 cacagagttg attgtaaata cagatagtga tacacattca ccggaaacta
gggcttcctc gctgeggega gecggtatcag ctcactcaaa ggataacgca ggaaagaaca tgtgagcaaa ggccgcegttg
ctggcgtttt tccataggct acgctcaagt cagaggtggce gaaaccggac tggaagctce ctcgtgegct ctectgttece cttteteect
tcgggaagcg tggcgctttc ggtgtaggtc gttcgctcca agetgggcetg ctgecgcectta tccggtaact atcgtettga actggcagca
gccactggtaasaggaitagogtictigsas tggtggecta actacggota icigotgaagr ccagtianatigggaaaaagraccgctggt
agcggtgagtt tttttgtttg atctcaagaa gatcctttga tcttttctac acgttaaggg attttggtca tgagattatc ttaaaaatga
agttttaaat CAATAEEHT CCHAG LI At cAGREGI A dHa RS CethettE cht§Panataactac 1Ligcaaty

alaccgryagAteera8clGac5a96¢903:399855020c-g6agaantogtallaatigl tgeeg99aag ctagagiaag
tgttgccatt gctacaggca tcgtggtgte ctccggttce caacgatcaa ggcgagttac tagctccttc ggtcctccga tegttgtcag
ggttatggcasgedetjcata bcictbeagastyifay dactradersa Agicatictg ttgeccggegdeaatacgggabaataccgce
Caﬁggaaa%gagé%%%g %%%%%é’i‘aé‘acé %%%t&}g? gecacte tgg‘ééc%%"é‘g‘&%a‘a‘? tgaSCSagcC%tttCtg a
gcaaggacag gaé’ggc aa gcggcaaa aaggg%at%agg gggcgacacg gaaaatgtitga atactcatac tcttcctttt
tcaatattat lgRageaiB009& algagguita tigistaalg-ageggalasadatiigaatodatiagaaa aataaasemab060
taggggttcc gecgceacattt ccccgaaaag tgeccac6096 10 <210> 17 <211> 6585 <212> DNA <213> atrtificial
15 <220> 2293 YeRFoFYFENITTE DD 2290599291 I+ Hifse: Tektu e <IEIS {332 120635 < 22384 lankl

Del3 25<220> 221> gens £222>(4283).(1962). 52232 Azarm) areen 3052202 221> misg feature
<222>(2002)..(1963) <223> Ps 35<220> <221> misc. feature <222>(2009)..(2048)

gagatyggacyg catcgttoge gacagtatgt‘ggtacatacc taacgtatit atggacgacy 960
-0 gtaagaatga aggtcacgtt totgtcaaca atgtcgacgc gatcgtgtaa cacgactcac 102¢

aatagaatct gtgaatgetc tcccegatcal ggatgoaagyg catgtgtttc ccaaacaaaa 1080

tgtggaatayg gatacggagt atccggagac gtcatcetgtt ctoegtgtgg Loteggaaca 1149
25 tattctraca cocgtctettc cgoagataaa tgogaacoog técccagaaa tacctttaac 1200

tatatcgaty tggaaattaa cctgtatceca gttaacgaca categhbgtac tcggacgacco 1260
30 actaccggtc tecagegaate catcetcaacsg tcecggaactaa ctattactat gaatcataaa 13240

gactgegate cogtettett aataaggtag cgacttcagyg tittctttaca gogagaaaggt 1380

gtgcactcty aatttogaga ttaaatgeoaa taacasagat tcttecteca aacagttaac 1440
35 gaaagcaaag aatgatacta tcatgeocges ttoggagaca gtaactotag cgtogacate 1500

tatatactat atagtaatac caatactcaa gactacgaaa ctgatacaat ctettatcat 1560
40 gtgggtaatyg tagccatatg cccggtagtt gegatataca taaactgabc actaatbcca 1620

aacccaccoeg ctttttatag tasgttitte acccataaat acaataatta atttetcgta 1680

aaagtagaaa atatattcta akttattgea cggtaaggas gtagaatcat aaagaacagt 1740
45 actcaatcaa tagcaatcat gaaacaatat atcgtactgyg catgeatgtyg cctgecagte - 1800

ttcagcaatc atcctecateg tgtacggaayg aagaaaacaa acatcatatg ggaatcgatg 1860
50 ttattatcas agtcacaaag caagaccaaa cacgcdaccoga tgataagatt tgccaatocg 1920

taacggaaalt tacagagbce gagtcagatc cagatcocoga ggtggaatca ghbcgaggatg 1980

tagatecctee taccac 1996
55

<210> ©

<2il> 2002

<212> DNA

<213> Vaccinia virus strain Ankara



<223> Ps 40 <220> <221> gene <222>(2049)..(2447) <223> BdsR 45<220> <221> promoter
<222>(2454)..(2493) <223> Ps promoter 50<220> <221> misc_feature <222>(2494)..(2524) <223>
Tet02 55<220> <221> gene <222>(2535)..(3383) <223> DNAse <220> <221> promoter
<222>(3390)..(3429) <223> Ps promoter <220> <221> gene <222>(3430)..(4086) <223> TetR <220>
<221> misc_feature <222>(4141)..(4651) <223> Flaik2 Del3 <220> <221> gene
<222>(5600)..(6457) <223> AmpR 20 attttttaac gatagggttg caacgtcaaa 30 ctaatcaagt cccccgattt
tattgtatac tgafftcatg taaaaacaat 40 caattcactg agatgacgat tcctgttatt taaagcegtgt ttcctttttt 50 tgcggceacct
tctacatgac

aaataattit tagtttgcat ccgtagttat cccectttatg taactgtaaa tttctcaacy © .60

5 cgatatecteoe attaataatg atgtegaatt cgtgctgtat acccatactg aatgéaﬁgaé 120
cgaataccga cggcgttaat agtaatttac tttttcatct ttacatatty ggtacﬁagtt 180

0 ttactatcat aagtttatas attccacaag ctactatgga ataagccaac catcttagta 240
! taacacacat gtcttaaagt ttattaatta attacatgtt gttttatata tcgotacgaa 300
tttaaacaga gaaatcagtt taggasamaa aasatatctat ctacatcate acgtetctgh 360

15 attctacgat agagtgctac tttaagatga gacatatccg tgtcatcaaa satatactcco 420
attaaaatga ttattcogge agegaactty atatiggata tatcacaacc tttgttaata | a8¢

5 tctacgacaa tagacageag toccatggtt ccataasacag tgagtttatc tttetttgaa 540
° gagatatttt gtagagatct tataaaactyg togaatgaca tegeatttat "atctttaget 600
aaatcgtata tgttaccatce gtaatatcta accgogtcta tettaaacgt ttccatcgét 660

25 ttaazgacgt ttocgataga tggtcetcatt tcatcagtca tactgagoca acaaatataa 720
tegtgtataa catctttgat agaatcagac tctaaagaaa acgaatcegge titattatac 780

3 geattcatga taaactiaat gaasaatgtt tttogttgtt taagttggat gesatagtatg 840
o tcttaataat tgttattatt teattaatta atatttagta acgagtacac tctataazaa 900
cgagaatgac ataactagtt atcaaagtgt ctaggacgcy taattttcat atggtataga 960

35 tcctgtaage attgtetgta ttetggaget attttotcota tatctaattt ctgaacgttc 1020
accaabgtot ctagecactt tggeactaat agegatcatt cgottagegt cttctatatt 10890
attaactggt tgattcaatc tatctagcas tggaccgteog gacagegtea ttétcatgtt 1140

0 cttaatcaat gtacatacat cgcogtcatc taccaattca tocaacaaca taagettttt 1200
aaaatcatca ttataatagy tttgatcgtt gtcatttcte caaagaatat atctaataag 1260

45 tagagtcote atgattagtt aacaactatt ttttatgtta aatcaattag tacaccgeta 132¢
tgtttaatac ttattcatat tttagttttt aggattgaga atcaatacaa aaattaatge 1380

50 atcattaatt ttagaaatac ttagtttceca cgtagtcaat gaaacatttg aactcatcgt 1440
acaggacgtt ctcgtacagg acgtaactat aaaccggtit atatttgtte aagatagata 1500
caaatccgal aacttttttt acgaattceta cgggatccac tttaaaagtg tcataccggg 1560

55 ttetttttat ttttttaaac agattaatygg tgtgatottg attaggtct:t ttacgaattt 1620
gatatagaat agogtttaca tattotocat aatggtcoaat cgocatttot toghatgteas 1680
taaatteottt aattatatga cactgtgtat tatttagttc atccttgtte atcattagga 1740



ctattgttct 55 tagaacttac tagatgctgt caataggccg agtgttgttc gggcgaaaaa tttttggggt agagcttgac tgtctaaacg
attaaaccat acagtgattg tataaaaaga gacaagactc atatccatag gcgtgtatag accaaaggaa ctcttaagaa
gagcttccga atattatata gcaaatatta tattttgaac aaatcggcaa cagtttggaa ccgtotatca cgaggtgccg ggggaaccac
cgttagtaaa gttgtgaaaa cagatttgcc atgtatcaag ctactggtgt gaaaggatag agttaaattc atgcatcatt gtgtaaccga
gttccaatty tggttgttga gcaaaaatat cacagattag aatcccttat caagagtcca gggcgatgge taaagcacta tatttagttg
acatggcgag agtcaagaac atatatggat aatatccaga atataattat agatgtttgt atataaagta gattattctc taataatgtt
gttcaagttt tggatctgtg attagacaat gattcttgat aaatcaaaag ctattaaaga ccactacgtg aatcggaacc gtggtcgcca

gaaataaatéGiteatattty Satgeqotattt@ahetitsasR et Yakstatict YRR TR ittt attdBitia
tacataagtaalggalgcaaciacaalia adagalonga aglagascoe 3¢algaactc aaccaleace claagggaag
tggatggtgt atataaaaaa gcggacaatc ccgatgtatg tgataaagat aagatgccat tetcatctga ccatggatgt tetctatcga

gacaccagey-tasagiccgestagetgataatacgatgagty tocteantgy: ateategigidggatctaghtggcacatsy ggcattctca
gtggtccaca gaaatcacat cageactcca ctgeataacc acagtcgece catgcttctt tgctgggtac agcgaaaggc 25
aggatttcct %‘?:E’atc%ééﬁ& a55553 5385 t%ltiggtétfﬁﬁ?%tgéﬁﬁffgé% @acgt:;% €y %%%‘Eﬁ&?ﬁﬁfcgaitgg& aaa

tcgatgtgcatigagaling 4n gaaattiiat teagtgatag tactgcaggg ccaagatgtc tcgecctggt 55 acctggaica
acagctataa gctactacta

<210> 7
<211l> 2002
15 <Z12> DNA
«213> Vaccinia wvirus strain Ankarsa
<400> 7
20 ctaatatagg geoltgacgtoeg tatactotac acygtgtccac atcctttatt aataatbtctet 60
atatctatgyg ttgagcaaga ccagtagtat tggatggaaa cattgtitatc gatcaaacat 120
ttaattacat ccttggatag agattetceta tgagacgata tatagtaatg aagagagttc 180
25 ttacacatat cactgttgta catacaggta cgaaatacgt aaccggtgct gtaacattct 240
gatttaagaa gccatagcaa tacttctggt cteggattag gcgteogttac gtatatatce 360
30 accaatccga gaccattgat tgcataattc gtattcttgg acggacgtat ccogtttatcoce 360
acaattaggt attttagcag acgtaagtoy aaatcattta tattcgactt gagttogtta 420
gaggaattcg matagcetgga tatcagtaga tgcacaatct gagattttac gtatctatge 480
35 ttactgtatg ctectagegg agttaatccot tcecgttgttte tacazagtet ctegacteeg 540
cgagagagta acagtcgaac aatcttaatg toctgtatcge atttattgga gacgtaacaa 600
40 tgtagegeat tgtttcoctog tcoctatcetata tgftttgata agttgtgaca cgtttcaatt 660
tctagtittta tttttttgta cgtcacatct tcatccagta gacgacatag aatacatgtg 720
caatccatayg ctattcetggt gotaattatt cctecataaga tgataaaaag tgtagtgaga 780
45 gagcatgaag gagatttagt atttagcagt gcggatatge tocaagaggg tgagatagtco 840
gttectegtte agaatcetttce geagcataasg tagtatgteg atatacttat cgttgaagac 900
5 tcttecagayg acgatagetyg attgagtaca aagtccaatg attgeacgaa gttcttogge 960
gogtttteatyg gagteatttc tgatgaaaca tttaatgatc tamatitcag tttatgttto 1020
taccocgtat teatacttaa caaattggta ttacatacca ttaataatge aagcataaaa 1080
55 aatcgttagt agatgtttet aaatataggt tccgtaagea aagaatataa gaatgaageg 1140
gtaatgataa aabcawltegt talclLaasal gatcatactc atbttatiitta tictattata 1200
ttaacacata catttttaac agcaacacat tcaatattgt attgttattt ttatattatt 1260



gatatgaaca atgttgggga gtggcggcecg tagagcttga aagtgatagt cgataatgge tcacgtacgt ggaccattgg ctcatgctta
tcccagtgat ttggtgaatg agaggtgcegc tttccttcte atcttcatct atttcaattt ggccaagcct cagcatccce catcttcact
gctgggceact tgagaacagg tcctgggatc tgaattgctg tttttttttt agatatgagg ggecgtgtce caatgccacc ccaggaggtc
ggatgcacca ggagcgctac cgatgatggc gacattgtat aatatgaacc cttacttgge ccttgttgta ctggcaaacg cacctccttc
acattttctc gaggaaagtt tgttgcttgt acccctcagg cectgttgeg cttcagtgac cttcaatcac ctggtttaat ttgccggcaa
ttgtctcaag atctctgaag ggtgtcaatg gctgctgetg ggcatcttga aaagccatag ccctetggtt tggaatataa ggcatgaagce
ctgaagatcg ctcgtcagct agagacagcec gacacctate ctgttcgtgt tgcgagecct 51 tatgatgaat tgacatgatt

ctgactcggc-atetitgicr gaaeitetiztaagtaagaga agiggatggeatacaetatta ggcygigoaraaaaditigc
gtactggaac gttcaggtct gggactgatggtcagacg%%cc aaa?tggd%gg(t: ggga%%tcca}:c ggtac% c% tagcatcatttacggcagctgg
geeccigegy Tgaaggacag atgtotagye atateectat tgCtgugae cagecieas Hedtglgta ¥etgact§e actacgtggt
acaggcclgs-gegggaacaagtitaceigalig-gagadigiicageatagaat tegticagaaytiaaiigigecatgtigadcccatttaa
aaacgaatgt atgccctggt ttgaaatagt actgttgtca aaaatctgcg ccgtttacag attatttata tttatttttt cctcattgaa
cgccagegH EaeHEgg g eaatergacracaeRGEegatRERgt Ry FRCERET cagtgaberrgctgefiyca
catccggac c.cqt aag cagtgagcc aggtgtct caccttcaac taggcgaatt1200. titcggtggcl260
oo D Tcm e T a AR A0 oAb At AT Ry Hiagaiaia 1620
cttcataagtta8buectgaatatei ) agatategiac 1 890:tigeciegial 860 4gcateicaitO20-Hegaaaama 1980
ttttttggaa2040 agagcaacgg 2100 gctctctcta2160 ccttgtgcag2220 tgtatcgtcg 2280 caggtgcettc 2340
ccgagggcdy "2%&?6‘%@ {5280 GRtcRITA2 520 BtfTEGGcEE28R Y fifgyGhanseud cottdfhyaca 2700

ctgctggaca 2/8Q Gleg9acaga 4820 geagiggaca 28380 coagadeeag24Q o2 caatigicag aiggggecce
tccaagagaa gCtatgtgag 10 ggctgatccc tcgtggttge acttccaggce
ttataggtte actcgacgaa ctaaactace tatacaagat atggttgtge cataattttt 1800
20 ataaatttct tttatgagta tttttacaas aatgtataaa gtgtatgtct tatgtatatt 1860

tataaaaatg ctaaatatgc gatgtatcta tgttatitgt atttatctaa acaatacctce 1920

tacctctaga tattatacaa aaatttttta tttcoggeata ttaaagtasa atctagttac 1980

25
cttygaaaaty asatacagtgg gt 2002
<210> 8

30 <211> 62
<212> DNA

<213> artificial

<220>
35 <223> Primer oEM167

<400> B8

tccctatcag tgatagagat ctocctatca gtgatagage tatgagggge atgaagetgc 60
4G ty 52

<Z10> 9

<211 22

45 <212> DNA
<213> artificial

<220>
<223> Primer oEM1&68
50
<400> 9
gagctoctac ttcagcatca cc : 22

55 <210> 10
<21l> €5
<21Z> DA
<213> artificial



cagtggaggt atataaataa 20 aatgaggtcg cagcctacat gagatgttag tttttacgta aaagtacatt 30 gectttttat
gggcatttta agggaaacac gatcaccaag gaaaaacaac 40 tattaagcta ggaaagttit tttatactaa caccttttce
ataatacaaa 50 ttttagctgc acgactctce atgccggtac tagattatga acataatact gttcttctce gggggacgea
atggggcttg accctcccag cgacageget agggatgetg tgectatgge gatgetgaag tgtctagatt gaatcgaagg tgtattggea
ataggcacca ataacgctaa taggtacacg gecaacaagg ct igggttg ctactactga gtgcagagee ttaaatgtga
gcgaattcga ataggtagtt tatgacacga tcagacatct tgactacdtt taaaagcgac atacgatgat ttatgtatgt agaatactce
atctggatct gggticacag gtagccgaga gaggacgtea tggtcatcca gacaccacag ctccgaggeg ctgagtgace
taggagctca apptaaaagkitaanagasc tgtaaaaaat tactcacttt aagttttaga gectacagaa tttttcacta cgtattggaa
tagtatgccg agcecttctta aagtgggtcC tatcaagcett gatagaacaa ttaccaatac aaaaaaatag gttatgagtg gtcttgtatt
ctagtt caagggﬁctﬁél aca%%%ttga acacattcac ag tcagcC%ga tcgacgctct tgttgat %g tccgectgtg ctacacccac
cegtighice AactGgccca AAaatyARA aaagtgatta cotaaacies aageadt gccgctt%t Tt tttac 3acagtatg
gagaatgcat gatgaagagc ccattattac ttcggecttg gegtacageg atcgataccg aatacataat ttitgttact gigatgatge
cttggtataa ttgataatta ctatcacaat tgacatcgec ttgtaaatac cggaaactag gtttgccatt ctatgacgte cgacttcaat
gacaggcecg geactgtgee cgactegget agecatcagt tittatttit acagegeatt cecagaaget tgctegacge aaggggaaag
taagtcatcg agactcigga tatatgeact atcaagtcge gacaagctat aattgatcat gatcceggga tegacctega ttgtaaaaa
aatatcatta aggiftategggagcccaat taccaaggat taaatcattg tacaaatgac agatagtgaa ggcttcctcg gegggetgea
accttccagt tatgacagga: Etetetita gaccactatc aggtgtagag cttagceatt ctggcaagat cgatggagea aaatcaatta
taaa aagaaﬁcgaattattt atgcggatta attcagatct gggggggcece taaatcactt gtatacgcta tgtaatcgaa tecattattc

aaaa étctt :é;i §tag,§g actge tcgactatag ctcactgact 3120 3180 3240 3300 3360 ' 3540 3600 3660

e

3720 3780 3900 3960 4020 4080 4140 4200 4260 4320 4360 4440 4500 4560 4620 4680 cgctgcgctc
ggttatccac &aggcoaggaa acgagceatca gataccaggce ttaccggata getgtaggta 15 cccccgttca taagacacga

atgtaggcggi ERAAHIGH Clgatcegg L5 Hargdgdag Eicagtggaa tencetatra aaact-tyggtettatttcgtfd® 35
gettacCatce gitatcagc tatccgecte ttaatagttt tiggtatgge s8

<210> 12
25 <21l> 28
<212> DNA
<213> artificial

<220>
30 <223> Primer oEM164

<400> 12
goetagettaa taagatchtga attec 25

35
<210> 13
<2%il> 26
<212> DNA
<213> artificial
40
<Z20>
<223> Primer cEM1GS

<400> 13
45 ctcgagatgt ctagattaga taaaag 26

<210> 14
<211l» 27
50 <212> DNA
<213> artificial

<220>
<223> Primer oEM166
55

<400> 14
cogg

[0 ]
=J



45 tgttgtgcaa ccgeagtgtt ccgtaagatg tgecggegace gaactttaaa 55 taccgctgtt ctittacttt agggaataag
ggtcgttcgg agaatcaggg ccgtaaaaag caaaaatcga gtttccecct cetgtcegec tetcagticg ge ccgaccge
cttatcgcca tgctacagag tat ctgcgct caaacaaacc aaaaaaagga cgaaaactca ccttttaaat tgacagttac a
tccatagtt tggccccagt aataaaccag catccagtct gcgcaacgtt ttcattcage aaaageggtt atcactcatg cttttctgtg
gagttgetct agtgcteatc gagatccagt caccagegtt ggecgacaegg ctgeggegag gataacgeag geegegtige
cgctcaagtc ggaagctecc tttctcectt gtgtaggteg tgegecttat ctggcageay ttcttgaagt ctgctgaage accgetggta
tctcaagaag goftaaggga taaaaatgaa caatgcttaa gec tgact cc getgcaatga ccagecggaa attaattgtt
gttgccattg teoggttceeeagetecticy gttatggcag actggtgagt tgccoggegt attggaaaac tcgatgtaac tctgggtgag
aaatgttgaa<5Ftgdtitcagec gaaagaacat tggegttttt agaggtggeg tegtgegete cgggaagegt ttegetccaa
ccggtaacta’ &tattgdtad Ysthycctaa cagttacctt geggtggtit atcctitgat ttt tggtcat gttttaaate tcagtgagge
ccgtegtgta tagggcgaga gggeecgageg gecgggaage ctacaggeat aacgatcaag gtcctcegat cactgcataa
actcaaccaaxmatacgggagtieieggg ccactcgtge caaaaacagg tact catact tcactcaaag gtgagcaaaa
ccataggctc aaacccgaca tcctgttceg ggegetttct getgggetgt tegtettgag caggattage ctacggcetac cggaaaaaga
ttttgtt&t%c ctifictacg gagattatca aatctaaagt acctatctca gataactacg cecacgctca cagaagtggt tagagtaagt
cgtggtotca gégdagtiaca cottgiaga ttctcttact gtcattctga taataccgeg gecgaaaactc acccaactga aaggcaaaat
cttecttttt 54yaagcattiaicaggatiat tgtctcatga gecggatacat atttgaatgt atttagaaaa6540 ataaacaaat
aggggttccgegeacdtitendécgadaagt gccac6585 5

15 <220>
<221> gene
<222> {1283})..(1962)
<223> Amazi green (C)

20 <220>
<221> misc_feature
<222>  [2002})..{1963)
<223> Ps

25 <220>
<221> misc_feature
<222>  (2009)..(2048)
<223> Ps

30 <220>
<221> gene
<222> (20489)..(2447}
<223> Bsdr

35 <220>
<221l> gene
«222> {2463)..{2653)
<223> MAV164R {putative 34.9%k protein)

40 <220>
<221> misc_feature
<Zdi> {(2463)..(26583)
<Z23> Flankl Del3

45 <220>
<221> promoter
<222> {2817)..{2%96%9)
<223> lac promoter

50 <220>
<221> gene
<222> (48L8)..{(3170)
<223> Lacg

55 <220>
<221> promoter
-y Iy ATy Fmin Ty
S Bt VLGOI ) . LAEDOD)

<223> T3



<210> 18 <211> 3014 <212> DNA 10<213> artificial <220> <223> plasmid 15 <220> <221> promoter
<222>(622)..(642) <223> T7 promoter 20 <220> <221> misc_feature <222>(680)..(742) <223> p7.5
25 <220> <221> promoter <222>(824)..(844) <223> T3 promoter 30 <220> <221> promoter
<222>(870)-(991) <223> lac promoter 35 <220> <221> gene <222>(2029)..(2886) <223> AmpR 40
attttttaac gatagggttg caacgtcaaa 50 ctaatcaagt cccoggatit agcgaaagga 55 cacacccgec caactgtigg

<220>
<221> promoter
<222> (2988})..(3008)
<223> T7
5
<220>
<221> misc_feature
<222> (3243)..(3753)
<223> FlankZ Dell
10
<220>
<221> gens
<222> {4702)..{5559)
<223> AmpR
15
<400> 15
ctaaattgta agcgttaata ttttgttaaa attogegtta aatttitgtt aaatcagotce &0
attttttaac caataggecg aaatceggceaa aatccocttat aaatcaasag aatagaccga 120
20
gatagggttg agtgttgttc cagtttggaa caagagtcoca ctattaaaga acgtggactc 180
caacgtcaaa gggcgaaaaa ccgtetatca gggegatgge ccactacgtg aaccatcoacc 240
25 ctaatcaagt tittitggggt cgaggtgoecyg taasageacta aatcggaacc ctaaagggag 300
cececgattt agageottgac ggggaaccac tatttagttg gtggbtegeca tggatggtgt 360
tattgtatac tgtctaaacg cgttagtaaa acatggcogayg gaaatazate atatzasaaa 420
30
tgatttoaty attaaaccat gttgtgaaaa agtcaagaac gttcacattg geggacaatc 480
taaaaacaat acagtgattg cagatttgcee atatatggat aatgeoggtat ccgatgtatg 540
35 caattcactg tataaaaaga atgtatcaag aatatcocaga Lttgctaatt tgataaagatl 600
agatgacgat gacaagactc ctactggtgtbt atataattat tttaaaccta aagatgecat 660
tcoetgttatt atatcocatag gaaaggatag agatgtttgt gaactattaa tcotcatetga 720
40
taaagegtogt gogtgtatag agttaaattc atatasaagta gecattcotte cratggatgt 780
ttooctttttt accaaaggaa atgratcatt gattatbcoce ctgttigatt tcotcotatcga 840
45 tgoggeacct ctettaagaa gtgtaaccga taataatghbt attatatcta gacaccageg 900
tctacatgac gagettocga gttcocaattg gttcaagttt tacataagta taaagtocga 960
ctattygttet atattatata tgottgtiga tggatctgtg atgeatgcaa tagcetgataa 1026
50
tagaacttac gcaaatatta gcaaaaatat attagacaat actaczatta acgatgagtg 1080
tagatgectgt tattttgaac cacagattag gattottgat agagatgaga tgctcaatgg 1140
55 atcategtgt gatatgaaca gacattgtat tatgatgaat ttacctgatg taggegaatt 1200
tggatcotagt atgttgggge aatatgaacc tgacatgatt aagattgete tttoggtggce 1260
tggcacatcg gtggeggeceg cttacttgge ctgactegge agcatagaat agogagcaac 1320



caataggccg agtgttgttc gggcgaaaaa tttttggggt agagcttgac gcgggcegcta gcgcttaatg gaagggcgat
aaatcggcaa cagtttggaa ccgtctatca cgaggtgccg ggggaaagcec gggcgcetgge cgecgctaca cggtgegggce
aatcccttat caagagtcca gggcgatggc taaagcacta ggcgaacgtg aagtgtagcg gggcgcegtcc ctcttcgceta
aaatcaaaag ctattaaaga ccactacgtg aatcggaacc gcgagaaagg gtcacgctgc cattcgccat ttacgccagc
aatagaccga acgtggactc aaccatcacc ctaaagggag aagggaagaa gecgtaaccac tcaggetgceg tggcgaaagg
gggatgtgct taaaacgacg 5 cggtggcggc aaatatattc cgataccgtc aatttcgagc cacaattcca 15 agtgagctaa
gtcgtgccag gegctcttce ggtatcagcet aaagaacatg 25 ggcgtttttc gaggtggega cgtgegctct gggaagcegtg
tcgctccaag;sbncggtaactabcactggiaas gtggcetana ngitacete cogiooibi«b teciitgateditggteatg tittaaatca
cagtgaggca cgtcgtgtag 55 accgcgagac ggccgagcegce ccgggaagcet gcaaggcgat geccagtgaat cgetctagaa
taatttafty GHEHEYRTG IRRFEGH R CAEEST4E FCHR AT EtGe AtaSE HctiictRa eatiddaagd tohgcaaaag
cataggcetce aaccegacad eatglicega gegetticl ¢ taggetotd cotgt taagt aggatiageatacggctass,
ggaaaaagag tttgtttgca t fttctacgg agattatcaa atctaaagta cctatctcag ataactacga ccacgctcac agaagtggtc
agagtaagtaataagtiggytigiaatacga tacstaatasccaggatecougguggectggatggicata gagcdéggaag t

tgcgttgcg gaatcgegcca tcactgactc cggtaatac
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ccgce

30

35

40

45

50

55

tag 1800, clcaagaa

a186(%

aagcc

qfaagggarl

ctacaatcaa cagcatcccec atctetgaag

gegacggeoy
aactegtggt
cgateggaaa
tcgatctgea
ttgggattcg
acgatgagty
tgctecaatgg
taggcgaatt
ttteggtgge
acgcaattaa
cggcotogtat
accatgatta
gacceceocte
acccactegt

cgtattacaa

catotteact
getgggcact
tgagaacagg
tectgggate
tgaattgetg
cagatgcetgt
atcatcgtgt
tggatctagt
tggcceggge
tgtgagttay
gttgtgtgga
cgccaagetco
aagatcaacg
tctogaacga

ttoactgged

ggtgtcaatg
gctgetgetyg
ggcatcttga
aaagccatag
ceotetggtt
tattttgaac
gatatgaaca
atgttgggga
tgcaggaaga
cteactecatt
attgtgageg
gaaattaacc
gtatcaataa
cegeogeege

gtogtettac

920

gagaatcocac
actacagcgt
tatatecattt
cggcagetgg
gcecectgegyg
tgaaggacag
atgtgtggga
cacagattag
gacattgtat
aatatgaace
catgeatcga
aggcacccca
gataacaatt
ctcactaaag
gtttgatete
gatggagetce

aacgtogtga

ccteattgaa
cgecagegea
tactggggga
caacctgact
acggtgccga
tgatggacay
gggotaaact
gattcttgat
tatgatgaat
tgacatgatt
gatctyggoge
ggcttiacac
tcacacagga
ggaacaaaagd
gaactecetgt
caattcgecc

ctgggaaaac

agagcaacgyg
gctctcteta
ccttgtgeag
tgtategteg
caggtgotte
ccgacggeag
agttcaatta
agagatgada
ttacctgatyg
aagattgete
cgtttgegea
tttatgcttc
aacagectatg
ctggtaccgy
ageecagggy
tatagtgagt

ceotggegtta

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060



aaaaatgaag1980 aatgcttaat2040 cctgactccc2100 ctgcaatgat2160 cagccggaag 2220 LLaattgttg2280
ttgccattgc2340 56 tacaggcatc acgatcaagg tcctccgatc actgcataat 10 ctcaaccaag aatacgggat ttcttcgggg
cactcgtgca aaaaacagga 20 actcatactc cggatacata ccgaaaagtg 25 gtggtgtcac cgagttacat gttgtcagaa
tctcttactg tcattctgag aataccgcgc cgaaaactct cccaactgat aggcaaaatg ttcctttttc tttgaatgta ccac gctcgtegtt
gatcccccat gtaagttgge tcatgccatc aatagtgtat cacatageag caaggatctt cticagcatc ccgcaaaaaa aatattattg
tttagaaaaa tggtatggct gttgtgcaaa cgcagtgtta cgtaagatgc gcggcgaccg aactttaaaa accgctgttg ttttactttc
gggaataagg aageatiiattaracagata Jlealtcaget anagegatiadcacicatas tittcigigaaatgetcts gigetcatca
agatccagtt accagcgttt gcgacacgga cagggttatt ggggttccgc ccggttccca gcetccttcgg ttatggcagce ctggtgagta
gcccggegte REERREEc § WA Aae CCRFREIC aergaeEergeasadnif Jtacaticeas210>218%211> 3024
<212%DNA 30<213> 2)--(645)

facd Latcaa a ad

rtificial <220> <3232 Iats%mL%§5t<220> <221>§promoter <222>(
er<

£
<223>T7 promoté’?zo ii%ga&czl 3 promo

225(683).

759<55

>°H5 promoter 45 <220> <221>

promoter €2382xB3%). {8bHggtag ttgatagaac aaaatacata attttgtaaa aataaatcac 3300
tttttatact aatatgacac gattaccaat actttitgtia ctaatatcat tagrtatacge 3360

10 tacacctttt ccectecagacat ctaasaaaat aggtgatgat gcaactttat catgtasateyg 3420
aaataatace aatgactacg togttatgag tgetitggtal aaggagececa attcecattat 3480

15 tetettaget getasaaagey acgtettgta ttttgataat tataccaagg atazaatatco 3540
ttacgactct ccatacgatyg atctagttac aactatcaca attaaatcat tgactgctag 3600
agatgeegygt acttatgtat gtgeattctt tatgacatcg cctacaaatg acactgataa 3660

20 agtagattat gaagaataét ccacagagtt gattgtaaat acagatagtg aatcgactat 3720
agacataata ctatctggat ctacacattc accggaaact agggettcct cgetcactga 3780

25 ctogetgege teggtogtte ggctgeggog ageggtatca gotcactcaa aggeggtaat 3840
acggttatee acagaatcag gggataacgc aggzaagaac atghtgagcaa aaggcoccagca 3900
aaaggccagy aaccgtaaaa aggccgcgtt getggoghttt ttocataggce tecgoeccce 3960

% tgacgageat cacaaaasatc gacgetcaag tcagaggtgyg cgaaaccecga caggactata 4020
aagataccag gecgtttceoeoe ctggaagete cctegtgege tetectgtte cgaccetgoco 4080

35 gcttaccgga tacctgtecg cctttcocteee ttecgggaage gtggegettt ctcatagcetco 4140
acgctgtagg tatctecagtt cggtgtaggt cgttegetec aagcetggget ghtgtgeacga 4200
acoCooocgEt cagoocgace gotgogectt atcocggrtaac tategtottg agteocaaces 4260

a0 ggtaagacac gacttatcge cactggcage agoecactggt aacaggatta gcagagegay 4320
gtatgtaggc ggtgctacag agttcttgaa gtggtggoct aactacggcet acactagaag 4380

45 gacagtattt ggtatctgeg ctetgetgaa gocagttace ttoggaasaa gaghbtggtag 4440
ctcttgatoe ggcaaacaaa ccaccgebgy tageggtggt ttt;ttgttt gcaagcagea 4500

50 gattacgege agaaaaaaayg gatctcaaga agatccetttg atctitteta cggggtetga 4560
cgctcagtygg aacgaaaact cacgttaagg gattttggtc atgagattatl caaaaaggat 4620
ctteacctag atccettttaa attaaaamatg aagitttaaa tcaatctama gtatatatga 4680

55 gbtaaactbgy tctgacagtit accaatgott aatcagtgag gcacctatet cagegatotg 47490
tctatttegt teatccatag ttgoctgact coccogtegtg tagataacta cgatacygguga 4800
gggcttacea totggcccca gtgotgcaat gacceacget caccggctec 4860

gataccgega



<223> T3 promoter 50 <220> <221> promoter <222>(880)..(1001) <223> lac promoter 55 <220>
<221> gene <222>(2039)..(2896) <223> AmpR 57 <400> 19 ctaaattgta agcgttaata ttttgttaaa
attcgcgtta aatttttgtt aaatcagctc60 5 attttttaac gatagggttg caacgtcaaa ctaatcaagt cccccgattt 15
agcgaaagga cacacccgcc caactgttgg gggatgtgct taaaacgacg 25 ccgcggtggce gttaaattga tcaagcttat
agtgagggtt gttatccgct 35 gtgcctaatg cgggaaacct tgcgiattgg tgcggegagce ataacgcagg 45 ccgegttget
gctcaagtca gaagctccct ttctcectte tgtaggtcgt 55 gegccttate ,..yy, tayL.ctyC tcttgaagtg caataggccg
agtgttgttc gggcgaaaaa tttttggggt agagcttgac gcgggcgcta gegcttaatg gaagggcgat gcaaggcgat
gccagtgagesggctgotelaesgegagaaacygatacogiaaticgage cacaatiegasagigagetaagticgtgétag

gcgctcttce ggtatcaget aaagaacatg ggcgttitic gaggtggega cgtgegetct gggaagegtg tcgetccaag, cggtaactat
B yytaal EORSEAE SARIGIETE CIAgIsa Lo A SO0 Aot taagee Gagcddoe
cgccgctacasaatgegagedaaaiiaagt gegeaiaala gareassald aalcatrravactisaaqa diggegiant

cacaacatac ctcacattaa ctgcattaat gcttcctcge cactcaaagg tgagcaaaag cataggctcc aacccgacag
cctgttccga FfegeRtEtEICRATFER)HY Gy Ry St AR taeg gesrsavahtccetiar eastfagtctd §ggcgatgge
taaageacta gaggaaca'q Aagigiagea gggeacatee cicicqeta aagaceagoa cgacieacty aaaalagata
ttggatceee gggggecegg calggicaa gagecggaag tgegiigeg gaatcggeca teactgacte cggtaatacg

gccagcaaam geseeeiga gaciataang seoigeeget ajagoicacy tgoncgance ceanpeeaggyaykayayyla
ctagaaggac aaatcaaaag ctattaaaga ccactacgtg aatcggaacc gcgagaaagg gtcacgetge catthg,cat

ttacgggag@ﬁﬁ%%‘@fé‘ﬁafj’ﬁ@&ﬁ&ﬁf%a%ﬁfﬁﬂgf%@g@ﬁﬁ%%ﬁ%c@&‘@&ﬁ?&?gjttﬁa&ﬁ%‘ﬁﬁgtgts&% ctgcec

acgcgceggag, grlgeacicd giglceaca 9ocragaaac£gagealeac Alaceagacy taccggatac clgiaggtat
cceegttcag aagacacgac LyuayyLyyl agtatttggt 58 tgctgaagcc ccgctggtag ctcaagaaga gttaagggat 10

aaaaatgaatpaigtiiemtacetgarttee dtgehigatTaptggangoodtaangtgttgecanggsetggtictta getecttcgg

20 cttaccgetg ttgagatcea gttogatgta acccactegt geacccaact gatcottcage 5460
atcttttact ttcaccageg titetgggty agceaaasaca ggaaggcaaa atgocgcaaa 5520

agagggaata agggcgacac ggaaatgttg asatactcata ctcocttecttt ttcaatatta 5580

25
ttgaagcatt tatcagggtt attgtctcat gagcggatac atatttgaat gtatttagaa 5640
aaataaacaa ataggggttc cgcgcacatt tcccoccgaaaa gtgecac 5687
30
<210> 16
<211> 6096
«<212> DNA
<213> Artificial
a5
<220>
<223> wvector vEMLZ
40 <220>
<221> misc_feature
<222> {338)..{1263)
<223> Flankl Del3
45 <220>
<221> gene
<222> (1283)..{1962)
<223> Azaml green
50 <220>
<221> misc_feature
«222>  {2002}..{1963)
<223> Ps
55  <220>

<221l> misc_feature
<222> (2009)..(2048)
<223> Ps



agttaccttc cggtggtttt tcctttgatc tttggtcatg ttttaaatca cagtgaggca cgtcgtgtag accgcgagac ggccgagcegce
ccgggaagct tacaggcatc acgatcaagg tcctccgatc ggaaaaagag tttgtttgca ttttctacgg agattatcaa atctaaagta
cctatctcag ataactacga ccacgctcac agaagtggtc agagtaagta gtggtgtcac cgagttacat gttgtcagaa ttggtagctc
agcagcagat ggtctgacgc aaaggatctt tatatgagta cgatctgtct tacgggaggg cggctccaga ctgcaacttt gttcgccagt
getegtegtt gatcececat gtaagttgge ttgatcegge tacgegggaga tcagtggaac cacctagate aacttggtct atttegttca
cttaccatct tttatcagca atccgcctcc taatagtttg tggtatggct gttgtgcaaa cgcagtgtta aaacaaacca aaaaaaggat
gaaaactcae:citttaaatt gacagttacc tccatagttg ggccccagtg ataaaccagc atccagtcta cgcaacgttg tcattcagct
aaagcggttacaetcatgg ttatggcagc actgcataat tctcttactg tcatgccatc cgtaagatgc ttttctgtga2580 30
ctggtgagta@cgééggéﬂ{é%tggé%dg 35 cgatgtaacc ctgggtgagce 40 aatgttgaat gtctcatgag gcacatttcc 45
ctcaagcaaé aéfac&é&%t ttcttcgggg cactcgtgca aaaaacagga actcatactc cggatacata ccgaaaagtg
tcattctgag agggccgcgce cgaaaactct cccaactgat aggcaaaatg ttecttttte tttgaatgta ccac aatagtgtat
cacatagcagxaaggatctioetteagcatc ccgcaaaaaa aatattattg tttagaaaaa gcggcgaccg agttgctctt aactttaaaa
gtgctcatcaadégcetgtid HdatcGHgh ttttactttc accagcgttt gggaataagg gcgacacgga aagcatttat cagggttatt
taaati aatd YYGgtteeger Te65 20 <211> 3667 <212> DNA 50 <213> artificial <220> <223> vector
PEMIZ (7.5) Bp <220> <221> promoter <222>(622)..(642) <223> T7 promoter <220> <221>

misc_featwe2i> misc_feature

<222> (2494)..(2534)
<223> TetQ2
15
<220>
<221> gene
<222> (2535)..(3383)
<223> DNAsge
20
<Z220>
<221> gene
<222>  (3389)..(3379)
<Z223> Lac?
25
<220>
<221> promoter
<222>  (3397)..{3417)
<223> T7 promoter
30
<220>
<221> misc_feature
<222> {3652)..(4162)
<223> FlankZ Del3
35
<220>
<221> gene
<222> {511il)..{5968)
<223> AmpR
40
<400> 16
ctaaattgta agegttaata ttttgttaaa attcgegtta aatttttgtt aaatcagctc 60
atttttitaac caatagycoy aaatcoggeaa aatcecocttat aaatcaaaag aatagaccga 120
45
gatagggtty agtgtigttc cagttiggas caagagteca ctattaaaga acghbggactc 180
caacgtcaaa gggcgaaaaa ccgtctatca gggegatgge ccactacgtg aaccatcacs 240
50 ctaatcaagt tttttggogt cgaggtgoco taaagcacta aaLogygaacce ctaaagggay 300
cocecgattl agagettgac ggggaaccac tatttagitg gtggtcgcoca tggatgghtgt 360
tattgtatac tgtcetasacyg cgttagtaaa acatggecgag geaaataaato atataaaaaa 4290
55
tgatttratyg attaaaccat gttgtgaaaa agteasgaac gtboacattg goggacaate 480
taaaaacaat acagtgattg cagatttgcc atatatggat aatgeggtat ccogatgtatg 540



<222>(680)..(742) 5<223> p7.5 <220> <221> gene <222>(799)..(1455) 10 <223> TetR <220> <221>
promoter <222>(1477)..(1497) 15 <223> T3 promoter <220> <221> promoter <222>(1523)..(1644) 20
<223> lac promoter <220> <221> gene <222>(2682)-(3539) 25 <223> AmpR 30 attttttaac
gatagggttg caacgtcaaa ctaatcaagt cccccgattt 40 agcgaaagga cacacccgcec caactgttgg gggatgtgct
taaaacgacg 50 cggtggcggce aaatatattc cgataccgte 53, gagctgctta ggtgtagage caataggcecg agtgttgtte
gggcgaaaaa tttttggggt agagcttgac gcgggcgcta gecgcettaatg gaagggcgat gcaaggcgat gccagtgaat
cgctctagagiaatiatig.gascesadal-algaadicag aocotacath Raatcgasaa Cagiiggan gggictategscgaggtgecg
ggggaaagcc gggcgcetggce cgecgcetaca cggtgecgggce taagttgggt tgtaatacga taaataataa caggatcccc

gtctagatta FEREIRAUGG GIERFPRIC attecEHEt ChaRfafREH g eyt tanageatErgegaalhiy
aagiglageq.qggeqcaice lelicgela aacgeeand cleaclelag.alacaaianl cquelocag gataaaggla
ttaacaaccc gtaaaaaata aaatcaagag cta?t%aaga cca&acg g aatcggaacc gcgagaaagg gtcacgctgc
cattcgccatttacgegage ttgceesi-40agaaigs:tanticicg-gaatcgataaagigaitaa giamanicgc agegggcttt

ttoctttttt accaaaggaa atgcatcatt gattattctc ctgtttgatt totcectatoga 840

10 tgeggcacct ctettaagaa gtgtaaccoga taataatgtt attatatcta gacaccageg 900
tetacatgac gagettecga gtteccaattg gttecaagttt tacataagta taaagtocga 960

15 ctattgttot atattatata tggttgettyga tggatetgty atgpatgcaa tagctgataa 1020
tagaacttac gcaaatatta gcaaaaatat attagacaat actacaatta acgatgagtg 1080

0 tagatgetgt tattttgaac cacagattayg gattcttgat agagatgaga tgctcaatgg 1140
: atcategtgt gatatgaaca gacattgtat tatgatgaat ttacctgatyg taggogaatbt 1200
tggatctagt atgthtgoyga aatatgaacce tgacatgatt aagattgetce tttcocggtgge 1260

25 tggcacatcg gtggeggorg cttacttgge ctgactogge agcatagaat agogageaac 1320
ggcattctca tagagcttga ccttgttgta atctttgtceca tgcttcaaaa tctcaatgeg 1380
gtggtcecaca aagtgatagt ctggceaaacg gacatcecetto tttgetitgt aagtagittt 1440

* gaaatcacat cgataatgge cacctectte aageaacaga gcocatgttaa catcaccctt 1500
cageacteca tcacgtacgt acattttcte agtggatgygce teccatttaa gagtcettett 1560

35 ctgcataace ggaccattgy gaggaasagti cacaccatca aaacgaatgl catagaaaaa 1620
acagtecgeee ctcatgetta tgttgettgt ggoggtgcaa atgeocctggt cttcataagt 1680
catgecttott tcoccagtgat acccctcagg aaaagtcbge ttgaaatagt cotgaatatce 1740

"0 tgetgggtace ttggtgaatg coctgttgoe gtactggaac actgttgtca agatatcgta 1800
agecgaaagyge agaggtgoge cttcecagtgac gttcaggtct aaaatcbgcecyg ttcoccctogta 1860

45 aggatttect tttcettete cttcaatcac gaaattatge cegtttacag tgectoteat 1920
acacagettyg atetteatet ctggtttaat cacactcacc attatttata ttecazaaas 1980
asasaataaa atttcaabit ttgecggeaa aaattgaaat tttatttttt ttttttggaa 2040

> tataaataat ggoecaagect tLgtctcaag aagaatccac cctcattgaa agagoaacgg 210C
ctacaatcaa cagcatccce atcototgaag actacagegt cgecagoegea gcetotcteta 2160

55 gecgacggecg catcttcact ggtgtcaatg tatatcattt tactggggga ccttgtgcag 2220
aactegtggt geotgggecact gotgcectgety cggeageigg caacchtgact tgtatocgloy 2280
cgatcggaaa tgagaacagg ggcatottga goccctgegg acggtgccga caggtgette 2340



aatagaccga acgtggactc aaccatcacc ctaaagggag aagggaagaa gcgtaaccac tcaggetgeg tggcgaaagg
cacgacgttg agctccaccg taaaagtaga tcaagcttat cagcgcatta ccagaagcta gctcgacgcec ttagccattg
tggcaagatt 5 gatggagcaa aatcaattag agcgctgtgg aaagaagaaa gaattatttg 15 tgcggattag ttcagatctt
agcttggcgt ccacacaaca taactcacat 25 cagctgcatt tccgcttcct getcactcaa atgtgagcaa ttccatagge 35
cgaaacccga tctectgt tc gtggegcett t aagetgggct tatcgtcttg 45 aacaggatta aactacggct ttcggaaaaa ttitttgttt
atcttttcta 55 atgagattat tcaatctaaa gcacctatct agatgftaga t ttacgtaa aagtacattt cctttttatg ggcattttac
gggaaacacc atcaccaagg aaaaacaact attaagggcc aatcatggtc tacgagccgg taattgcgtt aatgaatcgg
cgctcactga: agacagiant:aaggsscaaca LeRReateer caggaciala cgacestass; cleataagicniotgsasga
agtccaaccc gcagagcgag acactagaag gagttggtag gcaagcagca cggggtctga caaaaaggat gzatatatga
cagcgatctd tegfpcaceat EHat g e riaa Wy§icatdg TeHatEag gt aag g tacitigatigtagadtth
taaatglgas cqglaceage AAQCIg aageatagng Gogclcacts, cancaegeg cteqatacge acgtiates
aaaggccagdg tgacgagcat aagatacca 80? accgga acgctgtagg adc ccc%?t gfaagacac gtatgtaggc
gacagtattt eteligaice gaidacgegeeasicagtgg sttcacaasygiraactige: telatttegbLQasdeactittagttttagat
cctacagaaa tttt cac tag gtattggaag agtatgccgc gccttcttat agtgggtccg ttttgttcce cctgtgtgaa tgtaaagcect
ccegeftice HRITEGAEEE PRTFCHRC aCRPLIR P asReTta AR c R EEEHRE Y CGRESELEG acc ittty tatctcagtt
cagcccgace gaciialegc gqianliacag golaicloeg:09c2aa¢AA3 agalaagang aacaanaagt atctfitaa
tctgacagtt tcatccatag gccct ttaga gtgctttact aacagtatga agaatgcatt atcaagagca cattattacg tcggcecttga
cgtacagcggttagigegy atdgtiadws gggpigeeta agicgygaaagitigaytat gurigeggoggggataatee

aggcé@cgtt gac ctcaag ct aagctc cctt tctcec cga%tgta t gctgcgcectt cact%%ca C agttcttgaa ctctgctgaa
ccaccgetgg gcaftc?ggﬁagiaggg%%ﬁ%acgag 1555858 accaé:eig’tg%gz%t t% @E‘ag&caaggé’aggg 3020 82"
aagtcatcgcldBBrataa ggagegetac ctgttcgtgt acaggcoctga ccaggtgtet goggtggaca 2880
20 getactacta cgatgatgge tgegagecct gogggaacga caccttcaac cgagagcocag 2840
cecattgtcag gttettotoe cggttecacag aggtcaggga gtbtgeecatt gttoccctge 3C00
atgoggecce gggggacgca gtagecgaga togacgcochbct ctatgacgtc tacctggatg 3060
2 tccaagagaa atggggettg gaggacgtca tgttgatygo cgactteaat goegggotgca 3120
getatgtgag accctcoccag tggteatcca tocgoctgty gacaagoocoe accttocagt 3180
30 ggctgatece cgacageget gacaccacag ctacacgcecac geactgtgee tatgacagga 3240
tegtggttge agggatgoetg ctecgaggeg cbgttgttcc cgactegget ctteccttta 3300
acttecagge tgectatgge ctgagtgacc aactggccca agccatcagt gaccactatc 3360
* cagtggagygt gatgctgaag taggagcetec aattogeeogt atagtgagtc gtattacaat 3420
tcactggecog tocgttttaca acgtogtgac tgggaaaace ctggegtitac ccaacttaat 3480
40 cgecttgeag cacatcccecce tttegecage tggcogtaata gegaagagyge cogeacogab 3540
cgeecttooe aacagttgeg cagoctgaat ggcgaatgga aacttaatta acacgtgget 3800
as agcgaattcg atatcaagcet tatcgatacce gtegaccteyg aggguggggee cggaaagtrtt 3660
tataggtagt tgatagaaca aaatagataa thttgtaaaa ataaatcact ttttatacta 3720
atatgacacg attaccaata cttttgttac taatatcatt agtatacgct acacctttte 3780
50 ctroagacatc taaaasaaata ggtgatgatg caactttatc atgtaatcga aataatacaa 3840
atgactacgt tgttatgagt gcttggtata aggageccaa ttocattatt cttttagetg 3800
55 ctaaaagcecga cgtcttgtat tttgataati ataccaagga taaaatatcet tacgactcete 3960
catacgatya tctagttaces actatcacaa ttaaatcatt gactgctaga gatgocggha 4020
cttatgtaty tgeattettt atgacatcge ctacaaatga cactgataaa gtagattatg 4080



aactctcgaall40 atatgcactc1200 tcaagtcgct1260 acaagctatc1320 attgatcatal380 atcccgggaal440
gttaatttcg1500 gctcacaa tt1560 atgagtgagc 1620 cctgtcgtgc1680 tgggcgcetctl 740 ageggtatca 1800
aggaaagaac 1860 gctggcgttt 1920 tcagaggtgg 1980 cctcgtgcgce2040 ttcgggaagce2100 cgttcgetecc2160
atccggtaac2220 agccactggt 2280 gtggtggcct 2340 gccagttacc2400 tagcggtggt2460 agatcctttg2520
gattttggtc2580 aagttttaaa 2640 aatcagtgag2700 cceggicgtg2760 61 tagataacta gacccacgct
cgcagaagtg gctagagtaa 10 atcgtggtgt aggcgagtta atcgttgtca 15 aattctctta cgatacggga caccggctcc
gtcctgcaac ghagticger sacgpdeote Catgatetes Yaagiaagit glgwalges: QggcliaceaAgatitaleptitatccgec
agttaatagt gtttggtatg catgttgtgc ggccgcagtg atccgtaaga tctggcccca gcaataaacc tccatccagt ttgcgcaacg
gcttcattca BHEASEHEGF RAtCACICR tGERER G Chfy TR At HRTCcAGEE BT CRfrta5EE¥GaGEcat Htlcggtic

ttagctgett tggtialgac toactaataa,

gcggtatcay ctcactcaaa ggoggtaata cggttatcca 4260

cagaatcagg ggataacgca ggaaagaaca tgtgagcaaa aggccagcaa aaggccagga 4320
accgtaaaaa gyccgegtty ctggegtttt tocatagget cogocccect gacgageatc 4380

10 acaaaaatcg acgctcaagt cagaggtgge gaaacccgac aggactataa agataccagg 4440
cgtttcecee tggaagetcocc ctegtgeget ctcoctgticeo gaccetgoeeg cttaccggat ~4500

15 acctgtecege cttbcteoet tcocgggaageg tggegettte tcatagqtca cgctgtaggt 4560
atctcagttc ggtgtaggte gticgctcca agoetgggotyg tgtgcacgaa cocceccogtto 4620
agcccgaccg ctgcogecotta tccggtaact atcgtettyga gtecaacccg gtaagacacyg 4680

?0 acttatcgee actggragea gecactggta acaggattag cagagegagyg tatgtaggeg 4740
gtygctacaga gttcettgaag tggtggccta actacggeta cactagaagg acagtatttg 4800

25 gtatctgege tctgeotgaag ccagttaccet tcoggaaaaag agttggtage tettgatccg 48690
gcaaacaaac caccgctggt ageggtggtt tttttgtttg caagcageag attacgegea 4920
gaaaaaaagg atctcaagaa gatcctttga totttictac ggggtctgac getecagtgga 4980

%0 acgaaaactc acgttaaggg attttggtca tgagattatc aaaaaggatc ttcacctaga 5040
teocttittaaa ttaasaatga agtttiaaat caatctaaag tatatatgag taasactiggt 5100

35 ctgacagtta craatgetta atcagtgagg cacctatcte agegatcefgt ctattteogtt 51606
catccatagt tgectgactc cccgtegtat agataactac gatacgggag ggcttaccat 5220
ctggccccag tgctgcaatyg ataccgocgag acccacgetc accggotcca gatttateag 5280

0 caataaacca gccagccgda agggccgagc geagaagtgg tcoctgcaact ttatccogecot 5340
coatbtecagte tattaattgt tgococgggaayg ctagagtaag tagttcgcca gttaatagtt 5£00

45 tgegeaacgt tgttgecatt gctacaggea togtggtgte acgectegteg titggtatgg 5460
ctteattcag cteeggttec caacgatcaa ggegagttac atgatcoccce atgttgtgea 5520

‘ aaaaageggt tagcetcectte ggtectececga togttgtcag aagtaaghbtyg gocgeagtgt 5580
>0 tatcactcat ggttatggca gcactgeata attetcttac tgtcatgeca tccogtaagat 5640
gcttttctgt'gactggtgag tactcaacca agtcattctg agaatagtgt atgeggcgac 5700

55 cgagbigete ttgcoceggey tcaatacggg ataataccge gcececacatage agaactttaa 5760
aagtgectcat cattggaaaa cgticttcgy ggcgaasact ctcaaggatc ttaccgotgt 5820
tgagatccag ttogatgtaa cccactegtg cacccaactg atetbcagea tottttacth 5880



gataccgcga aagggccgag ttgccgggaa tgctacaggc ccaacgatca cggtcctccg agcactgeat gtactcaacc
aagtcattct gagaatagtg tatgcggcga ccgagttgct cttgcccggce gtcaatacgg 3300 20 gataataccg gggcgaaaac
gcacccaact 25 ggaaggcaaa ctcttccttt 30 atatttgaat gtgccac cgccacatag cagaacttta aaagtgctca
tctcaaggat cttaccgctg ttgagatcca gatcttcagc atcttttact ttcaccagcg atgccgcaaa aaagggaata agggcgacac
ticaatatta ttgaagcatt tatcagggtt gtatttagaa aaataaacga ataggggtic tcattggaaa acgttcttcg gttcgatgta
acccactcgt tttctgggtg agcaaaaaca ggaaatgttg aatactcata attgtctcat gagcggatac cgcgcacatt teccogaaaa
35<210> 21 <211> 3695 <212> DNA <213> artificial 40<220> <223> vector pEM13 (H5) <220> 45
<221> prometess@i2 xR o) (6fb hs223va Jabprameteds22 0300 s224 >spramelier=<2224{683)..(752)
<223> H5 promoter <220> 55 <221> gene <222>(786)..(1442) <223> TetR <221> promoter
<222>(1508fBP5255F FI3EFSIRoMBIEr8LY20S LESTS Profioter K222 50P88 15506725 ¥423> lac

prpmoter %QSZ@%%%%E&%@%@Z%EQZJ@H(§§@Zég%%%§>té€?ﬂ%aaa aataaacaaa 6060

taggggttcce gegeacattt ccccgaaaag tgccac 6096
10
<210> 17
<211> 6585
<Z12> DNA
<213> artificial
15
<220>
<223> vector vEM31
20 <220>
<221> misc_feature
<222> {338)..(1263)
«223> Flankl Del3
25 <220>
<221> gene
<222> {1283)..(1962)
<223> Azami green
30 <220>
«221> misc_feature
<222> (2002)..{1963}
<223> Ps
35 <220>
<221> misc_feature
<222> (2009})..(2048)
<223> Ps
a0 <220>
<221> gene
<222> (2049)..(2447)
<223> BdsR
45 <220>
<221> promoter
<222> (2454)..(2493)
<223» Ps promoter
50 «220>
<221> misc_feature
<222> (24%4)..(2524)
<223> TetO2
55 <220>

<221> gene
<222>  (2535)..(3383)
<223> DNAse



attttttaac 20 gatagggttg caacgtcaaa ctaatcaagt cocccgattt agcgaaagga 30 cacacccgcc caactgttgg
gggatgtgct taaaacgacg ccgeggtggce 40 gttaaattga tcgagatgtc aggtcggaat ctacattgta tgttagatag 50
tacgtaataa tacatttagg ttttatgcca attttacttt aaacacctac caataggccg agtgttgttc gggcgaaaaa tttttggggt
agagcttgac gcgggcgcta gegettaatg gaagggcgat gcaaggcgat gecagtgage ggecgctcta aagcgagaaa
tagattagat cgaaggttta tiggcatgta gcaccatact cgctaagagt tacacggect acaaggttit aggttgegta tactgatagt
aaatcggcaa cagtttggaa ccgtctatca cgaggtgccg ggggaaagec gggegetgge cgecgetaca cggtgcggge
taagttgggt gegegtaata gaaaaaaatg taatcataaa aaaagtaaag acaacccgta aaaaataagc cacttttgec
tttagatgtg acagaaaaaedeactagaga ttggaagatc atgccgecat aatcccttat caagagtcca gggcgatgge
taaagcacte adéd?d aadibtadtyg gggcgegtee ctettcgeta aacgecaggg cgactcacta aaaataaata
ttggat%cccf faaligPa8tgteea gggctttgct ctttagaagg ctttactaag agtatgaaac atgcattata aagagcatca
tattacgaca.gagtcaaaag ctattaaaga ccactacgtg aatcggaacc gcgagaaagg gtcacgctge cattcgecat
ttacgccagctttcecagitagggcgaat caaaggttct cgggetgeag cgcattagag gaagctaggt cgacgcectta
ggaaagctggeatcgcfetictoga@Rfat tgcactcage agtcgctaaa agctatcgaa aatagaccga acgtggactc

aaccajcact ttanadgylg aagggaagaa gegtaaccac tcaggetgeg tggcgaaagg cacgacgttg tggagetcea
tgagggttgt gaaticgate ctgcttaatg gtagagcage gecattgaga caagattttt ggagcaaaag caattagect getgtgggge
accaaggtgeaasaacitaa H-aagggcccgg ttgttccctt tgtgtgaaat taaagectgg cgctttccag 15 gagaggeggt
ggtcgttcgg¥gaatcagyty ccgtdddaag caaaaatcga 25 gtttccecect cetgtcegec tetcagttcg gececgaccgce
cttatcgcca ctal &§afccagec atgtgaaagt atcaagcetta tagtgagggt tgttatccge ggtgectaat
tcgggaaacg ftggotattg ctgcggegag gataacgcag gecgegttge cgetcaagte ggaageteec tttcteectt gtgtaggteg
tgcgecttat ctggeageagettcttgaagt ttottattcg gggtccgegt tcgataccgt taatttcgag tcacaattcc gagtgagcta
tgtcgtgcca ghgégctctie eYotatéa§é \gaaagaacat tggcegttttt agaggtggeg tegtgegete cgggaagegt ttcgetccaa
ccgg%acta“&%é’ctg@‘fﬁﬁ ggtggcctaa

< >
cigzatt;Za agegttaata ttttgttaaa atitcogogtta aatttttgit aaatcagctce 60
5 attttttaac caataggcog aaatoggcaa aatcocttat aaatcaaaag aatagaccga 120
’ gatagggttg agtgttgttc cagtttggaa caagagtcoca ctattaaaga acgtggactc 180
caacgtcaas gggcecgaaaaa ccgtotatea gggcegatgge ccactacghtg aaccatcacc 240
30 ctaatcaagt ttbttggggt cgaggtgecyg taaagcacta aatcggaacce ctaaagggay 300
cceeccgatltt agagottgac ggggaaccac tatttagttyg gtggtegeca tggatggtgt 360
tattgtatac tgtctasacy cgttagtasa acatggcgag gasataaatc atataazaaa 420
3 tgatttcaty attaaaccat gttgtgaasa agtcaagaac gttbcacattyg geggacaatc 480
tasaaacaat acagtgattyg cagatttgoc atatatggat aatgcggtat cogatgtatg 540
40 caattcactg tataaaaaga atgtatcaag aatatccaga Lrttgctaatt tgataszsagat 600
agatgacgat gacaagactic ctactgghbgt atataattat tttaaaccta aagatgecat 660
a5 tcctottatt atatccatag gaaaggatag agatgtttgt gaactattaa totcatcetga 720
taaagcecgtgt gogtgtatag agttaéattc atataaagta gccattcitce ceatggatgt 780
ttccttittt accaaaggaa atgcateatt gattattctc ctgtttgatt tctcectatoga 840
50 tgcggcacct ctcttaagaa gtgtaaccga taataatgtt attatatcta gacaccagog 900
tctacatgac gagcettcocga gttccaattg gttcaagttt tacataagta taaagtocga 960
55 ctattgtbct atattatata tggttgttga tggatctgtg atgcatgcaa tagctgataa 16290
tageacttac geaaatatta geaaaaatat attagacaat actacaatta acgatgagty 1080
tagatgetgt tattttgaac cacagattayg gattcttgat agagatgagas tgctcaatgg 1140



63 gccttgaatt acagcggatc cgacctcgag cttggcgtaa acacaacata actcacatta gctgcattaa cgcttccteg
tcactcaaag gtgagcaaaa ccataggctc aaacccgaca tcctgttccg ggcgctttct getgggctgt tcgtcttgag caggattagce
ctacggctac gatcatatgc ccgggaattc ggggggcccg tcatggtcat cgagccggaa attgcgttge tgaatcggcec
ctcactgact gcggtaatac ggccagcaaa cgcccccctg ggactataaa accctgecge catagctcac gtgcacgaac
tccaacccgg agagcgaggt actagaagga ggattagaaa 1\?5%0 agatcttatt1440 gtaccagctt1500 agctgtttcc1560
gcataaagtg1620 gctcactgcc1680 aacgcgeggg 1740 cgcetgegetc1800 ggttatccacl860 aggccaggaa 1920
acgagcatca-1986-9atae6a966:204 0iaccagaia 210096k ao0taLke8 CFaGrailcR #4420 taagacacga
2280 atgtaggcgg 2340 cagtatttgg 2400 tatctgcgct ctgctgaagc cagttacctt cggaaaaaga gttggtagct
cttgatccgg 60 CASH CARHCE 984y (G HRd AR gERARtg G c Trugcageagatiiacgeteey 252540
aaaaaaagga Ictcaagaaqg atcctttgat ctittct ctgacg ctcagtggaa 2580 cgaaaactca ¢ ggga
tggicat S D oL B A IR0 e et e
atatatgagtapactggie? Oftgacagttaccagtgnitna dcagtgagg cracetaisica gegaisigin-tatttegise2 760 50
atccatagtt gcctgactcc ccgtcgtgta gataactacg atacgggagg gcttaccatc 2820 2880 tggccccagt getgcaatga
taccggg ag8 " CEEACHTCI AT RE A RBPATRERE 2040 Bt abacdad EE R e g Fdcgag %g‘l@ag aagtggt
cetgcaacttfatecgaets 3000 55 catccagict attaatigit gecgggaage lagagiaagt aglicgecag tiagiagttt 3060
gcgcaacgtt gttgccattg ctacaggcat cgtggtgtca cgctcgtcgt tEggtalLgge 3120 ttcattcagce tccggttcce
aacgatcaatpgegatitaca tgattecsta 4giytgtanc b tagaagey (it ateactoatgeetittctgtgrgagtigoiet 10
agtggtcatc gagatccagt caccagcgtt ggcgacacgg tcagggttat 20 a ttccg agctccttcg gttatggcag
actgétgagtc%ggc%cactﬁ‘ﬁggt 3?%?5%%8 t g%a?ggg%cfgag%%cgcfﬁ %agt%%?g%% tfﬁt%tgg%ga a%:agacagacatt cg%tcctccgat

cactgcataaagd €apeeia arinegggagiiciicggy ceretegios-caagaasagstacicatagt geggatanat
cccgaaaagt

- catgettett teccagtgat accectcagg aasagtctge ttgaaatagt cotgaastatco 1740
tgctgggtac ttggtgaatg ccotgtigee gtactggaac actgttgtea agatatogta 1800
agcgaaagge agaggtgege cttcagtgac gttcaggtcect aaaatctgeg ttecctogta 1860

25 aggatttccet tttecttcte ctteaatcac gaaattatge ccgtttacag tgeocetcteat 1920
acacagcttg atcttcatoll ¢tggtttaat cacactcacce attatttata ttceccaszaaa 1980

50 aaaaaataaa atttcaattt ttgccoggcaa aaattgaaat tttattbttt ttttttggaa 2040
tataaataalt ggccaagecetb ttgtctcaag aagaatecac ccteattgaa agagcesacgg 2100
ctacaatcaa cagecatcooe atctctgaag actacageogt cgocagogea getotebeota 2160

35 gogacgoecyg catcttecact ggtgtcaaty tatatcattt tactggggga cettgtgcag 2220
aactegtggt gectgggeact getgetgcty cggcageltgy caacctgact tgtategteg 2280

20 cgatcyggaaa tgagsacagg ggcatcettga geoecctgegyg acggtgooga cagghtgettc 2340
tegatctgea tectgggatc aaagccatag tgaaggacég tgatggacag ccgacggead 2400
ttgggattecg tgaattgotg coctctyggtt atgtgbtggga gggctaaact agtaaaaatt 2460

45 gaaattttat tttttttttt tggaatataa atatccoctat cagtgataga gatctceccta 2520
tcagtgatag agatatgagy ggcecatgaage tgctggggge gotgctggea ctggocggocoe 2580

50 tactgcaggg ggccgtgtec ctgaagatcg cagecttraa catccagaca ttiggggaga 2640
ccaagatgte caatgecacce ctegtcaget acattgtgea gatcotgage cgctatgaca 2700
tegecctggt ccaggaggte agagacagoe acctgactyge cagbggyggasag ctgctggaca 2760

5% acctcaatca ggatgeacca gacacctate actacgtggt cagtgagcca ctgggacgga 2820
acagctataa ggageoegoetac ctgttcgtgt acaggcoctga ccaggtgtet gcoggtggaca 2880
gctactacta cgatgatgge tgogagcoct gogggaacga caccttcaac cgagagcecag 2940



cgttgtcaga ttctcttact gtcattctga taataccgcg gcgaaaactc acccaactga aaggcaaaat cttccttttt atttgaatgt
geCaC agtaagttgg gtcatgc cat gaatagtgta ccacatagca tcaaggatct tcttcagcat gccgcaaaaa caatattatt
atttagaaaa ccgcagtgtt ccgtaagatg tgcggcgacc gaactttaaa taccgctgtt cttttacttt agggaataag gaagcattta
ataaacaaat <210> 22 <211> 6640 25 <212> DNA <213> artificial <220> <223> vector vEM32 (7.5) 30
<220> <221> misc_feature <222>(338)..(1263) 35<g23> Flankl De13 <220> <221> gene
<222>(1283)..(1962) 40 <223> Azami green <220> <221> misc_feature <222>(2002)..(1963)
45<223> Ps <220> <221> misc_feature <222>(2009)..(2048) 50<223> Ps <220> <221> gene
<222>(204%p {24y 55208t BsdRot2200ag2 240t propuetar < 2222424 549 £.(2408) < <2288 Ps
promoter <220> <221> misc feature 5<222>(2494)..(2534)

10<2%;>(igggggﬁfggsyggggacgca gtagccogaga toegacgetet ctatgacgtc tacctggatg

tccaagagaa atyggogottg gaggacgtca tgttgatggg cgacttceaat gogggetgea 3120
getatgtgayg acccteccag tggtcatoca tccgéctgtg gacaagceccce accttccagt 3180

10 ggctgatece cgacageget gaéaccacag ctacacccac geactgtgeoe tatgacagga 3249
tegtggttyge agggatgoetyg ctecgaggeg coegbitgtteco cgactogget cticoottta 3300
acttccagge tgcectatggce ctgaghtgace aactggocca ageocatcagt gaccactate 3360

* cagtggaggt gatgctgsag taggagctca aasattgaaa ttttatttbtt ttottttgga 34240
atataaataa tgtctagatt agataaaagt asagtgatta acagegcatt agagetgett 3480

20 aatgaggtcg gaatcgaagg tttaacaace cgtaaacicg cccagaagot aggtgtagag 3540
cagcectacat tgtattggea tgtaaaaaat aagecgggett tgctegacge cttagocatt 3600

, gagatgttag ataggcacca tactcacttt tgeocetitag aaggggaaag ctggcaagat 3660
> tttttacgta ataacgctaa aagttttaga tgtgetttac taagtcecatcg cgatggagca 3720
aaagtacatt taggtacacg gcectacagaa aaacagtabg @aactetega aaatcaatta 3780

30 gecotttitat gecaacaagyg tttttcacta gagaatgeoat tatatgcact cagogetgtyg 3840
gggcatttta ctttaggtty cutattggaa gatcaagage atcaagtcgce taaagaagaa 3900
agggaaacac ctactactga tagtatgeeyg ccattattac gacaagctat cgaattattt 3560

- gatcaccaay gtgcagagee agecttctta ttcggecttg aattgateat atgeggatta 4020
gaanaacaac Ltaaatygtga aagtgggtce gogtacageyg gatcccggga attcagatet 40806

40 tattaagcta gogaattoga tatcaagett atcgataceg togacctoga ggggoogoce 4140
ggaaagittt ataggtaghti gatagaacaa aatacataat tttgtaaaas taaatcactt 4200

45 trtatactaa tatgacacga Ltaccaatac ttttgttact aatatcatbta gtatacgcta 4260
cacettttee tcagacatct aaaaaaatag gtgatgatge aactttatca tgtaatcgaa 4320
ataatacaaa tgactacgtt gttatgagtg cttggtataa ggagdecaat tocattattc 4380

50 ttttagctge tasaagogac grtcttgtatt ttgataatta taccaaggat aaaatatott 4440
acgactctee atacgatgat ctégttacaa ctatcacaat taaatcattg actgctagag 4500

5 atgceceggtac ttatgtatght gecattcettta tgacatcgee tacaaatgac actgataaag 4560
tagattatga agaatactcc acagagttga ttgtasatac agatagtgaa togactatag 4620
acataatact atctggatct acacattcac cggaaactag ggcttectecg cteactgact 4680

<223> Tet02 <220> <221> goesnoe



<223> DNAse <220> <221> misc_feature 15<222>(3414)..(3476) <223> P7.5 <220> <221> gene
20<222>(3533)..(4189) <223> TetR <220> <221> misc_feature 25<222>(4196)..(4706) <223> Flank2
Del3 <220> <221> gene 30<222> (5655).16512) <223> AmpR  attttttaac gatagggttg 40 caacgtcaaa
ctaatcaagt cccccgattt tattgtatac tgatttcatg 50 taaaaacaat caattcactg agatgacgat 55 tcctgttatt taaagcgtgt
caataggccg agtgttgttc gggcgaaaaa tttttggggt agagctts%ac tgtctaaacg attaaaccat acagtgattg tataaaaaga
gacaagactc atatccatag gcgtgtatag ttttgttaaa aaatcggcaa cagtttggaa ccgtctatca cgaggtgccg
999gaaccagcoitagtaaadigigaana cagaitiacs, alglalcaag clacloglal gaaaggatag agitaagiig, aticgegtta
aatccct tat caagagtcca gggcgatggc taaagcacta tat ttagttg acatggcgag agtcaagaac atatatggat
aatatccagaatatdatar sysigttgtadatagagt@cadatcaagagretattfr@agaseeactarygtgoaateggadetogtggtcgeca
gaaataaatc ttcacagg aap&c{:i%%tat tttéctaatt tttaaaccta gaactattaa gccattcttc aatagaccga acgtggactc

ga

Saz Gotgt rataaag8 GEGGIEARTE CCURGIALS TySBLsagar Sagattttht

aaccafcacé tlaaagggag t

tctcatctga ecat@ggatgh ettt cgya cgetcaagte agaggtggeg amacccgaca ggactataaa 4920
10 gataccagge gtttecceet ggaagectcoe fogtgegete tocotgttceg accetgeoge 4980
ttaccggata cctgteegee tttetecctt cgggaagogt ggogetttet catagcoctcac 5040
gctgtaggta tetcagtteg gtgtaggteg ttogetecaa getgggeotgh gtgeacgaac 5100 .
i5 coooegttea goeogacoege tgogeocttat ceggtaacta tegtottgag tccaaccegg 5160
taagacacga cttatcgceca ctggecagcag coactggtaa caggattage agagogaggh 5220
20 atghtaggegyg tgetacagay ttettgaagt ggtggoctaa ctacggctac actagaagga 5280
cagtatttgg tatctgeget ctgetgaage cagttacott cggasaaaga gibtggtagcet 5340
cttgatcogg caaacaaacce accgetggta geggtggttt ttttgtttge aageageaga 5400
25 ttacgcgcag aaaaaaagyga totcaagaag atcctttgat cttttctacg gggtetgacg 5460
ctecagtggaa cgaaaactca cgttaasggga ttttggtcat gagattatca azaaggatot 5520
30 tcacctagat ccbtttaaat tasaaaatgaa gttttaaate aatctaaagt atatatgagt 5580
aaacttggtc Ctgacagttac caatgcttaa teagtgagge acctatctca gegatctgte 5640
tatttegttc atccatagtt gectgactce cocgteogtgta gataactacy atacgoggagy 5700
35 gcttacecate tggecoccagh gotgcaatga taccgegaga cocacgcbca coggotocad 5760
atttatcage aataaaccag ccageeggaa gygecgageg cagaaghtggt octgcaactt 5820
tatocgocote catccagtct attaattbgtt gocgggaage tagagtaagt agticgocag 5880
40
ttaatagtit gcgcaacgtt gttgecattyg ctacaggecat cgtggitgtoa cgetegtegt 5940
ttggtatgge ttcattcage tccggttece aacgatcasg gogagtitaca tgatcoocccea 6000
45 tgttgtgcaa aaaageggtt agctectteg gteocteoegat cgttgtcaga agtaagitog 6060
cegcagtgtt atcacteatyg gttatggcag cactgeataa ttctettact gtecatgeocat 6120
50 ccgtaagatg ctittcectgty actggtgagt actcaaccaa gtcattotgs gaatagtgta 6180
tgcggecgace gagttgotct tgeccggogt caatacggga taatacegeg ccacatagea 6240
gaactttaaa agtgctcatc attggaaaac gttcttcggg gegaaaactc tcaaggatet 6300
55 taccgetgtt gagatccagt tcgatgtaac ccactcgtge acccaactga tottcageat 6360
cttttacttt caccagogtt tetggygtygag caamazcagy aaggcaaaat goocucaadsaa 5420
agggaataayg ggcgacacygy aaatgttgaa tactecatact cttootttot caatéttatt 6480



tgcggcacct 5 tctacatgac ctattgttct tagaacttac tagatgctgt atcatcgtgt 15 tggatctagt tggcacatcg ggcattctca
gtggtccaca gaaatcacat 25 cagcactcca ctgcataacc acagtcgecc catgcettctt tgctgggtac 35 agcgaaaggce
aggatttcct acacagcttg aaaaaataaa tataaataat 45 ctacaatcaa gcgacggecg aactcgtggt cgatcggaaa
tcgatctgca 55 ttgggattcg gaaattttat tcagtgatag accaaaggaa ctcttaagaa gagcttccga atattatata gcaaatatta
tattttgaac gatatgaaca atgttgggga gtggcggcecg tagagefga aagtgatagt cgataatgge tcacgtacgt ggaccattgg
ctcatgctta tcccagtgat ttggtgaatg agaggtgcgc tttccttcte atcttcatct atttcaattt ggccaagcect cagcatcccc
catcttcact gctgggcact tgagaacagg tcctgggatc tgaattgctg tttttttttt agatatgagg atgcatcatt gtgtaaccga
gttccaattg tggatitga ydarasatdaca cagattad gracattgiat aatatgancretiactiggoectgigta dtggcaaacg
cacctectic g ca%téttggcaga%%aa%gg tgttgettgt accectcagg cectgtige cticagtgac cttcaatcac c%g tttaat
ttgccggeaa totctcaag atctetuaag g%ﬁcaa‘fg gctgetgety gucatcitya aaagecatag ccctetggit tggaatataa
ggcatgaagc 66 gattattctc taataatgtt gttcaagttt tggatctgtg attagacaat gattcttgat tatgatgaat tgacatgatt
ctgactcggcatétitgttd gacatccttc aagcaacaga agtggatgge cacaccatca ggcggtgcaa aaaagtctge
gtactggaad gttcaggfct’gaaattatge cacactcacc aaattgaaat aagaatccac actacagcegt tatatcattt cggcagcetgg
gccc_c(ggcg(j gg’aggggggi%gggtggga atatccctat tgctggggge  agagatgaga ttacctgatg aagattgctc
agcatagaat tgcttcaaaa tttgctttgt gccatgttaa tcccatttaa aaacgaatgt atgecctggt ttgaaatagt actgttgtca
aaaatctgcg zagittacag attatttata tttatttttt cctcattgaa cgccagegcea tactggggga caacctgact acggtgecga
tgctcaatggtrdgcgBa®eRicy gtgge agcgagceaac tetcaatgeg aagtagtttt catcaccctt gagtcttctt catagaaaaa
cticaigagt cctgaatatc agatatcgta ttccetegta tgectcteat ticcaaaaaa ttitttggaa agagcaacgg getetetcta
ccttgigcagdggategteg caggtgettc 1140 1200 1260 1320 1380 1440 1500 1560 1620 1680 1740 1800
1860 19202980 246:2460 2160 2220 2280 2340 67 tactgcaggg ccaagatgtc tcgcecctggt acctcaatca
10 acagctatder gctaétadta- dé4tytcag atgcggecece tccaagagaa 20 getatgtgag ggcetgatecc tegtggttge
acttcgeggc‘%%@’fgg%di?ﬁ‘oattﬁﬁatacaa ccceecgggct attagataaa aggtttaaca geatgtaaaa 40 ccatactcac
taaaagtttt agggectaca aggtttttca

<221> misc_feature
<222» (68B0)..(742)
<223> p7.5

25
<220>
<221>
<222>
<223>

promoter
(824)..(844)
T3 promoter
30
<220>
<Z221>
<222>
<Z223>

promoter
(870)..(98L)
lac promoter
35
<220>
<221>
<222>
<223>

gene
{2029})..(2886)
AmpR
40

<400>= 18

45

50

55

ctaaattgta
attttttaac
gatagggttyg
caacgtcaaa
ctaatcaagt
coecoegatot
agcgaaagga
cacacccged

caactgttgy

agogttaata
caataggecy
agtgttgttc
gugcgaaaaa
tttﬁtgéggt
agagcttgac
gegggcgeta
gegchtaatg

gaaggygegat

ttttgttaaa
azatcggeaa
cagtttggaa
ccgtetatca
cgaggtgeoeg
ggggaaagocc
gggcgetgge
cgeocgctaca

cggtgeggge

attegogtta
aatccettalb
caagagtoca
gggegatgge
taaagcacta
ggcgaacgty
aagtgtageg
gogagegtoe

ctettegeta

aatttttgtt
aaatcaaaay
ctattaaaga
ccactacgtyg
aatcggaace
gcgagaaagy
gteoacgctge
cattcéccat

ttacgecage

aaatcagete
aatagaccga
acgtggactce
aaccatcacc
ctaaagggag
aagggaagaa
gcgtaaccac
teaggetgey

tggcgaaagy

60

120

180

240

300

360

420

480

540



ttgcgtattg 50 tgatagtarg gccagccttc tgaaagtggg gttttatagg actaatatga ggccgtgtcc ctgaagatcg
cagccttcaa catccagaca tttggggaga caatgccacc ctcgtcagct acattgtgca gatcctgagce cgctatgaca
ccaggaggtc agagacagcc acctgactgc cgtggggaag ctgctggaca ggatgcacca gacacctatc actacgtggt
cagtgagcca ctgggacgga ggagcgctac ctgttcgtgt acaggcctga ccaggtgtct gcggtggaca cgatgatggce
tgcgagccct gcgggaacga caccttcaac cgagagcecag gttetfctce cggttcacag aggtcaggga gtttgccatt gttccectge
gggggacgca gtagccgaga tcgacgctct ctatgacgtc tacctggatg atggggcttg gaggacgtca tgttgatggg cgacttcaat
gcgggctgcagaaceteecagdggicatenn teageetgigrgasengnees aceticcagifygacagegst gacaceacag
ctacacccac gcactgtgcc tatgacagga agggatgctg ctccgaggceg ccgttgttcc cgactcggct ctteccttta tgectatggce
ctgagtgac HHATREE J SRTHRAY FECRASHIR GATAERRT tAFGaRRICE ARUCTTRF Eggctfdet
agaatgaata jaajiaalit cleglanagg jagannatal attglaalit atiocagaat.geaggaalie, gatalsaage figtcgatac
cgtcgacccg agatgtctag agtaaagtga ttaacagcgc attagagctg cttaatgagg tcggaatcga acccgtaaac
tcgcccagaageggtgtargaycagraiacatigtaitg aalsagogggcitigrtcgacgecitaggctatigagatgetagataggcea
ttttgccctt ta%§ ggga aagctggcaa gattttttac gtaataacgc agatgt%ctt tactaagtca tcgc%atgga g%%aaaagtac
atttaggtac Hadaacagt algaaacict coaaaatcad ttEGEEHT thig cEa5CE Gy &TadRy ¥ittatatg € Actcagegct
gtggggcatiHactigag-gasgaigaas- agealeaagt £adagadad danangdass.cacelaciasecyccasiat
tacgacaagc tatcgaatta tttgatcacc aaggtgcaga ttattcggcc ttgaattgat catatgcgga ttagaaaaac aacttaaatg
tccgcgtace gerfjdeet - acrptnidga 1 HatleRg 9 FrEFeaa st Rt fgaeiy sa caunator btaattttdt baaaataaat
cactttftat cacgattacc aatacttttq ttactaatat cattagtata cgctacacct tttcctcaga Catctaaa atgCaacCitt
tCatan e B s S b g Cratccar

tattCtttta 444éyrgCigilaams gigacgtelt giatittgal@atiatrcea aggatanaat ateitaegagA5000totccataCyg
atgatCtagt
gcgeteocttee gettectoge teactgactc goctgogoteyg

gtegttogge tgocggegage 1140

2 ggtatcagct cactcaaagg cggtaatacg gttatccaca gaatcagggg ataacgeagg 1200
aaagaacatyg tgagcaaaag gccagcaaaa ggccaggaac cgtaaaaagg cogegibgct 1260
25 ggegtoibtte cataggetcece geecccectga cgageatcac aaasaatogac gotcaagtca 1320
gaggtgogega aaccocgacayg gactataaag ataccaggeg tttecoeoctg gaagotcoccoct 1380
30 cgtgegeotet ccotgttocega cectgeoget taccggatac ctgtcoogect ttetccocotte 1440
gggaagcgtg gogetticte atagetcecacg ctgtaggtat cteagttcgg tgtaggtogt 1500
tcgetocaag ctgggotgtg tgcacgaace ccocgttcag cecgaccget gogocttabc 1560
35 cgogtaactat cgtcttgagt craacccgght aagacacgac ttatogocac Lggcagcage 1620
cactggtaac aggattagca gagcgaggta tgtagugcggt gotacagagt tottgaagtg 1680
20 gbtggoctaac tacggctaca ctagaaggac agtattiggt atctgegetce tgetgaageco 1740
agttaccttc ggaaasagag ttggtagceclLe ttgatocgge saacaaacca ccgoetggtag 1800
cggiogtttt ttigtttgca agcagcagat tacgcgcaga aaaaaaggat ctcaagaaga 1860
45 tectttgate ttitctacgg gotcectgacge tcagtyggaac gaaaactcac gttaagggat 1820
tttggtcaty agattatcaa aaaggatett cacctagate ctittaaatt aaaaatgaag 1980
50 ttttaaatca atctaaagta tatatgagta aactiggtcet gacagttacc aatgcttaat 2040
cagtgaggcea cctatctcag cgatctgteot atttegttceca tocatagtityg ccoctgactece 2100
cgtegtgtag ataactacga tacgggaggg cttaccatct ggecccagtg ctgcaatgat 2160
55 accgcgagac ccacgctcac cggctccaga tttatcageca ataaaccage cagcecggaag 2220
ggccgagege agaaghbggtc ctgcaacttt atccegectcecco atccagtceta tiaattgtitg 2280
cocgggaaget agagtaagta gttcegecagt taatagtttg cgecaacgttg ttgecattge 2340



taCaaCtatC aCaattaaat cattgactgc tagagatgcc 4560 ggtaCttatg tatgtgcatt ctttatgaCa tCgcctaCaa
atgaCaCtga taaagtagat 4620 10 tatgaagaat aCtCCaCaga gttgattgta aatacagata gtgaatCgaC
tatagacata 4680 ataCtatctg gatctacaCa ttcaccggaa aCtagggett cctcgCtcac tgaCtCgCtg 4740 15

cgctcggtcg tteggCtgceg gcgagceggta tcagctcact Caaaggcggt aatacggtta 4800

56
tacaggcatc gtggtgtcac getcgbegtt tggtatgget teattecaget ccggttocca 2400
acgatcaagy cgagttacat gatcecccocat gttgtgcaaa aaagoggtta getecttogg 2460
5
rcotcegate gttgtcagaa gtaagbttgyge cgcaghbgtta tcactcecatgyg ttatggoage 2520
actgcataat tetettactg tcatgccatce cgtaagatge ttttetgtga ctggtgagta 2580
10 ctcaaccaag tcattctgag aatagtgtat geggegaceg agttgetott geecggogtc 2640
aatacgggat aataccgcege cacatageag aactttaasaa gtgcectcatca ttggaaaacg 2700
ttetteogggy cgasaactcot caaggatett accgcectgttg agatccagtt cgatgtaacce 2760
15
cactogrtgca ceocaactgat cttcagcate ttttactttc accagegitt ctgggtgage 2820
aaaaacagga aggcaasatg ccgcaaasaa gyggaataagg gogacacgge aatgtigaat 2880
20 actcatacte tteoctttttc aatattattg aagceatttat cagggttatt gtctcatgag 2940
cggatacata thtgaatgta tttagasaaa taaacaaata ggggttecge geacatttceo 3000
ccgaaaagtg coac 3014
25
<210> 15
<211> 3024
<212> DNA
30 <213> artificial
<220>
<223> plasmid
35
<220>
«<221i> promoter
<222> (625) .. (645}
<ZZ3> T7 promoter
40
<220>
<221> promcter
<222> (683)..{752)
<223> HS5 promoter
45
<220>
<221> promoter
«222> {834)..(854)
<223> T3 promcter
50
<220>
<221> promoter
<222> (880)..(1601}
<223> lac promoter
55
<220>
<Z2Z2l> gene
<222> (2039)..{2896}
<223> AmpR



tccaCagaat caggggataa cgcaggaaag aacatgtgag caaaaggcca gcaaaaggcc 4860

aaaaggccgc gttgctggcg tttttccata ggctccgcecc ccctgacgag 4920 20

aggaaccgta

catcacaaaa atCgaCgCtc

aagtcagagg tggcgaaacc cgacaggact ataaagatac 4980 caggcgtttc cccctggaag ctccctegtg cgetCtCCtg
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<400> 19
ctaaattgta

attttttaac
gatagggttg
caacgtcaaa
ctaatcaagt
cccooogattt
agcgaaagga
cacaccogee
caactygttygg
gggatgtget
taaaacgacg
cogoggtgyc
gttaaattga
tcaagcettat
agtgagggttc
gttatceget
gtgcctaatyg
cgggaaacct
tgcgtattgg
tgoggcgage
ataacgceagy
cegegttget
gctcaagtca
gaagcteect
ttectecctte
tgtaggtegt
gocgeottate
ggcagcage

tcttgaagty

agcgttaata
caataggoeg
agtgttgttc
gggcgaaaaa
tttttggogt
agagcttgac
gegggegeta
gcgcttaatg
gaagggegat
gcaaggcgat
gocagtgagce
ggeegceteta
aagcgagaaa
cgataccgte
aatttogage
cacaattcca
agtgagctaa
gtegtgeoeag
gecgetettec
ggtatcaget
aaagaacatyg
ggegttttte
gaggtyggega
cgtgogetot
gggaagegty
tcgctecaag
cggtaactat
cactggtaac

gtggcctaacg

ttttgttaaa
aaatcggoas
cagttiggaa
écgtctatca
cgagglgceey
ggggaaagcc
gggcgetggc
cgeegetaca
cggtgeggygce
taagttgggt
gcgcgtaata
gaaaaaaatg
taatcataaa
gacctegagg
ttggcgtaat
cacaacatac
ctcacattaa
ctgeattaat
gctteceteoge
cactcaaagg
tgagcaaaag
cataggetoc
aaccogacag
ceitgtteega
gegetttcte
ctgggetgty

cgtottgagt

tacggctaca

57

attcgegtta
aatcecttat
caagagtcca
gggcgatgge
taaagcacta
ggcgaacgtyg
aagtgtageg
gggcegogtec
ctettegeta
aacgocaggyg
cgactcacta
aazataaata
ttggatcece
gggggcecgg
catggtcata
gagccggaag
ttgegtitgeg
gaatcggeca
tcactgacte
cggtaatacg
gocagcaaaa
geoocectga
gactataaag
cocctgecget
atagctcacy
tgcacgaacc
ccaaccoggt
gagogaggta

ctagaaggac

aatttttgee
aaatdaaaag
ctattaaaga
cractacgtg
aatcggaacc
gegagaaagyg
gtecacgetge
cattcgeeat
ttacgoccage
Lttteccagt
tagggcgaat
caaaggttet
cgggctgeay
taccagetit
getgtteoct
cataaagtgt
cteactgoco
acgegegddg
gergegeLoyg
gttatccaca
ggccaggaac
cgagcatcac
ataccaggey
taccggatac
ctgtaggtat
ccoceegticag
aagacacgac
tgtaggcggt

agtatttggt

aaatcagctc
aatagaccga
acgtggacte
aaccatcacc
ctaaagggag
aagggaagaa
gecgtaaccac
tcaggetgeyg
tggcgaaagy
cacgacgttyg
tggagcteca
Lgagggttgt
gaattegata
tgttecettt
gtgbgaaatt
aaagectggay
gettteocagt
agaggeggtt
gtegttegge
gaatcagggy
cgtaaaaagy
aaaaatcgac
tttecceetyg
ctgtocgeet
cteagttoegy
ccocgaccget
ttatcegecac
goctacagagt

atctgegeto

60

120

180

240

300

360

420

480

540
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780
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900
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i020

1080

1140

1200

1260

1320

1380

14490

1500



ttccgaccct gcCgcttacc 5040 25 ggataCCtgt ccgcctttct CCCttCggga agCgtggcgc tttCtcatag ctCacgCtgt

5100 aggtatctca tCCaagCtgg gctgtgtgca cgaaccccce 5160 gttcggtgta ggtCgttCgC  gttcagCCCqg
acCgctgcgc cttatccggt aactatcgtc ttgagtccaa cccggtaaga 5220 30 CaCgacttat
58
tgctgaagoc agttacctic ggaaaaagag ttgotagetc ttgatcogge aaacaaacca 1800
cogctggrag cggtygatttt tttgtitgea agcageagat tacgegcaga aaaaaaggat 1860
5
ctcaagaaga tcoctttgatc ttttctacgg ggtctgacge tcaghtyggaac gaaaactcoac 1920
gttaagggat tLtggtcatg agattatcaa aaaggabctt cacctagate cttttaaatt 1880
i0 aasaatgaayg ttttaaatca atctaaagta tatatgagta aacttggtcet gacagttacce 2040
aatgcttaat cagtgaggeca cctatctcag cgatctgtet atttegttea teccatagttg 2100
cetgactece cgtegtgtag ataactacga tacgggaggg cttaccatet ggocccagtg 2160
15
ctgcaatgat accgcgagac ccacgctcac cggetecaga thtatcagca ataaaccage 2220
cagccggaayg ggccgagoge agaagtggtce ctgcaacttt atccgecico atcocagtota 2280
20 ttaattgtig cogggaaget agagtaagta gttogecagt taatagtttg cgcaacgttyg 2340
ttgccattge tacaggcate gtggtgtoac gotegtegtt tggtatgget toattcaget 2400
cocggtteeca acgatcaagy cgagttacat gatceccccat gtitgtgcaaa aaagcgghita 2460
25
gcteotbegg tectccgate gttgtcagaa gtaaghbtgge cgecagtgtta tcactcatgg 2520
ttatggeage actgeataat tetcettactyg tcatgeocatce cgtaagatge ttttetgtga 2580
30 ctggtgagta ctcaaccaag tcattctgag aatagigtat goggcgaccg agttgotott 2640
goccoggogtbe aatacgggat aataccgoge cacatagcag aactitaaas gtgotcatca 27006
ttggaaaacg ttcttogggy cgaaaactcet caaggatctt accgetgttg agatocagtt 2760
35
cgatgtaacce cactcegtgea cccaactgat cttcecageatc titttacttte accagoegttt 2820
ctgggtgage aasaacagga aggraaaalyg ccgcaaazaa gggaataagy gogacacgga 2880
40 aatgttgaat actcatacte ttcctthbftc aatatiattg aagcatttat cagggttatt 2540
gtctcatgag cggatacata tttgaatgta tttagaasaaa taaacaaata ggggttcooge 3000
gcacatttcc ccgaaaagtg ccac 3024
45
<210> 20
<211> 3667
«212> DNA
50 <213> artificial
<220>
«223> vector pEMIZ2 (7.5}
55
<220>
«221> promoter
<222> {622} ..{642)
<223> T7 promoter



CgCCaCtggC agCagCCacCt ggtaaCagga ttagcagagc gaggtatgta 5280 ggcggtgcta cagagttctt
gaagtggtgg cctaactacg gCtacactag aaggacagta 5340 35 tttggtatct gcgctctgct gaagccagtt accttcggaa
aaagagttgg tagctcttga 5400 tccggcaaac aaaccaccgc tggtagcggt ggtttttttg tttgcaagca gcagattacg 5460

CgCagaaaaa aaggatctca agaagatcct ttgatctttt ctacggggtc tgacgctcag 5520 40

59
<220>
<221> misc_feature
<222>  (680)..{742)
5 <223> p7.5
<220>
<221> gene
<222>  (799)..(1455)
10 <223> TetR
<220>
<221l> promoter
<222>  {1477)..(1497)
15 <223> T3 promoter
<220>
<221> promoter
<222> (1523)..(1c44)
20 <223> lac promoter
<220>
<221> gene
<222> (2682)..(3539)
25 <«223> AmpR
<400> 206
ctaasattgta agegttaata ttttgittaaa atteogeogtta aatttitgtt aaatcagcte 60
30 attttttaac caataggecg aaatoggcaa aatcocttalt aasatcasasag aatagaccega 120
gatagggttg agtgttgttc cagtttggaa caagagtcoca ctattaaaga acgtggactco 180
caacgtcaaa ggdcgaaaas cogtctatbtca gggogatgge ccactacgtg aaccatcacce 240
35
ctaatcaagt Crotbtbtagygt cgaggtoceyg taaagcacta aatcggaacc cltaaagggay 300
ceocogattt agagettgac ggggaaagoece ggcgaacgtyg gogagaaagy aagggaadasa 360
40 agegaaagga gogggcgeta gggcgetgge aagtgtageg gtcacgetge gegtaaccac 420
cacaccegee gegettaatyg cgocgetaca gggegegteo cattcgocat tecaggetgeg 480
caactgttgyg gaagggcgal cggtgeggge ctocttogeta ttacgoeage tggcgaaagg 540
45
gggatgtgct gcaaggcgat taagtiggot aacgccaggyg ttttcocecagt cacgacgito 600
taaaacgacyg gecagtgaat tgtaatacga ctcactatag ggcogaattgg agotcocacceg 660
50 cggtggegge cgcetetagaa taaataataa atacaataat taatttoteg taaaagtagé 720
aaatatattc taatttattg caggatccce cgggetgeag gaattcgata tcaagettat 780
cgatacecgtc gacccgagatbt gictagatta gataaaagta aagtgattaa cagegeatta 840
55
gagctgetta atgaggtcogg aatcgaaggit ttaacaacee gtaaactoge ccagaagcta 900
ggtgtagage agectacatt gtattgucat gtaaaaaata ageogggettit gotogacgec $60



tggaacgaaa actcacgtta agggattttg gtcatgagat tatcaaaaag gatcttcacc 5580 tagatccttt taaattaaaa
atgaagtttt aaatcaatct aaagtatata tgagtaaaCt 5640 45 tggtctgaCa gttaccaatg cttaatcagt gaggCaCcCta
tCtCagCgat Ctgtctattt 5700 CgttCatCCa tagttgCCtg aCtCcCcgtc gtgtagataa ctaCgatacg ggagggCtta

5760 cCatCtggcC CCagtgCtgc aatgataccg cgagacccac gCtCaccggc tccagattta 5820 50

60

ttagecattyg agatgttaga taggcaccat actcactttt gecoctttage aggggaaage 1020
fggraagatt ttttacgtaa taacgctaaa agttttagat grtgetttact aagtcatege 1080

5 gatggagcaa aagtacattt aggtacacgyg cctacagaaa aacagtatga aactctcgaa 1140
aatraattay cctttttatg ccaacaaggt ttttcactag agaatgcatt atatgeactc 1200

10 agegetgtgyg ggeattttac tttaggttge gtattyggaag atcaagagca tcaagteget 1260
asagaagaaa gggaaacace tactactgat agtatgeege cattattacg acaagctatco 1320
gaattatttyg atcaccaagy tgcagagcea gecttettat teggecttga attgatcata 13890

15 tgeggattag aaaasacaact taaatgtgaa agtgggtocy cgtacagegyg atccecgggaa 1440
ttcagatctt attaagggec cggtaccage ttttgttoce tttagtgagg gttaattteg 1500
agettggegt aateatggtco atagetgtitt cotgtgtgaa attgttatcec gotcacaatt 1560

% ccacacaaca tacgagceogy aagcataaay tgtaaagect ggggbgecta atgagtgage 1620
taactcacat taattgegtt gcegcetceacty ccecgetttoce agtcocgggaaa cctgtogtge 1680

25 cagctgecatt aatgaatocgg ccaacgogoy gggagagygceyg gtttgegtat tgggegetct 1740
tcogettoot cgctcactga ctogotgoge toeggtogtte ggctgoegygcg agoggtatea 1800

30 gctcactcaa aggeggtaat acggttatec acagaatcag gggataacge aggaaagaac 1860
atgtgagcaa aaggcecadgca aaaggccagd aaccgtaaaa aggccgogtt gotggegttt 1820
ttccatagge teocgecccocee tgacgageat cacaaaaate gacgcetcaag tcagaggtygy 1580

35 cgaaacccda caggactata aagataccag gogtttcocee ctggaagete cotoghbagcge 2040
tctootgtte cgaccectgee gettaccgga bacctgtococg cotttcotcocoo ttogggaage 2100

40 gtggcegettt ctcatagete acgetgtagg tatcteagit cggtgtaggt cgttogoteoc 2160
aagetagggct gtgtgecacga accccecgitt cageccgacce getgegoctt atccogghaac 2220
tatcgtoetty agtcocaaceoe ggtaagacac gacttatcge cactggeage ageocactgght 2280

45 aacaggatta gragagcgag gtatgtagge ggtgcetacag agttottgaa grtggtggoct 2340
aactacgget acactagaag gacagtattt ggtatcetgeg cictgcigaa gecagttace 2400

50 ttcggaaaaa gagtiggtayg ctcettgatce ggcasacaaa ccaccgetgg tagoggtggt 2460
ttttttgttt geaageagea gattacgege agaaaaaaag gatctcaaga agatcoctttg 2520
atctttteta cggggtotga cgotcagtgyg aacgaaaact cacgttaagg gattttggte 2580

55 atgagattat casaaaggat cttcécctag atcottttaa attaassaatg aagttttaaa 2640
tcaatctaaa gtatatatga gtazaacttgg teotgacagtt accaatgett aatcagtygay 2700
gocacctatct cagegatetyg tetatttegt teatcocatag ttgoctgact cocoegtoghty 2760



tCagCaataa accagccagc cggaagggcc gagCgcagaa gtggtcctge aactttatcc 5880 gcctccatcc agtctattaa
ttgttgccgg gaagctagag taagtagttc gccagttaat 5940 55 agtttgcgca aCgttgttgC CattgCtaca ggcatCgtgg
tgtcacgctc gtcgtttggt 6000 atggcttcat tcagctccgg ttcccaacga tcaaggcgag ttacatgatc ceCcatgttg 6060

tgCaaaaaag CggttagCtC CttCggtCCt CCgatCqgttg tcagaagtaa gttggccgca 6120

61
tagataacta cgatacggga gggcttacca totggoocea gtgectgeaat gatacogega 2820
gacccacget caccggetoc agatttatca graataaace agecagoogg aagggeogag 2880
5
cgcagaagty gtoctgeaac tttatcegee tecatcecagt ctattaattg ttgocgggaa 2940
gctagagtaa gtagttcgeoe agttaatagt ttgogeaacy ttgttgeeat tgctacagge 3000
10 atcgtyggtgt cacgctogtc gtttggtatg gettcattca getcoccggttc ccaacgatca 3060
aggcgagtta catgatcccce catgttgtbtge aaaaaagegg ttagetoctt cggtectceg 3120
ategttotea gaagtaagtt ggccogeagtyg ttatcacteoa tggttatgge agcactgeat 3180
15
aattctectta ctgtcatgee atecgtaaga tgetittcolg tgactgotga gtactcaacce 3240
aagtcattct gagaatagtg tatgcggcga ccgagttgct cttgocecgge gtcaatacyy 3300
20 gataataccyg cgccacatag cagaacttta aaagtgctca tcattggaaa acgttcttcg 3360
gggecgaaaac tctcaaggat cttaccgctg ttgagatcca gttocgatgta acccactogt 3420
geacccaact gatcticage atctittact ttcaccageg tttcectgggty agraaaaaca 3480
25
ggaaggcaaa atgcogcaaa aaagggaata agggcogacac ggaaatgtty aatactcata 3540
ctctbeootof ttcaatatta ttgaagcatt tatcaggghtit attgtctcat gagoggatac 3600
30 atatttgaat gtatttagaa aaatazacaa ataggggttc cgcgcacatt teccegsaaa 3660
gtgcecac 3667
35 <210> 21
<211> 3695
<212> DNA
<213> artificial
40 <220>
<223> wvector pEM1I3 (H5)
<Z20>
45 <221l> promoter
«222> (625)..{645)
<223> TV promoter
<220>
50 <221> promoter
<222>  {(683)..(752)
<223> HS promoter
<220>
55 <«221> gene
<222> {786} ..(1442)
<223> TetR

<220>



69 gtgttatcac tcatggttat ggcagcactg cataattctc agatgctttt ctgtgactgg tgagtactca accaagtcat ttactgtcat
gccatccgta tctgagaata gtgtatgcgg 6180 6240 5  cgaccgagtt gctcttgcece ggcgtcaata cgggataata
ccgcgcecaca tagcagaact 6300  ttaaaagtgc tcatcattgg aaaacgttct tcggggcgaa aactctcaag gatcttaccg
6360 10 ctgttgagat ccagttcgat gtaacccact cgtgcaccca actgatcttc agcatctttt 6420 actttcacca gcgtttctgg
gtgagcaaaa acaggaaggc aaaatgccgc aaaaaaggga %80 ataagggcga cacggaaatg ttgaatactc atactcttcc

tttttcaata ttattgaagc 6540 15

<221> promoter
<222>  (1505)..{1525%)
<223> T3 promoter
5 <220>
<221> promoter
<222>  {1551})..{1672)
<223> lac promoter
10 <220>
<221> gene
<222> {2710} ..(3567)
<223> AmpR
15 <400> 21
ctaaattgta agcgtbtaata tthitgttaaa attcogegtta aatttitgtt aaatcagcic 60
attrtttaac caataggecyg aaatcggeaa aatcccttat aaatcaaaag aatagaccga 120
20 gatagggtty agtgtitgttc cagtttggaa caagagtcca ctattaaaga acgtbggactc 180
caacgtcaaa gygcygaaaaa ccgtcectatca gggcgatggce ccactacgtg aaccatcacce 240
ctaatcaagt tttttgoogt cgaggtgceyg taaagcacta aatcggaacc ctaaagggag 300
25
ceccegattt agagottgac gggdgaaages ggcgaacygty Jgogagasagy aagggaagad 360
agcgaaagga gcgggocgcta gggcgetgge aagtgtageg gtcacgetge gegtaacoac 420
30 racaceegee gegettaatg cgocgcectaca gggegogtee cattcgecat tcaggetgeg 480
caactgttygy gaagggegat cggtgeggge ctettegeta ttacgeocage tggcgaaagy 540
gggatgtgct gcaagygcgat taagttgggt aacgccaggg ttttcccaght cacgacgttg 600
35
taaaacgacg gccagtgagce gogcecgtaata cgactcacta tagggcegaat tggagctcca 660
ccgeggtogge ggeccgeteota gaasaaaatg aaaataaata caaaggttct tgagggttgt T20
40 gttaaattga aagcegagaaa Ltaatcataaa ttggatccece cgggoetgcag gaattcgatoe 780
tcegagatgbc tagattagat aaamagtaaay tgattaacag cgcattagag ctgettaaty 840
aggtcoggaat cgaaggttta acaacccgta aactogecca gaagotaggt gtagagoago 900
45
ctacattgta ttggcatgta aasaataagce gggctttget cgacgcctta gocattgaga 960
tgttagatag geaccatact cacttttgee ctttagaagg ggaaagcectgg caagatibttt 1020
50 tacgtaataa cgctaaaagt tttagatgbtg ctttactaag tcatcgegat ggagcaaaag 1080
tacatttagyg tacacggcecet acagaaaaat agtatgaaac tetcocgaaaat caattagect 1140
ttttatgececa acaaggbttt tcactagaga atgcattata tgcactcage gotgbgggdc 1200
55
attttacttt aggttgogta ttggaagatc aagagcatca agtogcotaaa gaagaaaggg 1260
aaacacctac tactgatagt atgccgccat tattacgaca agetatcgaa ttatttgatce 1320



atttatcagg gttattgtct catgagcgga tacatatttg aatgtattta gaaaaataaa 6600 caaatagggg ttccgcgeac

atttccccga aaagtgccac 6640 20
<223>vector vEM33(115) 30 <220>

10

15

20

25

30

35

40

45

50

55

accaaggtge
aacaacttaa
aagggccceygg
ttgtteccott
tgtgtgaaat
taaagootgy
cgetitecay
gagaggceggt
gotegtiegy
agaatcaggg
cegtaaaaag
caaaaatcga
gtttcecect
cctgteecgec
tectecagtteg
geeogacege
ctratcgeca
tgctacagag
tatctgeget
caazacaaacc
aazaaaagga
cgaaaactca
ccttttaaat
tgacagttac
atccatagtt
tggecccagt
aataaaccag
catceagtet
gecgcaacgtt

ttcattcage

agagccagees
atgtgaaagt
atcaagetta
tagtgagggt
tgttatecege
ggtgectaat
tegggaaaca
ttgegtattyg
crgeggegag
gataacgcag
geoogegitge
cgctcaagtic
ggaagctece
tttoteeoott
grtgtaggteg
tgegeetitat
ctggcagceag
ttcttgaagt
ctgctgaage
accgetggta
tctcaagaag
cgttaaggga
taaaaatgaa
caatgcttaa
gecotgactceo
gotgecaatga
ccagccoggaa
attaattgtt
gttgececattyg

tecggtteee

<210>23 <211>6624 <212>DNA <213>atrtificial

ttcttatteg
gggtocgegt
tcgataccgt
taatttecgag
tcacaattcce
gagbtgagcta
tgtcgtgceca
ggcgotette
cggtatcage
gaaagaacat
tggegttttt
agaggtggcyg
tegtgegete
cgggaagegt
ttegetecaa
ccggtaacta
ccactggtaa
ggtggcctaa
cagttacectt
geggtggttt
atcctttgat
ttttggteat
gttttaaatc
tcagtgaggce
cecgtecgtgta
taccgegaga
gggccgagcy
googggaage
ctacaggcat

aacgatcaag

63

gecoktgaatt
acageggatc
cgacctocgag
cttggegtaa
acacaacata
actcacatta
gctgcattaa
cgecttecoteg
tcactcaaag
gtgagcaaaa
ccataggcectc
aaacccgaca
tectgtteey
ggegetteet
gotgggetgt
tegtettgag
caggaﬁtagc
ctacggetac
cggasaaaga
ttttgtttge
cttttctacg
gagattatca
aatctasagt
acctatctca
gataactacyg
cecacgctca
cagaagtyggt
tagagtaagl
cgtggtgtea

gcgagttaca

gatcatatge
ccgggaattc
ggggggoeccd
teatggteat
cgagccggaa
atitgegtige
tgaatcggcece
cteactgact
gecggtaatac
ggccagcaaa

cgeccocecctg

goactataaa

accotgoogc
catagctcac
gtygcacgaac
tccaacecgg
agagcgaggat
actagaagga
gttggtagct
aagcagcaga
gggtctgacy
aaaaggatct
atatatgagt
gegatctgte
atacgggagg
ccggctecag
coetgeaactt
agttegecag
cgectogtogt

tgatcceocca

ggattagaaa
agatcLtatt
gtaccagctt
agctgtttec
geataaagtyg
gctcactgec
aacgcgoayy
cgctgegete
ggttatceac
aggccaggaa
acgagcatca
gataccagge
ttaccggata
getgtaggta
cceecgtica
taagacacga
atgtaggcgy
cagtatttog
cttgatceegs
ttacgcygeay
ctcagtggaa
tcacctagat
aaacttggte
tatttogttc
gcttaccatc
atttatcage
tatecegectc
ttaatagttt
ttggtalgge

tgrtgtgcaa

25

1380
1440
1500
1560
1620
1680
1740
1800
1860
1820
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
26406
2760
2760
2820
2880
25940

3000

jo]
[
Cchn
(]

3120

<220>



<221>misc_feature <222>(338)..(1263)

<223>Ps

10

i5

20

25

30

35

40

45

50

55

aaaageggtt
atcactcatg
cttttetgty
gagttgctct
agtgctcate
gagatccagt
caccagegtt
ggcgacacdyg
tcagggttat

aggggttceyg

<210>
<Z21l>
<212>
<213>

22
6640
DNA
arti

<220>
<223>

agctecttey
gttatggeay
actggtgagt
tgcecoggegt
attggaaaac
tcgatgtaac
tctgggtgag
aaatgttgaa
tgtctcatga

cgcacatttc

ficial

<220>

<221> misc_feature
<222> (338)..{1263)
<223> Flankl Dell
<220>

<ZZ21l> gene

<222> {1283} ..(1962)
<Z23> Azamli green
<220>

<221> misc_feature
<222>  (2002)..{1963)
<223> Ps

<220>

<221> misc_feature
«222>  (2008)..{2048)
<223> Ps

<220>

<221i> gene

<222>  (2049)..(2447)
<223> BsdR

<Z220>

«<221> promoter
<222> (2454)..(2483)

gtcctecegat
cactgeataa
actcaaccaa
caatacggga
gttettegay
ccactogtge
caaaaacagyg
tacteatact
geggatacat

cococgadaagt

vector vEM3Z {7.5%)

04

cgttgtcaga
tteteottact
gtcattetga
taataccgeg
goegaaaactc
acccaactga
aaggcaaaat
cttceottttt
atttgaatgt

goeac

agtaagttgg
gteatgecat
gaatagtgta
ccacatagca
tcaaggatcet
ccttecageat
gcocgcaaaaa
caatattatt

atttagaasa

ccgecagtgtt
ccgtaagaty
tgeggegacc
gaactttaaa
taccgotgtt
cttttacttt
agggaataag
gaagcattta

ataaacaaat

<223>Fliankl Del3 35 <220> <221>gene
<222>(1283)..(1962) <223>Azamigreen 40 <220> <221>misc_feature <222>(2002)..(1963)

31890

3240

3300

3360

3420

3480

3540

3600

3660

3695



45 <220> <221>misc_feature <222>(2009)..(2048) <223>Ps 50 <220> <221>gene

<222>(2049)..(2447) <223>BsdR 55 <220> <221>promoter <222>(2484)..(2493)
65
<223> Ps promoter
<220>
<221>» misc_feature
5 <222> {2494)..(2534)
<223> Tet(Q2
<220>
<221> gene
10 <222> {2535)..(3383)
<223> DNAse
<220>
<221> misc_feature
15 <222> (3414)..(3476)
<223> pT.5
<220>
<221> gene
20 <222> (3533)..(4189)
<223> TetR
<Z220>
<221> misc_feature
25 <222>  (4196)..(4706)
<223> Flank2 Del3
<Z220>
<221> gene
30 <222> (5655)..{6512)
<223> 2AmpR
<400> 22
ctaaattgta agcgttaata ttttgttaaa attcgegtta aatttttgtt asatcagete 60
35
attttttaac caataggooyg aaatcggcaa aatcocttat asatcasaag satagaccga 12¢Q
gatagggttg agtgttgttc cagtitiggaa caagagtcca ctattaaaga acgtggactc 180
40 caacgtcaaa gggcegaaaasa cogtoetatca gggogatgge ceactacgtyg aaccatcacc 240
ctaatcaagt tttttggggt cgaggtgocg tasagcacta aatcggaacce ctaaagggag 300
cccecgattt agagettgac ggggaaccac tatttagttyg gtggtcgeca tggatggtgt 360
45
tattgtatac tgtctaasacg cgttagtaaa acatggogag gaaataaatc atataaaaaa 420
tgattteatyg attaaaccat gttgtgasaa agtcaagaac gitcacatbg goggacaate 480
50 taaaaacaat acagtgattyg cagatttgce atatatggat aatgcggtat cegatgtatg 540
caattcactyg tataaasaga atgtatcaag aatatccaga tttgctaatt tgataaagat 600
agatgacgat gacaagactc ctactggtgt atataattat tttaaaccta aagatgccat £60
55
tcetgttatt atatccatag gaaaggatag agatgttbtgt gaactattaa tctcatctga 7206
taaagegtgt gogtgtatag agttaaattc atatasagta geeattcttc ccatggatgt 780



<223>Ps promoter 70 <220> <221> misc_feature <222>(2494)..(2534) <223> Tet02 5 <220>
<221> <222> <223> <220> <221> <222> <223> <220> <221> <222> <223> <220> <221> <222>
<223> gene (2535)..(3383) DNAse promoter (3414)..(3483) H5 promoter gene (3517)..(4173) TetR
misc_feature (4180)-(4690) Rlank2 Del3 <220> <221> gene <222>(5639)..(6496) <223> AmpR 30

attttttaac gatagggttg caacgtcaaa 40 ctaatcaagt ccceggatit tattgtatac tgatttcatg taaaaacaat 50
caattcactg

trecttittt accaaaggaa atgcatcatt gattattete ctgtttgatt tctetatcega B840
tgeggeacct ctettaagaa gtgtaaccega taataatgtt attatatcta gacaccageg S00

5 tctacatgac gagettecga gttceccaattg gticaagttt tacataagta taaagtecga 860
ctattgtict atattatata tggttgttga tggatctgty atgeatgeas tagctgataa 1020
tagaacttac gcaaatatta gcaaaaatat attagacaat actacaatta acgatgagtg 1080

10 tagatgetgt Cattittgaac cacagattag gattcttgat agagatgaga tgctcaatgg 1140
atcatcgtgt gatatgaaca gacattgtat tatgatgaat tfLacctgatg taggogaatt 1200

15 tgogatctagt atgtigggga aatatgaacc tgacatgatt aagattgectoe tttcocggtggce 1260
tggcacatcg gtggeggceceyg cttacttgge ctgactogge agcatagaat agecgagcaac 1320
ggcattctca tagagottga cottgttgta atctttgtca tgctteaaaa totcaatgoy 1380

20 gtggtccaca aagtgatagt ctggcaaacg gacatcecttc tttgectitgt aagtaghitt 1440
gaaatcacat cgataatggce cacctecttc aagcaacaga gceccatgttaa catcacccott 1500

25 cageactoca teacgtacgt acattttebe agtggatgge tcccatttaa gagtcottett 1560
ctgcataace ggaccatigg gaggaaagtt cacaccatca aaacgaatgt catagaaaaa 1620
acagtcgeoe ctcatgetta tgttgettyt ggcggtgcaa atgeoctggt cttceataagt 1680

3 catgettett tecccagtgat accoctcagyg aaaagtotge ttgasatagt cctgaatatco 1740
tgctgggtac ttggtgsatyg ceoctgbitgee gtactggaac actgtrgbtca agatatcegta -1800

35 agcgaaagge agaggtgcge cttcagtgac gttcaggtct aaaatcotgeg tteccteogta 1860
aggatttect tttecttctc cttcaatcac gaaattatgc cegtttacag tgcctcectcat 1920
acacagctty atctteatet ctggtitaat cacactcacc attatttata ttccaaaaaa 1980

0 aasaaataaa altitcaattt ttgoocggeaa aaattgaaat tttatttttt ttttttggaa 2040
tataaataat ggccaagect ttbgtctcaag aagaatccac cctcattgaa agagcaacygd 2100

45 ctacaatcaa cageatceece atctoctgaayg actacagogt cgocagogea gotctectcta 2160
gcgacggeog catcottcact ggtgtcaatg tatatcattt tactgogggs ccttgtgeag 2220
aactcgtggt gctgggcact geotgotgctg cggragetygg caacctgact tgtatcogtcog 2280

* cgatcggaaa tgagaacagyg ggcatcttga geeccctgegg acggtgoecga caggtgettc 2340
tecgatctgea tecctgggatce aaagcecatayg tgaaggacag tgatggacag cogacggeag 2400

55 ttgggattog tgaattgotg ccectetggltt atgtgtggga gggotaaact agtaaaaatt 2460
gaaattttat ttttgttttt tggaatataa atatccctat cagtgataga gatctoccta 2520
tcagtgatag agatatgagyg gygcatgaage tgctggggge gotgectggea ctggoggoco 25890



agatgacgat tcctgttatt 55 taaagcgtgt ttcctttttt caataggccg agtgttgttc gggcgaaaaa tttttggggt agagcttgac
tgtctaaacg attaaaccat acagtgattg tataaaaaga gacaagactc atatccatag gcgtgtatag accaaaggaa
aaatcggcaa cagtttggaa ccgtctatca cgaggtgccg ggggaaccac cgttagtaaa gttgtgaaaa cagatttgcc
atgtatcaag ctactggtgt gaaaggatag agttaaattc atgcatcatt aatcccttat caagagtcca gggcgatggc taaagcacta
tatttagttg acatggcgag agtcaagaac atatatggat aatatcgaga atataattat agatgtttgt atataaagta gattattctc
aaatcaaaag ctattaaaga ccactacgtg aatcggaacc gtggtcgcca gaaataaatc gttcacattg aatgcggtat tttgctaatt
tttaaaccta gaactattaa gccattcttc ctgtttgatt aatagaccga acgtggactc aaccatcacc ctaaagggag tggatggtgt
atataaaaaba§égeaesmtecssgattatg tgekacatl Jagayccaktcteatstigeeceatygatgatetatcged 071
tgcggeaccy, ég%%%%tgqtacc ggét‘t:aggggcgt taatc%%% gaat%at%g g(z:;l?gcttcccgfat Egttccaattg gcttcaagttt q;tgatatcta
gacacgagcg tacataagta taaagicega 900 9 B AtGHEE atAt ety 5o tRgE BGatctgfd Hgcatgcaa
tagctgataa :624 tiagnactiacararatatia gearadatat gdtagacast aalgcaatta aegalgagtg 108p tagatgctgt
tat t ttgaac cacagat tag gattcttgat agagatgaga tgctcaatgg 1140

acctraatca ggatgcacca gacacctate actacgtyggt cagtgageca ctgggacgga 2820
10 acagctataa ggagegetac ctgttegtgt acaggectga ccaggtgtcet gogghggaca 2880
gcetactacte cgatgatgge tgcegageect gecgggaacga caccettcaac cgagagocag 2940
- ccattgtocag gttotteoter cggttcacag aggtcaggga gttigecatt gttccectge 3000
atgcggcoce gggggacgoa gtagecgaga togacgetcet ctatgacgte tacctggatg 3060
tccaagagaa atggggcettg gaggacgtea tgttgatggg cgacttcaat gegagotgea 3120
20 getatgtgag acccteccag tggtcatcca tecgoctghtg gacaagoeoce accttocagt 3180
ggctgatcec cgacageget gacaccacay ctacacccac geactgtgeo tatgacagga 3240
- tegtggttge agggatgetyg ctoegaggeg cegttgttoc cgactogget cttecottta 3300
acttecagge tgcctatgge ctgagbgace aactggecca agcoccatcagt gaccactatco 3360
cagtyggaggtl gatgctgaag taggagceicoe accgoeggtgg cggcegotot agaataaata 3420
30 ataaatacaa taattaattt ctcgtasaag tagaaaatat attcotaattt attgeaggat 3480
cceceggget geaggaattc gatatcaage ttatcgatac cgtcgacceg agatgtotag 3540
- attagataaa agtaaagtga ttaacagoge attagagctg cttaatgagg toggaatoga 3600
aggtttaaca acccgtaaac togeccagaa gotaggtgta gageoagocta cattgtattg 3660
gcatgtaaaa aatzageggg ctttgetcga cgeoeitagee attgagatgt tagataggea 3720
40 ccatactcac ttttgcectt tagaaggguga aagetggraa gatttttitac gtaataacge 3780
Laaaagtitl agatgtgctt tactaagtca togcegatygga geaaaagtac atttaggtac 3840
4 acggcctaca gaaaaacagt atgaaactoct cgasaatcaa ttagcctttt tatgecaaca 3900
aggtttttea ctagagaatg cattatatge actcageget gtggggeatt ttactttagg 3960
ttgegtattg gaagatcaag ageatcaagt cgctaaagaa gaaagggaaa cacctactac 4020
50 tgatagtaty ccgccattat tacgacaagce tatcgaatta tttgatcacc aagghtgeaga 4080
gccageette ttattegygee ttgaatigat catatgogga ttagaaazaac aacttaaatg 4140
5 tgaaagbggg tccgegtaca geggatcceyg ggaattcaga tettattaag ggcccggaaa 4200
gttttatagyg tagttgatag aacaaaatac ataatftigt aaaaataaat cactttitat 4260
aclaatatga cacgattacce aatacttttg ttactaatat cattagtata cgctacaccet 4320



10  atcatcgtgt gatatgaaca gacat tgtat tatgatgaat ttacctgatg taggcgaatt 1200 tggatctagt atgttgggga
aatatgaacc tgacatgatt aagattgctc tttcggtggc 1260 15 tggcacatcg gtggcggcecg cttacttggc ctgactcggce
agcatagaat agcgagcaac 1320 ggcattctca tagagcttga ccttgttgta atctttgtca tgcttcaaaa tctcaatgcg 1380
gtggtccaca aagtgatagt ctggcaaacg gacatccttc tttgctttgt aagtagtttt 1440 20  gaaatcacat gccatgttaa

catcaccctt 1500 cgataatggc cacctecttc aagcaacaggy

tttcoctcaga catctaaaaa aataggtgat gatgcaactt tatcatgtaa tcgaaataat 4380
acaaatgact acgttgttat gagtgcettgg tataaggage ccaattcecat tattetttta 4440

5 getgctaaaa gegacgtetft gtattttgat aattatacca aggataaaat atcttacgac 4500
tctecatacy atgatctagi tacaactalbc acgattaaalt cattgactge tagagatgeco 4560
ggtacttatg tatgtgecatt ctttatgaca togectacaa atgacactga taaagtagatb 4620

10 tatgaagaat actccacaga gttgattgta aatacagata gtgasatcgac tatagacata 4680
atactatctg gatctacaca ttcaccggaa actagggctt ccteogetcac tgactegctg 4740

i5 cgeteggteog ttoggetgeg gogagoggta teageteact caaaggogglt agtacggtta 4800
toccacagaat caggggataa cgoaggaaag asacatgtgag caaaaggoca gcaaaagged 4860
aggaaccgta aaaaggooge gttgctggeg tttttocata ggetoogooe coctgacgag 4920

20 catcacazsaa atogacgetc aaghbcagagy tggcgaasace cgacaggact ataaagatac 4980
caggcegtttec cccctggaag ctcoectootg cgototectg tteocgaccot gecgettacc 5040

25 ggatacctygt cogectttct cccttoggga agegtggege tttctcatag ctcacgetgt 5100C
aggtatectea gtitoggtota ggtogttege bcocaagetgy getgtgtgea cgaaccooooc 5160
gttcageocyg accgetgege cttatcoggt aactategte ttgagtcocaa ccoggtaaga 5220

%0 cacgacttat cgecactgge agcagecact ggtaacagga ttagcagagce gaggtatgta 5280
ggcggtgcta cagagttctt gaagtggtgg cctaactacg gctacactag aaggacagta 5340

35 tttggtatect gogetetget gaagcecagtt accttcocggaa daagagtigg tagetcecitga 5400
teeggraaac aaaccacege tggtagegot ggtttttttg tttgcaagea geagattacy 5460

4 cgcagaasaaa aaggatctbca agaagatcecet tCtgatctttt ctacgogggte tgacgeteag 5520
0 tggaacgaaa actcacgtta aggogattttg gtecatgagat tatcaaaaag gatcittcacc 5580
tagatcettt taaattasaaa atgaagtttt aaatcaatct aaagtatata tgagtaaact 5640

45 tggtctgaca grttaccaatyg cttaatcagt gaggecacoeta tetcagegat ctgtetattt 5700
cgttcatoca tagttgectyg acteccogtc gtgtagataa ctacgatacyg ggagggetta 5760

50 ccatctggee ccagtgetge aatgatacceg cgagacccac gotcaccgge tocagattta 5820
tcagcaataa accagccagc cggaagggcc gagcegcagaa gtggtoctge aactttateco 5880
gecteccatee agtotattaa ttgtigocgy gaagetagag taagtagttco gecagttaat 5940

55 agtttgcgea acgttgttge cattgetaca ggeatogtgg tghcacgote gtegtttggt 6000
atggcttcat tcagectcecgg ttcocccaacga tcaaggegag ttacatgatc odccatgtitg 5050
tgcaaaaaag cggttagete cttoggtoct cogatogitg tcagaagtaa gttggecgcea 6120



cagcactcca tcacgtacgt acattttctc agtggatggc tcccatttaa gagtcttctt 1560 25 ctgcataacc ggaccattgg
gaggaaagtt cacaccatca aaacgaatgt catagaaaaa 1620 acagtcgccc ctcatgctta tgttgcttgt ggcggtgcaa
atgccctggt cttcataagt 1680 catgcttctt tcccagtgat acccctcagg aaaagtctgce ttgaaatagt cc tgaatatc 1740 30
tgctgggtac ttggtgaatg ccctgttgec gtactggaac actgttgtca agatatcgta 1800 agcgaaaggc agaggtgcgce
cttcagtgac gttcaggtct aaaatctgeg ttccctegta 1860 35gggatttect titccticte cticaatcac gaaattatgce

ccgtttacag tgcctctcat 1920 acacagcttg

gtgttatcac tcatggttat ggcagcactg cataattctc ttactgtcat gccatccgta 6180
agatgctttt ctgtgactgy tgagtactca accaagtcat totgagaata gtgtatgcog 6240
5
cgaccgagtt gcetettgece ggegtceaata cgggataata ccgogecaca fagcagaact 6300
ttaaaagtge tcatcattgg aaaacgttct toggggegaa aactctcaag gatcttaccg 6360
10 ctgttgagat ccagttcegat gbaacccact cgtgcacoca actgatctte agecatotttt 6420
actttcacca gogttictgg gtgagcaaas acaggaaggs aaaatbgocgc aasaaaggga 6480
ataagggegsa cacggaaatg ttgaatactce atactettoe tttttcaats ttattgaage 6540
15
atttatcagg gttattgtet catgageogga tacatatttyg aatgtattta gaaaaataaa 6600
caaatagggg ttocgoegeac atttoccega aaagtgocac 6640
20
<210> 23
<211> 6624
<2%12> DNa
<213> artificial
25
<220>
«223> vwvector vEM33 (H5)
30 <220>
<221> nmnisc_feature
<222> {338)..(1263}
<223> Fliankl Dell3
35 <220>
<221> gene
<222> (1283)..(1962)
<223> Azami green
40 <220>
<221> misc_feature
<222>  {2002)..(1963)
<223> Pg
45 <220>
<221> misc_feature
<222> (2009)..(2048)
<223> Ps :
50 <220
<221> gene
<222> (2049)..{2447)
<223> BsdR
55 <220>
<221> promoter
<222>  (245%4)..(2493})
<223> P=s promoter



atcttcatct ctggtttaat cacactcacc attatttata ttccaaaaaa 1980 aaaaaataaa atttcaattt ttgccggcaa
aaattgaaat tttatttttt ttttttggaa 2040 40  tataaataat ggccaagcct ttgtctcaag aagaatccac cctcattgaa
agagcaacgg 2100 ctacaatcaa cagcatcccc atctctgaag actacagcgt cgccagcegca gctctctcta 2160 45
gcgacggccg cat ct tcact ggtgtcaatg tatatcattt tactggggga ccttgtgcag 2220 aactcgtggt gctgggcact
gctgetgcetg cggcagetgg caacctgact tgtatcgtcg 2280 cgatcggaaa acggtgccga caggtgette 2340

<220>
<221> misc_feature
<222> {2454})..(2534)
<223> Tet(2
5
<220>
<221> gene
<222  {2535})..(3383)
<223> DNAse
10
<220>
<221> promcter
<222> (3414} .. {3483}
<2Z3» HS promoter
15
<220>
<221> gene
<222>  (3517)..(4173)
<223> ‘TerR
20
<220>
<221> misc_feature
222> (4180)..(4690)
<223> Flank? Del3
25
<220>
<221> gene
<Z22> (5639} ..{6496)
<223> AmpR
30
<400> 23
Ctaaattgta agcgttaata ttttgttaaa attogegtta aattittitgtbt aaatcagcetc 60
attttitaac caataggocey aaatcggcaa aatcoccttat aaatcaasaag aatagaccga 120
35
gatagggttyg agtgttgttc cagtitggaa caagagtcca ctattaaaga acghbggactc 180
caacgtcaaa gggcgaaaaa ceogtetatca gggcgatgge ccactacgtg aaccatcagc 240
40 ctaatcaagt tttttggggt cgaggtgccg taaageacta aatcggaacce ctaaagggag 300
cceccgattt agagettgac ggggaaccac tatttagtbtyg gtggtogeca tggatggtgt 360
tattgtatac tgtctaaacg cgttagtaas acatggogag gasataaatc atataaaaaa 420
45
tgatttcatg attaaaccat gttgtgaaaa agtcaagaac gttcacattg goggacaatc 480
taaaaacaat acagtgattg cagatttgee atatatggat aatgeggtat ccgatgtatg 540
50 caattcacty tataasaaga atgtatcaag aatatecaga tttgcetaatt tgataaagalt 600
agatgacgat gacaagactc ctactggtgt atataattat tttaaaccta aagatgecat 660
tecctgttatt atatcecatag gaaaggatag agatgttigt gaactattaa teteatctga 720
55
taaagcgtgt gogtgtatag agttaaattc atatazagtba gocattcette ccatggatgt 780
ttectttttt accaaaggaa atgeatcatt gattattete ctgtttgatt tcetcetatcega 840



tgagaacagg ggcatcttga gcccctgcgg 50  tcgatctgca tcctgggatc aaagccatag tgaaggacag tgatggacag
ccgacggcag 2400 ttgggattcg tgaattgctg ccctectggtt atgtgtggga gggctaaact agtaaaaatt 2460 55 gaaattt
tat tttttttttt tggaatataa atatccctat cagtgataga gatctcccta 2520 tcagtgatag agatatgagg ggcatgaagc

tgctgggggc getgetggea ccggegyeec: 2680 tactgcaggg ggecgtgtee ctgaagatcg cagcec ttcaa catccagaca

tttggggaga 2640 72 ccaagatgtc tcgccctggt acctcaatga acagctataa 10 getactacta ccattgtcag
atgcggcccc tccaagagaa gcetatgtgag 20 ggctgatccc tcgtggttge

tgeggecacet ctettaagas gtgtaaccga taataatgtt attatatcota gacaccageg 900
tctacatgac gagettcocga gttcoraattg gttcaagtit tacataagta taaagtcocoga 960

5 ctattgttcet atattatata tggttgttga bggatctgtyg atgcatgcaa tagetgataa 1020
tagaacttac gcaaatatta geaaaaatat attagacaat actacaatta acgatgagtyg 1080
tagatgctgt tattttgaac cacagattag gattcbtgat agagatgaga tgctcaatgg 1149

+0 atcatcgtot gatatgaaca gacattgtat tatgatgaat ttacctgatyg taggogaati 1200
tggatctagt atgttgggga aatatgaacc tgacatgatt aagattgetc tttoggtggc 1260

15 togeacatceyg gtggcggecg cttacttgge ctgactogge ageatagaat aécgagcaac 1320
ggcattctea tagagettga ccttgttgta atctttgtea tgcttcaaaa tcoctcaatgog 1380
gtggtccaca aagtgatagt ctggcaaacyg gacatocotte tttgotttgt aagtagtttt 1440

20 gaaatcacat cgataatgge cacctecttce sagcaacaga gecatgttaa catcaccctt 1500
cagcacteca tcacgtacgt acattttcote agtggatgoge toeccatttaa gagtcttett 1560

25 ctgecataace ggaccattgg gaggaaagtt cacaccatca azacgaatgtf catagaaaaa 16207
acagteogecce cteatgetta tgttgettgt ggeoggtgcaa atgecctggt cttcataagt 1680
catgecttectt Ceoccagtgat accectcagg aaaagtctge ttgaaatagt cotgaatatco 1740

30 tgctgggtac ttggtgaatg ceoctgttgee gtactggaac actgttgtca agatatcogta 1800
agcgaaaggce agaggtgcge cttcaghgac gttcaggtet aaaatctgeg ttecctegta 1860

35 aggatttect tttcecttcte cttcaatcac gaaattatge cogtittacag tgectotceat 1920
acacagcttg atcticatet chggtttaat cacactcace attatttata ttccaazana 1880
aaaaaataaa attitcaabtt ttgcocggcas aaattgaaat tttatttttt ttttttggas 2040

40 tataaataat ggccaagecet thgbotcaag aagaatcocac cctcattgaa agagcaacgg 2160
ctacaatcaa cagcatcccce atctcectgaag actacagegt cgecagegea getoeteteta 2160

45 gegacggeoeg catctbtcact ggtgtcaatg tatatcattt tactggggga ccttgtgeag 2220
aactogbggt gctgggcact getgetgetg cggcagetgg caacctgact tgtatogteg 2280

s cgatcggaaa tgagaacagg ggcatcttga goococctgegg acggtgocga caggtgette 2340
? tcgatcoctgea tectgggate aaagecatad tgaaggacag tgatggacag cogacggeag 2400
ttgggattcy tgaattgotg coctotggtt atgtgtggga gggctaaact agtaaaaatt 2460

55 gaaattttat tttctttett toggaatataa atatccotat cagtgataga gatcotoocta 2520
tcagtgatag agatatgagy ggcatgaage tgetggogge gotgctggea otygoygeco 2580
tactgcaggy ggccgtgtee ctgaagatceyg cagecticaa catcogagaca thotggggaga 26440



acttccaggc cagtggaggt gaaaataaat 30 attggatccc gtgattaaca aaactcgccc cgggctttge cctttagaag 40
gctttactaa cagtatgaaa aatgcattat caagagcatc ttattacgac 50 ggccttgaat tacagcggat atagaacaaa
taccaatact aaaaaatagg caatgccacc ccaggaggtc ggatgcacca ggagcgctac cgatgatggc gttcttctcc
gggggacgca atggggcttg accctcccag cgacagcgct agggatgcetg tgectatgge gatgctgaag acaaaggttc
ccgggctgca gegcattaga agaagctagg tcgacgcctt gggaaagctg gtcatcgcga ctctcgaaaa atgcactcag
aagtcgctaa aagctatcga tgatcatatg cccgggaatt atacataatt tttgttacta tgatgatgca ctcgtcagct agagacagcc
gacacctatc ctgttcgtgt tgcgagccct cggttcacag gtagccgaga gaggacgtca tggtcatcca gacaccacag
cteccgaggcgeREGE Ctaggageece HEFGe e ggantiedd GogrtrricrRAageltHEy Secatigag caagaittt
tggagcaaaa tcaattagcc cqctgt agaagaaagg attatttgat cggattagaa cagatct tat ttgtaa atatcattag
e e it tattantong
tccgcectgtg Ldacacocac segtigitee-aagiggeccaacageggiggdoticanita wsiegagadgtgaggicgose cctacattgt
atgttagata ttacgtaata gtacatttag tttttatgcc cattttactt gaaacaccta caccaaggtg aaacaactta taagggcccg
aaatcacttt BSEAGEHRE gBARTERE "y atEEU e C Rt ARCAS 700 CRGUGaag edtgutta 27
Cagt%gCC@&QQ@%@%&%@Q@%@Q%@%@&%@@&%@&% CALCHGAAG COANRNEERAT 2940 iftgceatt
gttcccctge 3000 ctatgacgtc tacctggatg 3060 cgacttcaat gcgggcetgca 3120 gacaagcccc accttccagt 3180
gcactgtgcctatgacaggad3240 egactcygoticticect ttay 8800 agre catcagt getocactate G360 cggddgetct
agaaaaaa%LS%ZOC%%%gcgagaa ataatc‘:%tacac?;iSO cég%?atta%g taggg tggat§540 té:tgaa% ttt aglceaoacccgt
3600,attggtattt Gaadadtaag3680’ggcateatat cactiige 50 AegEaAg TRESGEIt3780 gtacacggee
tacagaaaag-384k aacangqitbiicastagagagnt Legtosst altogaacat39e0 eagigatagdatgsegeca 4020
cagagccagc cttcttattc 4080 aatgtgaaag tgggtccgcg 4140 gaaagtttta taggtagttg 4200 ttatactaat
atgacacgagf Bttt e e et ctad 300 trit e e At th CHtt G UBBO C 73°R§ §taRRg gaycttaatt

CcaHQHCtt%é@%é&é&%?%%%%985%9@%%%%@@acag ctacacccac geactgtgeo

ratgacagga 3240

tegtggttge agggatgetg cteegagygcy cogihtgttee cgactegget cttcoccttta 3300
acttocagge tgcctatgge ctgagtgace aactggecca agecatcagt gaccactatce 3360

2 cagtggaggt gatgotgaag taggagetoe accgoeggtog cggoogebcot agaaaaaaat 3420
gaasataaat acaaaggttc ttgagggtty tgttaaatig aaagcgagas ataatcataa 3480

30 attggatcec cegggcigea ggaattcgat ctcegagatygtb cltagattaga taaaagtaaa 3540
gtgattaaca gcgecattaga gectgcttaat gaggbtcgogaa fcgaaggttt aacaaccegt 3600
aaactegoce agaagotagy tgtagageag cctacatigt attggcecatgt aasaaataag 3660

3 cgggetttge tcegacgecett ageocattgag atgttagata ggceaccatac tcacttttge 3720
cctttagaag gggaaagoety gceaagatttt ttacgtaata acgcetaaaag ttttagatgt 3780

40 getbtactaa gteatcogega tggagcaaaa gtacatttag gtacacggoc tacagaaaaa 38490
cagtatgaaa ctotcgaaaa tcaattageoe ttitttatgec aacaaggttt ttcactagag 3900
aatgcattat atgcactcag cgctgtgoggg cattittactt taggttgegt attggaagat 3960

* caagagcatc aagtcgctaa agaagaaagg gaaacaccta ctactgatag tatgeccgeca 4020
ttattacgac aagcectatcega attatttgat caccaaggtyg cagagocage cttettatte 4080

50 gygccttgaat tgatcatatyg cggattagaa aaacaactta aatgtgaaay tgggteogoyg 4140
tacageggat ccogggaatt cagatcttat taagggecoeyg gaaagtttta taggtagttg 4200
atagaacaaa atacataatt ttgtaaaaat aaatcacttt ttatactaat atgacacgat £260

> taccaatact tttgttacta atatcattag tatacgctac accttttcct cagacatcta 4320
aaaaaatagg Lgatgatgca actttatcat gteatcgaaa taatacaaat gactacgttg 4380



tatcacaatt aaatcattga ctgctagaga gacatcgcct acaaatgaca ctgataaagt tgtaaataca gatagtgaat cgactataga
ggaaactagg gcttcctcge tcactgactc ggtatcagct cactcaaagg cggtaatacg aaagaacatg tgagcaaaag
gccagcaaaa ggcgtttttc cataggctce geccccctga gaggtggega aacccgacag gactataaag cgtgegcetct
cctgttccga cectgecget gggaagegtg gegctttcte atagctcacg tcgetccaag ctgggetgtg tgcacgaacc cggtaactat
cgtcttgagt ccaacccggt cactggtaac aggattagca gagcgaggta gtggectaac tacggctaca ctagaaggac
agttaccttc ggaaaaagag ttggtagctc cggtggtttt tttgtttgca agcagcagat tcctttgate ttttctacgg ggtctgacgce
tttggtcatg agattstweEr avayatotbtitterstcarattt assryt aaatatg agter cagigaggeeacctatcicag €gdtctgtct
cgtcgtgtag ataactacga tacgggaggg accgcgagac ccacgcetcac cggctccaga ggecgagege agaagtggte
ctgcaacttt %%%?éggé%tt aé%%ag%{:g"k% 8&85%%%%%{aacaé%bacgact%tﬁtgcg%%ﬁgCg%’tc%%é: %a%"gﬁtcaélg%% cgagttacat
gatcceccaticricagale gHegtergaaaagitageactacaaatdeictiacigtnalgccale o ¢4 £igatoagd
ctcaaccaag t catt ct gag aatagtgtat gcggcgaccg agttgctctt 6240 gcccggegte aatacgggat aataccgege
cacatagcatpabetfthabFatgERInca 63005592ty §aaamAPHEIREY Y cormaneier eaygatct®2dccgctgtty

ageuigagt%gggé%tgat tgtaaataca gatagtgaat cgactataga cataatacta tctggatcta 4680
cacattcacc ggaaactagyg goticoctege teactgactc goctgeogeteg gtogttegge 4740
tgcggegage ggtatcaget cactcaaagyg cggtaatacg gttatccaca gaatcaggygy 4800

15 ataacgcagy aaagaacaty tgagcaaaag gccagcaaaa ggccaggaac cgtazaaagyg 4860
cogegitget ggegtttite cataggcectee geccccctga cgagcatcac aaaaatcogac 4920
20 gctecaagteca gaggtagoga aacocgacay gactataaag ataccaggceg tttcccectg £980
gaageteoct cgtgogatet cetgbtteega cectgeceget taccggatac ctgtcoogeoct 5040
tteteectbe gggaagegtg gegetticte atagetcacg ctgtaggtat ctcagttogg 5100
25 tgtaggtegt tcgetccaag ctgggctgtg tgeacgaace cccegticag cccocgacceget 5160
gecgecttate cggtaactat cgtettgagt ccaacccoggt aagacacgac ttatcgecac 5220
10 tggcagcage cactggtaac aggattagoa gagcecgaggta tgtaggoggt gotacagagt 5280
tcttgaagty gtgugcctaac tacggctaca ctagaaggac agtatttggt atctgegete 5340
tgctgaagce agttaccttce ggaaasagag tiggtagetce ttgatcocgge aaacaaacca 5400
35 ccgetggtag cggtggtibtt tttgtttgca agcagcoagat tacgoegoaga aaaaaaggat 5460
ctcaagaaga tccttibgatc ttttctacgg ggtctgacge tcagtggaac gaaaactcac 5520
40 gttaagggat tttggtcatg agattabtcaa saaggatcit cacctagatc cttttaaatt 5580
aaasatgaag ttttaaatca atctaaagta tatatgagta aacttggtcot gacagttace 5640
aatgcettaat cagtgaggcea cctatctcag cgatctgtet atttcgitca tcocatagttg 5760
45 cctgacteoe cgtegtgtag ataactacga tacgggaggg cttaccatct ggecoccagtg 5760
cﬁgcaatgat accgegagac ccacgcetcac cggctccaga tttatcagceca ataaaccagc 5820
50 cagocggaag ggccgagoge agaagtggte ctgcaacttt atccgéctcc atccagtota 5880
ttaattgttyg cecgggaaget agagtaagta gttegcecagt taatagtttg cgcaacgttg 5940
ttgeccattge tacaggcecatc gtggtgbtcac gotogticgtt tggtatggcet tcattcaget 6000
55 ccggttceccca acgatcaagg cgagttacat gatccccocat gttgtgcaaa saageggtta 6060
gorootucygy coctocgatc gttgtcagaa gtaagitgygoe cgoagtgtia tcactcatss 5120
ttatggcage actgcataat teotettactg tcatgeocate cgtaagatge ttttetgtga 6180



cgatgtaacc cactcgtgca cccaactgat cttcagcatc ttttactttc accagcgttt 6420 10 ctgggtgagc aaaaacagga
aggcaaaatg ccgcaaaaaa gggaataagg gcgacacgga 6480  aatgttgaat actcatactc ttcctttttc aatattattg
aagcatttat cagggttatt 6540 gtctcatgag cggatacata tttgaa tgta tt tagaaaaa taaacaaata ggggttccgc 6600
15 gcacatttcc ccgaaaagtg ccac 6624 20 75 CLAIMS A modified poxvirus vector comprising a
reporter gene and a selection component comprising, a selection gene whose expression is regulated
by the tetracycline operator/repressor system located between a pair of flanking sequences allowing
for homologous recombination. The modified poxvims vector of claim 1 wherein the reporter gene
encodes aftgErEseEnt Preneir 32T hesnodifiied Folmivugtrecterasicsire 1aviterdintthe seddétion
componengt}é:gcrgé)ri es a selection %eartl_gcthat inhibits or slows dov%nelr_)a%x-virus L%ggcgtionsiﬂ)[pe host cell

I
or is cytotoxic to the host cefl- 3?5’he FRoAffied p%ar‘?/?rb%g-\c}aé%tc?ra 6F claimn 1 Wherein the reporter gene and

the selectienggampenent are-loraieshhebwectt asiagie fait ofdlanking sequences adlowisyg for
homologous recombination. 5. The modified porvirus vector of claim 1 wherein the reporter gene and

the selecti6APCEMIGHTR e fdatetFFRANEEH NTOrE tHAR ONE Paits ot fadkirRf S8 tiencéé Hlowing for
homalpgoys fecambination, &, jHae Jnodiied RoXutUS eclor AL SlaInS, 3 -2, WHRILIN the, sglection

component is a gene coding for a DNase. 7. The modified poxvirus vector of claims 1 - 6, wherein the
poxvirus isseagthsieavirastor badiied Mactinia Anlcara vins. Buobacelt eomprsmgdhe maditied poxvirus
vector of clatilr:rg%al a7 % Usgagf tge modiggd portvirlés v;cggr ogacéilaérggt% -7 0r thecceéll ofscl%iom' 8 to
geneyate & FECoMBIaTRoX T HS. o A od F6P g Rt 8t S BTNt pE&irug ¥abable of
expressing;a-gene: of iteresi Loy psisieg the steps of: g604

20



1) infecting a permissive host cell with the modified poxvimus vector of claim. 1 7; and (2) transfecting
said infected permissive host cell with a plasrnid c%mrising said gene of interest under conditions that
permit homologous recombination between said vector and said plasmid, 76 whereby a recombinant
pm:virus is produced. 11.The method of claim 10, further comprising the step of: enhancing the
production of recombinant poxvirus by selecting against the presence of the selection component. The
method of claims 10 - 11, further comprising the stepraf; separating permissive host cells comprising
recombinant pox-virus from permissive host cells comprising the modified poxvirus vector that has not
undergoie homblogdiisdeoomizination witirthieyectpocempsising the-gens olinterest. bapihgmethod
of claims 10- 12 {dherconpiiaigibesiep abusicihg Petiissive host cells compusing e, ..
recombinant virus for carrying out at least one further passage of the recombinant poxvirus in
previously uninf?&‘f’é&‘lﬁéjfrﬁi%g%@kh’@s?%?slﬂl.% FrebNBE B BaifiemBnaEg - wherein the poxvirus is
vaccinia yirus or-Maodified,Vaccinia Ankara virus. 15. A cell comprising a recombinant porvirus
generate% by tﬁ%ﬁ%‘ﬁ%‘?&d&oﬁé’i}lﬁé’eﬁgf ff}: e Exgjféeroefj%f%éerﬁg?ﬁtc%jg% T afncﬁ%seif)f?ufff%f’rfh%mé%ﬂ’ of claim

15 to generate ayesomblnanknx sl AsscombiantRoniisosnsaied using e methed of
claims 10 - 14 or th%cell of claim 15 18. The modified poxvirus of claims 1 - 7, the cell of claim élor 15

or the recombirfiRt B8HHIE RECSTE TS BTN 7ReA etitahtel o THErotfed:paxivitls of
daims e 7, thecelhgbslaim 8 ol be.of e georiplnant porviis.according loglam A7 a5 8,

therapeutic or prophylactic vaccine for the treatment or prevé)r?tion of cancer, in ﬁtéorlfz%?, epatitis,
AIDS, mumps, lr%f’dfé‘i?‘é*ﬁégbh%‘lliﬁ%PMQ@WW&M&%?WM@%@WW@SS, lyme
disease,geactiv&g%tggittirseapgg‘ymsoniat, Ieogroasj%/r%gi&btheri%, candidiasis and/or toxoplasmosis. 20. A
nucleic acid or its complerment having at least 709 SEqUBHER THENH 158 ESGGEMRY SBRSA 8 the
group consistintp®fe8 EOPNOS: 202 28¢ pairs of flanking sequences allowing for homologous recombination.

6. The modified poxvirus vector of claims 3 — 5, wherein the selection component is 2 gene coding for
a DNase.

7. The modified poxvirus vector of claims 1 — 6, wherein the poxvirus 15 vaccinia virus or Modified
Vaccimia Ankara virus,

8. A cell comprising the modified poxvirus vector of daims 1 ~ 7.

G. Use of the modified poxvirus vector of claims 1 — 7 or the cell of claim § to generate 2 recombinant
pOXVIrus.

10. A method for generating a recombinant poxvirus capable of expressing a gene of interest comprising
the steps of: '

1) infecting 2 permissive host cell with the modified poxvirus vector of claim 1 — 7; and

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

vector and said plasmid,



11

13.

i4.

15,

i6.

17.

18,

19.

20.

76

whereby 2 recombinant poxvirus is produced.
The method of claim 10, further comprising the step of:

enhancing the production of recombinant poxvirus by selecting against the presence of the

selection component.
The method of claims 10 — 11, further comprising the step of:

separating permissive host cells comprising recombinant poxvirus from permissive host cells
comprising the modified poxvirus vector that has not undergone homologous recombination

with the vector comprising the gene of interest.
The method of claims 10 — 12, further comprising the step of:

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

further passage of the recombinant pozvirus in previously uninfected permissive host cells.

The method of claims 10 — 13, wherein the posvirus is vaccinia virus or Modified Vaccinia Ankara

virus.

A cell comprising a recombinant poxviras generated by the method of claims 10 ~ 14.

Use of the method of clamms 10 — 14 or the cell of claim 15 to generate a recombinant poxvirus.
A recombinant poxvirus generated using the method of claims 10 — 14 or the cell of claim 15.

The modified poxvirus of caims 1 — 7, the cell of clain 8 or 15 or the recombinant poxvirus

according to claim 17 as a medicament.

The modified poxvirus of claims 1 — 7, the cell of claim 8 or 15 or the recombinant POXVires
according to claim 17 as a therapeutic or prophylactic vaccine for the treatment or preveaton of
cancer, influenza, hepatitis, AIDS, mumps, rabies, encephalitis, stomach or duodenal ulcers, malaria,
sleeping sickness, lyme disease, reactive arthritis, pneumonia, leprosy, diphthetia, candidiasis and/or

toxoplasmosis.

A nucleic acid or its complement having at least 70% sequence identity to a sequence selected from the
group consisting of SEQ 1D NOs: 20-23 .



