WO 2009/068645PCT/EP2008/066430 1 Novel recombination Sequences Background of the
Invention Technical Field The present invention relates to novel nucleotide sequences, which are
variants-of an recombination sequences, involved in sequence-specific recombination of DNA in
eukaryotic cels éit§atePR#iSequence specific recombination is performed by &rErawaoptage lambda
integrase Int. Such novel an recombination sequerces being e.g. attP .b, anP.a, attL.a, attR.a and
attR.b. The present invention further relates to a method of sequence-specific recombination of DNA in
eulcaryotic cells, comprising the introduction of a first DNA comprising a nucleotide sequence

containing r inati i cell, introducing a second DNA comprising a
nucleotide@gﬁi&ggﬁmwﬁgﬁﬁﬁmﬁ$§%ombination sequence into a cell, and
performing the sequence specific recombination by a bacteriophage lambda integrase Int, whereby at
least one of said first or second DNAs is a novel an recombination sequences being e.g. attP .b, attP
.a, attL.a, attR.a and attR.b. Background The controlled manipulation of eukaryotic genomes and the
expressiorFs¢éeHiapinghofthe dewemti®fsomal vectors are important methods for analyzing the
function(s) of specific genes in living organisms. Moreover, said manipulations play a role in gene

therapeuti%gbeﬁmggli%@ icine. In this context the generation of transgenic animals, the change of
genes or gene segmen{s So-called "gene targeting") and the targeted integration of foreign DNA into

the genomeref highar emkanmtesrigolpamicylanepeitancs Baseniyithese teehnglogies could be

improved by means of characterization and application of sequence specific recombination systems.
Furthermof oS R RS eifRs i itag b S eiepressrmficissembinainaodfing Wnip exbrassing a
desired potgpeplitiefgrodisghicinte thecornesvenafibigiechnglogisabrelovanbhastsallsalsnagls more
significance for the grogucﬁion o[ biolphar aceuticals. Expression level for a desire

mtegrase Int. Such novel aif tecombination sequences bemg e.g. aifP.b, artP.a, anl.a, arfR.a

and at/R.b. -

The present invention further relates to a method of sequence-specific recombination of DNA

in eukaryotic cells, comprising the introduction of a first DNA comprising a nucleotide

sequence containing at least one recombination sequence into a cell, introducing a second

DNA comprising a nucleotide sequence containing at least one further recombination

sequence into a cell, and performing the sequence specific recombination by a bacteriophage

lambda integrase Int, whereby at least one of said first or second DNAs is a novel art

recombination sequences being e.g. atP.b, arfP 4, atfl..a, attR.a and anR b.

Background

The controlled manipulation of eukaryotic genomes and the expression of recombinant
proteins from episomal vectors are important methods for analyzing the function(s) of specific
genes in living organisms. Moreover, said manipulations play a role in gene therapeutic
methods in medicine. In this context the generation of transgenic animals, the change of genes
or gene segments (so-called "gene targeting”) and the targeted integration of foreign DNA
mto the genome of higher eukaryotes are of particular importance. Recently these
technologies could be improved by means of characterization and application of sequence

specific recombination systems.

Furthermore, sequence-specific integration of expression cassettes, encoding and expressing a
desired polypeptide/product, into the genome of biotechnological relevant host cells also gets

more significance for the production of biopharmaceuticals. Expression level for a desired



WO 2009/068645PCT/EP2008/066430 2 polypeptide in a stable transfouned cell lines depends on the
site of integration. By sequence specific integration, sites could be preferably used having a high
transcription activity. The conventional method for generating production cell lines expressing a
desired polyp&stiddipipeRfitt is based on the random integration of the recRRBIREHIREFEESSION Vector
into the genome of the host cell. Variations in the &(pression level of the integrated gene(s) of interest
in stable transforpadd Tedl dinkds arestmtibdted! fiain ctedifercheastinthrapasomaljosatiens and copy

numbers. Integration.in the proximity of heterochromatin, resylts in variable, leyels,.of
transgene%%%?ggsi%@ﬁg%{h(}%nggg%crﬁgf?o%gt%%%rﬁp%%stﬁ%ﬂ e x?)nPé ii%ﬁng I’Bﬁ%el?ﬁt%‘a%‘éi gdsfg%ne(s) of
?nterest_ar@thI@iw@ b@@t@@cﬁﬁip@ﬂvﬁ@@e pegrlostsonf eethrdmetinsAfirissagdommniss o
integration, causes:a.arge diYerlya. eromhinant A8 &9%%%%%&%%%‘%%@%@%{o%ux"?‘é'c%r

necessitating an elaborate screening process to identify and isolate a suitable clone expressing

the desiredfRE&saeEaeHigheIsElin\Gautions mthpetoresiaileydiebthvdatesied tsnelathfclone an
optimized pregugtipndrecassshamia bedavalopedakiacihe Jayelapment ofasiiablepipduction

cell line a time consuming, labor intensive and costly process. Conservative sequence specific DNA

recombinalSS& e B ENPHDIERF TR E HID TaRifEL2 O FOBRS B BT of RS hETss c Rt
"integrase'‘ifamilybledtalyz ofthencleny agsragibreftirig SN st dsdaainachdwadatidadnucleotide
sequences, which will be named as recombination sequences in the folloying. The recombination
sequencezhr%ai)gﬁggr ‘ééﬁf?e %lﬁlz%\zé) %iﬁlé?zéeﬁ% oarr%n% %WQBI\TISA?%eoI%%?ﬁ%l}%%#yﬁg%ﬁt]i‘ﬁfie’f?%?]?ﬁt molecular
recombinaqmrwmcfdﬁéwr@domwdngdgmﬁmnabﬁaatéomgbeimﬂtyofﬂheotﬁahthiﬁﬂt dﬁp,ends on
the respecye.grientalion of s iaomANRlon.seqUenCes toeach Alhet4n he.case olan jverted. Le.
opposite orientation of the recombinationsequences, version of the ﬁﬁl&gs%gments yihg between
the recomigiihireirised sielibés wlctpos pameseinsetiof disicyd pelypaptidmatdpelats el the adtombination

sequence%nh@@awsm%ge{ﬁamp9&&1{%1&@@09&%&5&@9@%%@&@&&k%&%gﬁsom?i afjon, i.e. if

both recombination sequences are located on two different DNA molecules, a fission of the two DNA
molecules %ﬁ?‘ﬁ@éﬂ@%&ﬁﬂékﬁ] EFTBERINGRE fnteitrlseTadumuiserlineatdippeconptiming labsivell as
intermoleculamraeombination-dggecombinases of the second family of the so-called
"Invertases/resolvases" are only able to catalyze the intramolecular recombination. WO
2009/068645PCT1EP20081066430 3 bacteriophage Pl and the Flp rec,ombinase from yeast. The
recombinafionsseguiencegitmuhighdife Ce sceambifiasedinds arenameddorts LtaxPrisnaidd bp long
nucleotide ence cqonsisting.of .two 13 bp | inverted nucleotide sequences and an 8 bp long
spacer Iyinlg%gé erée(l)’lf[ & irt?\rigetr%eagué\gqagn%(ggg?%e I’—ugergﬁ’las’(renec'i1 }Er?/diﬁatgga% (iﬁ%e%efl&aﬁpagﬁ build up
similarly. Hewaeg, ohB\Ndiffearidsrpeinsxen Thedetned theletdmizinationssedirneds raaymat e replaced
by each o i i r i T ELP is not able to recombine loxP
caauences B e s e e e L 08 o e
inverted orlé#étEtat indTI kRN tRBlEsKIE.oF FRIMSe Hudrices thaytiseebyetal 16-00DiRE®,pairs long.
So far threggpambays ehihedavpiaserraselassdasiimbavahesr usedlianthe manipulation of

eukaryotic genomes. A mutant of the bacteriophage Mu invertase Gin can catalyze the inversion of a

DNA fragmiERemi Bt B atop et ooIBHaR S MERS A0 &7 PiaSTbBERrasDE R ATRAIthis mutant
is hyper-receoropiaogesinifio catalyzesEINAmraRd R AResAISOARITEN s its matyrally
recombinagotrvlvseq%gnces. g.hist.leads to unintende rtially Ie%/hgll recombination events [n plant
protoplast genomes. The Prreeompinas® FFo i Str cE08 By 8 EheS hRdyReErra et difbination
in mouse cetlccniiinrtshetvesreiwo tdodbimbitatiare sedeieticesasdirectsepeats leadingitodhe excision
of the seg wever, simultaneously with.deletion also inversion has been detect ich
renders th@%@%ﬁj g§¥islécb%lég§%s%ér%%glrl%g&pﬁ%lf%lﬁegf ?érﬁkﬁg/%ﬁ%] ﬁgntgfrﬁeglggﬁge&ﬁg% €. Mutants
of the y8 r@@dmé@,f@m@mﬁ ﬂa\ﬁéfbééﬁﬁsmm@ebmthn\@bikomah_hm aftificiatiydroduced
genomic recaPIaga seavanaes kI eliFiRnakef e daietdsacianda Sl falbsrpool, The

manipulation of eulcaryotic genomes with the Cre and Flp recombinase, respectively, shows significant
disadvantdje€el5eeas @F%%Te‘?i%ﬂ{ei B-tdsdcompmandis ol taestangern iopelatéel toby oy IRT
recombinafign Sedencesimdiganmne there is an irreversibly loss of the DNA segment lying between
the tandem repeats. Thus, a gene located on this DNA segment will be lost permanently for the cell
and the organism. Therefore, the reconstruction of the original state for a new analyses of the gene
function, e4y. fradatethdavelafbiianialshage 0t thieorganismmisimpossitie cikajoeyersibiedoss of the
DNA seg %Eg I{:aqu)e by .g%letégen rgé%lbe gv%de%{prxbanainvegsio \ of the res§e tive DN% stggment. A
gene may be inactivated E)y &h mverswﬁ'wﬂ?‘nou%emg%é‘f%né% y be Swht 'Biragin'at a later
developmental stage or in the adult animal by means of a timely regulated expression of the
recombinase via back recombination. However, the use of both Cre and Flp recombinases in this
modified WO 2009/068645PCT/EP2008/066430



4 method has the disadvantage that the inversion cannot be regulated as the recombination
sequences will not be altered as a result of the recombination event. Thus, repeated recombination
events occur causing the inactivation of the respective gene due to the inversion of the respective
DNA segment'hi0editfe, at best in 50% of the target cells at equilibriunRGFRRsNSAGHEN. There have
been efforts to solve this problem, at least in part, By constructing mutated loxP sequences which
cannot be see fohhuritiar seatiidtafeo aldinglefresopphinatienctiambrventhedisrdyanageis the
uniqueness_ of the reaction, i.e. there is no subseqyent agtivati back recgmhination after
inactivatioﬁl of the (Eleé;r%n V'%%?/éoﬁgl%n “K %%%%(?Zﬁ)ggdvgfr%d% %%BY IE|L1)% Pé"c%%?ﬁggg EHEPEYuced heat
stability at @nSithus difrfiting Shepelficiemeyrafdhmaecthebinationaeaction it higheg epkesy bieg
significantly,& g ingpige with ahody.te ratigre of 399 139G Lherefore, Fip,mutants. have been
generated which exhibit a highglrahegt stability as the mkﬁ-t@pg é’ggtriﬁ ?ﬁ%sg? ﬁg)waer\?&%%/élﬁ these
mutant Flpsepizitiie Slewe exnibry £iBwel ot mBindwoefetiichentspamdiniorCralrenombivmseatA further
use of seqHeRGsSRET(C1acemBinasceenidRs bihe medicaifielt £ 9qlRARNSIHeEPY: Where the

recombinases integrate a desired DNA segment into the genome of a respective human target cell in a

stable and®RbnhiPIRERMVEY BETHEHERY PRmiasr BltaRRR infeame RIS arif ieputhisinadisrrsesth

recombinasesiie NRingadlos e BMNAWREldawiema senv-aliistesnagtive regomwgiration
sequence with a correslpﬁﬁ%ri?ilg% recomb'lgation sequence which has been inserted before into the
ormo

eukEu-yot%aae]?]eo hieia 3&% g'reCBMmbination. However, it is desirable that this reaction includes

a "naturally" occurring recombination sequence in the eukaryotic genome. Because loxP and FRT are

34 and 54 ylugleatides long, respectively, occurrence.of exact matches of these reco Zinati n _
sequencesé1 %sapartggfteénr}%gﬁgin%éeiéngt?a Shds yiﬁa‘r‘?mfé'f?&%%%‘ﬁei %e?eu(‘:%ﬁ g |5Iﬁa§5’dwua Wé‘eogvould be
present, thalgisruiagtagoot the mivtemention édderokheactibin Stiltestasts(iie. daothaBiganthdIp

recombinase mhaeipne insered RAseamet AL aseesshl ety Iiemo. ecul ar

. - X &
recombination. Thus, one problém of the present invention Is to provide a simple an controllable

recombinaffSFP¥GEe thabies el L rB P WolGAT MROABICA iferih ertphais e RNk et edenveiisvention is
the provisigRobadigepmbinatian-sustemanchibaFRakired uarking Maans, WhiclLmay caimput a stable

and targeted integration of a desired DNA sequence. A further problem WO :

2000/068648BIC THRBIIORIB 65T ofth& Pt sEritshisARIRe plasisforcermidtrsisinhich allow

the generasingn Rk 3n-iInpHoVeRPraiRin RIMIRSTIRBRYHIAMO M thehasis:af qua.Rk these.Lgcampbination
systems. S ummary A solution is offered by using the bacteriophage lambda integrase Jut
recombinatfoh™s fﬂnaﬁﬂ%ﬁcreéc@n‘?ﬁ?%tﬂ%ﬂegg Gafiegdo e PsteiRt i phe FeRs W Gesg45 and

W02004/048b8d e dorpitatetttiyy eferdancerdienchas Aspetifiecpioiacm efibe-presepheiselosure is to
provide aIteSrnat%v% ay sequences, WhIlCh are Fr,-s cially modified to expat?d their functlonah%ebeyond

mediating Site-Specific 16con bAoA KA S0 e SO O e AN e AR 96 Teqiences of a

gene of intesebtase from E.coli have been shown to be active on episomal and artificially introduced

genomic recombination sequences, but the efficiency of the latter reaction is still rather poor.

The manipulation of eukaryotic genomes with the Cre and Flp recombinase, respectively,
shows significant disadvantages. In case of deletion, i.e. the recombination of two tandem
repeated JoxP or FRT recombination sequences in a genome there is an irreversibly Joss of the
DNA segment lying between the tandem repeats. Thus, a gene located on this DNA segment
wili be lost permanently for the cell and the organism. Therefore, the reconstruction of the
original state for a new analyses of the gene function, e.g. in a later developmental stage of
the organism, is impossible. The irreversible loss of the DNA scgment caused by deletion
may be avoided by an inversion of the respective DNA segment. A gene may be inactivated
by an inversion without being lost and may be switched on again at a later developmental
stage or in the adult animal by means of a timely regulated expression of the recombinase via

back recombination. However, the use of both Cre and Flp recombinases in this modified



Substitutions, deletions, and/or insertions can be introduced into attB, attP, attL ancUor attR
sequences or their derivatives in order to confer for example an enhancement of the recombination
events driven by a wild-type or modified integrase of the bacteriophage lambda, whereby said
enhancementYR2PBE¥8645 for example of (1) increasing the efficiency of rasiEmviratiossedents
(integration and/or excision), (ii) increasing the spékificity of recombination, (iii) favoring excisive
recombinatiethed éatsi{iv)ifaMetngdategtativeineceiohination everislHadreleuingdhetesutisaments for
some or alsleh(l)l%t} (f)act%rﬁf ilqo%obrgpa Eisro&l to tge corres ?ﬁ]din% nat rall}/ occurrin%,recombination
sequences LSRG the same recombinasé UAdET the Satis cCSHATBAL MeTRivdil o FBEHRY use the
att sequencesraiy mediatomsioresiter sgasifig rdéeombitiatidmbof thexparditheipfuactianatityday using
them for example. | iti : ory.sequences substitutions,. deletions, and/or insertions can
also be introduggﬁ r?)ﬂﬁi‘?%ﬁ%ﬂ%%@ %gy ore%lgjt%iféreg}useor%%sag%ﬁ%ew I(e%/igvg i\gkées 5gr€etnc1%1(\flse??change,
generate Gt Segdibesmtiitsotities Wretbenay Botat cistarthg it sueh lass(amyptit)tsplice
donor, accepigr.siag ANRIANLP ROMNSPOWRAR RUHIAR SIGNAIT TR XSS Ehisies sﬂ%&soma'

entry sites, repeat sequences, secondary structures (e.g. stem loops), binding sites for transcription
factors or StRERPEGLRRoRPHEYSTs e StrdtsRtas intBesiaig waesoadite jiractden ehtiendidimiting
examples.sSssegtibutions were intedureeriHR MR « AL ARG AR SEOUE BERS L HIRESIGlY, Some air

sequences / au-variants are described in the present invention, which work especially well.
Unexpectedly, some preferred an variants were still able to mediate site-specific 6 recombinations
even though Suthstitdtiedeaateztocated iRlphehindingssitesdorddnied &t R@xNG/ok InteC iR a first

aspect, there.js provided.a nucleic acid malecule selected from the group consisting of attP.b (SEQ ID
NO-3) and THE S (GEG B RIS T L SRS RS AT B VRIE L5 BorhBriting =
nucleic acigtipgotdtule asipetimedraiboyefprederalSCsditlorefttay Bla mukaitydticeserassiaamedtor, most
preferabIy‘ggmpr(_iggghaaohqggglteﬁegpg{%iﬁtpeatbert%o%ws_i ne of irgerest %cyegr a'seelgc&ilogl marker

recombpmase, cr, € [
and / or an enhancer. In"a third aspect,‘there Is prowggd a cell comprising a AuCleic acid molecule

as definedFaiieiid ntepansd sHibeHubdenlomer srdenhnatisticeificiersimbsoithe Grdmeaomiriiciseomosome or
in an episomal element or in a vector as defined above, preferably the cell is a eukaryotic cell such as
a yeast, plant, worm, insect, avian, fish, reptile or mammalian cell, most preferably said cell is CHO

wild type, EHESRE, SR6f BREUIME SRIBYRSCEICBrEsHEsHhetdn the el fislds sectinsme is
provided aliseiod.abacdueneospaaiia faeombinatiemnel DN In&aukanRfiteelsRRRASISING a)
introducing a DI%IA clgn{)ﬁprisirn a fifir{Tt.attB %}E%{é} NO:1 ,(ﬁg(SE ID NO:2), attP.b (SEQ ID NO:3),
attP.a (SEG*RGY, At a@ﬁ@eﬁf OB (SEY " o dderd b B Fintroducing
a DNA conngrisinarise conhattiio { SEh IR NG RasssattPom bk @ pRMQ: s quigticedniesa cell, or
vice versa ). performing the sequence specific recombination by a bacteriophage lambda
integrase Icn . of Iur?%eﬁt%é\égpreegﬁ t%g?% ﬁ%npsr%(%}%neog t‘ﬁleé%n?ecf %%IS%?%@{ enes™ Blgc‘ﬁ?&%%%‘gﬁgination of
DNAin a éﬁk&lﬂy’@ﬁc@ﬂ iRy iheéerraters the fivseatetsequerue wB defindrhalovednibiastion.
arificialmigighramesae.shthe gename.elari sikanotc qelleapariaing e stens A ©) as

0

defined above or wherein ii. the first att sequence naturally occurs In the genome of said eukaryotic
cell oris iﬁﬁ%‘éﬁ?@éd"bﬂ&/ﬁ}%&om genome. Because loxP and FRT are 34 and 54 nucleotides long,

respectively, occurrence of exact matches of these recombination sequences as part of the
genome is statistically unlikely. Even if a recombination sequence would be present, the
disadvantage of the aforementioned back reaction still exists, ie. both Cre and Flp
recombinase may excise the inserted DNA segment after successful integration by

inframoiecular recombination.

Thus, one problem of the present invention is to provide a simple and controllable
recombination system, and the required working means. A further problem of the present
invention is the provision of a recombination system and the required working means, which

may carry out a stable and targeted integration of a desired DNA sequence. A further probiem



6a In a sixth aspect, there is provided the method of expressing at least one gene of interest
encoding one or more desired polypeptide(s)/product(s) in a eukaryotic cell, comprising a) introducing
a first DNA comprising an attB (SEQ ID NO:1), attP (SEQ ID NO:2), attP .b (SEQ ID NO:3), attP .a
(SEQ ID NO:4¥ JHICYEBEEID NO:12) or attR (SEQ ID NO:13) sequence intBCrE@tipts)istssducing a
second DNA comprising an attP .b (SEQ ID NO:3) or attP.a (SEQ ID NO:4) sequence or vice versa
and c) introdfutingetsteashoneigene dfdniereistdnto & eethehsconiasting saidcalbwithiabastariophage
lambda integrase_hit; ) performing the sequence-specific recombination by a, bacteriophage lambda
integrase Iﬁ%%i%?e 1 cgl sé %ﬁ%%@ﬁ?ﬁ%t%g%r%%g "finto e ?ﬁﬁ%ﬂﬁ?@mtﬁﬂtwgﬁﬁ&said cell under
conditions, wherein the gene(s) of interest is/are being expressed. In a seventh aspect, there is
provided a gnethod of expressing at least one gene of interest encoding one or more desired
polypeptide(s)/product(s) in a eukaryotic cell, having at least one naturally occurring recombination

sequence hieHErB s afEged hraspe ditchastormnpiagtidnmhdd imtegr iy dm bactedophage jamida Int or

any unctonal muaakibeigeh semerisinoat orudia ARNARSIATEING.an 5 ARERID NOD) or

attP.a (SEQ ID NO:4) seq@t&ence and at least’one gene of interest into said cell;
with a bact®iioprEGE BFApTASHIsarasertit: ¢) performing the sequence-specific recombination by a
bacteriophage lambda integrase Int, between the recombination sequence naturally occurring in said
cell and the DNA introduced into said cell; and d) cultivating said cell under conditions, wherein the
gene(s) of i ) . ) ' explained in
f st iR e EHCIBYS DESBRPIRsABeNE Yigttee s savErEbAs explained
more detaitypithidhe following illustratipns Figeire fuAdianmeant ofdhs @riginal-AP sequ with the
attP-varian;p%ngbn'EI:1enat%P Y riant.attP.P (SEQ ID NO: 3) contains 9 substitutions, highlighted in bold
letters with GRAARING. if cOMPAREbRYETHE A WIAERL Ehg ket (SEUsrNO D) Bans iof
equivalent t@ssequence homology of 96.3%. Figure 2: Intermolecular recombination using an attP
variant and attP wildtype in CHO-DG44 cells adapted to growth in suspension culture CHO-DG44
cells, which were adapted to growth in suspension culture, were transfected with lambda integrase
Int-h1218 émbstingeplasisiiensimtdmdizstimcase haydbednitd hib endodirly plasmidsingerum-free
medium. sequences or their derivatives in order to confer for example an enhancement of the
recombination events driven by a wild-type or modified integrase of the bacteriophage
lambda, whereby said enhancement may consist for example of (§) mcreasing the efficiency
of recombination events (integration and/or excision), (ii) increasing the specificity of
recombination, (i) favoring excisive recombination events, (iv) favoring' integrative
recombination events, (v) relieving the requirements for some or all host factors, in
comparison to the corresponding naturally occurring recombination sequences using the same
recombinase under the same conditions. Alternatively, to not only use the art sequences s
mediators for site-specific recombination but to expand their functionality by using them for
example in addition as regulatory sequences substitutions, deletions, and/or insertions can also
be introduced into anB, anP, arl. and/or a#R sequences or their derivatives to remove,
change, generate or add sequences/mucleotides which may act as cis~acting sites such as
(cryptic) splice donor, acceptor sites and branch points, polyadenylation signals, TATA-
boxes, chi-sites, ribosomal entry sites, repeat sequences, secondary stuctures {e.g. stem
loops), binding sites for transcription factors or other regulatory factors, restriction enzyme

sites etc. to give just a few, but not limiting examples.

Substitutions were introduced into a#P, a#fl and a#R sequences. Surprisingly, some atr
sequences / art-variants are described in the present invention, which work especially well.

Unexpectedly, some preferred afz varlants were still able fo mediate site-specific



24 hours post first transfection those cells were transfected in a second transfection with a
combination of various substrate vectors: pBI-26/attP (auP wildtype sequence; SEQ ID NO:2) +
pZsGreen/attB (attB wildtype sequence; SEQ ID NO:1), pBl-26/attP.b (attP variant; SEQ ID NO:3) +
szGreen/attBbé}at B wildt seguence:; SE%I NO:1).and pBl-26/attP (%?&P riant; SEQ ID NO:3)
+ szGreéer?félﬁt ?%Elfgtﬁﬁv\ﬁ%ﬁltggss%ﬁ%ﬁﬂt%: SH cs%clip%sl ?vgeméién r%‘iegrfl% or ti%l%dgtj[grraﬁlfgg ion of
transfectid®-efficiency the expression plasmid pB1-267ZsGreen was used. pBI-26/ZsGreen expresses
a green fluorescent protein under the control of a CMV-promoter. 48 hours post second transfection
the cells were arglilys§d using F CS-analésj nd the fraction of fluorescent cells was determined. The
fraction of fluorestant EeIERAh HEFACEIRIAP et S HEiFif S eRIEn 2P BishF YRERSLEH e vectors
is on averageisti226f bebbdSRQIIP N ahteadtkB. s (Ristr deN@ctors on average 1.5 % and between attP
and attB substrate vectors on average 1.7% (mean value from 6 transfected cell pools each), when the
cells were previously transfected using integrase and IHE expression vectors. WO
2009/068645PCHF/EPS0E/685430b et BB ISInMclERi SoHerEN Hretitdrisiacid doalifgarse integrase
expressiofefieatosbtie fragtionlof fhoresaenticelsanidniniermorstlar reeambinatiopstbebyeen attP.b
and attB substrate vectors.is on.average Q.3%, between attP.b and attP.b substrate vectors on
average 0.4 }3%%1% gé)t{%/rggltwera%{l g%%%%%&gg%%@gf lgbeer%tgaélai?lo%a(grﬁlg%%m\l/a ﬁ% rcaimm8 Fransfected
cell pools®zEhyuterall cases described above the background fluorescence was substracted first
based on FAGS analysis of cells, which were transfected using the corresponding plasmids, but
without adding the pl ids encodin, Iam%: -integrase and IHF. Figure 3: Alignment of the original
attP sequence wﬁ‘hfpé g&ﬁ‘r’%ﬁt%?fﬁfg Fhe et? _\‘/’gﬁﬁﬂ?gﬂﬁﬁ @E@eif)%é)?nfieglﬁﬁté?n‘?@?glbstitutions
in compaxbors iottheiadtiPtavildigpesequerme (SRR ENGrRRcdese substitutionsnéndisated by bold
letters with,upderiningaseiRJuivalet @ﬁé@9&5&@F&Q@m}p@@&ﬂ@&ﬁﬁ@gﬁwgﬁﬁéﬂ%Qw'eCU'ar
recombination using attP variants attP.a, attP.b and attP wildtype in CHO-DG44 cells adapted to
growth in%b%%ﬁ@ﬂﬂuf@sect avian, fish, reptile or mammalian cell, most preferably said cell is

CHO wild type, CHO K1, CHO DG44, CHO DUKX-B11, or CHO Pro-5.

In a fourth aspect, there is provided a method of sequence specific recombination of
DNA in a eukaryotic cell, comprising a) introducing a DNA comprising a first a#B (SEQ ID
NO:1), atiP (SEQ ID NO:2), auPb (SEQ ID NO:3), atP.a (SEQ ID NO:4), aul (SEQ ID
NO:12), or arR (SEQ ID NO:13) sequence into a cell; b) introducing a DNA comprising a
second affP.b (SEQ ID NO:3) or atP.a (SEQ ID NO:4) sequence into a cell, or vice versa, and c)

performing the sequence specific recombination by a bacteriophage lambdu integrase Int.

In a fifth aspect, there is provided the method of sequence specific recombination of
DNA in a eukaryotic cell having integrated the first a#r sequence as defined above i. in an
artificial~/minichromosome or the genome of said eukaryotic cell, comprising the steps b) and ¢)
as defined above or wherein ii. the first a#t sequence naturally occurs in the genome of said -

eukaryotic cell or is introduced previously.



Suspension adapted CHO-DO044 cells were trartsfected in serum-free medium with the plasmid
combinations pBI-26/attP.b (attP variant; SEQ ID NO:3) + pZsGreen/attP.b (attP variant; SEQ ID
NO:3), pBIl-26/attP.a (attP variant; SEQ ID NO:4)sh pZsGreen/attP.a (attP variant; SEQ ID NO:4) or
pBI-26/attP (attP, wildtype; SEQ,ID NO:2) + Green/att %%ttP wildtype; SEQ ID NQ:2). In all cases
cells were co-tra]rllls“}eS(}:’%éegda \%’ﬁ%’t hem]glla?sprlﬁld1 %%%I\%/%‘Jé}ﬂ%ﬁgi WhiC 3%1%85 65551 Tambe églfﬁsttegrase
Int-h/218.casrdiregative cortrolasirdetertvinetibelckgrobmt(sluoresecdreroivocklitransiatiod ells were
generatedy/{2ihors: BRSIHRASIGEHAGIDG.CEIS \are analysed weng EAGSanalysispang e portion of

fluorescent cells was _determined. The fraction_of fluorescent cells accounts on average for 2% of the

cells for irtemiotectifAredSBNEiEh< BEARERTARS B B MR EAVELD NAiS) f5AeF 6475 the cells for
intermoleceliabyecaninatiorsdndilesnatiRidinsirdte (Eofo pRivsianddar.4 (8%Qdxh&eslls for

intermole C inati fwe ) e rpai value, fram 3. transfected cell
pools eacghé;(%%r\[/% %?(%?ggggd%% f?glg%%@%%%%%&g%%%ﬁ %?és{%s ezigcrci) bgegﬁ%’b V%O%ﬁé%};ckground

fluoresceritéd iglh Siibisttarte§Titassssa b FRESan AR si$oPEERENHE| chewsAtrsPsheetat using the
correspondingalasatithcarnhinaiiphlulwilthe-aaeiinn efarRraRtyaesioDRS asmack-pkasmid rather

than the lambgda integrase pl id, .Figure 5: Alignment ofé‘u.e original at h sequence with the attL
variants aftl% % gaﬁg} 5%%%%5%?%&%3‘3 ]Il_gvsaa}fclia(r;ﬁs g%%ac g 8)?15 %m}t)l }51 ?L&e%gé%?ﬂlﬁﬁ%) contains
| substitutigprerbeogparisend.to the attL wildtype sequence (SEQ ID NO: 12). These substitutions,

indicated by bold letters with underlining, are equivalent to a sequence homology of 99%. Figure 6:
Alignment of the original attR sequence with the attR variants attR*, attR.a and attRb The attR variants

attR.a (SEQ 1D MO 6y 2ihes b peie ds oNerd £) Reheth o ae s sims tlulidis ISR #{SEQ 1D
NO:8) 1 sihsiitutiandaiegmparispmierihecattil vldieetsrRauencRUSER D NQuld) othesal,

substitutigns, indicated by bold letters with underlining, are equivalent to a sequence homology of 95%

and 99,42 YBEHCHRASHPTE QR #H YRS OIS dRSPTRUSATSA ST HE RIS n Al OYusSaEesriant s

specific recombination mediated by an bacteriophage lambda Int or any functional
mutant thereof, comprising a) introducing a DNA comprising an a#P.b (SEQ ID NO:3) or
atfP.a (SEQ ID NO:4) sequence and at least one gene of interest into said cell; b},
contacting said cell with a bacteriophage lambda integrase Int; ¢) performing the
sequence-specific recombination by a bacteriophage lambda integrase Int, between the
recombination sequence naturally occurring in said cell and the DNA introduced into said
cell; and d) cultivating said cell under conditions, wherein the gene(s) of interest is/are

being expressed. -



In a first step, CHO-DG44 cells are transfected with plasmids encoding for lambda integrase
Int-111218, IHF and XIS. 24 hours post first transfection those cells are transfected in a second
transfection with a combination of various attL and attR substrate vectors (n=3). As a positive control
and for the determination of transfection efficiendybthe expression plasmid pBI26/ZsGreen encoding a
green fluorescent protein under the control of a CMV promoter is used. 48 hours post second
transfcction the cells are analysed using FACS-analysis and the fraction of fluorescent cells and the
mean relative ZsGreen fluorescence (X-mean) is determined. In all cases the background

. fluorescence is substracted first based on FACS analysis of cells, which are transfected with the
identical substrate vector combination corresponding Masmids in the second transfection but are only
mock-transfected in the first transfection. WO 2009/068645PCT/EP2008/066430 9 Figure 8:
Intermoleclakeidgaims Bzhatigghpareen attl and attB variants and attP and attR variants In a first
step, CHO-DG44 cells are transfected with plasmids encoding for lambda integrase Int-h./218, IHF
and XIS. 28tecuvsnpostifiespteangfectionddosd sellstheddtanatfectrckingosecond transfection with a
combination of various attL and attB or attP and attR substrate vectors (n=3). As a positive control and
for the detgrpiialion oARRIREIANSHHHENGHUIR S RIRE-LURIEHEL W2 HEGHRED Shepping @
green fluorescent protein tnder the control of a CMV promoter is used. 48 hours post second
transfection the cells ar@féfidlysed using FACSanalysis and the fraction of fluorescent cells and the
mean reIa% Zstgree.n fluorescence is determined. In all cases the background fluorescence is
substracted fir a‘?éﬁ%r?ﬁ%%éggaf%i@gf LR AR é@%%t@tﬁ&lﬂﬁ’%%@?ﬁc&%ﬁbstrate
vector comiithatiahitainespondingsplasmislstio 4ae setengdransiaciorsbot avenanlymogkstransfected in
the first traensd‘%c ir%qb Ei%ure; 9C:e erificﬁationF?%cg?/ss-recombination by PCR PCR on plasmid DNA
isolated from ce Iepools FAnetectad withreithar the attL and attB or aftL.a and attB substrate vector
combination, is performed using the primer combination CENfor2 and ZsGrevl . In case of a successful
intermolecular recombination between the pair of substrate vectors ZsGreen positioned on the
pZsGreen/gjt}petors CORSSHE C ] \Y/ cer/ ;

pBI-26/att-€§<’:tofés with the corre%;égrﬁirn %@tﬁ%ﬁf@ﬁe g%?\ﬁ/gg%?{h%?g@gg é%)é?rflast%%ge%ﬁ%:% a PCR
product with the above Wikd#kpdrp Brddocedly adapladdocgriouthdasil spamrsigmtion
events. And indeed, in e}llftﬁljl.é)ools pre-transfected with pCM SS Inth218, pIHF and pBI/TI-X followed
by a second tranfection with pairs of substrate vectors the expected PCR product of 400 bp is

detected. NpIBERpredigtisicbtaineddarack presiirnsiesirdcall Korls ansfesteina sggond
transfef:tiop a{}%% egtl%r %% sHl:Eﬁr@é%]vecto s, Detailea des ri% of the invention The general .
embodiments "Comprsing ™ or (TSRATE RIBTRPASY tHEs &h R CBmBEEirent doHfsting or'.
Furthermotessinguittasauds plual:forfns areihvot.used in a limiting way. WO
2009/ 06864p Ec%;rs/ %gs%%)rg %%géf?égtiﬂn those cells were transfected in a second transfection with a
combination of various substrate vectors: pBI-26/atP (azP wildtype sequence; SEQ ID NO:2)
*+ pZsGreen/atiB (aB wildtype sequence; SEQ ID NO:1), pBI-26/attP.b (arP variant; SEQ
ID NO:3) + pZsGreen/attB (a#fB wildtype sequence; SEQ ID NO:1) and pBI-26/attP b (axP
variant, SEQ ID NO:3) + pZsGreen/attP.b (a#P variant; SEQ ID NO:3).
As a positive control and for the determination of transfection efficiency the expression
plasmid pBI-267ZsGreen was used. pBI-26/ZsGreen expresses a green fluorescent protein
under the control of a CMV-promoter.
48 hours post second transfection the cells were anatysed using FACS-analysis and the
fraction of fluorescent cells was determined.
The fraction of fluorescent cells with intracellular recombination between grPb and a3
substrate vectors is on average 1.2%, between atP.b and a#fP.b substrate vectors on average
1.5 % and between anfP and a#/B substrate vectors on average 1.7% (mean value from 6
transfected cell pools each), when the cells were previously transfected using integrase and

IHF expression vectors.



10 Terms used in the course of this present invention have the following meaning. The term
"transformation” or "to transform" , "transfection” or "to transfect" as used herein means any
introduction of a nucleic acid sequence into a cell, resulting in genetically modified, recombinant,
transformed SYArHIfEGEHiH cells. The introduction can be performed by any?fleiRaef§E4Aown in the
art. Methods include but are not limited to Iipofectian, electroporation, polycation (such as
DEAE-dexteanjehhredidiell transfecticly, protoplsistfubionnyirtkinfections anedenitnoineeationiar may be
carried oukymeRpsRHIESAICUT meihed: SIBERRDIck MeAd0(a

%/“g&%u%gtgaggﬁsgﬁ%r injection,
aerosol inhalation or an oocyte injection. T rmation may result In a transient or stable

transformatbiiraftieckasicensvergedraviasrsmmtion set welthasidiirae apstorheariy thae
introductiaf.ef, andrebmueleinacid seapenesdne yaxwhichisdprihe resrrciys irusdheaturally one.
The viral nucleic acid sequence needs not to be present as a naked nucleic acid sequence but may be
packagedSAPORYISFSMein envelope. Thus, the term relates not only to the method which is usually

known ungerahedesnddensioluratienther vieEanstormiorddanstecliansmetheds thalk raddepptimal

transfectiqn frequency and expressjon of the introduced nucleic acid are favored. Suitable methods
can be ot HB S SLEL pHSCTACE HoH CEA oL CT RO LA 1 STEFintograted
into the heskited|Sgpinomeédseneniantifictdldehirosgessonne! MHM-chromosome or located episomally so as
to be stably maintained within the host cell. The temi "recombination sequences" as used herein
relates to aft sequences, any derivatives or homologues thereof, preferably to attB (SEQ ID NO:1),
attP (SEQ ID NO:2), attL (SEQ ID NO:12) and attR (SEQ ID NO: 13) sequences and the derivatives
thereof suEFHE nd-exAMNgBRI8BE RH dbe RGN aHEY Fearencenwith andttsyasias in SEQ ID
NO:4, attL* specified ingL,|D NO:6, attl.a specified in SEQ ID NO:7, attR* specified in SEQ ID
NO:8, attR.a as specified in SEQ ID NO:10 and attR.b specified in SEQ ID NO:11. The term
"derivativel'ter dvBriantiasuBed SECeiDrelgtes)tocatt sadt By intttudaek dit Raapuitnaes dscwel as attP .b,
attP.a, attL*, attLa, attR* , a d.attR. having one or more substitutigns ferably seyen, more
preferabIy""tf\lf’\llcg%,3%e ré’gc,ﬂ%glﬁdr? t#\%@ r%s@ X 1ierﬁ'hg3 bvaeilrlfg% r%ug%l%?g u:—r?r? dlo r]”[églrcea Ereegigl n r[i)rgl [go%%?%:ss\t/ ‘f‘él%ﬁ aturally
occurring aedrlaiPe. ant egnd R oesesmers: Nneolepis'dévvative” or "variant" also relates to at least
one core Int binding site of attB, attP, attL or attR. The term "derivative" or "variant” also relates to at
least one core WO 2009/068645PCUEP2008/066430 11 Int binding site of attP, attL or attR plus one
or more c%%ies of the a&m-binding sites for Int. The term "derivative" or "variant" also relates to at least
sit

one core ItHH& SRUNBICRHIBF HfRCATDIRER T oHS i 88N AllANIES FHESractor
binding sites. The termggeriyaiivg’ 7P wRETIE MmCCMDIIDURNS dIRSA detEESId BPIRMN
"derivative" also relates to substitutions in the 1l-1F, FIS or XIS factor binding site or in the Int arm
binding sites. The term{MUSHSRRRS QM E{BMe moreover relates to any functional fragments thereof
and to endogenous nucleotid es in eukaryotic cells supporting sequence-spegific
recombinatic ?%g%ﬁfﬁﬁéin?fﬁe%g#ﬂ h% ﬁﬁ%aﬁ%gn%%% %tgg él.% S Wg%%iéﬁﬁ%%%l er%C
t'derivativ@'lmﬁbtmnbiﬂnt@gﬂ @ﬁ]ﬁﬁfhﬁlﬂb& a8, entRpatfiEer HRRVSeYuencéssuitabie folseblizing the
intended yse; gfythe- preseqbinyenipas waich (g@ﬁa%ﬁmz %@@99%@4)3gﬁ MBIE ARSI GRPPeCTIC

+
recombination events driven by an integrase (wild-type or modified he bacteriophage lambda. The

term "functisHat g BANNrEIbes pE B et bardhr 4R e aBFO RO att pLsShecn/atift e /BitR a and
attR.b seqneaees; avingsiestitutions, drlations, wad/es insariena (raluding rasepeser gpsence of

wild-type or madified Erotein binding sites), which can mediate sequence-specific recombination driven
by an wildBe brisaitRg fatdgrdatedilcsste i iEge lambda in spite of the modifications.
Substitutions adaletions, canaliortinsettenac dadigrinfiddiead st atii atitinattctandi@saiiisequences
or their derivatives in.qrder to confer far example an enhancement of the, recombination events driven
by 2 il BHE S ShodmEA BT A BT THE Bollor e ARG Vot sy <ot ARt ay
consist fopexam pfeflob(isimureadingathéeeffiviesticy of recombination events (integration and/or
excision. ik ngteasing e aeasifcivoluesamination, Ok faxerina feisy aueaamhinalign events
(iv) favoring integrative recombination events, (v) relievifig the requirements for some or a host
factors, in'éePHPAKEMIPTHECED HeB Potliig hawsiallpatciering récortisinatio fos daentiesulsing the

same recqombingsardenths.samesandiiRnaSybstiiutians. deletigns; angd/gr ingertions ¢gn also be
introduced into attB, attP, attL and/or attR sequences or their derivatives to remove, change, generate

or add for BEEMPREMALISTRRPIRRRs RERTERTmight ACbsieietare LR IATE TS SIECIEIA @TAA, TAG,
TGA) in atiescthinatinpaggugitge or encode for certain amino acids when operatively linked (fused)
in reading frame to a gene sequence coding for a gene of interest. Alternatively, to not only use the att
sequences as mediators for site-specific recombination but to expand their functionality by using them
for example in addition as regulatory sequences substitutions, deletions, and/or insertions can also be
introduced into attB, attP, attL and/or attR sequences or their derivatives to remove, WO
2009/068645PCT/EP2008/066430



12 change, generate or add sequences/nucleotides which may act as cis-acting sites such as (cryptic)
splice donor, acceptor sites and branch points, polyadenylation signals, TATAboxes, chi-sites,
ribosomal entry sites, repeat sequences, secondary structures (e.g. stem loops), binding sites for
transcription ¥ete¥ptier regulatory factors, restriction enzyme sites et@ClgEFRA5Gse4d%ew, but not
limiting examples. The functionality of modified redombination sites or of modified integrase can be
demonstrdtediincasay sitisati depebal-oriith e stdgired p ditictdsrcaharaetesidtitranclafeskivaved inthe art.
For exam -transfection ass s described.in the present invention (see,Example. 1) may be
e 16 ch S A R SRR o e
lines. Briehyt velistheadditivarnfenteaniithesiorerpressidnnientod extbouit the intelfasgqaretein,
optionallyﬂlcgsqny@ctors encoding for co-factors such as IHF, XIS and/or FIS might be added, and a
substrate vector that is a substrate for the recombinase, encoding a functional/non-functional reporter
gene (e.g. fluorescent protein like GFP) and containing at least one recombination sequence therein.
Upon expression of the integrase by the expression vector, the function of the reporter gene will be
rendered Wgivedionallfigwtiosat. dhtise tbeiggnahbithtosgansivie caitihhaiss sy draithmifey
recovering the recombinﬁtgfubs ra& vector and looking for evidence of recombination at the DNA
level (for example by pg nﬁﬁéf &13 sequence analysis of the recombined region, restriction

enzyme apalysisRouhernlet analysiR OTBWenking for Rvidensefihedasempinaipnatihe protein

level (e.g. ELISA, Western Blotting, radioimmtmoassay, immunoprecipitation, immunostaining,
FACS-andl/SBeristdeceneprorldlyperisaustes (ST NEYidA: Abussutbreiontefiietiph
sequenceaf thaiRaebinRtinf-SaaHENse SWhalenths DN SIS fyehangadncluding strand cleavage
and religation, takes place and relates to the consensus DNA sequence 5 r-TTTATAC-3" in wild-type
att sites or said sequence having functional nucleotide substitutions. The only prerequisite is, that the
sequence of the overlap region is identical between recombining partner sequences. The term "core
binding sittigfueates totligrimentarfiiire grigid abpléR isdnuartarbonrétit i a ¢8R aaitixhiy the
overlap region, in each f wildstype ait sites, The core binding sites are essential for the
recombination by bindil%ﬁ e él,{tlgkg‘égé?at%\}/\%;?ﬁnity. Each core binding site consists of nine

contiguoughasepajisiang sakiesI@NA RenueNCcas consistirg P theB-sefushas afdhe Rucleotide
sequence 5"-CTGCTTTTT-3", for the Bl- WO 2009/068645PCT/EP20081066430 13 sequence of the

nucleotide®SBH RIS snE MRS TPAR TIRNR R { S WBHIIA R ARPEFD), o lth ¢/ SEiiReAte of the
nucleotidess@epaea ¢SES)- CAGE TIVT THe: autshfi@ntibas Greeguense wfl dnetrucleigtidedsaalience:
5"-CAACTTAGT-3' (reverse complementary strand) in yyild-type all sites or said sequences having
functional %%léYé;E)“triléeosau%gﬁfu ?Bﬁgmf’ﬁ)eg?eorﬁ?ga@?r%%i%%%{r\y”§ﬁég?8trlYﬁiy‘or "arm-binding sites" as used
herein relates to the consensus sequence 5I-C/AAGTCACTAT-3' or said sequence having functional
nucleotide substitutions. The arm-binding site for Int may be positioned at various distances upstream
and/or dovrpghipam:of hasamoleicRinsiNgG SBAD;nHIOIF B IRIBAIAEHS arid BRIRIRA94R LT "similar”
as used herein with regard to recombination sequences, overlap regions, core binding sites,
arm-bindifg sifes; stopl KOED €I+ bitiding sitesiteladesith plavwokbicacidise fueheddeingddaatical to at
least 70%; pr least /5% € I at least 80%, eyen more, preferably to at least
B, i e e T S o
preferablyttenatcikiast 99he e méinrsiy: ot zariong ssbombiidtiovbsegaencess overlapyegioriscore
binding sitgs,AMAUNAiPgitasARARS! Rcierinding iasAS M logous.ar Similas %@f.cons'defed

sequences, which e.g. using standard parameters in the similarity algorithm BLAST of NCBI showing a

probability?8f45 Craa SREAEASC B fsaRe H 4 SRESPE SERHHIN HREST SheyGenEelso A Y Prarris Hs used
herein relaigs tossaibniall yRecustng edmsyninaticaly Jenesatagycensiiets farsiptake pialifgration,

expression or fransmigsion of nuclﬁic acids in a cell, e.g. plasmids, phagemids, cosmids, artificial
chromoso ‘é’%ﬁﬁin‘?—c@b‘?ﬁ@%%ecg, BB AL, (FHISS 67 T8HE VRS TSt EHEaRY 1 construct
vectors ardeteathiiedwin tellaqaersaheskitddrinutide fabandtlesoribad inoradidlist: fhabticadio A8 particular
techniques for Gonsyuctind Suiable. vectors. ineluding.a deseription ol the funtiona) apg.fequiatory
componendts slch as prorhc‘)&fers, enhancers, termination an po?ya enyil fion signals, selection
markers, sxigiespoideglivationisandsphcinndsitmafscare kniown tolihegpdesonsdiiliet intiivefast. The
eukaryoticgxpressign vectors will typically contain also prokaryotic sequences that facilitate the
propagation of the vector in bacteria such as an origin of replication and antibiotic resistance genes for
selection in bacteria. A variety of eukaryotic expression vectors, containing a cloning site into which a
polynucleotide can be operatively linked, are well known in the art and some are commercially
available from companies such as Stratagene, La Jolla, CA;



WO 2009/068645PCT/EP2008/066430 14 Invitrogen, Carlsbad, CA; Promega, Madison, WI or BD
Biosciences Clontech, Palo Alto, CA. The terms "gene of interest", "desired sequence”, or "desired
gene" as used herein have the same meaning and refer to a polynucleotide sequence of any length
that encodesVetieB&Finterest. The selected sequence can be full lendthBERLAAEEHED gene, a
fusion or tagged gene, and can be a cDNA, a gen?)mic DNA, or a DNA fragment, preferably, a cDNA.
It can be tFégnakye sednéaamolecoddur aisoessusimnidingoor dedheonitattll canthesttBe modified
as desired. These modifications include codon optimizations to optimize codon usage in the selected
host cell, humanizationvcﬁrfﬁg afléif?% r &eﬁ%@%‘?ﬁ?@de removal or additions of cis-acting
sites suchias (EIyRIG) SPlieR99RRLACGEPIANSHESANG ArANCH RRIDIS. AQL ASaVIBHP I RIGRAS.

TATA-boxes, chi-sites, ribosomal entry sites, repeat sequences, secondary structures (€.9. stem

loops), biddinySite dHEr BE RSP Ao BisbirasieGarmtbpyraeisycraanatbi dhzyaienites etc. to

give just afgwibubnekimitagexampless Jhe selesiethsesuense sanRNcafeasaareieddrytoplasmic,
nuclear, membrane bound or cell surface EOl peptide.. The "product of interest” includes proteins,
polypeptid85 rag A e FEBTD APticRs NS AFEE RLB TR LG (HHHOR BHIT SR BT ESBE T he
selected heséaell pBhe TG RuiCiRic-aBid Seatenfadréntelepiidaseniente cairddNASseEnIence” as
used herein refers to an olig %cleotidet n_uclg tidg or e&glxnt cIeoH'dt?wanadn Ha%@%rgs a%ggg_rtions
thereof andf T BNAGFRNA S gglrlllgn%sors%c)?nt e |élsor|g|ﬁ, w ffcﬁerr“?ay e sn"f’g ¢ of d6uble Stranded
and represedytireasdnse traimtisenfestamd: Tt saduknceemarylbeva dshreadifigosesgemrce, a coding
Sequence&Ee@rﬁ@ﬂféyr?noélp%g%esﬂﬂ% BQ&X?%%JS@@%%%&%H&'@é’%ﬂﬂ&&&?&d“ﬂ%ﬁ‘ﬂ%@&c Cifl{egions

aced by t

wherein one or more codons have been rep eir synonyms. The nucleic acid sequences of
the presertivention ¢al. belpebpere dusifrgtetandtdrdhieclianiisas wbitiatoWactoTopRBRBIININ the art.
The term " encaging9 p GOY HefRr SdAheNeLan PHAPGIY Rl PRRRIIGERIUABEES Blnugleotides in
a nucleic acid, such as a gene in chromosome or an mMRNA, to serve as templates for synthesis of
other ponFf?é‘l%P“&Hﬂ%acromolecules in biological processes having a defined sequence of nucleotides
(i.e. rRNA, tRNA, other RNA molecules) or amino acids and the biological properties resulting
therefrom. Thus a gene encodes a protein, if transcription and translation of mMRNA produced by that

gene prod protein i e jolagi m. %oding strand, the nucleotide

sequence%ﬁvarﬁ%%‘ls i(ﬁ&ﬁ}g%g@%%%%eé%%%@egﬁé%@i% y provided in sequence WO

2009/06845P 6 RAR0SI006 4304 liEdingsrpsbRoRaeRingisianditsethasihedemplatefor the

transcription, of a gene or cDNA can be referred to as enc ding?]theﬁé)gr%i_leén or other product of that
E@Sﬂ b

gene or cRIA® AT R ST SRS RRLR BRHEn et LG Y RO Bferent
nucleotide(dagfred cesdbri@nredddihasaoie: amingdcidegudacdofitoermboteiod betiedhetdegeneracy

of the genglic code, Nucleic adds qad nucleglde. sequences.fhat engode protelns may ngiude introns.

. S vecto
The term "Polypeptide” is Used interchangeably with amind acid residue SeqUEnces or protein and

refers to pmymérs%f &mirﬁ%‘éidsrd)ﬂatm}/tgngmeﬂ' Hgs@c’térms dhso tﬁélu%_féapr@wmgﬁthaﬁhréhfi
post-transiafipnallymodified, ieprgh.reactions dhat inglude, but.acg Aot lipyed, 18 gly sy 1ation,

acetylation, phosphorylation or protein processing. Modifications and changes, for example fusions to
other protéffyeamsmdragiirsemie seeuld palitwssHs deetiohsusporidaisresnbaatioa AYSHE ineHe

structure of,@&polypantide yhile fhermelacule meainiainsdts inialogicalfunetignal aotivity ke xample
certain amino acid sequence substitutions can be made in a polypeptide or its undg(rjl%/in nucleic acid
coding seqYeRES A AT EHoM CAN RO BEARRST cHeRI P e IR eduehed offidatiolis can be
prepared fgutexxadnple W Reptoaningssiespariic midagenasisRepo yoiemsts chaipfseadtionamediated
mutagenesis on its urfld rlyin nucleicfacigl sequence.

second transtectio th Palrs 01 SUbSIrate veClors.

Detailed description of the invention

The general embodiments “comprising” or “comprised” encompass the more specific
embodiment “consisting of”. Furthermore, singular and plural forms are not used in a

limiting way.



The term "expression” as used herein refers to transcription and/or translation of a heterologous
nucleic acid sequence within a host cell. The level of expression of a desired product in a host cell may
be determined on the basis of either the amount of corresponding mRNA that is present in the cell, or
the amount oPReteEedpolypeptide encoded by the selected sequence PFEFEEREIFPIEIFRNA
transcribed from a selected sequence can be quaﬁ(’titated by Northern blot hybridization, ribonuclease
RNA protebtiar, dscsifu thyhridizatomiopeedtuliainRNAoohbyeREER: IRrotegnawnegred by a selected
sequence can be quantitated by various methods, e.g. by ELISA, by Western blotting, by
radioimmunoassays, by immunoprecipitation, by assaying for the biological activity of the protein, or by
immunostdimrigrof thensforeistifollowdtbBrFAC S an4ivsrfROR. An “exprossidi cavseitbirdefines a
region Wit CopstHELIRLEANEIS ARR A" IBAICARRRSIGHRE anseried D areiR g ARpes

contained within the segment are operatively linked to each other and transcribed from a single
promoter, BAdiBedrasepniierBifeiaHpgaber drnstRisactianBipioduniamiadbmprearasidie protein
or productsggnrheHsanseiibeebandigxpe sseditom Raghitianssripiienenitifach wanscriptan unit wil
comprise the regulatory WO 2009/068645PCT/EP2008/066430 16 elements necessary for the
transcriptiG SFPArAHSTafSh eiomy Bicthes St etestatismed it Hrasteiin PRt tHaUhit. The
term "operdthlelyftinked" sme ansrdigbivien @ moke twucieiedoid seouentesrahsequanrearigoents are
positioned&g&gg&g&h%&tﬁgwitisttrh%n to %Q%tion iC ;tlheir.in%ende,d manner. 1Eg)r examgle, a promoter
and/or enhancer is operatively finked 164 ccr)dlnr?é’useéulen Ce i1t Aete'in ¢S 16 Control or Mo Ulate the
transcriptiopofithe Tihkedsgquencs: Geneesily, ibut hetnedessarilyctherBiNdnsequerficks that are
operatively e are. conighQus, ARcy BT REESSAN (o o PARISID, Gading  Gaiang;ag n the
case of a secretory leader, contiguous and in reading frame. The term "selection marker gene" refers
to a gene thiateshReidligRscaesrcarniin g ivdgeder ihbecerstivicallpstie crearidyomagaistirtthe
presence gfa&eHGIPQYMIRg.SRIeHIAR: a0 @Rt RY AN Of HisH aliRn: ARantRigis resistanca,gene can

be used as a positive selectable marker gene that allows the host cell transformed with the gene to be
positively 88f&a85d 1B AL RS PULR FEXHRRT S Bp SFAGIAIBBRIRR Y Hofttrareieridichdst cel
would not ke gaprive-ofgmwihcaeshrvaldndendhe selectinnsaiirecandiians melReabia markers
can be positive _negativ or bi{_unctio%al. Positive selectable mgrgers allaw selectjon for.cells carrying
the markePBy St Wf?{"g (RSSO BT P orhBERugle 357 nTETRBBTR PUekifo B dBfect in the
host cell. IfvcantraStinkigativted estidre riackeiscdllowrcellsccproyidg:tise Faaskéy dabesfelactively
eliminatedy Eor.xaMple. 4eing e HIVaHkens,as smagler vl make ihe cells sensitiyg g agents
such as acyclovir and gancyclovir. The Selectable marker genes use&ehereln, including the amplifiable
selectablecjerrassanit intlude vavsmiirmaiekied gipeemad nrotants bmtiaklyimais freagmetits, unctional
equivalentg, degiyatives, homo logs and fusions of the native selectable marker gene so long as the
encoded product retains the selectable property. Useful derivatives generally have substantial
sequence similarity (at the amino acid level) in regions or domains of the selectable marker associated

with the seteetable Rreplihtionsigiealararkasdenasiiavpbean Aessrikashsinslydingyhifunctional
(i.e. positive/negative) marker (S%% 8%’ . WO 92/08796 and WO 94/28143@ incorporated %ﬁeference

herein. Fof’e RIS IBCTAReR oM HBAPESeIPith iy dek-Qelld Mrde e G&fs for
aminoglycsiteptn sphiotra SkEaQs e AFH)] Hygraraysin phbsphoteansiamshddyiGhdlibydiefolate

reductase (DHFR), thymidine kinase (TK), glut yathetasc, asparagine. s etase, and genes
encoding (G Ko A A e T B e Al ShIo S, WO
20(19/068646P & T ERAG0OSIHBEDIVNE, 8¢leetiperifiay alS&EQd N by Ribspsubadanctiidiad cell

sorting (FAfey) USIRG, oy S¥amRIS 28] S NBL foMAkE RORCH LR 0Rl¢85H396 9 fluorescent

proteins (e.g. green fluoréscent proteins (GFP) and their variants from Aequorea victoria and Renilla
reniforniis or other species; red fluorescent proteins, fluorescent proteins and their variants from

non-bioluminegeRMRPREIRR (80 RisEPSAMBAhe ARSRIARIASRE; lAvRllara shi AR &R.) to select
for recombinant cells. )
as well as at/Pb, attP.a, arl®*, anl.a, attR*, atR.a and attR.b having one or more
substitutions, preferably seven, more preferably two, three, four, five or six in the overlap
region and/or core region in cootrast to naturally occurring atB, atfP, attl. and anR
sequences. The term “derivative” or “vanant” also relates to at least one core Int binding site

of atfB, atP, aifl. or arfR. The term “dertvative” or “variant” also relates to at least one core



The term "selection agent" refers to a substance that interferes with the growth or survival of a host
cell that is deficient in a particular selectable gene. For example, to select for the presence of an
antibiotic resistance gene like APH (aminoglycoside phosphotransferase) in a transfected cell the
antibiotic GeNeficIN{8#8) is used. The integrase (usually and designatedH§8YERTHS/MGE3pof the
bacteriophage lambda belongs like Cre and Flp tdthe integrase family of the sequence specific
conservative taMAh gecrobindsesadlnvitarapinl dun otiamiatoaial ek dheninbeghative e éomhpination
between t ifferent recombination sequences namely attB and at ttB comprises.21 nucleotides
and s ol B o e b e o BN R (P20 Broo. Nati
Acad. Sci.oU8aR Hipppn8220nore thepethef iendi-Et A Having{23 3arigldotidieg istasuFhéonger and
occurs natyaliyin (e gsoame of NhasisHaphpasIaRhde L3Rt A AU Bass: W (R34Q) Science,

e
197, pp. 1147. The Int recombinase has seven binding sites altogether in attP and two in attB. The

biological forebigHusRt i telbég féhes Shefoimegiatororthe birdoiarpHipénsesitmd hsto the
locus attBgnthadsyslichipmasante nlbtdeeds. AR I sHariesnine sortaliediniegration, host factor

(usually and designated herein as "IHF") for the integrative recombination; Kikuchi, Y. und Nash, H.
(1978) J. BISCESARM., Degicorideo jeqRRCRvedod ToFARAtEssEMBly PRAUREoTfaFFEEISHER oN
complex wittbatbhafose eandga-fastaritar the itegratiomieaction isdheyDNAY negativersugarcoiling of
attP. Final‘lgé, thetreqpmbination,betweenr ttB agd_‘attP Iea% to the forrga@ion of two n(‘a}f%r combination
sequences, %%Vn@léﬁ aftL éfngagtttRl,W&%d é};\%u bSCHE?S’tI%t{ ‘a r8E6’& 'tf’gﬂuggﬁ?feﬂ%d i further
recombinatielizrea diomtthécaxcisiohthegetioms Ancartipne hdnsivesumthanhefktyednactenapitage lambda

integration is given e.g.4n Landy. A..(1989) Annu. Rev. Biochem,, pp. 913. .
20001068 TR BT be GG BT s Y AR S 2 s 864 genome
is catalyzeudigrivise fecdbinase also. For this, a further co-factor is needed in addition to Int and
IHF, which is encoded by the bacteriophage lambda. This is the excisionase (usually and designated
herein as "XIS") having two binding sites in attR; Gottesman, M. and Weisberg, R. (1971) The
BacteriopHa§eTamBestiewl fGismg i s bt tastBisil ppi 310k cohtrasi®d theihiegidive

recombinafigs, DR Regativesrpereaiing af the recombinalinnseaurness ishAobnesessans for the
excisive recombjnation. However, DNA tive supercoiling increases the efficiency of the

eg . .
recombindtiSh fEBE 8RS RURh 8PIFREFCVePEHTBIIE BRIKALPEItHe BRERRON fEAH B S be
achieved withiatseapndcesfaciiic ramebmAS(ihdten for sveikianpstivawatitiny whigh.acts ik
conjuncti ith XIS: Landy, A. (1989).Annu. Rev. Bioc o .913,.The excision is.genetically
the exact o e T o e S e e T S enensive
summary ofrthie atotdriophage dabud exdlsiandisrgv@nseqgentdsandyieif de1888yArnnworRevo Biochem.,
%8, Pp. S khe presenivenianJrialea o AR ClRIG AR AR RoHIR SRISEleR T hs Brodp
consisting of attP.b (SEQ ID NO:3), attP.a (SEQ ID NO:4), attL* (SEQ ID NO:6), attL.a’(SEQ ID NO:7),
attR* (SE@WEHRGD iyegire & S dapeNohtey HIPdaRB{SEQ Y NOaneyBey dusveaivesofthomologue
thereof The pigsent iMvartionispecifisalicrelalesto Amnaisic acidynriecHigselrgigdiiagyhe group
consisting of attP.b (SEQ ID NQ:St), attP.a (SEQ ID NQ:4), attL* (SEQ ID NO:6), attL.a (SEQ ID NO:7),
attR* (SEQIDIRIEH 8} SattR SNESHE MO ESPEY MR (SEXYTS REI1F) reene Bradisn sNeiion
furtheimorguefatesiig tuRpritic agidmbalecohe-oommpIisinglRIRH thd E&J UNENS ivatiBue: (RRQ 1D NO:4),
attL* (SEQ ID NO:6), attL.a (SE ID&IO:?}){LattR’&.&SE%IﬁDﬂ\IOB , attR.aéSE(i)1 IfD NO:lO% or attR.b
(SEQ ID s:&%"%’r‘” 4 HerVARVE S KoofSg e tRe BB T Ha' BraSBHT Ty ARSI SR etk Pefites to a
nucleic acigingpolbeutercommesiiipattPubdSEQe | BaMO @nditiPna (SEQ IDING, 4¢latibris(SEQHD NO:6),

atLa (SEQUND D). aR; (BERIBING;S) AR (SER IR N0

‘ A (92)19 & RSQ\%(Y]%EC sl%IN c:;]'rl) |r1 a
further embodiment the present invention relates to a nucleic acid molecule, ereby said nucleic acid

sequence FBHHIES SeEerie SpaericracnitbinatoioofRnmpin auleryoticradissantishhaigby
sequence gpegifiGresambination i as?fgm&g 2 begleriapnaos l2mbdaiHeNUASEfin P & preferred

embodiment said integrase Int is modified Int, preferably the Inth or Int-h1218. In a further preferred

embodimeReedid e giade RS Gylies esTas iy Bt Gfoss b 45 ped e r s /ocb 43t

sequence coding for a gene of interest. Alternatively, to not only use the @it sequences as
mediators for site-specific recombination but to expand their functionality by using them for
example in addition as regulatory sequences substitutions, deletions, and/or insertions can also

be introduced into a#fB, atfP, a#l and/or arfR sequences or their derivatives to remove,



19 The present invention furthermore relates to a vector comprising any one of the described nucleic
acid molecules. In a specific embodiment said vector is a eukaryotic expression vector. In a further
specific embodiment said vector comprises a promoter and/or a heterologous gene of interest and / or
a selection m&fkép0afeBs4r an enhancer. In another embodiment the seledtiéfEPNsdsEDHFR,
Giutamin Synthetase or Neomycin Phosphotransf&rasc. The present invention further relates to a cell
comprisingtanyonemiite nusieicagichnolestites desetibed imihacpresentiaventians whereby said
nucleic acid molecule is integrated into the genome or, in an artificial chromosome or i

minichrom@ r?”@ o ?ﬁc"%nd%%%éo?ncg I% érﬁéﬁfg?c?nméﬁtﬁlc%fgﬂlen%&%ﬁ sa%c Iiﬁgt}%e%%az‘?’# §£ﬁécific
embodimentsaic-tetitss a wkanyoticroel sith e ey sastcplant, swanliamseotcavian fighsteptile or
mammali l. ln.a: ecific er [ sal ryotic cell mmalian cell selected
fom he ors ot o et o AEOE o e A F 2 monkey
kidney COSaNc-Hamidnethe EpitHalivet PEREETANEES; human embryonic kidney HEIC293 cell,
human amniocyte cell, human myeloma cell' baby hamster kidney cell, African green monkey kidney
cell, human cervical carcinoma cell, canine kidney cell, buffalo rat liver cell, human lung cell, human

liver cell, mBtisEREARAER, finBpdiiad arsrrteetiencriss NSOk Begifsig, mssasEec#at Yabbit, cat
and goat cRimdasa-fprafRred emhqrisentsaid LR ORI OwildidyiRE: tld @rKlne kO DE44, CHO
DUKX-B11, CHO Pro-s, prefgrabl% CHO DG44. ghe %res.enhi“nver_]tion further relates to i ethod of
sequence A5 SRS EMBMBITATER BFDIRAIIRY BURSTHE B %B%ﬁﬂémﬁef&j%{%af&ﬁﬂap DNA
comprisingnayfivstwattBicattidrcathl, iattBr-acattbdiattl readthlai atth cditRtadttaanait RN Séquence

into a cell;, b) I_llr%%g(oo n%ﬁ%ﬁes?%e%r,n(%ﬂglg goggacgs ?c%t&l?ﬁllaﬂ%attP.a arl>, atila” attR®, atiR.a or

an expression vee otfenco ih .
attR.b sequence’into a cell, or vice'Versa, and" c) performing the sequence specific recombination by a

bacteriophagerksmpgéeinteqpiaemily alspecificsembuolin Entof Satdrreitios $Hid Hist DNArsdguence

comprises, il $RARREE SAIG SREARHSCHSNGER CRMPISES ALRD IR Ayl At dgfiR] . atiR.a or
attR.b or vice versa. WO 2009/068645PCT/EP2008/066430 20 In a further specific embodiment of

said meth&ePeoa Tt DR derhl dree o BpRde S alusrp s arisie dilsa T8 e erigifdng étcomprises
an attP.b, RER ehealtkdmdiHa@orpltidieaitRie Ok altFok SERURNGEof the integrase by the expression

veetor, the function of the reporter gene will be rendered non-functional/functional. Thus, the
recombination activity can be assayed either by recovering the recombined substrate vector
and looking for evidence of recombination at the DNA level (for example by performing a
PCR, sequence analysis of the recombined region, restriction enzyme analysis, Southern blot
analysis) or by looking for evidence of the recombination at the protein level {e.g. ELISA,
Western Blotting, radioimmunoassay, immunoprecipitation, immunostaining, FACS-analysis

of fluorescent proteins).

The term "overlap region" as used herein defines the sequence of the recombination
sequences where the DNA strand exchange, including strand cleavage and religation, takes
place and relates to the consensus DNA sequence 5-TTTATAC-3" in wild-type e sites or
said sequence having functional nucleotide substitutions. The only prerequisite is, that the

sequence of the overlap region is identical between recombining partner sequences.

The term “core binding sites” relates to two imperfectly repeated copies in inverted
orientation, separated by the overlap region, in each set of wild-type a#f sites. The core
bmding sites are essential for the recombination by binding the integrase at low affinity. Fach
core binding site consists of nine contiguous base pairs and relates to DNA sequences

conststing for the B-sequence of the nucleotide sequence 5-CTGCTTTTT-3’, for the B'-



In a preferred embodiment of said method said first DNA sequence comprises an attP.b sequence and
said second sequence comprises an attP.b sequence as well. In a specific embodiment said method
of sequence specific recombination of DNA is perfomied in a eukaryotic cell having integrated the first
att sequencewsocwndingds the invention in an artificial-/minichromosome oprtiTergenemeah said
eukaryotic cell. In a further preferred embodimentidaid method additionally comprises the steps b) and

c) accordingyiRAnethpdref thedoyentiondite futhet emoadimnentsaldmelhpeischaagigrized in that
the first all seggt?ce naturallg{occurs In the genome_of said eukaryotic cell or is introduced previously.

A further a8p&tt SFIFHEFIESBAEIRVEIGHOTTS ISR of SBTdssIg at 1688 BhahgdneseiifETest

encoding ofiehenmireidesiaepalapiddSYaGUUC (iR eskalyoliates!seamprisinigs-a)pntroducing

. - . * n *
afirst DN%z??%?ﬁﬁ%%%%?&%‘}gg’egﬁfvigtt%r?dtlagtrtg@g&go L autl.a attR, atR*, attR.a or attR.b

sequence ifto & ce roducing a secon comprising an 2P b, attP.a, att *, attL.a" attR*,
attR.a or attR.b sequence or vice versa and c) introducing at Least one gene of interest into a cell; d)

contactingsaidgeil Wi RAGIPIAPNARY IPMSARIRAIARS I0f.)RefRIMinA s sRALnGg;specific
recombination by a bacteriophage lambda integrasc Int, wherein the secon IS Integrated into the
first DNA; @tdensuscigaveniitgSsdid el Thdéridohditionsaigiseruim ehdgyone () ofidnabrast iskide being

expressedy i@ pisierred emhedimentsaidmethasiischaraciaized ndbat thediratONAbas been

integrated into the host cell genome, an artificial-/minichromosome or an episomal element of the host

cell, befor84RE Lepiis fessersdachEdms 5d)cell.

The ierm “"homologue" or "homologous" or "similar" as used herein with regard to
recombination sequences, overlap regions, core binding sites, arm-binding sites, and host
factor binding sites relates to a nucleic acid sequence being identical to at least 70%,
preferably to at least 75%, more preferably to at least 80%, even more preferably to at least
85%, further more preferably to at least 90%, further more preferably to at least 95%, and
most preferably to at least 99% to naturally occurring recombination sequences, overlap
regions, core binding sites, arm-binding sites, and host factor binding sites. As homologous or
similar are considered sequences, which e.g. using standard parameters in the similarity
algorithm BLAST of NCBI showing a probability of P < 10° when compared to the

recombination sequences.

The term "vector" as used herein refates to naturally occurring or synthetically generated
constructs for uptake, proliferation, expression or transmission of nucleic acids in a cell, e.g.
plasmids, phagemids, cosmids, artificial chromosomes/mini-chromosomes, bacteriophages,
viruses or retro viruses. Methods used to construct vectors are well known to a person skilled
in the art and described in various publications. In particular techniques for constructing
suitable vectors, including a description of the functional and regulatory components such as
promoters, enhancers, termination and polyadenylation signals, selection markers, origins of
replication, and splicing signals, are known to the person skilied in the art. The eukaryotic
expression vectors will typically contain also prokaryotic sequences that facilitate the
propagation of the vector in bacteria such as an origin of replication and antibiotic resistance
genes for selection in bacteria. A variety of eukaryotic expression vectors, containing a
cloning site into which a polynucleotide can be opefaﬁveiy hinked, are well known in the art

and some are commercially available from companies such as Stratagene, La Jolla, CA;



WO 2009/068645PCT/E P2008/066430 21 naturally occurring recombination sequence which allows
sequence-specific recombination mediated by an bacteriophage lambda Int or any functional mutant
thereof, comprising introducing a DNA comprising an attP.b, attP.a, attL*, attL.a" attR*, attR.a or attR.b
sequence an¥ 8H¥&8p¥1H2 gene of interest into said cell; contacting said RNEHRIFMMEtSiophage
lambda integrasc Int; performing the sequence-sp]é‘cific recombination by a bacteriophage lambda
integrase InyjitheteredrathbakcOrabivatiopasededinoe NaturalBDoBienringrin Saihicel, dradotidtNA
introduce%iﬂ_to said cell; and cultivating said cell under conditions, wherein the gene(s) of interest
is/are being expressed. The invention furthermore relates to a method of producing at least one
polypeptide of interest in a eukaryotic cell, having at least one naturally occurring recombination

sequence-yighal élé%‘ﬂ%@%fsp?zféﬁﬁ&ﬁ%gﬁ@!@@{j% mediaiedhy-an hagiarionhageapgbda Int or
any functional mutant thereof, comprising introducing a DNA comprlswé%%g attP.b, attP.a, attL*, attL.a"

attR*, attFFH ST AFRIBEEUSHEd ah 8y vk lHe GERe 6T Hisredenstd daiceendechaaedng ¢hid cell

with a bacierephate lambsasnfegiasent: Fenfempingthersaauenserspeaifiv fesanbination by a
bacteriopha%)e lambda jntegrase Int,.betWﬁ;)n the_recombination sFequence naturally occurring in said

cell and tHIDRIA RtPodldic e Tt 8RN &N a0d T HtVatite aaks REHANEr RSRAKbLAE SHE i the
gene(s) ofintiecestjisiare heimgtevapisessadring form(s), or can be mutated or otherwise modified as

desired. These modifications include codon optimizations to optimize codon usage in the
selected host cell, humanization or tagging. Furthermore they can include removal or
additions of cis-acting sites such as (cryptic) splice donor, acceptor sites and branch points,
polyadenylation signals, TATA-boxes, chi-sites, ribosomal entry sites, repeat sequences,
secondary structures (e.g. stem loops), binding sites for transcription factors or other
regulatory factors, restriction enzyme sites etc. to give just a few, but not limiting examples.
The selected sequence can encode a secreted, cytoplasmic, nuclear, membrane bound or cell
surface polypeptide. The “product of interest” includes proteins, polypeptides, fragments

thereof, peptides, antisense RNA all of which can be expressed in the selected host cell.

The term “nucleic acid sequence”, “nucleotide sequence”, or “DNA sequence” as used herein
refers to an oligonucleotide, nucleotide or polynucleotide and fragments and portions thereof
and to DNA or RNA of genomic or synthetic origin, which may be single or double stranded
and represent the sense or antisense strand. The sequence may be a non-coding sequence, a
coding sequence or a mixture of both . The polynucleotides of the invention include nucleic

acid regions wherein one or more codons have been replaced by their synonyms.

The nucleic acid sequences of the present invention can be prepared using standard techniques
well known to one of skill in the art. The term “encoding” or “coding” refers to the mherent
property of specific sequences of nucleotides in a nucleic acid, such as a gene in chromosome
or an mRNA, to serve as templates for synthesis of other polymers and macromolecules in
biological processes having a defined sequence of nucleotides (i.e. rRNA, tRNA, other RNA
molecules) or amino acids and the biological properties resulting therefrom. Thus a gene
encodes a protein, if transcription and translation of mRNA produced by that gene produces
the protein in a cell or other biological system. Both the coding strand, the nucleotide

sequence of which is identical to the mRNA sequence and is usually provided in sequence



In a preferred embodiment said method is characterized in that the naturally occurring sequence is
attH. In a further preferred embodiment said method is characterized in that the naturally occurring
sequence is SEQ ID NO: 14. The invention furthermore relates to a method of producing at least one
polypeptidc oV &FE46R444 eukaryotic cell, having at least one recombinatiBRTSERtEHe®4#hich allows
sequence-specific recombination mediated by an bsactetiophage lambda Int or any functional mutant
thereof, cdistprisingdnivacucing stMAvcodnriding@aplattFob tlattPaasaipbibratif alaitRE cBtRa or attR.b

sequence and at least one gene of interest into said.cell: contacti aid cell wi acteriophage
gt S T L SR o Ot B e s
recombinatiththst ansadte dopriagetainitaitoygetese detsbaivessis thEfasobmiblpetiilbnssaepuerce
naturally aggurringdnRalgheell-and He @%&mmgggrm@nsm &eth-ang siivatngisald call under

conditions, wherein the gene(s) of interest is/are being expressed. In a preferred embodiment the
methods dPfife NiFéfifion drandiidettifs sgavrasat i aadredioRpaptdetiypisHar(s) is/are isolated
from the host cell or the cell culture medium. In a specific embodiment the methods of the invention
are characterized in that sajd attP.b, attP.a, attL*, attL.a" attR*, attR.a or attR.b sequences comprise

one copy OPETE capIRR°BR e SAHERIMGTR S Yoy i 2B RIS T SdiF SEHIFBREY E5MRise one
copy or maiié edpies ebihecetd kntibinging sfte(s)lcariEhein Sait stgUaniods paRiskole

ofthe cord 8y A B Ao A ERL s HHof e e 372 haacterized
that said attPedsyatiPnagettylafiattl phtspftRry atiiR. argraitiR. brseguegcé® donsistof anecbapseor more
copies of %?’ %95%1][% W&Q ?geéaer proteing, amino acid sequence substitutions, deletions or

insertions, can be made in the structure of a polypeptide while the molecule maintains its

biological functional activity. For example certain amino acid sequence substitutions can be

made in a polypeptide or its underlying nucleic acid coding sequence and a protein can be

obtained with like properties. Amino acid modifications can be prepared for example by

performing site-specific mutagenesis or polymerase chain reaction mediated mutagenesis on

its underlying nucleic acid sequence.

The term “expression” as used herein refers to transcription and/or translation of a
heterologous nucleic acid sequence within a host cell. The level of expression of a desired
product in a host cell may be determined on the basis of either the amount of corresponding
mRNA that is present in the cell, or the amount of the desired polypeptide encoded by the
selected sequence. For example, mRNA transcribed from a selected sequence can be
quantitated by Northemn blot hybridization, ribonuclease RNA protection, in situ hybridization
to cellular RNA or by PCR. Proteins encoded by a selected sequence can be quantitated by
various methods, e.g. by ELISA, by Western blotting, by radioimmunoassays, by
immunoprecipitation, by assaying for the biological activity of the protein, or by

immunostaining of the protein followed by FACS analysis PCR.

An “expression cassette” defines a region within a construct that contains one or more genes
to be transcribed, wherein the genes contained within the segment are operatively linked to
gach other and franscribed from a single promoter, and as result, the different genes are at
least transcriptionally linked. More than one protein or product can be transcribed and

expressed from each transcription unit. Each transcription unit will comprise the regulatory



In a preferred embodiment the methods of the invention are characterized in that said attP.b, attP .a,
attL*, attLa" attR*, attR.a or attR.b sequences consist of one copy or more copies of the core Int
binding site(s) or wherein derivatives of said au-sequences consist of a combination of one copy or
more copies BfA&0af¥i9thding site(s) for Int and one copy or more copied 6T thB2¢eHesHsbhinding
site(s). In a specific embodiment the methods of th® invention are characterized in that the core
binding sitdeonsisteaksinefootitguans iistse paidshansd sedates oy segliendes qonsisting of the
B-sequencee%ft %nﬁlqggﬂ%s%%ence 5?-CTGCTTTTT-3, of the EC-sequence of the nucleotide
sequenceaé CCARGTTAGT ?reve'rse complementary strand), of the C-sequence of the nucleotide
sequence 5-CAGCTTTTT-3', and of the C-sequence of the nucleotide sequence 5 Y-CAACTTAGT-3

(reverse compEmENA0LEYANdhILIMIilupe Alh SRS A" AA REAUSNGSS IAYR rtiagal pueteotide

substitutions. In a preferred émbodiment the methods of the invention are Characterized in that said

sequenceSdpBeiit Feceppibiaon & yerfdehaersiiiikendoohiediomaréhebittatsdaiented fiom XIS, FIS
and/or THE:a MR, 2008/R68640RS: TAER2008/ é&%@%ﬁﬂ(@fwmdn{gt‘%q@&mmgm%we
|

methods of the invention are characterized in that the sequence-specific recombination is[ilggrformed

by a modiffe GO PP EHAS HERS GERHAY #1819 UK PRIVERIBIARRRAT Y hRU RS BN invention

are characterizsrhindanbiet inithuerdptrlt8; X¥iSed e andianuthE arg addediethasetbinpurified
form, as n%RNAs encodgﬂg for the integira%ﬁe or thethost faggors or are co-expressed by sajd host cell,

wherein the' %éﬁﬁgﬁ%g%m%ﬁfg’%%&ﬁbma fon s p())er ofted- th Ig%erlih%?nél SogifiEnt e i&thods of

the inventiomrexe characterized in that additionally a third or a third and fourth DNA sequence
comprising an Int gene, or an Int gene and one or more cofactor genes selected from XIS gene, FIS
gene and/or IFIF gene, respectively, is/are introduced into the cell. In a preferred embodiment the
methods ofthéciinverriertiapanaskinacanzee i that aeithteiesyRIBwe crHF derrsiggithe gaisen sequence

specific regombinatian is-Rerfarmed-L:amodiiedntcprefsranly.ae it Ot dNandR 18.4p agother

preferred embodiment the methods of the invention are characterizéd in that said polypeptide of
interest is YA AT BET A FRIMIB RO SH 6 WM YRRES: SHRR e Gs BB ddrRdiht ars!prEdie dregiahe

invention gea<hatadtenizaddmibatdhehasbaaldsaimanpalian selpoit s aieleradembaiment the
methods of the inve ti(_)n are Chaéactgriﬁz&d in that the m is a raodent cell, preferably a

mouse or B ham&tdt CEIFTHERpE [PPSR é?#lp‘é “?{;:%fg%beﬁ?d% MR SARANiBH are
characterigenhith thatutivey lamdte ticedklscadBibik o Cldliceiharkt Heesbhonsekeel dsnsbenprinevenyeloma
cells, pref%@%?é%e’“%@b%gcgggz{p ﬁg!slftive selectable markers allow selection for cells carrying the
marker by conferring resistance to a drug or compensate for a metabolic or catabolic defect in
the host cell. In contrast, negative selection markers allow cells carrying the marker fo be
selectively eliminated. For example, using the HSV-tk gene as a marker will make the cells
sensitive to agents such as acyclovir and gancyclovir. The selectable marker genes used
herein, including the amplifiable selectable genes, will include recombinantly engineered
mutants and variants, fragments, functional equivalents, derivatives, homologs and fusions of
the native sclectable marker gene so long as the encoded product retains the selectable
property. Useful derivatives generally have substantial sequence similarity (at the amino acid
level) in regions or domains of the sclectable marker associated with the selectable property.
A variety of marker genes have been described, including bifunctional (i.e. positive/negative)
markers (see e.g. WO 92/08796 and WO 94/28143), incorporated by reference herein. For
cxample, selectable genes commonly used with eukaryotic cells include the genes for
aminoglycoside phosphotransferase (APH), hygromycin phosphotransferase (HYG),
dihydrofolate reductase (DHFR), thymidine kinase (TK), glutamine synthetase, asparagine
synthetase, and genes encoding resistance to neomycin (G418), puromycin, histidinol D,

bleomycin and phleomycin.



Another aspect of the present invention relates to a method of sequence specific recombination of
DNA in a eukaryotic cell, comprising a) introducing a first attB, attP, attP.b, attP .a, attL, attL* , attL.a,
attR, attR*, attR.a or attR.b sequence or a derivative or homologue thereof into a cell, b) introducing a
second attP WlettP/essedfl * | catl.a" attR*, attR.a or attR.b sequence or POEMFALiMR6FHOMOologue
thereof into a cell, wherein if said first DNA sequehte comprises an attB sequence or a derivative or
homologue thereof said second sequence comprises an attP .b, attP.a, attL*, attL.a" attR*, attR.a or
attR.b sequgnce or a derivative or homologue thereof, or W 2009/0@% A%SPCT/ 2008/066430 24
Aihorein 1 S R0 R Sot GRS Lo BT AP SLSHIbARETE8 & Ao VRGP OB Gue thereo
said secondskqudncencoimsisedcanl attRabycattiRlacattlifyatthahapiRisinttR. g greatiRilnsageence or a
derivative gr homolegps &P&rﬁ%fro{}%{gr%e@o%gﬂ'{gpfﬂéﬁéd)\';\}éo%q %&&‘9&%@1’“9&% R %%I‘oa'nee uence or

a derivative or homologue thereof said second sequence comprises attP.b, attP.a, attL*, attL.a" attR*,
attR.a or aftRessedeendeosisecderivativesor isristogliertatriasf, e wieteirvifisaisl fitsnDNYPsequence

comprisesyanAfR-SQIURPEE RN (@ depyalive.ar Bomelogis nereef said secpNdseauencs crMprises

an attP.b, attP .a" attL*, attL .a" attR* , attR.a or attR.b sequence or a derivative or homologue thereof,
¢) performif§ thsEgaRRERR S&%ic recombination by a bacteriophage lambda integrase Int. Preferred
is the method wherein in step c) the sequence-specific recombination is performed by Int or by Int and

XIS, F1S, and/or IHF. Mast preferred is the method wherein in step c) the sequence-specific
recombinatiSh e perfaried BTt 57 EY fﬂt“aﬁ%@%%%t Etlg;f:exatn?r@%#atﬁa #ﬂgﬁugl’)ﬁﬁWt“éartd’g(ls and
IHF. Furtherhpseferiiethis thelehettodwheretivinastegc)diie geqeicfmecsspepilic tecombidatiditis
performed maodified Int. preferably the Int-hor 1ath/218. In this context, use of m(r)flfied Int
fogether W RIE 18 i B B T e R G A ore
preferred émiséuiareed biithistmesthoBesetdpieicé iShesificdecombination of DNA in a eukaryotic cells
will be performed between identically or nearly identically recombination sites. Therefore, the present
invention relates a method of sequence specific recombination as described above, wherein if said first

DNA sequErfcdissmptisenially 249 fcsiegasAdssihatenvand drnunsensghesmbrabisdriongsond

sequence gRMPFisen @I3PAEP Mseanense araitierbative wdierelepusthersnfxQnivhersinif said first
DNA sequence comprises an attP.a sequence or a derivative or homologue thereof said second

sequence ‘SSMHHEEE S ARt 4 W FEFE LI SRIPVARY B MHEHRIISY e YR8 R o8 R T 0said first
DNA sequéifice:aoragrisemanatibdusecsence-tr atierivitive of o matogiuesthereai said-sepand

sequence comprises,an_attl_* uence.or a derivative, or hgmologue thereof, or w in,If said first
DA seaut R T TR e B e e etk (e

sequence Nethprisds Sm. dffiAa sequedcéboCa desivétiveranchonfolegng f18reof]atiddsereimiftsaid first
DNA sequenee GOmBLSES A aH iR eRee:Ql.# &%fb\é@%%ﬁ{ape%%g&{mﬁéﬁ% Sﬁ{@,ﬁsf&en_d |
sequence comprises an attR* sequence or a derivative or homofogue thereot, of wherein if Said first

DNA sequBndSddmpriseccat’attid alddquir dnbrieeiahivatvdasshom Slogines tsredtossidissdeond
sequence SAMPHSSS 3 MR HsaAYBRLRIAANNO2Q90R8REAREL/ BERZAPRENEE4Ih T the

circular phage genome into the locus attB on the E. coli chromosome. Int needs a protein co-
factor, the so-called integration host factor (usually and designated herein as "IHF") for the
integrative recombination; Kikuchi, Y. und Nash, H. (1978) J. Biol. Chem., 253, 7149. THF is
needed for the assembly of a functional recombination complex with atfP. A second co-factor
for the integration reaction is the DNA negative supercoiling of atfP. Finally, the
recombination between a#fB and a#P leads to the formation of two new recombination
sequences, namely atrL and anR, which serve as substrate and recognition sequence for a
further recombination reaction, the excision reaction. A comprchensive summary of the
bacteriophage lambda integration is given e.g. in Landy, A, (1989) Annu. Rev. Biochem., 58,
pp. 913.



derivative or homologue thereof, or wherein if said first DNA sequence comprises an attR.b sequence
or a derivative or homologue thereof said second sequence comprises an attR.b sequence or a
derivative or homologue thereof, The method of the present invention may be carried out not only with
the naturally BEte#igeids, attP , attL, and/or attR sequences but also witPHideRaeds/esei38ubstituted
attB, attP, attL, and/or attR sequences. For examﬁ?e an integrative recombination of the bacteriophage
lambda arith& cgoitibetwe encapti andeatiBhomoddghushaegrieh gesdiituianistal e bildtiypiat
sequences% have been observed which.have ane or more substitutions in attB %I H. (1981) Aram.
Rev. Gendt o G R e R B PO A, 5. o
1134) andtoearedtty (habistetioplogs Yoxrink, R iShnetcikmnep: (48)Fhas] theiprasdritcinrention
reates to gmeior WORIEBR] B AEHRIBHANE. AL & AR atR 2
u

and/or attR.b sequences have one or more substitutions in comparison to th ally occuring attB,

attP, attlL, BifdroPpitRcskébfbdo P rarene Hisbarhahostanh il hénaeptrattio BrPucsMPe, attl,

attL*, attl can AR, IR feRdlonatR M Beancas AR ANE Waudhiee i fout. fivesab, seven,
eight, nine, ten or mare substitutions. The substitutions may occur both in the overlap region, in the
core regioff iR EHE TR TERSTBPRIEOm ISP S TRIiTY K TR BrunRICA N MRy itds. SFEThplete
overlap regiomeaupritingtieyecainieotidhaivaye cwhstiitiied diseifdaie prefetiedeigaisnethod
wherein SlleSCLcil%Jtiong arigeeiné'{ggguc%d inttﬁ) attB, attP, attﬁ.l%,atth.a, IattlF gtt x ,tatt a" attR, attR*,
attR.a, and/or SR gequence%‘rgl héerh the'core ré:ﬁi’odr? of i the ve% ap aecg%n.qsré?gﬁré’a s the
introductictimfhtsbstituribrdits theoyenkkpregibnXdfdithetginutEeousintrBducBaniafansior two
substitutionsdmn4t 0 lon. E invent s relate method whereip.the used at/B,
P, At A D e i e o
homologué&? ifEl aansiptemhatdinalfresgnredieniier somnopinaid ecblsitenivasig i corigarison to the
naturally ogerring atB.-atiPa attbr@ngfarakR, seeRcessAmagdification in the form of one or more
substitution(s) into recombination sequences is to be chosen such that the recombination can be
carried out in spite of the modification(s). Examples for such substitutions are listed e.g. in the
publi%atioré&@w;a@h ilve(h08 b Supre anek NdssiaomoRe B dAVaisbaton Bic (198 eciinidngid are not
considere

be limiting. . 2009/ PCT/EP2008/066430 26 Further modifications may be
easily intr& C%E%%H%Mi ’f%% %%@ﬁo@éﬁd%’gr% @gﬁt}g) RS 1 eiPHS By YRt
recombinatidis(FHMHRN0®), thkpréSRAtIDNentid) telbieR b @G PEIDONOvhEreintheaiusadattB, attP,
ant, and/o&gjtlt(lﬁo guences or their derivatives or homologues comprise only of one of the respective
core Int binding sites, ﬁowéver, more than two core Int binding sites are also preferred. In a preferred
embodimelite thespreseisninve spkiiieliresiioea imethodavhendimtHeculsestlattB] o thet gang/or attR
sequenceg iy @@r&vz@i.ny%@dqu%@gyfe SAORSISE QY %Qﬂﬁp%fﬂﬁ {SERERYUESR5E Mt binding

sites. In a further eémbodiment the used attB, attP, ant, and/or attR sequences or their derivative or

homologuEERJRNE o titsRor (PR IBoNO AL 15ifBiA §STite SO THE: bre sahaiREnEER EPRKS Fitther to a

method wirakeirctas: useahastBaaERnaE rhaRit & AteRlidld dQuRtB AR Le aliRw@ang/or attR.b
sequencef ort eiévderivaegg\’/% or homologue s comf%ise in_addition to the core Int binding site one or

more, prefetabHv8the 4P iV 6k fibre thER AN Dople@briHa HintiEbiNginY €8 1dPhife said
binding si St sesRaacGiisE NBUS (M oliver ety (B EsHN tehde horCl AAGIGAGT Adrd 4BRQ 1D NO:5
and 9) or %&]o&jfied sequence thereof having nucleotide substitutions and being functional with regard
to the Int blncﬁng. The arm-binding site(s) for Int may be positioned at various distances upstream
and/or doWwhswesamiohttataorenatibiadinoebite($). dmuerdar wiperidenuitheomptisoy ofdhe (FEQent

invention wlﬁ{ﬁggggm@@ww&ﬂ%, EQ"TB@%@)T&?[%ESL.QM@&@SS}?% WhiGh gfigw the

integration into a desired target locus, €.g. In the genome of the eukary or an
artificial-/nihid A8 meBm S TRIET NS HhiraaER-béetife BINGid the homologous recombination which is
mediated by internal cellular recombination mechanisms. For said recombination, thc further DNA
sequences have to be homologous to the DNA of the targgt locus, and located both 3' and 5' of the

attB, ant, it "UHHS SRPOOITATED e RRSILHY TR A el AP 4 BIAHRAT O AtVESTIRIfbgue
thereof, reaptsitively Ehe-pessasdskiiedindhe apkitawsdoawigidat herregreeakiraiomalogy and
how long trh% res re%tive 3'and 5' sequences av%to he suc%f_trt%a%glgg ho otlogogf rec m%i@gtion
occurs with & sUtficient Probapility- See review of Capetchi’ i0eY) 8cT8REECBRE h(f 1543,
integrase Int. In a preferred embodiment said integrase Int is modified Int, preferably the Int-

hor Int-h/218. In a further preferred embodiment said integrase Int has SEQ ID NO: 15.



WO 2009/068645PCT/F,P2008/066430 27 However, it is also possible to integrate the first
recombination sequence by any other mechanism into the genome of the eukaryotic cell, or any
artificial-/minichromosome, e.g. via random integration which is also mediated by internal cellular
recombinatiofY @9&E68¢kegration of said first recombination site via sequddeL8pdgifestéEombination
using sites different from those being integrated, é?g. by using loxP/FRT sequences, is also
conceivable. The second recombination sequence may also comprise DNA sequences which are
necessary{or gJnlegralian iniadesiieddaraetdopys.vip bomalodous eeRmnalian. fihe method
of the presentinvention both the first and/or the second recombination equence may comprise the
further DN abeigusitt a0 PrelRsrrethis anpritifoembladiairnbetii DRBosdq e AEsy viim prigectefurther
DNA sequeRges. Iiradueieg ofifedlrstanc $NE @ CABRINAUAN SEAUENGE Wil oL Moyt further

DNA sequences may be performed both consecutively and in a co-transformation wherein the
recombindSEHURERIBrES SfcHFESEARGN G ditertirh DA THhaEcLRIsTPraRaAtsd is'a Fethdd, wherein
the first anghseganehreepmbinatigshsequaree Withemrithautiwher Bidseguences amypiasent and
introduced jnto the eugar otic cells on a single DNA molecule. Furthermore, the first recombination
sequence%%%}’%‘grmﬁ ﬂ%@ed into a cell and the second recombination sequence may be introduced
into another cell wherein the cells are fused subsequently. The term fusion means crossing of
organisms.as well as cell fusion.in,.the widest sense,,;The method of the present inveption may be used
.. 10 InVAIC aIONA Gt lyIHG BEtWOAR (RS haehclyr o Bt e o B Aion SetUGARGS in an
intramolecutdsadepdshinatiom Fhgrheamiony ctiometiisebpisthé prdsisricidvenkonimayisgiased to delete
the DNA sgmenLiimoarren e iacin HENRIeHECOBARAIORSCHERFSS 1 appframolecular
recombination. If the recombination sequences are each incorporated in 5'-3' or in 3'-5' orientation they
are prese’IRMHCELBrsNtAdRC TREYECBhiBinBTSAlSEqUBhe P8 srembREBtatistthesh i &.g. the attB
sequence dgiftegiated -3 ARdathe,alP seaenceisiMagraladrind2ronantation dkthean
recombinatign sequences are each incorporated e.g. via homologous recombination jnto intron
sequenced $“3Hd $PGT AR %ﬁ%ﬁ&%é%éam?aﬁowﬁ%&f%@ﬂah%ﬁem@éﬁg@ &eRbn would
be invertedriugasasatindieetfharentatadice omigination sefuenaes,andndeleted jalcasenbédirectly
orientated, recombinati equences, respecti . With this, procedure the pol ti ded by the
respectiveklggélﬁ%ay (fggéﬁl S 3%&%%%/%’%%? e |o\{r§4‘o¥F'éé%&éﬁé&%q%%nﬁge%g%%o%%% %%%%%%version or
deletion sweh, thataro akit@ @00 06 S64%R OTERRD08/NEEIS 02t e higiate culanstrighisggenerated. In
this way g {og tiolegicalunatian abbe cransd.palibeaiife MakPediaatdptad areaver.
inversion or delétion reactions may be used to activate the expression of ‘a gene encoding a desired
polypeptideireag . lpyergalbtibwaniikegedh tmewecharaading Yrash ooferdoaticerlb aupblgpaptie with
regU@tOWcﬁ?}E@?ﬁé@Ji}%%, low tianseription andiar tfansiatien of thesnerdesROlyRERtide;s Those

e c

regulatory elements include but are not limited to a promotor and or promotor/enhancer elements,
which are Weff iddviRe e i %’ﬁﬁ&?%ﬁa@@i BifresEibh MERoRETRERIHHE and/or
second recgmbination sequence may comprise further nucleic acid sequences encoding one or more
polypeptides/products of interest. For example a structural protein, an enzymatic or a regulatory
protein may be introduced via the recombination sequences into the genome being transiently or
stably expiésgecsaitanvatramdietidaralecsnabinatibnd dhecinteoctsed ifolypeptidedpradifddimay be an
endogenoHlsaoru%o gnous one. Eurthermore, a marker protein or biopharmaceutically relevant
therapeutic potiype?;%éles may b&'intréduced. The person skilled in the art knows that this listing of
applications of thHatredtpiog acoordingronsapredesit wlermtidh wBdly @@mplahy afit notilnting.
Furthermo‘gﬁRE%ﬁagg}gg Epégggfggegﬁggﬁ@g%%%my be used to delete or invert DNA segments on

vectors by an intramolecular recombination on cpisomal substrates. A deletion reagtion may be used
e.g. to deléte padKERsiHE B dNCOORF §8-8 AFEPACPB DY R8s AhiS HBtfod?HBS o Bifoad
application ik the-dustiatpieductoniaf wral, waators for gene therapeutic applications.

¢) performing the sequence specific recombination by a bacteriophage lambda integrase Int.

in a specific embodiment of said method said first DNA sequence comprises attB sequence
said second sequence comprises attP.b, arntP.a, atlL*, arnl a,, anR*, atfR.a or a#R.b or vice

versa.



The intermolecular recombination leads to the fusion of two DNA molecules each having a copy of
attB, attP, attL, attR, attP.b, attP.a, attL*, attL.a, attR*, attR.a or attR.b or various combinations of att
sequences or of their derivates or homologues. For example, attB or a derivative or homologue thereof
may be introd(féétrfifeBeid homologous recombination in a known, well ch#radtBF#EE§EHomic locus of
a cell or an artificial-/minchromosome. Subsequeﬁﬁy an attB, attP, attL, attR, attP.b, attP.a, attL*,
attL.a, attiR¥ aditRher opattir. brebodyinenvet terdon BiNA-sed imesn DN Aysba imtegratgd iretoms aidfgenomic
atB sequenag yia igrmelsaularscambinguon. Frefaried s meihadis, g sa-expression of the
mutant integrase, e.g. Int-h or In 1218 within the eu aryotic cell, wherein thé recombination occurs.
Most prefertBebisctiiersg-expression of the mutant integrase Int-h/218. Genes encoding for any of those
mutant intpgrasesmay beioaaird: s a88aRd ANAYaRIQr BRINGLARMECtsthRietetably» 1
co-transfected, or on the vector or DNA-segment carrying the attP, attL, attR, attB, WO
2009/6686ABHECE /R 2B A ETUBT PE RS Y BRSSP DA usnea i e4tR .a or also an attR.b
sequenceiar angieivatireahanolegyetharobiiibes e apentessoayiha:lasated pngattB, attP,
attL, attR, atéP.b, ttP.a, at%( * atfL.a, atfR* , attiR.a %gttR.b arrying vector or DNA-se m%gt, e.g.a
gene for af ARG AUy TR AT K6 el SHATR S SBBHBRCI it ay be
achieved theatpeoy. in contfanativieiexpressicrmanalyises-ob ciffef enidgehesaiacedll fypefistiek genes are
not influenced by positive or negative influen of the respective genomic integration locus. Furthei
ore, the B ST ORISR et A e TR AN B
intermolecuotdradcdthdinatisroon episomal substrates. A fusion reaction may be used e.g. to express
recombingt PrOtINS. G ERIGYARLIRMALIR N OIHELIASHIRE M TLPHRNAINPES sJhis asthRrRAY be used
in the high throughput analysis of protein functions in eukaryotic cells and is thus of considerable
interest. ARCHHENTICHE EBNEVE T Hted PIteTalaT seloRTpMEREHCATkFPEaYshd to introduce one or more
gene(s) of interest encoding one or more desired polypeptide(s)/product(s) into, e.g. episomal
substrates, artificial-/minichromosomes, or various host cell genomes containing a first recombination
sequence IARE SRS AR REREPD R U Sia de thdia L APre st s Ak ret ORfbReatiCh BEERence, e.g.
attP, at/B, catthdiatiBn aiPoratifise i ipaptid e spfifdinaitll @, ¢t dpyotiapylidesivgiive @r homologue
thereof; one or mare dexpress' ntﬁ%%ette%? far the ex es%' n %%ne o mort?Ldestiigd g

protein(s.)/a roduéltlfé(}. AL 3xf)1?5é55|'0n ¢88 é’f?é“%q‘é% Be intfoautéa infd a Gelired” farg’eﬁocﬁ"s via the
recombinatidh sefticmrdes whicl &lkpyssetemeesdpecific recombination between the DNA comprising
the second rsapgInAN SRAUeRRAANT e EXPIESHIV AR, AN A Tt iReombRatgn
sequence Being introduced betore into said episomal substrate, artificial-/minichromosome, or host cell
genome. FB.brsabelissent may be of high interest for establishing high expression cell lines which are
suitable fogthepredygtign of biopharmaceutical products. In this context, a first DNA comprising at
least one recombination sequence has to be introduced, e.g. by random integration, into the genome
of the hosELBITOHAREEI SRR PHERDBIMBEBIFESdrEHSSHhal substrates contained within the host cell.

Alternatively, hosbaelttnay-ie deansiarmedwitprperbbiciad fmégiekeamosome or episomal substrate

comprising.a corresponding at least one recombinatjon site(s). Another way to integrate recombination
equencold into 5 HEEIER Bt B T O B 4 BA AR SGE VAN A THEQTAEE T 1 to use

homologoilig, retorihitiatenciet BNdurSrasmettionatcaleyBNW/@na009/068645PCT/EP2008/0664 30
30 To facijiate slgelion [oLsiebls Uanslecianisnhishaye iRlrodged reopmiinaian.seguence()
into a desired target ocu%, a selection marker gené IS Co-introdu®ed into the same target oCus at the
same timeeXphisseday be achieved, for example, if the recombination sequence(s) and a selection
marker gene are co-located on the same vector or DNA segment, which is introduced into the target
locus, e.g. by any method mentioned above (homologous recombination, random integration, etc.). As

the expred&ich MEfaTTsf tRRRREREHN FHA rkstRsh & coicissditin tietriiss &viptiBA ActivohyPaithe

integrationgiigreelimehawingiadligh exneession feua!l/atisitaehipiearadiom esldohLsiess and good
growth characteristics, e.g. in g biore ﬁﬁ{r can be jdentified very ic‘vectively. The level of expression of
the selecti SrRe PSS L fed BRSO HEEI S dwn in the art, e.g. on the basis of

either the amount of corresponding mRNA that is present in the cell, or the amount of polypeptide
encoded hy, the gene. For example, mRNA transcribed from the introduced gene sequence can be
quanified by NBTIRTE BLFS ERhoh S CIGALE MR A ST, P e S cellar
RNA or byoR€R: Proteidssaad querpbyt il deldetel g6 uensecolarye iquenitified vy \rioag methods, e.g.
by ELISA, by Western blotting, by radioimmunoassays, by immunoprccipitation, by assaying for the
biological activity of the protein, by immunostaining of the protein followed by FACS analysis, or by
measuring the fluorescence signals of a fluorescent protein. By such a method excellent candidates of
a production cell line for producing biopharmaceuticals may be obtained. The integrated recombination
sequence(s) (first recombination sequence(s)) allow integration of a further DNA molecule, e.g. a
vector or DNA segment carrying at least one further recombination sequence (second recombination

sequence) via sequence-specific recombination by a bacteriophage lambda integrase Int into a
tfrancerintional activive lociie Prafarahlvy that fiirthar DNA moleciile comnricina at leact nne cecnnAd



WO 2009/068645PCT/EP2008/066430 31 attP .b, attP .a, attL* , attL.a, attR*, attR.a, attR.b or any
derivative or homologue thereof, which allows sequence-specific recombination by a bacteriophage
lambda intcgrase Int or any functional mutant thereof. For example, if the first recombination sequence
comprises attoi82@6¥p¢ative or homologue thereof second may compris@8 HitP2088(86438, attR, attP
b, attP .a, ant*, attL.a, attR* , attR.a, attR.b or an’derivative or homologue thereof. Preferred is the
method whetteilfhecsecgngneecspigoifionesambioatidrics pésialliediinntatsmrchic IntcantXiSok|S and/or

IFIF. Most preferred is the method wherein the seqguence-specific recombipation is .performed by Int or
oy It and SO B A B T OGP e SrRIGIEd f the methoc
wherein thatseyomgce-sPeésifie repusmginetiowPsbperfbraned:by . aambdifiedRit, préferaslyatietint-h or
Int-h1218.5g31&glg§ec%%ﬁe%§%&f &ﬁ@%(}iﬁggrggtigwgmge\mjth XIS and/or IHF is also within the meaning

of the present invention. By this approach any DNA sequence(s), comprising a second recombination
sequencedoRHEISAetA FeP Naticr| ArsIaRIAEE ras drtTéraFasintelgrated into a known, well characterized

and definegeekaf the Pastarlspkeiselesidanalipbere a:eq1pRes:SRAMIfE REQMBINALON has
occurred one can introduce, for example, a non-functional expression cassette comprising the
selection FEFGEP JRHE A AT BT BB BhPSHBTa e A &S G tly PR oriFRAIREding region
of the gengtQaly Hesleguence-specific recombination has occurred, a complete and functional

expression cassette ngth (ﬁffici nt expression,of the selecti arker gene vséill. be %eneraéed, thus
. cultivating said cell.un FLgon 1H101S wher{:uatﬁ.le SEnS(s) Of icres tls/are e expressed o
allowing for the setection of cells having integrate gene of intérést via'sequerice Specific

integration. By the method of the present invention production cell lines are obtainable differ from the

host cell merely by IREAGIONA sequencesiipiedralpghalAdelmed Sis.ohgaraiene . info a
gcnomic locus. Due to less genetic variation between different cefl clones a more eric process for
the developieiesit Bf prolierondn edlh inascainl et isudiahing bedeingnamsanbierjsacigaisnelone

selection %ﬁcﬂ%@%ﬂﬁﬂ%ﬁ%&ﬁﬂ@%@&ﬁﬁ%ﬁi%@{%@% IDeRragduation eslidinesmay be used
0

for the manufacturing e desired polypeptide(s). A further aspect of the present invention therefore

relates to hBIHIPH XprEsEIRT ok RARRBTREgene of interest encoding one or more desired
polypeptida{sdpeadtiGtSiey AN eveipkaiaytisncelPagmpsing: VO 20091068045 RARTAER20ARP66430 32

sequence and at lcast onc gene of interest into said cell;

contacting said cell with a bacteriophage lambda integrase Int;

performing the sequence-specific recombination by a bacteriophage lambda integrase Int,
between the recombination sequence naturally occusring in said cell and the DNA introduced
into said cell; and

cultivating said cell under conditions, wherein the gene(s) of interest is/are being expressed.

In a preferred embodiment said method is characterized in that the naturaily occurring
sequence is arfH. In a further preferred embodiment said method 1s characterized in that the

naturally occurring sequence is SEQ 1D NO: 14,

The invention furthermore relates to a method of producing at icast one polypeptide of
mterest in a eukaryotic cell, having at least one recombination sequence which allows
sequence-specific recombination mediated by an bacteriophage lambda Int or any functional
mutant thereof, comprising

mtroducing a DNA comprising an auP.b, aitP.a, atl*, arfla, attR*, atfR.a or attRb
sequence and at least one gene of interest nto said cell;

contacting said cell with a bacteriophage lambda integrase Int,



a)introducing a first DNA comprising an attB, attP, attP.b, attP.a, attL. attL* , attL.a, attR, attR*, attR.a
or attR.b sequence or a derivative or homologue thereof into a cell; introducing a second DNA
comprising an attP .b, uttP.a, attL*, attL.a, attR*, attR.a or attR.b sequence or a derivative or
homologue tNeRcifo8nEH 4t least one gene of interest into a cell, contacting”SAiBREEIBRHH ¥
bacteriophage lambda integrase Int; performing tHé sequence-specific recombination by a
bacteriophagehtainpdadniegrase-tptcificeraiaribinseaond QNAdGsHditaLRteahint thecfirstdDNA; and

cultivating, %‘%gflhé‘?&%;n ?%%Eﬁ%gﬁv herein s, %E‘&&%lnog fﬁ‘%%ﬁ%sggﬁg&{{f B R 1%31%%94:1 Preferred
is that method, wherein'if said first sequence comprises an attP.b sequérice or a derivative or
homologuartherebfadaichdecond sequence comprises an attB, attP, attP.b, attP.a, ant, attLs, attL.a"
2R, aulte i AR seauEsabA AFLMRIYCLhAMPlgHe ereat. BLADE(sIGaaid frst DA
sequence comprises an attP.a sequence or a derivative or homologue thereof said 'second sequence
comprises attB, attP, attP.b, attP.a, attL, attL*, attL.a" attR, attR*, attR.a or attR.b sequence or a

derivative grhoerelrguadhsreaanwhersiadioraid fistRNA SeAHEACRCANRNIFES an@itkigequence or
a derivative or homologue thereqf said second sequence comprises an attB, attP, attP.b, attP.a, ant,

attL*, attl RPYERER!I SRR tee s LS IR 19 tsqered s et &Rl ke s GriBIguediRBreof, or wherein if

said first DNA sequence comprises an attL.a sequence or a derivative or homologue thereof said
second seguence com rli)s s an aitB, at P,dattP.Bl, aub g, attl, atilL*, atil..a, atti}, attRy, arté] .aorattR.b
sequence Or 8 genvaLvE S iotho o%ﬂng c’erseﬁ, OF wherein if saf ?f?é’tt(ﬁﬁﬁg & ér?ééi & |%rises an
attR* sequetite orrb*derilativer®rhonbloguetRdreafisaic secnnd sseguengy comprisesan aftB, attP,
attP.b, attR, tle. . * attl .a- , attR*, attR.a or attR.b ence or a derivative or homologue
thereot. of art s (T B e e o
homologueftHsreofeshitbsedondisden oncehetmiprise sencaes, extfratP be atmlanating afoncattl.a"

attR, attR 7 A O WR KR Seaencesd Adesivale-anhamalraus eraek Abyheseindtsaid first

DNA sequence comprises an attR.b sequence or a derivative or homologue thereof said second
sequence BbRPHIBESIE#ALB, attP, attP.b, attP.a, atiL, atiL*, attL.a" attR, attR*, attR.a or attR.b
sequence or a derivative or homologue thereof In a more preferred embodiment of that method, the

first DNA has been integrated into the genome, an_artificial-/minichromosome or an episomal element
of 2 host dBIPTHENE SEN A SEde ShAUAG N HhiriGRABUER BETAY DT o eb B BRI is
introducedritita satil ‘tett1\4/Q: 2RO UABE6 45 PATHERQRO8H 66436 38chkepresenhinyestiondlso relates
toa methqge%?é(ﬁ{?%%ié‘ﬁ aqt#g g)':,t one or more genes of interest in a host cell, wherein said host cell
comprises one an attP.b, 2P , attL*, attL.a, att12.*, attR.a or attR.b sequence or a derivative or
homologubnthgretsiiedeymhesdrian trenycthote bftsai bwstrcett; domstisineglintrodusingaBNA

comprising A AUk, AP 2, Ak, Atk 20 AR AR AL AHR R SEANRNEE,9'? SGHYAINE Yt

homologue thereof, and at ieast one gene of interest into said cell, contacting said cell with a
bacteriophig et befa WitaERSESH) PErfERsIHE HEadienet-specHié setomtih Aty 2
bacteriophageiadhbra Mg @ee itnwhetsindhesacons BN integsatadiintenthentirsbINA;

more copies of the core Int binding site(s).

In a specific embodiment the methods of the invention are characterized in that the core
binding site consists of nine contiguous base pairs and relates to DNA sequences consisting of
the B-sequence of the nucleotide sequence 5°-CTGCTTTTT-3, of the B'-sequence of the
nucleotide sequence 5 -CAAGTTAGT-3" (reverse complementary strand), of the C-sequence
of the nucleotide sequence 5'-CAGCTTTTT-3', and of the C'-sequence of the nucleotide
sequence 5 -CAACTTAGT-3" (reverse complementary strand) in wild-type att sites or said
sequences having functional nucleotide substitutions,

In a preferred embodiment the methods of the invention are characterized in that said
sequence-specific recombination is performed by Int and one or more cofactors selected from

Xi8, FIS and/or IHF.



cultivating said cell under conditions, wherein the gene(s) of interest is/are being expressed. The
method may be carried out not only with an attB, attP, attL, attR, attP.b, attP.a, attL*, attL.a, attR*,
attR.a or attR.b sequence or a derivative or homologue thereof being integrated into a host cell
genome by geietiemgssering of said cell, but also with naturally occurring racemsinatien sequence
of the genome, e.g. the attH-sitc described in W0(G%/16345 (51- GAAATTCTTT

IGATACTAACTHT GrEf3riARRAVEIMNE: L heah Ay AL e CARRINALRD SeaMeasahighaligws
sequence-specific reco&gﬁb&gggﬂo .mediated bg)an Int or any functional mutant thereof. Those methods

are preferfS8WHEREF SEET RO FREGRBiA SRR IS Bt oPRESBYY Hicol by vt Wiid a XIS
factor, or tw2rt.and IHF, or by Int and XIS and IHF. Further preferred is the method wherein the
sequence-specific recombinatiop is performed by a modified Int, preferably the Int-h or Int-h1218. In
this conte)ﬁl, %%0£1 of gnr%g 1%135{% etrcglgggfﬁesr(\)/viEPF%I1 §€3tr§(c’f}oarrﬁ-‘f}3‘a|’§ %?srg?gifﬂ)i%?ﬁénf‘n i B the
present ink&hitfo i ImtlFhthdorr| Fith 24 8¢l deitStoathd ka1l M Fpunidi d o aoldesdhtB es celddipufifiedcfaun or
being co- ' Il ein - ific. rtecombination is bein
perfonnec(j:‘j.ﬁ,ger ur?ﬁgi%nébqégsirr]r?ﬁ?ﬁf ?&%éo@e%é%%gggﬁprg&eﬁtﬂ%{g rcégité@ tcr)%%r%ﬁeetﬁg “Wheérein the
polypeptiddyiptacnBwinesieierarsdoded by the gene(s) of interest and being expressed in said
host cell, is/are isolated from the cells or the cell culture supernatant, if secreted into the culture
medium. WO 2009/068645PCT/EP2008/066430 34 Said production cells are cultivated preferentially
in serum-fi&& MESRIRbREmat dpe AsBe Ll e dRgates idricHERRT ik thtaddiorsPine
expressionhatitoe desiteshgabes) PINd isqjating henpraiain of intewst fom the calis.and/ws dae cell
culture su&ernata t. Pre‘ferablé/ the Cggteirge(ggrintere Is recoveyed f%m the culture medium as a

secreted pONPEDITE oF T EAITISE FE AR B HEIE O S5y NHEE 5 TR JEPRAtHSHE 2568t retory
signal. It ismeeclessamttodgueifiy the protein of interest from other recombinant proteins, host cell
proteins apd.c inants in a way that substantially homogenous preparations of th in of
interest arg%{)%%?ﬁ@%gq g%%é%tegtg%lgoﬁé%ﬁ%eﬁIg%gh%/lg};%lélr %%fgt%ﬁl?:lé%talg er%gr% alrterrlﬁ%\gl%P rom the
culture mddiumeprijisatacTiecprodent sHistme spepidreaftermbipuidiiet frofermantdminanidtidble
proteins, palypRRLdES, dnuelgi¢agies sfor example, by fractionation on immunoaffinity or
ion-exchange columns, ethanol precipitation, reverse phase HPLC, Sephadex chromatography on
silica or on a cation exchange resin such as DEAL. In general, methods teaching a skilled persion how
to purify aihelcseiogprsprAINIRERESeR: Y hRstcollh are welbknevwshinthe-ath Thereforg, the
aforementiog%%d methad of expressing at least one gene of jnterest may be added by an additional

purification Gla P WHere iR e de & BT Sh ASHaaNE Furinaderthe host cells or from cell culture if
secreted into the culture medium. The method of the present invention may be perfointed in all
eukaryotic cells. Cells and cell lines may he present e.g. in a cell culture and.include but are not limited
to eukaryglﬁ c ggﬁ%{%scu%ﬂ%g(sg {/netélsr%,g%%ﬁ?{?ﬁgéﬁrmﬁ%? hammalian Cc%éfﬁs@fb%ﬁéﬁ%’iéﬂ?ﬁ%%@ﬁi{Fﬁay be
oocytes, embryonibatesiicdlis: hesfratshoididistient bellsshaiwofype ol diffierentiatiedcaltized method is

preferred yhareindheeHiANAN AP afarBalanaelaMole Risleredis giheinag whgrgin the

mammalian cell is a human, simian, murine, rat, rabbit, hamster, goat, bovine, sheep or pig cell.
Preferred S8iFififadoprefesee smbadmert Broduchers of ispinaeninsetcelierartstinahan thaidhe rat,

monkey, afaragentgelklingsudorepreterrad ene hasmsteraslls, referabhu Bk ehs BTG, CHO,
CHO-K1, CHO-DUKX, CHO-DUKX BIl, and CHODG44 cells or the derivatives/progenies of any of such

cell lines. PanidaR7 Hrétbired are CHO-DG44, CHO-DUICX, CHO-K1 and BHK21, and even more
preferred CHO-DG44 and CHO-DUKX cells. Furthermore, murine myeloma cells, preferably NSO and

Sp2/0 cell orgge deri%@ti\%s}go%nies of any of Sl%(_:gtcelltlines aremalgo @own as productjon cell
lines. W TOESRYE p ) 6%‘[662 t}, clatcs to a method of sequence specific
recombination of DNA in a eukaryotic cell, comprising
a) introducing a first B, attP, atP.b, attP.a, atl, atlL*, atl.a,, atR, atR*, arR.a or
attR.b sequence or a derivative or homologue thereof into a cell,
b) introducing a second atiP.b, attP.a, arfll.*, arll a,, attR*, atfR.a or at/R.b sequence or a
derivative or homologue thercof into a cell, wherein if said first DNA sequence comprises an

attB sequence or a derivative or homologue thercof said second sequence comprises an a#P.b,

attP &, attl.*, attl 2, atR*, atfR.a or at/R.b sequence or a derivative or homologue thereof, or



animal origin. Commercially available media such as Ham's F12 (Sigma, Deisenhofen, Germany),
RPMI-1640 (Sigma), Dulbecco's Modified Eagle's Medium (DMEM; Sigma), Minimal Essential Medium
(MEM; Sigma), Iscove's Modified Dulbecco's Medium (IMDM; Sigma), CD-CHO (Invitrogen, Carlsbad,
CA), CI-10-SY8rMa%offiedtirogen), serum-free CHO Medium (Sigma), and PFOEREWEE6EBIO Medium
(Sigma) are exemplary appropriate nutrient solutidfs. Any of the media may be supplemented as
necessarywhitteia vdrietid oficonpaindseempleseiwhieh are’lionaprascand/ar dthestgrovsth factors
(such as insulin, transferrin, epjdermal growth factor, insulin li ro factor), salts (such as sodium
chioride, G SR S el 1 B S
adenosinezitRynnidieré}, lyhstamnioe sy ludoseioy othdoomihgie Hteemdray shurce st sntidiotidsNtace
elements. Ay.qiberHRGessaly SHPIRMRAL MAY. alsAaRackided Bianerapsate cagcgaligiions that

would be known to those skilled in the art. In the present invention the Use of serum-free medium is

preferred, 5dttRediscstppenEhtde witha sikdble8ntourt’B seittftmcan eidolbsadserrfopth

cultivationfhest celisdnandbe.orawtaand waleston ofigemetiealy mgﬁiﬂﬁ@l EENSBRIESIN a
selectable gene a suitable selection agent is added to the culture medium. "Desjred

proteins/pé?ﬁﬁ%‘ﬂﬁ“r‘d@’é‘aé’r&‘b"rﬂéﬁwEYp*lﬂWé?ﬁ}t?e@Wﬁﬁé?é‘%tﬁeéﬂﬂe*ﬁ%?&Foﬁogﬁﬁf"f%ﬁsé%%hﬁﬁﬁé’: but not
limited to imgRlin, indutindike gromtt) favtarohéal U RAueytekingdecualivasiniarekinesdtbof,e.q. IL-1,
IL-2, IL-3, IL-4, IL-5,IL-6, IL-7 IL-8, IL-9.IL-10, IL-11, IL:12 IL-13, IL-14 IL-15, IL-16, IL-17, IL-18,
ineriorom (S ST A BT TR A S VA PR A st P . s
as TNF alpha and TNF beta, TNF gamma, TRAIL; G-CSF, GM-CSF, M-CSF, MCP-1 and VEGF. Also

included is{he praduefionaf spAN9eRsin gy amvotisr hommans o fasioisand any gther

polypeptides that can serve as agonists or gonists and ave therapeutic or diagnostic use. The

method adtolding s heanl &htidn Taandsd HE. Adodmeieoesiy isatetbeprduuetion stasliBsdies, such

as monoclopalrpolyclonal .psiltisracific apdsingle shamn antibadies: artidgmems ereafagig- Fab,
Fab', F(abﬁﬁf/ Fc and Fc'-fra&agnts heavy and light mmunogl?%bulln chains and their constant,

variable of Ry p&FvAYidBIctPegio dedvElfaderhenprefanrdoidmaTiedof hipisis IrTsgrie fie
antigen-biggdinghecFabliaonsishefithgowiigigesians, of bethihains whishiedekiagathar by the
adjacent constant region. These may be d by protease digestion, e,g. with papain, from
conventioﬁ’é?a%hﬁ%%?%g?%ﬁ’ftsﬁlﬁﬁgf é&?}of{‘%éa%ﬁé rz‘ﬁ@g%%%ﬁf%gd%éﬁé%@@ 614836 may
also be prddueceghingloé tinganstim&byngenetic engineering. Further antibody fragments include F(ab-)2
fragments, which may be prepared by proteolytic cleaving with pepsin. Using genetic engineering
methods it is possible to produce shortened antibody fragments which consist only of the variable
regions oflthe mw@%yfhﬁ@ﬂdﬁh@ﬁ@ﬁ@haWM) SThissecapcrdiemedmbiagtion ﬂé@hﬁéd;sa(Fragment
variable =J&@9@W e@ﬁ@%&r@b&meéu%ﬁ%a@%ﬁve@g menisdachdhs eovalentRanding of the
ec r

two chains by ysteines of the constant chains, the Fv fragments are often’ stabilised. It is
advantagedis bR e masientdasndosrtd sieatiphag of thre et Bsifv @ekaiubide
fragment, @e@urafeliOal3) aRiRaAcitsPrafaranlysl s.amine asiksrilesthis way i sigeladreptide strand is
obtained consisting of VH and VL, linked by a peptide linker. An antibody protein of this kind is known
as a sing SEREMLYS YRR RSt LR bFCrRs SRR A PSS R A RABRSR S he prior
art. In recelstiyears, aditonsisiatagieshavevhaem devsloped foNAreparing:seimpaisa multimeric
derivative, This js intendeg tg ead in parfieular, o acompinant pntibodies with improved o
pharmacoﬁlﬂe%% and bio |s¥r|i)u?ion properties as well as with ancre elgicﬁincc)im% awdzllt%/.altn order to
achieve muigimesisation dfiivetscres Sofplveve prepafediasviusion dretednSwithitiwpesetion
domains. The mulimerisation domaingmayhe. £8- s GhitRAIRAIANIAC AL saled qail structure
(helix structures) such as Leucin-zipper domains. However, there are also strategies in which the
interactioncPERVEEh 4h«AHINETEFiheTof e S arehosed]dgratiecraolitinieviBerson ifesaiddidst tri- and

pentabOdiﬁ@)ABh’eq{ﬁzlﬁ@@)ééﬁiﬂ)ﬁL‘éﬂe%p&@% é@lﬁéﬁé@d@“@@éﬂd&%&ogmﬁfgﬁ\é desivghivgidThe
shortening of the Linker in an scFv molecule to 5- 10 amino acjds |leads to the formation of

homodimefE R ATEHRREIRRTRIsEH SHrilst PERMPERItoA tARELHIECET BURYARES MisiFabidfionally be
stabilised béhennosanrafien oidisuphidebridgasifxampleRof dighady-antibodyrpeptainsrare known
from the prior art. Bé/t@inibtod% he skilfled )erson means a biva}f , homodimeric cthderivative. It
consists of & TUSIoN protein which Containg the CESTEI Bt 41 imminBgiosuih, prerrdby igs, most
preferablyhg@dlasithbatinferisatierene diomdvinishl® doseqected ¢ortipeisskv vieRaaHiggencegion (e.g. also

from 19G 1) 3Rk Ak oG9I FHRIRY SRR JURIROAGANNROSRIRIEING, LAY, IR §he prior art.



WO 2009/068645PCTTEP2008/066430 37 By triabody the skilled person means a trivalent
homotrimeric scFv derivative. ScFv derivatives wherein VH-VL are fused directly without a linker
sequence lead to the formation of trimers. The skilled person will also be familiar with so-called
miniantibodie¥ YHRHIRERE a bi-, tri- or tetravalent structure and are deriveBGFIRR28884066FHe
multimerisation is carried out by di-, trior tetrameri® coiled coil structures. In a preferred embodiment of
the preseneimenton, ihmgepecchintefest ishensodskidfastylBf thesmoesitedipobegpeptidds imentioned
above, preferah fof & manasnal anihat A dsTalum oL Inamenidheraglnip.ardst to pegfoun any
embodiment of the present invention, an integrase has to act on the'recombination sequences. The
integrase &iaFaGARGrdsEGETe arfdroe kew:theterior a co-factor gene, e.g. the XIS factor or the XIS
factor gene and/or IHF or the H-IF gene may be present in the eukaryotic cell already before
introducing the first and second recombination sequence. They may also be introduced between the

introductio &I IRE I iHhE REETHITEHINTb AR SUGGE LS wtmby tidhREoRIREd 6FEHE st and
second regaRB\LinRlioN seqdRnceRRtlisaliomaliesambinreiend hostiartesprateinghageen
described in the art (Nash, H.A, (1983) Methods of Enzymology,.100, pp. 210, Filutowicz, M. et al.
(154) oM A SR LSS P s o RO ALl ST S i B ot e
enzymes ead i paftidthtpedified®ising progetoneddessribedfateexamplatfonintiar Giglrapembinase.
The purified proteins. can he introduced.into.a cell by standard techniques, far example eans of
niecton o S T R B I oo oassee
for IHF. AltematiBely rephRNA encbtindiesites.ifte grds® oistherhBst(128tord. dawmelintrogticed into
the cell. Thg inipgrase ysad forthe spauanae:spes issesombination énpieferably gpressed in the cell
in which the reaction is carried out. For that purpose a third DNA sequence comprising an integrasc
gene is introduced into the cells. If the sequence specific recombination is carried out e.g. with

atiLlattR apkl, factoraeneitiumibDiAsequgnsahsaay Rentmduced inia, tharelsin aggition. Most
preferred is a methgd wherein the third and/or fourth F)NA se%t;ence is integrated into the eukaryotic

genome of e &il-or A5 R mHBAroMEEBmMEISTh G B FEFETHES MBIt of TaRdBmly.
Further prefestictiisna methashvddareintiheaiied andarfpUEBDNA seguencRe umRrisgsHrRgulatory

sequences resulting in a spatial and/or, temporal expression of the integragse gene and/or XIS factor

gene. W(? 15%%57&%884% /§B?8%§B%€&@§ir$ 'iff?izb’caatstg% ggfétigfgégpfzet%‘s‘fbhaﬁ%eaﬁ% %at the Int
recombina&gé’;.ﬂa@n)d!&fa@?ob,_squmpdhhmﬁ@macmn,rémpiedtiuelﬁvis égps@;se&tghymma, particular cell
type by usgaf Cell IMRBROFIIC, 59{139&8(@ it ?’h%%ér%rﬁ\ﬁeﬁ%ée&‘%%%%@%& 'éﬁé”cm?ﬁgeg{?o%'}s’ €g.1n

liver cells, kidney cells, nerve cells or cel system. In‘the regulation of t

integrase/X194dEB/AF exprEsdistyn batiperaitergrasshonlmarpemndiiey sitcby The gaspiromotors

being activedrap @LimacBaiciiar Q&Péi%'%@ilﬁﬁiééssﬁﬂgg B ARPALSURE PRIBLOLEIME U 3 adult
organism. Furthermore, the temporal expression may be achieved by use of inducible promotors, e.g.

by interferBiBPSYREETDisD HEBEM ep’i%?ﬂ%‘ﬂﬁ?é.i’ﬁ‘?éJfFﬁeﬁF%’sé“ﬁ’s@ﬁ‘ﬁﬁptﬁe%ﬁﬁ&*o%amesent
invention @yay, betothdhe wildrbrpemndstiiedmedifieck{ muaied)dntegrase af theobagigrieplage lambda
As the wild-type integrase is only.able to perform the recombination reactio a high efficiency with a
co-factor, FERAE T W FRHSAEE £ den 2ot BP0 o dlbd o R STEEER
invention. iiftthéuatilck typeniategraseusstisethng thehmethoc gbthd peesenninwendics HEb raaybe needed
in addition 4o, achieye. 4 sHpulRlion o e Jegomination reagtion, The jogiieghintegiase,is modified
such that said integrase may carry out the recombination reaction without THE of othet fiost factors

such as XSdeid FESH Fgesensiplacadatatibihiohreattpirhenvbeinatt fuasitbudtRiBemestices may
be preformgdday 3 madified iswithausthe dditioniolAbast arton(see WAR00HRA8AB4), The
generation of modified polypeptides and screening for the desired activity is state of the art and may
be performetl ¥=i sEBiE &mple, a nucleic acid sequence encoding for a modified integrase is
intended to include any nucleic acid sequence that will be transcribed and translated into an integrase
either in v:ﬁg{o or. upon intro%%cgjon of the encoding sequence into bacterja or.eukaryotic cells. The
modified inSBTSLIERTBEeIR WA ASETG! S RERE CAR B RS oG AP SpOPRRGh S mutation)
or recombiratiihsenginketed thetantsmidtiatiants btrwaoaie dbueisicpiant diagmeifsafisnctional
equivalents, derivatives qlgm logs, and fusjons, of the naturally occurri r.wild- roteins as long
e the bl S B SO S el B 1
maintainedn®Récuspitsinage avdvicisbamairRaitdSvhepthenodifiedtrecondsindse fraslaileast 50%,
preferably at least 70%, more preferred at least 90%, most preferred at least 100% of the activity of
the wild-type integrase Int, measured in a co-transfection assay with substrate vectors and expression
vectors as described in the examples of the present invention or in Example 3 of WO 01/16345 and /or
Results 5.2. Certain amino acid sequence substitutions



WO 2009/068645PCT/EP2008/066430 39 can be made in an integrase or its underlying nucleic acid
coding sequence and a protein can be obtained with like properties. Amino acid substitutions that
provide functionally equivalent integrase polypeptides by use of the hydropathic index of amino acids
(Kyle, J. et a¥AY8oPEHfol. Biol., 157, pp. 105) can be prepared by perfoPfiliif B aqsd&tic
mutagenesis or polymerase chain reaction mediaf&d mutagenesis on its underlying nucleic acid
sequenceFinthiae podsent imventipharutints:ovdnodifieg integuasesaaremetfedsetdwhitthahow in
comparisqgs{gdafovlvplgé@/ﬁ)& %Ot itnr' Qi\ﬂ%gi Orj_?sgombinase activity/recombination efficiency or an
recombination activity independent of one or more host factors. "Wild-type protein” means a complete,
non truncated, non modified, naturally occurring gene of the encoding polypeptide. Two Int mutants
preferred pedanisrionlage.lamidecnissrasasdrsionaiad A At IR 2148 Miller ghal. (1980)
Cell, 20, pp. 721; Christ, N. and Drage, P. (1999) J. Mol. Biol., 288, pp. 825. Int-h Includes a lysine
residue in8BEQY FR giGHARTAES WSTHGE SepBaitish v amelraperisemroskientypelirnarmihbas includes

a further lysipeciesidue: instengdaia gldanaieesidur ahpesitiontSandinas.oanarated.Ry PCR
mutagenesis, of tBe Int-h gene. Said mutants g1ay catalyze the recombination between attBlattB,

AtPlattp, BIR AR 0P ArPSTATES ST A TG S S Mol AU ARy - BHe AHEIERF Stiacts, or
attR/attB esthederivelived; hotologresibeceoimwiitiodtthatda-tadions ibtfue X &makden S and
negative supereqiling in E. coil, in eulcaryotic cells, and n vitro, i.e. with purified substrates in a
reaction tl%%.oil’% ?n%%%e\%r‘ﬁee% rg?%%%% e%%eﬁ’(ﬁl tﬁemr'teh&l)’r%%%?a |oﬁnr§%§ %ighl%lwég with a co-factor,
e.g. FIS. Ehd/onutaRt derisnassos thrafalrditbecaubertiolo gnatarrbositilpf ¢ woeorecombinetidnt reaction
with incre%ﬁ%gn%fgﬁég‘ncy. If the first reaction leads to an excision and the used two recombination
sequences are identical, e.g. attP.blattP.b, the resulting recombination sequences after the
recombination will be identical to those on the substrate, e.g. here two attP.b sequences. If however,

the two paripeseeakencesiei e JiHarentng: do attR-05 therasambinationseaston il gemerate hybrid
recombination se%uences which corggorise one functional half from one sequence (e.g, attP .b) and

one half fréffi tHEbthef {httR) “A%uAbton el Haft RN HAR O SHEBSF bY defifetPHEAHE S Rfuence
either 5' oh@nfaoguthe @vestae, Wwhdmiynthe tyedap s congice wd, dRceacherserasrapatef a
funtional '}ﬁ'f'sitf- If the resEgn(?Dctivt overlap re ionfo}E the used ecorqbilfaat'&o?(%e nces is identical the
excision reargﬁbno%“a)} Ceoﬁﬁ)er armec Wﬂfﬁ’é:r% FeCOMBINALION S 1&§esr118e HccSrdifg t 1%53%1%%ti0n.
Additionalbpmhesevertapsegionndesig hatasgtie chgratiof’ df thae GICoRIbIAZLGh (SEGUENCEO tb each
other also, j.e sinyert irect. The.r ign.may.be perf: ith.wilt- Int with low efficiency
only, howg\{}(gr?bthgéeg ?%#%%%%{%%%%8%5@%E%ggég‘%;%%%ﬁ%ﬁ Igéialfbc?rlﬁﬁt géal Is%nce of IHF
the preserfeéigkasrd Birtingshadnm Abelition badiescord Difelidet shey timisittnethdtirereases the
efficiency. s ceacHORMARS PEsTMREINAUL AR SOfARIR R g nodified Int. Furthermore, a
method is preferred wherein a further DNA sequence comprising a Xis factor gene is introduced into
the cells. Most preferred is a method wherein the further DNA sequence further comprises a regulatory
DNA sequensegidngisentera spaisal aneéostemparahry aasion otdoaptistastaggene. dof example,
after successful integrative, intramolecular recombin tiang\%inversion) by means of Int leading to the
ciivation ARVt &0 Jena e Saral Fr Ay P BATEF e Hiag K FFACHVE oS atfvated at a
later pointioftticngeagain dfytheecakargbtheciidoced spiiatlamdiaciampesalceXfirgseiambinétHwith the
simultanegusly expression,of ot frhermore, e, iavension relates o, he se; abany reqompination
sequences or the Gerivative or%omcﬁogue t%erecﬂﬁ, c.g.to the derivative or omo?ogue St attP.b as
specified iFSBEQNBINONG B gey Janceidpeciithiasernbihatioriet DA inceukengfolicvedhisbahe
eukaryoticGalh Maw DR RIRSSRUAL A GENAGIRIAGAT RRALIHIHT S8 2 SPADIHAL O AaNis having no

integrase or Xis factor in its cells. Said organism may be used for breeding with other organisms

having in @8t 8l inte g Bltite %R ot 5o widk SrREArMGE Mo Retapinswwiespithe

sequencegpegciiciecombieatianisieefomegincals pfwaidaftspangs. Thus theyention relates
also to thei?]use of an jntegrase or a% integrase gene and a Xis fz:l?c%‘ator or a Xis factqr gene and an IHF

factor or afP TR GeRP T Setuaite’spEaRRATEE OHBTn &Riok irF ik ANb R T B R  more, the

present inveniidnnelate s doueu ket olicsc&lks an chesiblings; insyhictidhe snathpebofith®ipressns invention
f i ' I I i [ formi h h f th

miz ,ﬁ?gn?@%g%%‘?‘{% .st%jgge s or cell lines are obtained after performing the method of the present



The practice of the present invention wilt employ, unless otherwise indicated, conventional techniques
of cell biology, molecular biology, cell culture, immunology and the like which are in the skill of one in
the art. These techniques are fully disclosed in the current literature. All publications and patent
applications WebHe#this specification are indicative of the level of skRF3ERSE8/KkAREd in the art to
which this invention pertains. All publications and Hatent applications cited herein are hereby
incorporatHdvmyveefareincadn tayidntivetinieperdetito fiarediyniiescitne shpstadebef the arhéo which
this inventioerllz 1;Pertains The inventior} é%yo &009{068®45PCT/§5§89§/066 041 gﬁlne‘rall)(jdescribed

above will' bé mMore | rg%%i yﬂﬁ%’&‘é‘% 5od by teterencs 1o the If‘glilowmg e%rrﬁﬁ é?r\?v e ?éciﬁ%rell%y included

merely forrthéqpurposgaidtiusthationsofbertaindetsidodimeritsretl theliprasentdimlemtion andisnot
intended tg, it 0e KIVERHGHIN ARYMRAN Q2000 ORGP I EP2Q0R0RRAA0 Ao Exqmples

Methods Cellculture and transfection CHO-DG44/dhftr4- cells (lirlaub, G. et al., (1983), Cell, 33, pp.
405), are §i6wenbERHEHErIYINSIEpEREIdriE hesBrimffddmemprceHO25SPRIEIHRrogen
GmbH, Karlsruhe, DE) supplemented with hypoxanthine and thymidine (HT), are incubated in cell
culture flasks at 37C in a humidified atmosphere containing 5% CO2. The cell number as well as the

cell viabilit) P4 SR FRTRBIN AL BT YCAF BRSO CRTE L3 D A LS S ORISR AR BFF B3 8x 105
cells/mL ifdreghiegelition @very turte targer ays. via homologous recombination. For the method

of the present invention both the first and/or the second recombination sequence may
comprise the further DNA sequences. Preferred is a method wherein both DNA sequences

comprise the further DNA sequences.

Introduction of the first and second recombination sequence with or without further DNA
sequences may be performed both consecutively and in a co-transformation wherein the
recombination sequences are present on two different DNA molecules. Preferred is a method,
wherein the first and second recombination sequence with or without further DNA sequences
are present and introduced into the eukaryotic cells on a single DNA molecule. Furthermore,
the first recombination sequence may be introduced into a cell and the second recombination
sequence may be introduced into another cell wherein the cells are fused subsequently. The

term fusion means crossing of organisms as well as cell fusion in the widest sense.

The method of the present invention may be used e.g. to invert a DNA segment lying between
the indirectly ornentated recombination sequences in an intramolecular recombination.
Furthermore, the method of the present invention may be used to delete the DNA segment
lying between the directly orientated recombination sequences in an intramolecular
rccombination. If the recombination sequences are cach incorporated m 5-3' or i 3%-5'
orientation they are present in direct orientation. The recombination sequences are in indirect
orientation if ¢.g. the azrB sequence is integrated in 5'-3' and the a7tP sequence i3 integrated in
3-5" orientation. If the recombination sequences are each mcorporated e.g. via homologous
recombination into intron sequences 5' and 3' of an exon and the recombination is performed
by an integrase, the exon would be inverted in case of ndirectly orientated recombination
sequences and deleted in case of directly orientated recombination sequences, respectively.
With this procedure the polypeptide encoded by the respective gene may lose its activity or

function or the transcription may be stopped by the inversion or deletion such that no



Transient transfections of CHO-DG44 cells are conducted using Lipofectamine Plus reagent
(Invitrogen). Per transfection 6x105 exponentially growing cells in 0,8 mL hypoxanthine/thyrnidme
(HT)-supplemented CHO-S-SFMII medium are seeded in a well of a 6-well chamber. A mixture of
plasmid DNA® O 252/péefectamine and 6 u.1_, Plus reagent in a volume fQUBHA048géNerated for
each transfection and added to the cells, following%he protocol of the manufacturer. After incubation

for 3 hourgcamplcaf) Hrinstpfl emenied: ¢ G- BHHAN mediis isoadded. Aselasior OftelasaigeDNA from
transfected ?HO%%GM c%lls. CeIIs1 fé)tr&h%[isrolation.ofﬁﬁ)lasmid Ell\l'to‘ are ha%rvested 8 h gft
transfectidh an cleﬁsnzzP.;S M \c]%ﬁ gusepénscl)oen Vgrr’el%% etey (gy geen]t?ﬁurﬁaa%g)ﬁl T8 MICroee fﬁfuge at
7000 rpm fotivamihatxpFassioel bysiscandrextiagtiotesfdh pgiasmideDNA tie@éAprepiBiipeMiniprep is
used accogdi l.o t J T i Is eluted,in 100 tiL, EB
Dutter, PO B e A Bt h oo B ool S B o A D e
to detect ifeairpORS ST andee driTbitation ! fhivecreadtibrobarcnpds. dd 9t svesiatony leplasiniacioreA 0.5 pl.,

primer CEpNforz (3 i IEQNESASbPdbrmeS g SGraMEE QM S ERiNOird Qe GQown
2009/068645PCT/EP20081066430 43 10.5 nL dH20
in the art for various eukaryotic expression systems.

However, the first and/or second recombination sequence may comprise further nucleic acid
sequences encoding one or more polypeptides/products of interest. For example a structural
protein, an enzymatic or a regulatory protein may be introduced via the recombination
sequences into the penome being transiently or stably expressed after intramolecular
recombination. The introduced polypeptide/product may be an endogenous or exogenous one.
Furthermore, a marker protein or biopharmaceutically relevant therapeutic polypeptides may
be introduced. The person skilled in the art knows that this listing of applications of the
method according to the present invention is only exemplary and not limiting.

Furthermore, the method of the present invention may be used to delete or invert DNA
segments on vectors by an intramolecular recombination on episomal substrates. A deletion
reaction may Be used e.g. to delete packaging sequences from so-called helper viruses. This
method has a broad application in the industrial production of viral vectors for gene

therapeutic applications.

The intermolecular recombination leads to the fusion of two DNA molecules each having a
copy of auB, atP, atil., atR, atP.b, atfP.a, atl¥, artl.a, atR*, atiR.a or attR.b or various
combinations of a#t sequences or of their derivates or homologues. For example, afiB or a
derivative or homologue thereof may be introduced first via homologous recombination in a
known, well characterized genomic locus of a cell or an artificial-’minchromosome.
Subsequently an atfB, atfP, atfl, arR, attP.b, attP.a, atfl*, atl..a, atfR*, atfR.a or attR.b
carrying vector or DNA-segment may be integrated into said genomic @B sequence via
intermolecular recombination. Preferred in this method is the co-expression of the mutant
integrase, e.g. Int-h or Int-h/218 within the eukaryotic cell, wherein the recombination occurs.
Most preferred is the co-expression of the mutant integrase Int-h/218. Genes encoding for any
of those mutant integrases may be located on a second DNA vector being transfected,

preferably co-transfected, or on the vector or DNA-segment carrying the a#fP, atfL, atfR, atfB,



12.5 ILL 2x GoTaqg Green Mastermix (Promega) Initial denaturation at 94C, 30 sec followed by 30
cycles of denaturation (94C, 10 sec), annealing (60C, 10 sec) and extension (72C, 30 sec) and a final
extension step at 72C for 5 min. 5 of each PCR sample is loaded on a 2% agarose gel and separated
by electrophorssrs¥/@6tar systems pBl-26/attP:contains CMV promoter ard tarsesutisedy an attP
sequence (SEQ ID No: 2) pB1-26/attP.b:contains £MV promoter and consecutively the attP variant

attP.b (SE@tPQ),N&rrﬁi,pﬁﬁﬁﬁ/aﬂBaQiQﬁﬁﬁimﬁtﬁMVrpmmﬁiﬁhﬂﬁduC@E}ﬁ@%ﬁ“ﬁ@'&iﬁ%ﬁiﬁ?ﬂ’@gﬁ@g attP.a
(SEQ ID No: 4) pBI-26/attlL.:contains CMV promoter and consecutively the ant sequence (SEQ ID No:
) DB 2R RS A 7o BHEP TcTEOnE Ol the et Yarkis AMCRtie. act s,

atfP.a, attl®, attl a, atiR*, atR.a or atfR b carrying vector or DNA-segment, e.g. a gene for a
particular marker protein flanked by loxP/FRT sequences. With this approach it may be
achicved that, e.g. in comparative expression analyscs of different genes in a ccll type, said
genes are not influenced by positive or negative influences. of the respective genomic
integration locus. Furthermore, the method of the present invention may be used to fuse DNA
segments on vectors by an intermolecular recombination on episomal substrates. A fusion
reaction may be used e.g. to express recombinant proteins or relevant domains in order to
screen for phenotypes. This method may be used in the high throughput analysis of protein

functions m eukaryotic cells and is thus of considerable interest.

As mentioned above, intermolecular recombination may be used to introduce one or more
gene(s) of interest encoding one or more desired polypeptide(s)/product(s) into, e.g. episomal
substrates, artificial-/minichromosomes, or various host cell genomes containing a first
recombination scquence. In this context a second DNA comprises beside at least one
recombination sequence, e.g. attP, anB, atfl., atR, at® b, attP.a, atflL*, attl.a, atR*, atfR a,
artR.b or any derivative or homologue thereof, one or more expression cassette(s) for the
expression of one or more desired protein{s)/product(s). That expression cassette may be
introduced into a desired target locus via the recombination sequences which allows
sequence-specific recombination between the DNA comprising the second recombination
sequence and the expression cassette, and the first recombination sequence being introduced
before into said episomal substrate, artificial-/minichromosome, or host cell genome, This
embodiment may be of high nterest for establishing high expression cell lines which are

suitable for the production of biopharmaceutical products.

In this context, a first DNA comprising at least one recombination sequence has to be
mtroduced, e.g. by random integration, into the genome of the host cell, an artificial-
/minichromosomes or episornal substrates contained within the host cell. Alternatively, host

- cell may be transformed with an artificial-/minichromosome or episomal substrate comprising
a corresponding at least one recombination site(s). Another way to integrate recombination
sequence(s) into a desired target locus, recognized by a bacteriophage lambda integrase Int, is

to use homologous recombination techniques as mentioned above.



(SEQ ID No: 7) pZsGreen/attB:contains promoter-less fluorescent green protein with an attB-sequence
(SEQ ID NO: 1) upstream of the start codon pZsGreen/attP.b:contains promoter-less fluorescent green
protein with the attP variant attP .b (SEQ ID NO: 3) upstream of the start c,odon
pZsGreen/atiBR2EEMEEHY promoter-less fluorescent green protein with the®GEERAECAHP .a (SEQ ID
NO:4) upstream of the start codon szGreen/attngontams promoter-less fluorescent green protein
with an atthséq:uiﬁat@e (SEQdD NO: d8)lepstredmtaittherdtait dodon pHs@Green/attRdcatitains

D SR MOIG e GIRIIRIG WAL f1e AR YRHANL SR A (SR IG g alfear of the
Zs en

start codon attR contal S promoter ess fluorescent green proteln Wlt he attﬁ variant
target locus at the same time. This may be achieved, for example, if the recombination

sequence(s) and a selection marker gene are co-located on the same vector or DNA segment,
which is introduced into the target locus, e.g. by any method mentioned above (homologous
recombination, random integration, eic.). As the expression level of the selection marker gene
correlates with the franscription activity at the integration site, cells showing a high
expression level at site of integration, cell robustness, and good growth characteristics, e.g. in
a bioreactor, can be identified very effectively. The level of expression of the selection marker
gene can be determined by methods well known in the art, e.g. on the basis of cither the
amount of corresponding mRNA that is present in the cell, or the amount of polypeptide
encoded by the gene. For example, mRNA transcribed from the introduced gene sequence can
be quantified by Northern blot hybridization, ribonuclease RNA protection, in situ
hybridization to cellular RNA or by PCR. Proteins encoded by a selected sequence can be
quantified by various methods, ¢.g. by ELISA, by Western blotting, by radioimmunoassays,
by immunoprecipitation, by assaying for the biological activity of the protein, by
immunostaining of the protein followed by FACS analysis, or by measuring the fluorescence
signals of a fluorescent protein. By such a method excellent candidates of a production cell

line for producing biopharmaceuticals may be obtained.

The integrated recombination sequence(s) (first recombination sequence(s)) allow integration
of a further DNA molecule, e.g. a vector or DNA segment carrying at least one further
recombination sequence (second recombination sequence) via  sequence-specific
recombination by a bacteriophage lambda integrase Int into a transcriptional active locus.
Preferably, that further DNA molecule comprising at least one second recombination
sequence further comprises an expression cassette for the expression of at least one
biopharmacecutically relevant gene of interest. For this, host cells, which comprise the first
integrated recombination sequence, preferably integrated into the host cell genome at a
transcriptional active locus, are tranfected with a DNA molecule comprising the second
recombination sequence for a bacteriophage lambda integrase Int, and are cultivated under
conditions that allow sequence-specific recombination between the first and the second
recombination sequence, preferably the integration of the DNA molecule comprising the
second recombination sequence into the host cell genome comprising the first recombination

sequence. First and second recombination sequences can be either antP, auB, attL, atR,



attR.b (SEQ ID NO: 11) upstream of the start codon pBI-26/ZsGreen:positive control and for
determination of transfection efficiency; expresses fluorescent green protein under the control of a
CMV promoter WO 2009/068645PCT/EP2008/066430 44 pCMV SS Inth218: expresses lambda
Integrase IntWPZ2P8HBR4P the control of a CVM promoter pIHF:expresses AFEER#PBOtditninal
His-Tag under the control of a CMV enhancer/betalactin promoter (chicken) pBI/TI-X:expresses XIS
(excision fakor) unber thd EpntfokohafC My Rriandel/ b 32y a grosiotes:(hamsiesh & xdorpdd

l:Intermo'\%ﬁlldéﬁra[%%osrggﬁﬂgx% Dslpjescllrfﬂ: E@go?%%g i Q;[z a bacteriophage lambda integrase Int or any
functional mutant thereof. For example, if the first recombination sequence comprises auP or
a derivative or homologue thereof second may comprises atfP, atiB, atfL, atR, attP b, attP a,

attL*, atfL.a, atfR*, atR a, attR.b or any derivative or homologue thereof,

Preferred is the method wherein the sequence-specific recombination is performed by Int, or
by Int and XIS, FIS and/or IHF. Most preferred is the method wherein the sequence-specific
recombination is performed by Int or by Int and a XIS factor, or by Int and IHF, or by Int and
XIS and IHF. Further preferred is the method wherein the sequence-specific recombination is
performed by a modified Int, preferably the Int-h or Int-h/218. In this context, use of a

modified Int together with XIS and/or THF is also within the meaning of the present invention.

By this approach any DNA sequence(s), comprising a second recombination sequence for the
bacteriophage lambda integrase Int is/are integrated into a known, well characterized and
defined locus of the host cell. To select for cells where a sequence-specific recombination has
occurred one can introduce, for example, a non-functional expression cassette comprising the
selection marker gene, e.g. without a promoter or promoter/enhancer or only part of the
coding region of the gene. Only if sequence-specific recombination has occurred, a complete
and functional expression cassette with efficient expression of the selection marker gene will
be generated, thus allowing for the selection of cells having integrated the gene of interest via

sequence specific integration.

By the method of the present invention production cell lines are obtainable differ from the
host cell merely by the identity of DNA sequences integrated at a defined site of integration,
¢.g. info a genomic locus. Due to less genetic variation between different cell clones a more
generic process for the development of production cell lines can be used, thus reducing time
and capacity for clone selection and development of an optimized production process. The

production cell lines may be used for the manufacturing of the desired polypeptide(s).

A further aspect of the present invention therefore relates to a method of expressing at least
one gene of interest encoding one or more desired polypeptide(s)/products(s) in a eukaroytic

cell, comprising



attP.b in CHO-DG44 cells The attP variant attP.b (SEQ ID NO: 3) contains 9 substitutions in
comparison to the attP wildtype sequence (SEQ ID NO: 2). This is equivalent to a sequence homology
of 96.3% (Figure 1):
gctgttacaggtcABradiPetStacgtagttgattcatattgtctgcatatctigtgtittacagtattatctBG i RANEICeEA aatct
aatttattatattgatatttatatcattttacgtttctcgttcagctittitatactaagttggcattataaaaaagcattgcttatcaatttgttgcaac
gaacaggtcactatcagtedaaea ot fate dis it gattiorisiig beingy e stell, whEthenthe oty aribiit attP.d), can still

recombine with anat m%’ i A i s nsion.ada t%d CI—{E)-D§4 cells,under serum free
culture coﬁg%’o%%gbé%gﬁé%e%%% 9'55%) lﬁ%u%%)(rs]}s are i\(f)dc%i%e rir%l'q[ _é) ity ingrgﬂesm Sraléll—_}; XIS, FIS and Int.
For catalySigefutiagecsnsihBidh teavtvinambud tegFaserdpbattitailyarii-h 12d8q4ntegrBde, is used.

First, the GHOREAACRIR e d@niasisdwiiiamba nggass Wb 1elda0d iRF.angoding

plasmids. Three different types of transfected cell pools are generated: - transfection using 1gg pCMV

SS Inth2 1 FEEEHIFREE AHoBItE f RACRSIRAESSHEPABOEFEMUESS Inth218 and 600 ng pIHF each per

cell pool - peask-transiecieguestcppelsivithosiaddine any plasemiddsane as sontrekiosfagkground
quorescencFég WQ 2009/068645PCT/EP20Q8/066430 45 After 24 hours post first transfection, those

cell pools P EHEfeteer S SK IS BREOIIRING LEibiAtiBS of substrate vectors, which contain

recombinatidiivsenuesidesll under conditions, wherein the gene(s) of interest is/are being expressed.

Preferred 1s that method, wherein if said first DNA sequence comprises an atP.b sequence or
a dervative or homologue thereof said second sequence comprises an atfB, an®, atPb,
attP.a, atll., aul*, atL a,, atiR, attR*, atfR.a or atfR.b sequence or a derivative or homologue
thereof, or wherein if said first DNA sequence comprises an affP.a sequence or a derivative or
homologue thereof said second sequence comprises a#fBB, atfP, atfP.b, atP.a, arl, atL¥,
attL.a,, atiR, attR*, atR.a or attRb sequence or a derivative or homologue thereof, or
wherein if said first DNA sequence comprises an a#fL* sequence or a derivative or
homologue thereof said second sequence comprises an arfB, attP, attP.b, atP.a, arl, atfL*,
attl.a,, atiR, arR*, anR.a or arR.b sequence or a derivative or homologue thereof, or
wherein if said first DNA sequence comprises an arfl.a sequence or a derivative or
homologue thereof said second sequence comgprises an affB, affP, atfP.b, atfP.a, anl, arl¥,
aftl.a,, attR, atiR*, attR.a or attR.b sequence or a derivative or homologue thereof, or
wherein if said first DNA sequence comprises an affR* sequence or a derivative or
homologue thereof said second sequence comprises an a#B, attP, attP.b, atiP.a, atiL, atfL*,
atfl..a,, atfR, anR*, atR.a or atR.b sequence or a derivative or homologue thereof, or
wherein if said first DNA sequence comprises an afR.a sequence or a derivative or
homologue thereof said second sequence comprises an afB, attP, attP.b, attP.a, arl., atl*,
attl.a,, attR, atR*, attR.a or atfR.b scquence or a derivative or homologue thereof, or
wherem if said first DNA sequence comprises an arfR.b sequence or a derivative or
homologue thereof said second sequence comprises an a#B, atP, attP.b, antP .a, anl., arl.*,

attL a,, atiR, atR*, gitR.a or qtfR.b sequence or a derivative or homologue thereof.

In a more preferred embodiment of that method, the first DNA has been integrated into the
genome, an artificial-/minichromosome or an episomal element of a host cell, preferably at

sites showing high transcription activity, before said second DNA is introduced into said cell.



a) pB126/ZsGreen (= serves as positive control) (500 ng) b) pB1-26/attP (500 ng) + pZsGreen/attB
(500 ng) c¢) pBI-26/attP.b (500 rig) + pZsGreen/attB (500 ng) d) pB1-26/attP.b (500 ng) +
pZsGreen/attP.b (500 ng) Every plasmid combination is inserted in each of the above listed
combinations'6? #4#8féeted cell pools, whereby 6 pools each are transfectéd FEEWSHsHAtion. Solely
for the mocktransfected cells serving as negative3 ontrol to measure background fluorescence only 2
pools per substrate vector combination are transfected. After 48 hours post second transfection, the

cells are apavSReIng.a EACRSAURML Repian RS hsanl-The, anaiss o i dia s perdormed

using CellQuest-Software (Becton Dickinson). The transfect ionefficiency, determined by measuring
the fractioMerditidresbepit edlisvihateil poisld erarsste croapiigs s pasitifele ot ol veibidr atiL .,

PBI-26/ZsGrgen ;imbeesmaN ¥R ARA-2 3 INdsHReRSIoN RAIARIRA CHORGHE sells immasrym-free
medium As a result of a successful intermolecular integrative recombination between attP. and attB,
attP.b andZ&REre CARPNaHEA BB FEESbination sequences, respectively, the fluorescent protein

should be;plagcrdibpdeniie ceswiphchthenCMY pramoter.qine resalting sapressirn ditheMuorescent
protein serves as reporter for a recombinatio evetgt. The FACS analé/si of the SUbSt? ector

. te
transfectetr SAMCERbH ST TR PS MR YRR Bt RISl R resb i isioh BRIy 5&tveen attp
. and attB, attRRaotand @t Bdiuysisotaetwieehagpambiatfdr{semtigure 2). The fraction of fluorescent

cells in those expermental sel ups WHETE. R Sellsuets TSl anslaslsd Hlag, s sampinaiipn of
integrase an Xpression vectors, Is on average 1.2% for intermofécular recombinations between
attP.b andwditBisubstyetenddebohas infegeafor refochsmmitidNd between attP.b and attP.b substrate

;’heCtorS a’EﬁﬂiJé’{ﬁa%oéaif&t‘ééﬁ‘%%%Pl%ﬁ%ﬁm%@I@R%@%@M@@ AR @04 AHB SupRraigugeiors. For
ose experimental set ups, WO 20091068645PCT/EP2008/066430
The method may be carried out not only with an a#B, a#/P, atlL, atR, atfP.b, attP a, atll.*,
arfl.a, atR*, anR a or atfR.b sequence or a derivative or homologue thereof being integrated
into a host cell genome by genetic engineering of said cell, but alse with naturally occurring
recombination sequence of the genome, e.g. the artH-site described in WO0O01/16345 (5'-
GAAATTCTTTTTGATACTAACTTGTGT-3’; SEQ ID NO:14) or any other recombination
sequence, which allows sequence-specific recombination mediated by an Int or any functional

mutant thereof,

Those methods are preferred, wherein said sequence-specific recombination is performed by
Int or by Int and a XIS factor, or by Int and IHF, or by Int and XIS and JTHF. Further preferred
is the method wherein the sequence-specific recombination is performed by a modified Int,
preferably the Int-h or Int-h/218. In this context, use of a modified Int together with XIS
and/or THF is also within the meaning of the present invention. Int, Int-h or Int-h/218, XIS,
and/or THF may be added to the cell in purified form or bein_g co-expressed by said host cell,

wherein the sequence-specific recombination is being performed.

A further embodiment of the above mentioned methods relates to a method, wherein the
polypeptide(s)/product(s) which is/are encoded by the gene(s) of interest and being expressed
in said host cell, is/are isolated from the cells or the cell culture supernatant, if secreted into

the culture medium.



46 where the cells were merely pre-transfected with the integrase expression vector, the portion of
fluorescent cells was lower. It was on average 0.3% of the cells for intermolecular recombinations
between attP.b and attB substrate vectors, 0.4% for recombinations between attP.b and attP.b
substrate ved¥sr$W@pE68548% for intermolecular recombinations between atfFCaFd 2t 0eedistrate
vectors. In all cases described above the backgrotind fluorescence was substracted first based on the
FACS anaysisedaieiionwhichaneraltiensieptetdusiing the coriesponding:plasmids, hubwithout adding
the plasmids encodinaambdadnicarase and b, Surerisingly.the, a4 bvatiant was sl afje to
mediate sfte-specﬂlc reCOMBIMALONS with an att sequericé Hd a5 with arother atip; sequence
even thoughlthegstlisspitetons fareckac dted ithehelbirdibigrsivesébr diferXigyEdSaandtefcEXNample

2l nterm%%;ﬁ@&éﬁ{:gmm&%m YUSINOAUPYRHAUS. AHEAANE AR B %Q&&&Fg‘éﬁ%%%ﬁ%&? §GHO-DG44
SEQ ID NO fi

cells The attP variant attP.a ( . 4) contains 9 substitutions in comparison to the attP wildtype
sequence EOEO KON DiroThi i eduiversatte@satdertbond misegipor 98mbol{Fggressyry
getgttacaggteasiaptaccaisiaioaotigaticaipngtencaiataigiaimacagiatiatlastctatiaissaagatct

aantattatattgatatttatatcattnacgtuctegttcagat tt Ltatactaagttggcattataaaaaa%cattgat_atcaantgtt eaac

gaacaggtCLeiaRagIE A AriEata SRR T HomREs VA aRER RIS RO IR PESHEIRS o

substitutiogs wbeemapansenfistheasRildiypensasguaraeu(&E QelDddisis ke TBifdeca0bvalent to a
sequence r&;{)mOIO 0of 96.3% %Figjﬂle 1

getguacadteaSARAEA g ?gttgaettB;a(%%‘ngtt8%°g%lé?é?gtt%}%”ﬁ%%‘é"a&ﬂgfé?&g?&%‘th"ﬁ{ht?&i&%‘étatet
aatttattatattgaliBntatatcatmaedypctegitc agod mtathitaagtigg ciittataaagdag dattgeitatcanittgageaac
gaacaggtc ca%%tg aglataatcattarrtgatit 'HS’ bei@gt st wh@tther the attP variant still
recombiné%\ﬁvﬁw an ide tic%al s?éc%ﬁ%% : v%(ﬂgnt n ggsﬁlé?ns%jﬁcgjdaaﬁ%d é%étsf)é%ﬂig cefls u%der serum
free culturtcpbedfiichybatetisphthensiibetititions stdocaghdrectisibingihgshés\forliHEnXE, FIS
and/or Int,Eor LRIAYSISO gl @th?@%ﬁhQ%ﬂ%”PR%&B@QI%%@B%&EP@QM W5t 8
integrase, is used. WO 2009/068645PCTLEP2008 (066430 47 =~ - .

cells, are well known in the art. Therefore, the aforementioned method of expressing at least

one gene of interest may be added by an additional purification step, wherein the desired

polypeptide 18 purified from the host cells or from cell culture if secreted into the culture

medivm.

The method of the present invention may be performed in all eukaryotic cells. Cells and celi
lines may be present ¢.g. in a cell culture and include but are not limited to cukaryotic cells,
such as yeast, plant, insect or mammalian cells. For example, the cells may be oocytes,
embryonic stem cells, hematopoictic stem cells or any type of differentiated cells. A method
is preferred wherein the eukaryotic cell s a mammalian cell. More preferred is a method
wherein the mammalian cell is a human, simian, murine, rat, rabbit, hamster, goat, bovine,
sheep or pig cell. Preferred cell lines or “host cells” for the production of biopharmaceuticals
are human, mice, rat, monkey, or rodent cell lines. More preferred arc hamster cells,
preferably BHK21, BHK TK', CHO, CHO-K1, CHO-DUKX, CHO-DUKX B1, and CHO-
DG44 cells or the derivatives/progenies of any of such cell lines. Particularly preferred are
CHO-DG44, CHO-DUKX, CHO-K1 and BHK21, and even more preferred CHO-DG44 and
CHO-DUKX cells. Furthermore, murine myeloma cells, preferably NSG and Sp2/0 cells or

the derivatives/progenies of any of such cell lines are also known as production cell lines.

Host cells are most preferred, when being established, adapted, and completely cultivated

under serum free conditions, and optionally in media which are free of any protein/peptide of



Suspension adapted CHO-DG44 cells were transfected in serum-free medium with the following
combinations of substrate vectors (3 cell pools each), which contain recombination sequences: a)
pl3I-26/attP.b (200 ng) + pZsGreen/attP.b (200 ng) b) pB1-26/attP.a (200 ng) + pZsGreen/attP.a (200
ng) c) pBI-26Y8&PH206HY) + pZsGreen/attP (200 ng) In all cases cells weP€TEME4Feefed with the
plasmid pCMV SS Inth218 which encodes for the¥ambda integrase Int-h/218 (300 ng). 72 hours post
transfecticmithel cefisiard analysad iysingita A GRdalibuc{ BactamDickiis 8)ghhe Deiadyhisiof, the data is
performed-using Ce -Saftware ton Dickinso result of a su .iRtermolecular
integrativgdrjee%%%?%ina ‘i&éﬁﬁgét‘%\%e@?gﬁég Eﬁ,u;fﬁ A gr%?ﬁéﬁ%%?ﬁgt&etgganuz@%%r%,l%lgg ectively,
the fluoreddentptdisienshoM ddberp(atel ubiderah é corstroMafdiie CMNbpromoldediTe(FdEang
expressionofihe fiHarerRsam LI SEINSS ASIRPOFABIRL arasPMRInANRN eval, The bABS analysis
of the substrate vector transfected cells shows that there are successful intéimotecular recombination

events notSi B Rigam vidppridtbgsalrs BuY aliup trieaH hite B anbl &t PRI RS EsBE ™ ure 4). The
fraction offuerascentcelimacrants ANRVEEage- oo rhtbessslsdar intarmglesuianfeeambinations

between attP.b substrate vector pairs, for 1.9 % of the cells for intermolecular recombinations between

attP.a subSIFRB G fol Pisitstin 48PN gh At B PSSt dpsioie diaP e StibiRatishshitileen attp

substrate vgidterphii® (ientualuedtonik ensiededoelpedkuaachio il dasaseskiied above
the background fluorescen eateas.bsu%srgrifte%flrst S(i? the FACS a algpﬁls of cglls which were

transfectegl%%}ﬁséutﬁé goPr%’spo ding plas id Corfibina ior, but' g‘(c}a?r‘?lg 4n & yavséc"%o?"(%ﬁ%)ehg) as a
mock plastmidiréithier shdmransladnvickesprdssinguihddansbdayniegraseanti¥Otics, trace elements.
2009/ OGS@@&E&:‘5&993%96&%%96mems may also be included at appropriate concentrations that
would be known to those skilled in the art. In the present invention the use of serum-free
medium is preferred, but media supplemented with a suitable amount of serum can also be

used for the cultivation of host cells. For the growth and selection of genetically modified

cells expressing a selectable gene a suitable selection agent is added to the culture medium.

“Desired proteins/polypeptides”™ or “proteins/polypeptides of interest” of the invention are for
example, but not limited to insulin, insulin-like growth factor, hGH, tPA, cytokines, such as
interleukines (IL), e.g. IL-1, IL-2, IL-3, IL-4, 1L.-3, IL-6, IL-7, IL-8, 1L-9, IL-10, IL-11, TL-12,
IL-13, IL-14, IL;IS, IL-16, I1L-17, IL-18, interferon (IFN) alpha, IFN beta, IFN gamma, IFN
omega or IFN tau, tumor necrosisfactor (INF), such as TNF alpha and TNF beta, TNF
gamma, TRAIL; G-CSF, GM-CSF, M-CSF, MCP-1 and VEGF. Also included is the
production of erythropoictin or any other hormone growth factors and any other polypeptides
that can serve as agonists or antagonists and/or have therapeutic or diagnostic use. The
method according to the invention can also be advantageously used for production of
antibodies, such as monoclonal, polyclonal, multispecific and single chain antibodies, or
fragments thereof, c.g. Fab, Fab’, F(ab"2, Fc¢ and ch’nfragments, heavy and light
immunoglobulin chains and their constant, variable or hypervariable region as well as Fv- and

Fd-fragments

Fab fragments (Fragment antigen-binding = Fab) consist of the variable regions of both
chains which are held together by the adiacent constant region. These may be formed by

protease digestion, e.g. with papain, from conventional antibodies, but similar Fab fragments



48 Example 3:Intermolecular recombination between the attL and attR variants in CHO-DG44 cells
The attL variant attL.a (SEQ ID NO: 7) shown below contains 1 substitution in comparison to the attL
wildtype sequence (SEQ ID NO: 12). This is equivalent to a sequence homology of 99 % (Figure 5):
ctgctluttatactdeg tyygeattdfaaaaaagceattgcttatcaatttgttgcaacgaacaggtcactat®dgid®adistlatadtcattattt
gatttc The attR variant attRa (SEQ ID NO: 10) shaivn below contains 8 substitutions in comparison to

thc_a attR witcky pBséquente S EQHDMNGH 1id)e Dhigdscaeuivalert g amketidensatodmatagyeafs95.1 %
(Figure 6); 114 (a2 fracments. which may.he prepared by proteolytic cleaving with pepsia.
gctgttacagg%cac aatacca c%?gflagt%a% Cilil%a¥thCPg Atatc tﬁpgf)ma agta fatc{lggtc ggﬁ%alfccaaaatct
aatttattatattgatatttat_atcatmacgt_ttc?cgttc_agcttttttatgctaacttg The attR variant attR.b (SEQ ID NO: 11)
shown belpyy Orgtéﬁé@i%% sttHtns I &oMRarisan 1o 1 fxét&gf_wﬂme%e%%@ (RRRAIRNO: 13).

This is equiva to a sequence homology of 95.1 % (Fig

gctgttacagibédeeams canbtaigthy itgasidataedetgeathechepyrt ¥R pat ac tho b gtehare cX3datct
aamattataitgalaifiataleatinasolietcoticagetiniatagiaantiatis desteddfihe ¥arQus.atibizesembination

sites can recombine with the various attR recombination sites in suspension adapted CHO-DG44 cells

under serGidreBSaRrEHBREHONSK BT cRAFLS VIR PécniBin SRy SE B ISHBR g rase,
specificallydmihh? dSaintegrase, fisdsests kitshibe GRsRGA4calkuar thanrstetigdmithiambda

integrasc Int-h1218, IHE encoding and. XIS encoding plasmids. Two different types of transfected cell
pools are Beélloenl*"a?e}g él:lyheavy dndJ o?t%e %éﬂ cha,m%y a%lf()n"t peptzae -.gragmem, e.g. o%{ ?8 fo 30 amino

acids, preferably 15 ammo acids. In this way a single peptide strand is obtained consisting of

VH and VL, linked by a peptide linker. An antibody protemn of this kind is known as a single-

chain-Fv (scFv). Examples of scFv-antibody proteins of this kind are known from the prior

art.

In recent years, various strategies have been developed for preparing scFv as a multimeric
derivative. This 1s intended to lead, in particular, to recombinant antibodics with improved
pharmacokinetic and biodistribution properties as well as with increased binding avidity. In
order to achieve multimerisation of the scFv, scFv were prepared as fusion proteins with
multimerisation domains. The multimerisation domains may be, e.g. the CH3 region of an
1gG or coiled coil structure (helix structures) such as Leucin-zipper domains. However, there
are also strategies in which the interaction between the VH/VL regions of the scFv are used
for the multimerisation (¢.g. dia-, tri- and pentabodies). By diabody the skilled person means a
bivalent homodimeric scFv derivative. The shortening of the Linker in an scFv molecule to 5-
10 amino acids leads to the formation of homodimers in which an inter-chain VH/VL-
superimposition takes place. Diabodies may additionally be stabilised by the incorporation of

disulphide bridges. Examples of diabody-antibody proteins are known from the prior art.

By minibody the skilled person means a bivalent, homodimeric scFv derivative. It consists of
a fusion protein which contains the CH3 region of an immunoglobulin, preferably IgG, most
preferably 1gG1 as the dimerisation region which 18 connected to the scFv via a Hinge region
(e.g. also from IgGl) and a Linker region. Examples of minibody-antibody proteins are

known from the prior art.



WO 2009/068645PCT/EP2008/066430 49 b) mock-transfected cell pools without adding any plasmid
(serve as control for background fluorescence) After 24 hours post first transfection, those cell pools
are transfected again using the following combinations of substrate vectors which contain
recombinatioW8egrGes in equimolar amounts: a) pBl-26/ZsGreen (= sePESEERSM®8HE control) (650
rig) b) pB1-26/atiL (600 ng) pZsGreen/attR (350 [g) c) pBI-26/attL.a (600 rig) + pZsGreen/attR.a (350

ng) d) pBIrR6/attbal (666 ngliipd Sterean/aitthb 6350ingftvesnplasmid cambidationils:inseried in each
of the aboye listed combinati f transfected cell pools Wge eby 3 pools each are transfected per
combinatST R (e TER Ahb DB Mg ROoRbHAE St S ede e BAERgdund
fluorescenggrontysl pool per substrate vector combination is transfected. After 48 hours post second
transfection, half of the cells are analysed using a FACScalibur (Becton Dickinson). The analysis of the
data is perfol tried using CellQuest-Software (Becton Dickinson). The transfection efficiency,

determinedtsyskikesspernentivé ifedsstion femiliarestestedirsdimiangboter arseb ded: wibh tié- positive
control vegir PRI HZ3EFEER 1R ORAVEIAPE? 3.8.701iR: SHEREASION BAAPISAHEHRREA4 6alls in

serum-free medium. As a result of a successful intermolecular integrative recombination between attL
and attR, Sf{CHBRR aERIGoratibH ATtk DIECRBIRRRoRBEGURh e IR EIA T fluorescent

protein sheetd beipigeadsundeidngsantorehdbe deMYdpeimeRifldEhstermiina eI pagtomef the

fluorescenil Protein serves as re ortgr for areco binatiog ev%nt.
o a monoclonal antibody, a derivative or fragment thereot.

In order to perform any embodiment of the present invention, an integrase has to act on the
recombination sequences. The integrase or the integrase gene and/or a co-factor or a co-factor
gene, ¢.g. the XIS factor or the XIS factor gene and/or THF or the IHF gene may be present in
the eukaryotic cell already before introducing the first and second recombination sequence.
They may also be introduced between the introduction of the first and second recombination
sequence or after the introduction of the first and second recombination sequence. Purification
of recombinase and host factor proteins has been described in the art (Nash, H.A. (1983)
Methods of Enzymology, 100, pp. 210; Filutowicz, M. et al. {1994) Gene, 147, pp.149). In
cases when they are not known, cell extracts can be used or the enzymes can be partially
purified using procedures described for example for Int or Cre recombinase. The purified
proteins can be mtroduced mto a cell by standard techﬁiques, for example by means of
injection or microinjection or by means of a lipofection as described in example 3 of
WQO2004/048584 for IHF. Alternatively the mRNA encoding for the integrase or the host
factors can be introduced into the cell. The integrase used for the sequence-specific
recombination is preferably expressed in the cell in which the reaction is carried out. For that
purpose a third DNA sequence conipn'sing an integrase gene is introduced into the cells. If the
sequence specific recombination is carried out e.g. with atfl/a#fR a XIS factor gene (fourth
DNA sequence) may be introduced mto the cells in addition. Most preferred is a method
wherein the third and/or fourth DNA sequence is integrated into the eukaryotic genome of the
cell or an artificial-/minichromosome via homologous recombination or randomly. Further
preferred is a method wherein the third and/or fourth DNA sequence comprises regulatory
sequences resulting in a spatial and/or temporal expression of the integrase gene and/or XIS

factor gene.



The FACS analysis of the substrate vector transfected cells shows that there are successful
intermolecular recombination events between all combinations in the test series (Figure 7). WO
2009/068645PCT/EP2008/066430 50 attL.a and attR.a substrate vectors and 1.2 % for intermolecular
recombinatioH a4t .a and attR.b substrate vectors. In all cases déSEEBEIEA6H the
background fluorescence was substracted first ba¥ed on the FACS analysis of cells, which were
transfecteth ubingr ke copatish explivsgi plaswrioss Hmitthvthoukectdingpth e thtaXifidserc editigr the

lambda-i o g i ffici % 5-13
ambaa '”ﬁ%%&oﬁﬂ%@%ﬁ%@, §S@§;&ggséslﬁ%ilr?t‘{ﬁ@ g nﬁf‘SSﬂQ{)BQ %‘i@&%@eﬁ? ggga%een

. ¢ i
% of the transfected cell ermolecular recombination not only between wildtype

attL and afeRBolestrane Gatekeres bt eeyhaaEeroslibsrirssediors sonthiihectsikdneyateitsvariants.

The meangelativa £ SEEeRH JURFERERANRE (Kalkan) ﬁ%%i%ﬁb}%ﬁﬂﬁ%ﬁiéﬁﬁmﬁ?m?en 96
to 216 for cell pools transfected with pairs of substrate vectors (Figure 7). In comparison, negative

controls (IfKSHAASTETERP R IEPHENASHINS Gt HaVe A HRE 4 PEPRRIE Y SEIP8EI i fof@8kence of
13 and positivecontiokiae iR ttansirated:with pBIL6/LeGrern priaveTdage ameanturlatiueiésGreen
fluorescence of 733. For verification of Successfgl intermolecular r Qombigfations PCR on plasmid DNA
isolated o/ SRR KRB0 R HERB A SR T ARier oRBRARCNTENS D 1D NO:
15) and Zst@eefet¢d BQetdNEind Grpimdabsprahatstsccessful intermolecular recombination between the
pair of substrate vectors ZsGreen positioned on the pZsGreeniatt-vectors comes under the control of
the ClvlV enhancer/promoter located on the pBI-26/att-vectors with the corresponding attachment site

between thémindgrsconsd québreacthPOR ropwsenithviinéietbove tredhitibribel whidders shduld only

occurinc inati ' A I DIes, f d with
e S B S ectors

the expectt¥ePTREPPSAIUEE SF8tPBI e HER Y N RN IEtB BtaEBS RT rhiEr préltransfected
cell pools trapstestpednoaseenshiransiastionavitiipalisui SoPsit PR (A taenEXRAMPIR: wild-

4:Intermolecular recompination between the attl and attB . variants and a,ttFj d attR
variants in BRGIEHAR SelEF AR Bemetng it Ahe QSR NS Tes: 15 EHBMNh 66 Kol Af L pn
substitutiots inchGsparisan tat e dtthaniddbyidsegueneceitaEChEDMNDH 3R )inTdiads Bouivdikat to a

% (Fi .
sequence NOMRAIQoY A At g EARrE, ViR R0 OB AR LR G UM 1A BT other host
factors such as XIS and FIS. For example, a recombination reaction between azzl and a#fR
sequences may be preformed by a modified Int without the addition of a host factor (see

WO02004/048584).

The generation of modified polypeptides and screening for the desired activity 1s state of the
art and may be performed easily. For example, a nucleic acid sequence encoding for a
modified integrase is intended to include any nucleic acid sequence that will be transcribed
and translated into an integrase either in vitro or upon introduction of the encoding sequence
into bacteria or eukaryotic cells. The modified integrase protein encoding sequences can be
naturally occurring (by spontancous mutation) or recombinantly enginecred mutants and
variants, truncated versions and fragments, functional equivalents, derivatives, homologs and
fusions of the naturally occurring or wild-type proteins as long as the biological functional
activity, meaning - the recombinase activity, of the encoded polypeptide is maintained.
Recombinase activity is maintained, when the modified recombinase has at least 50%,
preferably at least 70%, more preferred at least 90%, most preferred at least 100% of the
activity of the wild-type integrase Int, measured in a co-transfection assay with substrate
vectors and expression vectors as described in the examples of the present invention or in

Example 3 of WO 01/16345 and /or Results 5.2. Certain amino acid sequence substitutions



The attR variant attR.a (SEQ ID NO: 10) shown below contains 8 substitutions in comparison to the
attR wildtype sequence (SEQ ID NO: 13). This is equivalent to a sequence homology of 95.1 %
(Figure 6):
gctgttacaggtcdiGragfbetstatgtagttgattcatattgtctgcatatcttgtgffttacagtattatctagietgfitteitcetidaatct
aatttattatattgatatttatatcattttacgtttctcgttcagctatttatacthacttg The attR variant attR.b (SEQ ID NO: 11)
shown belew boniaies:8suibsiiitiions iR camefghisonittcibadliBodildtyne seguaidce (BEQ tanNO: 13).
This is equivalent tq a ence homol of 95.1 % (Figure 6): : : o
gtacag A e e AN At gl il
aatttattatattteeitatateatnacy mctsg tit dgeiubtapattadotiok b fa testedciflin Kyspénsioh @8aptéd
CHO-DG4g cells;yndet scrum {ree cylture [ligns,atth, ¢an recombi ith attR variants and attB
with attL var(l%ntsl. For cafa%s_ of the _reco%%?ﬁét%:l' rga%lon én‘%oéggir%%girgsel gp@(%f%ciasllf Int-h1218
integrase, N8IHREERSFipseIHE CHO DT Ricd allgtagentsin sie ctetndsttyiampedoistagthsurpandy2ng, IHF

encoding apdXiS-eneadinshiasmids: Teisifierekieesobiaasiaciad selhpoals aimgansrated: @)
transfection using 400 ng pCMV SS Inth218, 400 ng pIHF and 400 ng pl3I/TI-X each per cell pool b)

mock-tran&fetel KeiFBo oREaiith VR g TSRO IR 0 ASE e e cabitiiasr BEIRESU fitrescence)
After 24 hesssposidistiransiastiognnhasetalkpealnaradiansioaicdaaninisingdhe falawing

combinations aof substrate vectors which. contain recombination sequences in equimglar amounts: a)
o1 26/ 75T R et VA D Wa By DR ST (BT S P B fas (300

ng) Two Int mutants preferred are bacteriophage /ambda integrases designated as Int-h and Int-
1/218; Miller et al. (1980) Cell, 20, pp. 721; Christ, N. and Drdge, P. (1999) J. Mol. Biol,,
288, pp. 825. Int-h includes a lysine residue instead of a glutamate residue at position 174 in
comparison to wild-type Int. Int-h/218 includes a further lysine residue instead of a glutamate
residue at position 218 and was generated by PCR mutagenesis of the Int-h gene. Said
mutants may catalyze the recombination between attB/attB3, attP/atiP, atfl/attl. or attR/atiR
and all other possible combinations, e.g. antP/antR, attl/aitP, attl/attB, or attR/aitB or the
derivative or homologue s thereof without the co-factors IHF, XIS, and/or FIS and negative
supercoiling in E. coli, in eukaryotic cells, and in virro, ie. with purified substrates in a
reaction tube. An improvement of the efficiency of the recombination may be achieved with a
co-factor, e.g. FIS. The mutant Int-h/218 15 preferred, because this mutant catalyze the

recombination reaction with increased efficiency.

If the first reaction leads to an excision and the used two recombination sequences are
identical, e.g. atfP.b/atiP.b, the resulting recombination sequences after the recombination
will be identical to those on the substrate, e.g. here two arP.b sequences. If however, the two
partner sequences are different, e.g. attP b/R, the recombination reaction will generate hybrid
reccombination sequences which comprise one functional half from one sequence (e.g. a#P.b)
and one half from the other (arfR). A functional half recombination site can be defined as the
sequence either 5' or 3' form the overlap, whereby the overlap is considered, in each case, as a
part of a funtional half-site. If the respective overlap region of the used recombination
sequences 1s 1denfical the excision reaction may be performed with any recombination
sequence according to the invention. Additionally, the overlap region designates the
orientation of the recombination sequences to each other also, i.e. inverted or direct. The

reaction may be performed with wilt-type Int with low efficiency only, however, the addition



c) pBI-26/attL.a (600 ng) + pZsGreeniattB (350 ng) WO 2009/068645PCT/EP2008/066430 52 d)
pBI-26/attP (600 ng) + pZsGreen/attR (350 ng) e) pBI-26/attP (600 ng) + pZsGreen/attR.a (350 ng) f)
pBI-26/attP (600 ng) + pZsGreen/attR.b (350 ng) Every plasmid combination is inserted in each of the
above listed OPASHITAH8HES of transfected cell pools, whereby 3 pools eachPArBEEzAETO6Eed) per
combination. For the mock-transfected cells servifit) as negative control to measure background

fluorescenseramlylipabt pBsSubsiraterveciorsenbisatan istiansieeley iAlR“hours pest second
transfectiobn %ells are anallg%g,ed Lﬁng a FACt call uréBe n Dickinson). }he %?al Sif of éhe data is
performed lijnsﬁf Cq:le&iIB% -@%ﬁn afe (B&&on Dickitv BH'). REHERGLEHSN LRT 8?%9, J8tHined by
measuringutiyedfactohod flusii@ésddnt cells in cell pools transfected with the positive control vector
pBI-26/ZsGreen, is on average 22 % in suspension adapted CHO-DG44 cells in serum-free medium.

As a result of a successful intenlolecular integrative recombination between attL and artB, attL.a and
attB, attP dnahsrrorattPragibdtiRractr rdPvhengiateRushesdobisriticncs aquamtes reSpetittaly, the

fluorescery protgin-shauld be.plagrdunderdie goatelefithe (MNCRrQmAe:. FRedesutingigxpression

of the fluorescent protein serves as reporter for a recombination event. Surprisingly, the FACS
analysis of e Bt dHaAbsT ERTENM tah SFer@datas BRbWwSaiagro @ are difscBssfutnAtenibreular

recombinatigp&YERsrbatwesntBenORERssial cross-combinations of attl and attB variants and attR
and attP variants in the test series (Figure 8).
For example, afier successful integrative inframolecular recombination (inversion) by means
of Int leading to the activation/inactivation of a gene in a particular cell type said gene may be
mactivated or activated at a later point of time again by mecans of the induced spatial and/or

temporal expression of XIS with the simultaneously expression of Int.

Furthermore, the invention relates to the use of any recombination sequences or the derivative
or homologue thereof, e.g. to the derivative or homologue of artP.b as specified in SEQ ID
NO: 3 in a sequence specific recombination of DNA in eukaryotic cells. The eukaryotic cell
may be present in a cell aggregate of an organism, ¢.g. a mammal or plants, having no
integrase or Xis factor in its cells, Said organism may be used for breeding with other
organisms having in their cells the integrase or the Xis factor so that off-springs are generated
wherein the sequence specific recombination is performed in cells of said off-springs. Thus,
the invention relates also to the use of an integrase or an integrase gene and a Xis factor or
Xis factor gene and an 1HF factor or an IHF factor gene in a sequence specific recombination
in eukaryotic cells. Furthermore, the present invention relates to eukaryotic cells and cell lines
in which the method of the present invention was performed, wherein said cells or cell lines

are obtained after performing the method of the present invention.

The practice of the present invention will employ, unless otherwise indicated, conventional
techniques of cell biclogy, molecular biology, cell culture, immunology and the like which
are in the skill of one in the art. These techniques are fully disclosed in the current literature.

All publications and patent applications mentioned in this specification are indicative of the
level of skill of those skilled in the art to which this invention pertains. All publications and
patent applications cited herein are hereby incorporated by reference in their entirety in order

to more fully describe the state of the art to which this invention pertains. The invention



The fraction of fluorescent cells is on average 2.3 ')/0 for intermolecular recombinations between attL
and attB substrate vectors, 2 % for recombinations between attL.a and attB substrate vectors, 2.3 %
for recombinations between attP and attR substrate vectors, 1.5 % for recombinations between attP
and attR.a subStrateasgetdrs and 1.1 % for recombinations between attP ifir &RRdEwa¥trate vectors.
In all cases described above the background fluoféscence was substracted first based on the FACS

analysis ofaeiisiiwlisbrivedessansieaiesusing ek asRoniigw asmidsouw wiEthRubadsing the
plasmids encoding lambda-integrase, THE and X|S. Based on an aver, transfection efficiency of 22
0t betmoor RS0 I bEbALR LY A0 GBEAD &9 2001 PR Hho JHEHueted cE how =
successfutmitedmeies witthreeesabination erotmhly tee twesdedacidinis dicdtticanchattBnsubsgrate vectors
but also between substrate vectors containing attP and attR variants. The mean relative ZsGreen
fluorescence (X-mean) is considerably increased and ranges between 65 to 403 for cell pools
transfected with pairs of substrate vectors (Figure 8). In comparison, negative controls
(mock-transfected cells, no plasmids added) have a mean relative ZsGreen fluorescence of 15 and
positive control cells transfected with pBI-26/ZsGreen on average a mean relative ZsGreen
fluorescence of 640. Example 5:Verification of intermolecular recombination between attL and attB
variants in CHO-DG44 cells by PCR method CHO-D644 cells are transfccted with lambda integrase
Int-h1218, IHF encoding and XIS encoding plasmids. Two different types of transfected cell pools are
generated: c) transfection using 400 ng pCMV SS Inth218, 400 ng pIHF and 400 ng pBI/TI-X each per
cell pool d) mock-transfected cell pools without adding any plasmid (serve as control for background
fluorescence) After 24 hours post first transfection, those cell pools are transfected again using the
following combinations of substrate vectors, which contain recombination sequences: a) pBl-26/attL
(600 ng) + pZsGreen/attB (350 rig)



b) pBI-26/attL.a (600 rig) -r pZsGreen/attB (350 ng) Every plasmid combination is inserted in each of
the above listed combinations of transfected cell pools, whereby 3 pools each are transfected per
combination. Solely for the mocktransfected cells serving as negative control to measure background
fluorescenceB§PHEGHger substrate vector combination is transfected. W(O/EP2008/066430
2009/068645PCT/EP2008/066430 54 substrate véctors a PCR on the isolated plasmid DNA is
performed using the primer combination CENfor2 (SEQ ID NO: 15) and ZsGrev 1 (SEQ ID NO: 16). In
case of a gpeamspliggntermolecular recombination between the pair of substrate vectors ZsGreen
positioned on the pZsGreen/att-vectors comes under the control of the CMV enhancer/promoter
located on the p131-26/att-vectors with the corresponding attachment site between them. As a
consequel% tg‘?‘iﬁ? product with the above mentioned primers should only occur in case of
successful recombination events. And indeed, in all cell pools pretransfected with pCM SS Inth218,

pIHF and IﬁT&&iB@}E\gﬁg’ Qyﬁgﬁgggﬁranfection with pairs of substrate vectors the expected PCR
400

product of about p Is detected (Figure 9). No PCR product is obtained in mock pre-transfected
cell pooLs transfected in a second transfection with pairs of substrate vectors. primer WO

SEQ 1D NOHP SN LD TSR St 15 N 5-dE R AR SEFRIREEEERD No:10
SEQ ID N@: 3dsi@hpiDiiNBe1:Shc¢D MNedita SHQ-DINUIN 4 I5HG HonNDnbbl SEQ dH D)
supplemented with hypoxanthine and thymidine (HT), are incubated in cell culture flasks at
37°C m a humidified atmosphere containing 5% C0,. The cell number as well as the cell
viability are determined via Cedex (Innovatis). Cells are seeded at a concentration of 1-3x10°

cells/mL in fresh medium every two to three days.

Transient transfections of CHO-DG44 cells are conducted using Lipofectamine Plus reagent
(Tnvitrogen). Per transfection 6x10° exponentially growing cells in 0,8 mL
hypoxanthine/thymidine (HT)-supplemented CHO-S-SFMII medium are seeded in a well of a
6-well chamber. A mixture of plasmid DNAs , 4 uL Lipofectamine and 6 L Plus reagent in a
volume of 200 pL is generated for each transfection and added to the celis, following the
protocol of the manufacturer. After incubation for 3 hours 2 mL of HT-supplemented CHO-S-
SFMIT medium is added. |

Isolation of plasmid DNA from transfected CHO-DG44 cells

Cells for the isolation of plasmid DNA are harvested 48 h post transfection and cells (1.5 mL
cell suspension} are pelleted by centrifugation in a microcentrifuge at 7000 rpm for 1 minute.
For cell lysis and extraction of the plasmid DNA the QlAprep Spin Miniprep is used
according to the protocol of the manufacturer (Qiagen). The plasmid DNA is eluted in 100 pL
EB buffer.

PCR

Isolated plasmid DNA extracted from transfected cell pools serves as template in a PCR to
detect intermolecular recombination. The reaction set-up is as follows:

1.0 pL plasmid DNA

0.5 pL primer CENfor2 (10 uM; SEQ NO: 15)

0.5 pL primer ZsGrevi (10 pM; SEQ NO: 16)



attB (E. coli) attP (bacterio phage lambda DNA) attP.b (artificial) attP.a (artificial) binding site
consensus motive attL* (artificial) attL.a (artificial) attR* (artificial) binding site consensus motive attR.a
(artificial) attR.b (artificial) attL (E. coil) attR (E. coli) att H (homo sapiens DNA) primer CENfor2 primer

ZsGrevl WO 2005/068645 PCT/EP2008/066430
43

10.5 pL dH,0
12.5 pL 2x GoTaq Green Mastenmix (Promega)

Initial denaturation at 94°C, 30 sec followed by 30 cycles of denaturation (94°C, 10 sec),
anncaling (60°C, 10 sec) and extension (72°C, 30 sec) and a final extension step at 72°C for 5

min. 5 ul. of each PCR sample is loaded on a 2% agarose gel and separated by

electrophoresis.

Vector systems

pBl-26/attP: contains CMV promoter and consecutively an a#P sequence (SEQ ID
No: 2)

pBI-26/attP.b: contams CMV promoter and consecutively the a#tP variant a#P.b (SEQ
ID No: 3)

pBI-26/attP .a: contains CMV promoter and consecutively the antP variant a#P.a (SEQ
ID No: 4}

pBI-26/attL: contains CMV promoter and consecutively the a#fL sequence (SEQ 1D
No: 12)

pBI-26/attL.a: contains CMV  promoter and consecutively the a#l variant atl.a
(SEQ ID No: 7)

pZsGreen/attB: contains promoter-less fluorescent green protein with an arfB-sequence
(SEQ ID NO: 1) upstream of the start codon

pZsGreen/attP b: contains promoter-less fluorescent green protein with the artP variant
attP b (SEQ ID NO: 3) upstream of the start codon

pZsGreen/attP.a: contains promoter-less fluorescent green protein with the anrP variant
attP.a (SEQ ID NO:4) upstream of the start codon

pZsGreen/attR: contains promoter-less fluorescent green protein with an a#fR-sequence
(SEQ ID NO: 13) upstream of the start codon

pZsQreen/attR.a: contains promoter-less fluorescent green protein with the a#R vanant
atiR.a (SEQ ID NO: 10) upstrcam of the start codon

pZsGreen/attR.b: contains promoter-less fluorescent green protein with the affR variant
attR b (SEQ ID NO: 11) upstream of the start codon

pBI-26/ZsGreen: positive control and for determination of transfection efficiency;

expresses fluorescent green protein under the control of a CMV

promoter



56 Claims A nucleic acid molecule selected from the group consisting of attP.b (SEQ ID NO:3) and
attP.a (SEQ ID NO:4). 2. The nucleic acid molecule according to claim 1, whereby said nucleic acid
sequence mediates sequence-specific recombination of DNA in eukaryotic cells and whereby
sequence spBEKYtERSHHination is performed by a bacteriophage lambdaPIFERHEE N3, A vector
comprising a nucleic acid molecule according to cthim 1 or 2 preferably said vector is a eukaryotic
expressiop\eitids s st jie feralbgses nipnisidag latpeaswofar-arid o radweteiol@gotis] gehe @fviMerest and /

or a selection marker and / or, aor}n%gg,ancer. 4. A cell comprising a nucleic acid molecule according to

claim 1 or 2 integrated into th%rgenome or in an artificial chromosome or in a minichromosome or in an
episomal gléfhient or in a vectorarsserdidy witidimamprafdiabhzghendet! thcaceukalhydtie €86uch as a

yeast, plant, worm insect, avi%agggymgaﬂggtg{mqg@' &elly most preferably 57 said cell is CHO
wild type, CHO K1, CHO D044, CHO DUKX-B1l, or CH Pro-g. 5.A method of sequence specific

recombind®INTGPBNA in a eliERigsEE Bl coimpifiemgayhirodidshg BeD R ERIMpFising@MiYst attB

(SEQ ID NO:1), attP (SEQ ID:NxdrattRy{ SRRRNRB)IP.a (SEQ ID NO:4), attL (SEQ ID
NO:12), or attR (SEQ ID NO:13) sequence into a cell;

Example 1: Intermolecular recombination using the atiP-variant
attP.b in CHO-DG44 cells

The atfP variant arP.b (SEQ 1D NO: 3) contains 9 substitutions in comparison to the atP
wildtype sequence (SEQ ID NO: 2). This 1s equivalent to a sequence homology of 96.3%
(Figure 1):

gctgttacaggtcactaataccatctacgtagtigaticatatigtctgcatatettgtottitacagtattatctagtetgtittitatccaaaatct
aatttattatattgatatitatatcattttacgtiictogttcagetitittatactaagtiggcattataaaaaageattgettatcaatttgtipcaac

gaacaggtcactatcagtcaaaatataatcattatitgatitc

It is being tested whether the a#P variant a#P.b can still recombine with another
recombination site in suspension adapted CHO-DG44 cells under serum free culture
conditions because the 9. substitutions are located in the binding sites for IHF, XIS, FIS and
Int. For catalysis of the recombination reaction lambda integrase, specifically Int-h/218

mtegrase, is used.

First, the CHO-DG44 cells are transfected with lambda integrase Int-h/218 and THF encoding

plasmids. Three different types of transfected cell pools are generated:

- transfection using 1ug pCMV SS Inth218 cach per cell pool
- transfection using 450 ng pCMV S8 Inth218 and 600 ng pIHF each per cell poo!
- mock-transfected cell pools without adding any plasmid (serve as control for background

fluorescence)



b) introducing a DNA comprising a second attP.b (SEQ ID NO:3) or attP.a (SEQ ID NO:4) sequence
into a cell, or vice versa, and c) performing the sequence specific recombination by a bacteriophage
lambda integrase Int. 6.The method according to claim 5, wherein if said first DNA sequence
comprises atBYFETHE$4Y0:1) sequence, said second sequence comprisBSHERLWFSEEID NO:3) or
aitP.a (SEQ ID NO:4) or vice versa. The method éécording to claim 5, wherein if said first DNA
sequence &fionpRisdsyan gitkt fifSEQEdsiEn3)tbeguetiteysdid secomtBetpdengarcompgisiés an attP.b

(SEQ ID Nﬁt‘%or attP-a (SEQ 1D NO-4) or vice versa, The methad according to claim 7, wherein if
said first DNA sec ucé-,)rrfrcl:l()ei colr%pr?sesgéagn attP b (ZggE }% NC’)(%:t dré% gequerlm%efﬂsaﬁgqélgcond sequence
comprises an attP.b (SEQ ID NO: 3) sequence as well. 58 9.The method of sequence specific

recombina&tj'%@f%%&gg@(ggg@gé%cﬂg%g@y@%?t?gf@ the first att sequence according to claim 5

I.in an artificial-/minichromosome or the genome of said eukaryotic cell, comprising the steps b) and c)
according Rbr3iRe 88} (Pferg pZsGreen/attB (500 ng)

c) pBI-26/attP b (500 ng) + pZsGreer/attB (500 ng)
d) pBI-26/attP.b (500 ng) + pZsGreen/attP.b (500 ng)

Every plasmid combination is inserted in each of the above listed combinations of transfected
cell pools, whereby 6 pools cach are transfected per combination. Solely for the mock-
transfected cells serving as negative control to measure background fluorescence only 2 pools

per substrate vector combination are transfected.

After 48 hours post second transfection, the cells are analysed using a FACScalibur (Becton
Dickinson). The analysis of the data is performed using CellQuest-Software (Becton

Dickinson).

The transfection efficiency, determined by measuring the fraction of fluorescent cells in cell
pools transfected with the positive control vector pBI-26/ZsGreen, is between 20% and 25%

in suspension adapted CHO-DG44 cells in serum-free medium

As a result of a successful intermolecular integrative recombination between a#fP and airB,
atfP.b and aiB or arP.b and arP.b recombination sequences, respectively, the fluorescent
protein should be placed under the control of the CMV promoter. The resulting expression of
the finorescent protein serves as reporter for a recombination event.

The FACS analysis of the substrate vector transfected cells shows that there are successful
intermolecular recombination events between aifP and a#B, atfP.b and a#/B but also between

‘a pair of at/P.b (see Figure 2).

The fraction of fluorescent cells in those experimental set ups, where the cells were first
transfected using a combination of integrase and IHF expression vectors, 1s on average 1.2%
for intermolecular recombinations between artPb and /B substraie vectors, 1.5 % for
recombinations between ar/P.b and a#P.b substrate vectors and 1.7% for intermolecular

recombinations between atfP and a#f/B substrate vectors. For those experimental set ups,



the first att sequence naturally occurs in the genome of said eukaryotic cell or is introduced previously.
10.The method of expressing at least one gene of interest encoding one or more desired
polypeptide(s)/product(s) in a eukaryotic cell, comprising a) introducing a first DNA comprising an attB
(SEQ ID NO:W0 an® s8¢y ID NO:2), attP.b (SEQ ID NO:3), attP.a (SEQ IBNER2R8HESEIEQ ID
NO:12) or att12 (SEQ ID NO:13) sequence into a tell; b) introducing a second DNA comprising an
attP.b (SEght: NO &) vrvadi® ract Sl QrtBreret) segittnhe Bitagesyepa it Qitbiothicingtanleast one
gene of int t into a cell;. d) contactingsaid cell with a b o] e lambda integrase Int: e)
performiné) heugle%ﬁgﬁcggg%e‘%ﬁ?ci?gceémﬁir‘?éat“i’oﬁnbf/wéa% %?grt}’ﬂra/éh%%%%ar%%%ag?ﬁté%treaglgﬁl%ct‘fl%herein the
second DAdsimegeatcbtintathe firs e Busdbitetdtivation, aidclt nndertcoriditiobstweberein the
gene(s) of lesliAF%, REINELGXRIRRIE dnd s 10 AISIAC-AREIAING 9 BRI, WARISIN, flpe first DNA

has been integrated into the host cell genome, an artificial-/minichromosome or an episomal element
of the hostRelFBBferesaig seeiert DRAlIswerodersadamtabexi thelbackground fluorescence was

substracted first based on the FACS analysis of cells, which were transfected using the
corresponding plasmids, but without adding the plasmids encoding lambda-integrase and IHF.
Surprisingly the a#P.b variant was still able to mediate site-specific recombinations with an
arrB sequence and also with another a#P.b sequence even though the substitutions are located
in the binding sites for IHF, XIS, FIS and Int.

Exampie 2: Intermolecular recombination using attP variants attP.a
and attP.b and attP wildtype in CHO-DG44 cells

The atfP variant aftP.a (SEQ 1D NO: 4) contains 9 substitutions in comparison to the a#P
wildtype sequence (SEQ ID NO: 2). This is equivalent to a sequence homology of 96.3%
(Figure 3):

geigttacaggtcactaataccatctatgtagtioaticatatigictgeatatetigtgttttacagtattatctagtetgitttitatccaaaatet
aatttattatattgatatitatatcattttacgtttctegticagettttttatactaagtigocattataaaaaagcatigettatcaatttgtigeaac
gaacaggtcactatcagtcaaaatataatcattatttgattte

The atfP vanant anP.b (SEQ 1D NO: 3) contains 9 substitutions in comparison to the arP
wildtype sequence (SEQ ID NO: 2). This is equivalent to a sequence homology of 96.3%
(Figure 1):

getgttacaggteactaataccatctacgtagttgattcatattgtetgeatatetigtetittacagtattatctagtetgtitittatccaaaatct
aatttattatattgatatttatatcattttacgttictegttcagettitttatactaagtiggeattataaaaaageattgettatcaattigtigeaac

gaacaggtcactatcagicaaaatataatcattatttgatitc

It is being tested whether the a#fP variants can still recombine with an identical second arP
variant in suspension adapted CHO-DG44 cells under serum free culture conditions because
the substitutions are located in the binding sites for THF, XIS, FIS and/or Int. For catalysis of

the recombination reaction lambda ntegrase, specifically Int-h/218 integrase, is used.



12.A method of expressing at least one gene of interest encoding one or more desired
polypeptide(s)/product(s) in a eukaryotic cell, having at least one naturally occurring recombination
sequence which allows sequence-specific recombination mediated by an bacteriophage lambda Int or
any functiona¥ fhefieiftddPeof, comprising a) introducing a DNA comprisin§ GHEREHSES ID NO:3) or
attP.a (SEQ ID NO:4) 59 sequence and at least dhe gene of interest into said cell; b) contacting said
cell with aShaptesiophadgtambtid iltegrasellntpe)periosfoinglthe sequefce-spealific rechmbination by
a bacterio e lamhda integrase Int, hetween the recombination sequence naturally occurring in said
el and B B S R AT B RAR D
gene(s) ofpqtErEstis/are being expressed. 13. The method of claim 12, wherein the naturally occurring
sequence is attH (SEQ ID NO: 14). 14. The method according to anyone of claims 10 to 13, wherein

said desired polypeptidegs)/{?roduct s) is/are isolated from the host cell or the cell culture medium.
a) pBI1-26/attP.b (200 ng) + pZsGreen/attP.b (200 ng)

b) pBI-26/attP.a (200 ng) + pZsGreen/atiP.a (200 ng)
¢) pBI-26/attP (200 ng) + pZsGreen/attP (200 ng)

In all cases cells were co-transfected with the plasmid pCMV SS Inth218 which encodes for
the lambda mtegrase Int-h/218 (300 ng).

72 hours post transfection the cells are analysed using a FACScalibur (Becton Dickinson).

The analysis of the data is performed using CellQuest-Software (Becton Dickinson).

As a result of a successful intermolecular integrative recombination between arfP.b, antP.a or
attP recombmation sequence pairs, respectively, the fluorescent protein should be placed
under the control of the CMV promoter. The resulting expression of the fluorescent protein
serves as reporter for a recombination event.

The FACS analysis of the substrate vector transfected cells shows that there are successful
intermolecular recombination events not only between wildtype anP pairs but als between
attP.b and arrP.a pairs (see Figure 4).

The fraction of fluorescent cells accounts on average for 2% of the cells for intermolecular
recombinations between attP b substrate vector pairs, for 1.9 % of the cells for intermolecular
recombinations between attP.a substrate vector pairs and for 1.9% of the cells for
intermolecular recombination between a#fP substrate vector pairs (mean value from 3
transfected cell pools each).

In all cases described above the background fluorescence was substracted first based on the
FACS analysis of cells, which were transfected using the corresponding plasmid combination,
but adding an empty vector (300 ng) as a mock plasmid rather than a plasmid expressing the

lambda integrase.

Surprisingly all a#fP vanants were still able to mediate site-specific recombinations even

though the substitutions are located in the binding sites for IHF, XIS, FIS and/or Int.



15. The method according to anyone of the preceding claims, wherein said sequence-specific
recombination is perfonned by Int and one or more cofactors selected from XIS, FIS and/or IHF,
preferably the sequence-specific recombination is performed by a modified Int, most preferably by the
Int-h or Int-h/2182009/663@%3 ff-pct 080820.ST25 SEQUENCE LISTING <TCOEB8edPiedEr Ingelheim
Pharma GmbH & Co. KG <120> Novel recombindffon Sequences <130> P01-2313 <160> 16 <170>

Patentin vEsaonde33:210> 1intddmdibcdli-rodosihatibachetisdiarceche4lf> dnd affR
variants in CHO-DG44 cells

The attL variant artlL.a (SEQ ID NO: 7) shown below contains 1 substitution in comparison to
the atfl. wildtype sequence (SEQ ID NQO; 12). This is equivalent to a sequence homology of
99 % (Figure 5):

ctgetititiatactaagttggcattataganaageatigettatcaattigtigeaacgaacaggtcactatcagtcaaaatataateattatit
gattte

The atfR variant azfR.a (SEQ ID NO: 10) shown below contains 8 substitutions in comparison
to the atR wildtype sequence (SEQ ID NO-: 13). This is equivalent to a sequence homology
0f 95.1 % (Figure 6):

getettacagpicactaataccatctatgtagttpaticatatt gtctgcatatettgtgttttacagtattatctagteigtittttatecaaaatet
aatttattatattpatatttatatcattttacgttictcgttcagettttttatactaacttg

The atiR variant arfR.b (SEQ ID NO: 11) shown below contains 8 substitutions in comparison
to the affR wildtype sequence (SEQ ID NO: 13). This is equivalent to a sequence homology
0f95.1 % (Figure 6):

gctgttacaggatcactaataccatctacgtagtigatteatattgtetgcatatectigtettitacagtattatctagictgtitittatccaaaatet
aatttattatattgatatttatatcattitacgittetegticagcttttttatactaacttg

It is tested if the various afl. recombination sites can recombine with the various affR
recombination sites in suspension adapted CHO-DG44 cells under serum free culture
conditions. For catalysis of the recombination reaction lambda integrase, specifically Int-

h/218 integrase, is used.

First, the CHO-DG44 cells are transfected with lambda integrase Int-h/218, ITHF encoding

and XIS encoding plasmids. Two different types of transfected cell pools are generated:

a) transfection using 400 ng pCMV S8 Inth218, 400 ng pIHF and 400 ng pBI/TI-X each

per cell pool



ctgctttttt atactaactt g21 <210> 2 <211> 243 <212> DNA <213> Bacteriophage lambda <400> 2
tctgttacag gtcactaata ccatctaagt agttgattca tagtgactgc atatgttgtg60 ttttacagta ttatgtagtc tgttttttat
gcaaaatcta atttaatata ttgatatttal20 tatcatttta cgtttctcgt tcagcttttt tatactaagt tggcattata aaaaagcatt180
gcttatcaat ttgiGtHMaedaggtca ctatcagtca aaata}gaatc attatttgat240 ttc243 UEFHB0apsq > 243 <212>
DNA

b) mock-transfected cell pools without adding any plasmid (serve as control for

background fluorescence)

After 24 hours post first transfection, those cell pools are transfected again using the
following combinations of substrate vectors which contain recombination sequences in

equimolar amounts:

a) pBI-26/ZsGreen (= serves as positive control) (650 ng)
b) pBIl-26/attL (600 ng) + pZsGreen/attR (350 ng)

¢) pBI-26/attL.a (600 ng) + pZsGreen/attR.a (350 ng)

d) pBI-26/attL.a (600 ng) + pZsGreen/attR.b (350 ng)

Every plasmid combination 1s inserted in each of the above listed combinations of transfected
cell pools, whereby 3 pools cach are transfected per combination. For the mock-transfected
cells serving as negative control to measure background fluorescence only 1 pool per

substrate vector combination is transfected.

After 48 hours post second transfection, half of the cells are analysed using a FACScalibur
(Becton Dickinson). The analysis of the data is performed using CellQuest-Software (Becton

Dickinson).

The transfection efficiency, determined by measuring the fraction of fluorescent celis in cell
pools transfected with the positive control vector pBI-26/ZsGreen, is on average 23.8 % in

suspension adapted CHO-DG44 cells in serum-free medium.

As a result of a successful intermolecular integrative recombination between atfl and anfR,
attl..a and artR.a or aztl.a and a#fR.b recombination scquences, respectively, the fluorcscent
protein should be placed under the control of the CMV promoter. The resulting expression of
the fluorescent protein serves as reporter for a recombination event.

The FACS analysis of the substrate vector transfected cells shows that there are successful

intermolecular recombination events between all combinations in the test series (Figure 7).

The fraction of fluorescent cells 1s on average 3.2 % for intermolecular recombinations

between artl and a#fR substrate vectors, 2.3 % for intermolecular recombinations between



<213> Artificial <220> <223> attP.b <400> 3 gctgttacag gtcactaata ccatctacgt agttgattca tattgtctgc
atatcttgtg60 ttttacagta ttatctagtc tgttttttat ccaaaatcta atttattata ttgatatttal20 tatcatttta cgtttctcgt tcagcttttt
tatactaagt tggcattata aaaaagcatt180 gcttatcaat ttgttgcaac gaacaggtca ctatcagtca aaatataatc
attatttgat240 YELPUB9088@S 4 <211> 243 <212> DlgléA PCT/EP2008/066430
atfl..a and affR.a substrate vectors and 1.2 % for intermolecular recombinations between
attl.a and atfR.b substrate vectors. In all cases described above the background fluorescence
was substracted first based on the FACS analysis of cells, which were transfected using the
corresponding plasmids, but without adding the plasmids encoding lambda-integrase, IHF and
XIS. Based on an average transfection efficiency of 23.8 % between 5 — 13 % of the
transfected cells show a successful intermolecuiar recombination not only between wildtype
atfl. and antR substrate vectors but also between substrate vectors containing affL and a#R
variants. The mean relative ZsGreen fluorescence (X-mean) is considerably increased and
ranges between 96 to 216 for cell pools transfected with pairs of substrate vectors (Figure 7).
In comparison, negative controls {mock-transfected cells, no plasmids added) have a mean
relative ZsGreen fluorescence of 13 and positive control cells transfected with pBI-

26/Zs(Green on average a mean relative ZsGreen fluorescence of 733,

For verification of successful intermolecular recombinations PCR on plasmid DNA isolated
from transfected cell pools is performed using the primer combination CENfor2 (SEQ ID NO:
15) and ZsGrevl (SEQ ID NO: 16). In case of a successful intermolecular recombination
between the pair of substrate vectors ZsGreen positioned on the pZsGreen/att-vectors comes
under the control of the CMV enhancer/promoter located on the pBI-26/att-vectors with the
corresponding attachment site between them. As a consequence, a PCR product with the
above mentioned primers should only occur in case of successful recombination events. And
indeed, in all cell pools pre-transfected with pCMV 88 Inth218, pIHF and pBI/TI-X followed
by a second tranfection with pairs of substrate vectors the expected PCR product of 380 bp is
detected. No PCR product is obtained in mock pre-transfected cell pools transfected in a

second transfection with pairs of substrate vectors.

Example 4: Intermolecular recombination between the attL and attB
variants and attP and attR variants in CHO-DG44 celis
The artl. variant atfl..a (SEQ ID NO: 7) shown below contains 1 substitution in comparison to

the attfL wildtype sequence (SEQ 1D NO: 12). This is equivalent to a sequence homology of
99 % (Figure 5):

ctgeltititatactangttgocattatanaaaageatigettatcaattigttpcaacgaacaggteactatcagtcaaaatataateattatit
gattic



<213> Artificial <220> <223> attP.a <400> 4 gctgttacag gtcactaata ccatctatgt agttgattca tattgtctgc
atatcttgtg60 Page 1 2313 ff-pct_080820.ST25 ttttacagta ttatctagtc tgttttttat ccaaaatcta atttattata
ttgatatttal20 tatcatttta cgtttctcgt tcagcttttt tatactaagt tggcattata aaaaagcattl80 gcttatcaat ttgttgcaac
gaacaggtca ctatcagfessetiatataatc attatttgat240 tt(%%43 PCT/EP2008/066430

The affR variant a#/R.a (SEQ ID NO: 10) shown below contains 8 substitutions in comparison
to the affR wildtype sequence (SEQ ID NO: 13). This is equivalent to a sequence homology
of 95.1 % (Figure 6):

getgttacaggtcactaataccatctatgtagitpattcatattgictgcatatctigtgtittacagtattatctagtetgfttttiatccaaaatet

aatttattatattgatatttatatcatittacgtitctcgticagetittitatactaactty

The attR variant a#R.b (SEQ ID NO: 11) shown below contains 8 substitutions in comparison
to the ¢#fR wildtype sequence (SEQ ID NO: 13). This is equivalent to a sequence homology
0f95.1 % (Figure 6):

gotgttacaggtoactaataccatctacgtagtigattcatattgtctgeatatettgigtittacagtattatctagtctgttitttatccaaaatet
aatttattatattgatatttatatcattifacgttictegticagetttttiatactaacitg

It is tested if in suspension adapted CHO-DG44 cells under serum free culture conditions gzrP
can recombine with a#fR variants and a#B with il vanants. For catalysis of the

recombination reaction lambda integrase, specifically Int-h/218 integrase, is used.

First, the CHO-DG44 cells are transfected with lambda integrase Int-h/218, IHF encoding

and XIS encoding plasmids. Two different types of transfected cell pools are generated:

a) transfection using 400 ng pCMV SS Inth218, 400 ng pIHF and 400 ng pBI/TI-X cach
per cell pool
b) mock-transfected cell pools without adding any plastmd (serve as control for

background fluorescence}

After 24 hours post first transfection, those cell pools are transfected again using the
following combinations of substrate vectors which contain recombination sequences in

equimolar amounts:

a) pBI-26/ZsGreen (= serves as positive control) (650 ng)
b) pBI-26/attL {600 ng) + pZsGreen/attB (350 ng)
¢) pBI-26/attl.a (600 ng) + pZsGreen/attB (350 ng)



<210> 5 <211> 10 <212> DNA <213> Atrtificial <220> <223> binding site consensus motive <400> 5
cagtcactat10 <210> 6 <211> 102 <212> DNA <213> Atrtificial <220> <223> att L
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d) pBI-26/attP (600 ng) + pZsGreen/attR (350 ng)
¢} pBI-26/attP (600 ng) + pZsGreen/attR.a (350 ng)
D) pBI-26/attP (600 ng) + pZsGreen/attR.b (350 ng)

Every plasmid combination is inscrted in each of the above listed combinations of transfected
cell pools, whereby 3 pools each are transfected per combination. For the mock-transfected
cells serving as negative control to measure background fluorescence only 1 pool per

substrate vecior combination is transfected.

After 48 hours post second transfection cells are analysed using a FACScalibur (Becton
Dickinson). The analysis of the data is performed using CellQuest-Software (Becton

Dickinson).

The transfection efficiency, determined by measuring the fraction of fluorescent cells in cell
pools transfected with the positive control vector pBI-26/ZsGreen, is on average 22 % in

suspension adapted CHO-DG44 cells in serum-free medium,

As a result of a successful intermolecular integrative recombination between qrrl. and anB,
attfl.a and amB, a#fP and arR, arP and afR.a or anP and a#R.b recombination sequences,
respectively, the fluorescent protein should be placed under the control of the CMV promoter.
The resulting expression of the fluorescent protein serves as reporter for a recombination
event.

Surprisingly, the FACS analysis of the substrate vector transfected cells shows that there are
successful intermolecular recombination events between the non-classical cross-combinations

of attl. and attB variants and attR and attP variants in the test series (Figure 8).

The fraction of fluorescent cclls is on average 2.3 % for intermolecular recombinations
between atfl. and aiB substrate vectors, 2 % for recombinations between atfl.a and aiB
substrate vectors, 2.3 % for recombinations between aifP and arR substrate vectors, 1.3 % for
recombinations between arfP and atfR.a substrate vectors and 1.1 % for recombinations
between atP and a#fR.b substrate vectors. In all cases described above the background
fluorescence was substracted first based on the FACS analysis of cells, which were
transfected using the corresponding plasmids, but without adding the plasmids encoding

lambda-integrase, THF and XIS. Based on an average transfection efficiency of 22 % between



<400> 6 ctgctttttg atactaagtt ggcattataa aaaagcattg cttatcaatt tgttgcaacg60 aacaggtcac tatcagtcaa
aataaaatca ttatttgatt tc102 <210> 7 <211> 102 <212> DNA <213> Atrtificial <220> <223> attL.a <400>

7 ctgctttttt atactaagtt ggcattataa aaaagcattg cttatcaatt tgttgcaacg60 aacaggtcac tatcagtcaa aatataatca
ttatttgatt tc10WO 2009/068645 PCT/EP2008/066430
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5 — 10.5 % of the transfected cells show a successful intermolecular recombination not only
between variants of arfl. and anB substrate vectors but also between substrate vectors
containing a#P and a#fR variants. The mean relative ZsGreen fluorescence (X-mean) is
considerably increased and ranges between 65 to 403 for cell pools transfected with pairs of
substrate vectors (Figure 8). In comparison, negative controls (mock-transfected cells, no
plasmids added) have a mean relative ZsGreen fluorescence of 15 and positive control cells

transfected with pBI-26/ZsGreen on average a mean relative ZsGreen fluorescence of 640.

Example 5: Verification of intermolecular recombination between
attl. and attB variants in CHO-DG44 celis by PCR
method

CHO-DG44 cells are transfected with lambda integrase Int-h/218, THF encoding and XIS

- encoding plasmids. Two different types of transfected cell pools are generated:

¢) transfection using 400 ng pCMV S8 Inth218, 400 ng pIHF and 400 ng pBI/TI1-X each
per cell pool
d) mock-transfected cell pools without adding any plasmid (serve as control for

background fluorescence)

After 24 hours post first transfection, those cell pools are transfected again using the

following combinations of substrate vectors, which contain recombination sequences:

a) pBI-26/attL. (600 ng) + pZsGreen/attB (350 ng)
b) pBI-26/attL.a (600 ng) + pZsGreen/attB (350 ng)

Every plasmid combination is inserted in each of the above listed combinations of transfected
cell pools, whereby 3 pools cach are transfected per combination. Solely for the mock-
transfected cells serving as negative control to measure background fluorescence only 1 pool

per substrate vector combination is transfected.

After 48 hours post second transfection plasmid DNA is isolated from the transfected cell

pools. For verification of successful intermoiecular recombination between attl and attB



<210> 8 <211> 162 <212> DNA <213> Artificial <220> <223> attle <400> 8 tctgttacag gtcactaata
ccatctaagt agttgattca tagtgactgc atatgttgtg60 ttttacagta ttatgtagtc tgttttttat gcaaaatcta atttaatata
ttgatatttal20 tatcatttta cgtttctcgt tcagcttttt gatactaact tgl62 <210> 9 <211> 10 <212>

DNA2313_ff{y& 208082¢5T25 PCT/EP2008/066430
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substrate vectors a PCR on the isolated plasmid DNA is performed using the primer
combination CENfor2 (SEQ ID NO: 15) and ZsGrevl (SEQ 1D NO: 16). In case of a
successful intermolecular recombination between the pair of substrate vectors ZsGreen
positioned on the pZsGreen/att-vectors comes under the control of the CMV
enhancer/promoter located on the pBI-26/att-vectors with the corresponding attachment site
between them. As a consequence, a PCR product with the above mentioned primers should
only occur in case of successful recombination events. And indeed, in all cell pools pre-
transfected with pCM S§S Inth218, pIHF and pBI/TI-X followed by a second tranfection with
pairs of substrate vectors the expected PCR product of about 400 bp is detected (Figure 9). No
PCR product is obtained in mock pre-transfected cell pools transfected in a second

transfection with pairs of substrate vectors. primer



<213> Artificial <220> <223> binding site consensus motive <400> 9 aagtcactat10 <210> 10 <211>
162 <212> DNA <213> Artificial <220> <223> attR.a <400> 10 gctgttacag gtcactaata ccatctatgt
agttgattca tattgtctgc atatcttgtg60 ttttacagta ttatctagtc tgttttttat ccaaaatcta atttattata ttgatatttal20
tatcatttta cott¥ebefttfi@agétitt tatactaact tg162 PCT/EP2008/066430
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Sequence fable:

SEQ ID NO:1 attB (E. coli)

SEQID NO: 2 attP (bacterio phage lambda DNA)
SEQ ID NO: 3 attP.b (artificial)

SEQ ID NO:4 attP.a (artificial)

SEQ IDNO:5 binding site consensus motive
SEQ ID NO:6 attL* {artificial)

SEQ ID NO:7 attL.a (artificial)

SEQ ID NO:8 attR* (artificial)

SEQ ID NO:9 binding site consensus motive
SEQ ID NO:10 attR.a (artificial)

SEQ ID NO:1! attR.b (artificial)

SEQ ID NO:i2 attL (E. coli)

SEQ 1D NO:13 attR (E. coli)

SEQ ID NO:14 att H (homo sapiens DNA)
SEQ ID NO:15 primer CENfor2

SEQ ID NO:16 primer ZsGrev]



<210> 11 <211> 162 <212> DNA <213> Artificial <220> <223> attR.b <400> 11 gctgttacag gtcactaata
ccatctacgt agttgattca tattgtctgc atatcttgtg60 ttttacigta ttatctagtc tgttttttat ccaaaatcta atttattata

ttgatatttal20 tatcatttta cgtttctcgt tcagcttttt tatactaact tg162 <210> 12 <211> 102 <212> DNA <213>
Escherichia coli <400> 12

Claims

1. A nucleic acid molecule selected from the group consisting of arrP.b (SEQ 1D NO:3)
and arfP.a (SEQ ID NO:4).

2. The nucleic acid molecule according to claim 1, whereby said nucleic acid sequence
mediates sequence-specific recombination of DNA eukaryotic cells and whereby
sequence specific recombination is performed by a bacteriophage lambda integrase

int.

3. A vector comprising a nucleic acid molecule according to claim 1 or 2 preferably said
vector is a eukaryotic expression vector, most preferably comprising a promoter

and/or a heterologous gene of interest and / or a selection marker and / or an enhancer.

4. A cell comprising a nucleic acid molecule according to claim 1 or 2 integrated into the
genome or in an artificial chromosome or in a minichromosome or in an episomal
clement ot in a vector according to claim 3, preferably the cell is a eukaryotic cell such

as a yeast, plant, worm, insect, avian, fish, reptile or mammalian cell, most preferably



ctgctttttt atactaagtt ggcattataa aaaagcattg cttatcaatt tgttgcaacg60 aacaggtcac tatcagtcaa aataaaatca
ttatttgatt tc102 <210> 13 <211> 162 <212> DNAsg213> Escherichia coli <400> 13 tctgttacag

gtcactaata ccatctaagt agttgattca tagtgactgc atatgttgtg60 ttttacagta ttatgtagtc tgttttttat gcaaaatcta

atttaatata ttgatatttal20 tatcatttta cgtttctc cttttt tatactaact 19162 <210> 14 < 7 <212>
DNA2313_ff-peid 08032017 251 2yps Q%@%g DG44, CHB BURR-B11or CHO Fo-5

5. A method of sequence specific recombination of DNA in a eukaryotic cell, comprising
a) introducing a DNA comprising a first a#/B (SEQ ID NO:1), aiP (SEQ ID NO:2),
aifPb (SEQ ID NO:3), anP.a (SEQ ID NO:4), anl. (SEQ ID NO:12), or atfR
(SEQ ID NO:13) sequence into a cell;
b) introducing a DNA comprising a second aifP.b (SEQ 1D NO:3) or attP.a (SEQ ID
NO:4) sequence into a cell, or vice versa, and
¢) -performing the sequence specific recombination by a bacteriophage lambda

integrase Int.

6. The method according to claim 5, wherein if said first DNA sequence comprises attB
(SEQ ID NO:1) sequence, said second sequence comprises atfP.b (SEQ ID NO:3) or
attP.a (SEQ ID NO:4) or vice versa.

7. The method according to claim 5, wherein if said first DNA sequence comprises an
attP.b (SEQ ID NO: 3) sequence, said second sequence comprises an affP.b (SEQ ID
NO:3) or arP.a (SEQ ID NO:4) or vice versa.

8. The method according to claim 7, wherein if said first DNA sequence comprises an
arPb (SEQ ID NO: 3) sequence, said second sequence comprises an artP.b (SEQ ID

NO: 3) sequence as well.



<400> 14 gaaattcttt ttgatactaa cttgtgt27 <210> 15 <211> 23 <212> DNA <213> Artificial <220> <223>

Primer cENfor2 §400> 15 gacgtcaatg ggagtttgtt tgg23 <210> 16 <211> 20 <212> DNA <213> Artificial
<220> <223> Primer ZsGrevl <400> 16 atccaatgcc ctctccegtg20

9. The method of sequence specific recombination of DNA in a eukaryotic cell having

integrated the first aff sequence according to claim 5

i in an artificial-minichromosome or the genome of said eukaryotic cell,
comprising the steps b) and ¢) according to claim 5 or wherein
1. the first atf sequence naturally occurs in the genome of said eukarvotlc cell or

is introduced previously.

10. The method of expressing at Jeast one gene of interest encoding one or more desired

polypeptide(s)/product(s) in a eukaryotic cell, comprising

a) introducing a first DNA comprising an at/B (SEQ ID NO:1), arP (SEQ ID NO:2),
atfP.b (SEQ ID NO:3), airP.a (SEQ ID NO:4), anl. (SEQ 1D NO:12) or atfR (SEQ
ID NO:13) sequence into a cell;

b) introducing a second DNA comprising an atfP.b (SEQ ID NO:3) or atfP.a (SEQ ID
NO:4) sequence or vice versa and

¢) introducing at least one gene of interest into a cell;

d) contacting said cell with a bacteriophage lambda integrase Int;

e) performing the sequence-specific recombination by a bacteriophage lambda
integrase Int, wherein the second DNA is integrated mto the fixrst DNA; and

f) cultivating said cell under conditions, wherein the gene(s) of interest is/are being

expressed.

1. The method according to claim 10, wherein the first DNA has been integrated into the
host cell genome, an artificial-/minichromosome or an episomal element of the host

cell before said second DNA is introduced into said cell.

12. A method of expressing at least one gene of interest encoding one or more desired
polypeptide(s)/product(s) in a eukaryotic cell, having at least one naturally occurring
recombination sequence which allows sequence-specific recombination mediated by
an bacteriophage lambda Int or any functional mutant thereof, comprising

a) introducing a DNA comprising an aifP.b (SEQ ID NO:3) or arP.a (SEQ ID NO:4)



13.

14.

15.
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sequence and at least one gene of interest into said cell;

b) contacting said cell with a bacteriophage lambda integrase Int;

¢) performing the sequence-specific recombination by a bacteriophage lambda
integrase Int, between the recombination sequence naturally oceurring in said cell
and the DNA introduced into said cell; and

d) cultivating said cell under conditions, wherein the gene(s) of interest is/are being

expressed.

The method of claim 12, wherein the naturally occurring sequence is arH (SEQ ID
NO: 14).

The method according to anyone of claims 10 to 13, wherein said desired

polypeptide(s)/product(s) is/are isolated from the host cell or the cell cuiture medium.

The method according to anyone of the preceding claims, wherein said sequence-
specific recombination is performed by Int and one or more cofactors selected from
XIS, FIS and/or THF, preferably the sequence-specific recombination is performed by
a modified Int, most preferably by the Int-h or Int-h/218.



2313_ff-pct..080820.5T725
SEQUENCE LISTING

<110>

<120> Novel recombination Seqguences
<130> Pp01-2313

<160> 16

<170> PatentIn version 3.3

<210> 1

<21l> 21

<212> DNA

<213> Escherichia coli

<400> 1

ctgctttttt atactaactt

9

ccatctaagt
tgttttttat
tcagcttttt

gaacaggtca

<210> 2

<211> 243

<212> DNA )

<213> Bacteriophage lambda
<400> 2

tctgttacag gtcactaata
ttttacagta ttatgtagtc
tatcatttta cgtttctcgt
gcttatcaat ttgttgcaac
ttc

<210> 3

<211> 243

<212> DNA

<213> Artificial
<220>

<223> attP.b

<400> 3

gctgttacag gtcactaata
ttttacagta ttatctagtc
tatcatttta cgtttctcgt

gcttatcaat ttgttgcaac

)k o o

<210> 4

<211> 243

<212> DNA

<213> aArtificial
<220>

<223> attP.a
<400> 4

ccatcracgt
tgttttttat
tcagcttttt

gaacaggica

agttgattca
gcaaaatcta
tatactaagt

ctatcagtca

agttgattca
ccaaaatcta
tatactaagt

ctatcagtca

Boehringer Ingelheim Pharma GmbH & Co. KG

tagtgactgce
atttaatata
tggcattata

daaataaaatc

tattgtctyge
atttattata
tggcattata

aaatataatc

atatgttgtg
ttgatattta
aaaaagcatt

attatttgat

atatcttgtg
ttgatattta
aaaaagcatt

attatttgat

gctgttacag gtcactaata ccatctatgt agttgattca tattgtctgce atatcttgtg

Page 1
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60
120
180
240
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60
120
180
240
243
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2313_ff-pct_080820.5725
ttttacagta ttatctagtc tgttrtttat ccaaaatcta atttattata ttgatattta
tatcattita cgtttctcgt tcagcttttt tatactaagt tggcattata aaaaagcatt

gcttatcaat ttgttgcaac gaacaggtca ctatcagtca aaatataatc attatttgat

ttc

<210> 5

<211> 10

<212> DNA

<213> Artificial
<220>

<223> binding site consensus motive
<400> 5§
cagtcactat

<210> 6

<211> 102

<212> DBNA

<213> Artificial
<220>

<223> att L*

<400> 6
ctgcttittg atactaagtt ggcattataa aaaagcattg cttatcaatt tgttgcaacg

aacaggtcac tatcagrcaa aataaaatca ttatttgatt tc

<210> 7

<211> 102

<212> DNA

<213> Artificial
<220>

<223> attlL.a
<400> 7

ctgctttttt atactaagtt ggcattataa aaaagcattg cttatcaatt tgttgcaacg

aacaggtcac tatcagtcaa aatataatca ttatttgatt tc

<210> 8

<211> 162

<212> DNA

<213> Artificial
<220>

<223> atir*
<400> 8

tctgttacag gtcactaata ccatctaagt agttgattca tagtgactgec atatgttgtg
tittacagta ttatgtagtc tgttttttat gcaaaatcta atttaatata ttgatattta
tatcatttta cgtttctegt tcagcttttt gatactaact tg

<210> 9

<211>= 10
Page 2
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60
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60
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60
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2313_ff-pct_080820.5T125

<212> DNA
<213> Artificial

<220> o )
<223> binding site consensus motive

<400> 9
aagtcactat

<210> 10

<211> 162

<21Z2> DNA

<213> Artificial

<220>
<223> attR.a

<400> 10

gctgttacag gtcactaata ccatctatgt agttgattca tattgtctge atatcttgtg

ttttacagta ttatctagtc tgtttrtttat ccaaaatcta atttattata ttgatattta

tatcattita cgtttctcgt tcagcttttt tatactaact tg

<210> 11

<211l> 162

<212> DNA

<213> Artificial
<220>

<223> attrR.b
<400> 11

gctgttacag gtcactaata ccatctacgt agttgattca

ttttacagta ttatctagtc tgttttttat ccaaaatcta

tatcatttta cgtttctcgt tcagcttttt tatactaact

<210> 12

<211> 102

<212> DNA

<213> Escherichia coli
<400> 12

ctgctttttt atactaagtt ggcattataa aaaagcattg

aacaggtcac tatcagtcaa aataaaatca ttatttgatt

<210> 13
<211> 162
<212> BPNA

<213> Escherichia coli

<400> 13

tctgttacag gtcactaata ccatctaagt agttgattca

titttacagta ttratgtagtc tgttttttat gcazaatcta

tatcatttta cgtttctogt tcagettttt tatactaact

<210> 14
<211> 27

Page 3

tattgtctge atatcttgtg

atttattata ttgatatita

tg

cttatcaatt tgttgcaacg

tc

tagtgactgc atatgttgtg
atttaatata ttgatattta

tg
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120
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120
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60
102

60
120
162



<212> DNA
<213> Homo sapiens

<400> 14
gaaattcttt ttgatactaa cttgtgt

<210> 15

<211> 23

<212> DNA

<213> Artificial
<220>

<223> Primer Cenfor?
<400> 15

gacgtcaatg ggagtttgtt ttg

<210> 16
<211> 20
<212> DNA
<213> Artificial

<220
<223> Primer zsGrevl

<400> 16
atccaatgcc cteteecgtg

2313_ff-pct_080820.5725
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