WO 2004/ 048584 PCT/ EP2003/ 013414 Sequence specific DNA
reconbi nation in eukaryotic cells The present
WO nooanissen rel ates to a nethod of sequence- speedT/ER2003/013414

reconbi nati on of DNA in eukaryotic cells, conprising
the introduction of a first DNA conprising a
nucl eoti de sequence containing at |east one
reconbi nati on sequence into a cell, introducing a
second DNA conprising a nucl eotide sequence
contai ning at |east one further reconbination sequence
into éSeqetnce specifierDdtAiregontiinatigmenceukpeyoticcells
reconbi nati on by a bacteriophage | anbda i ntegrase
Int. The controlled mani pul ati on of eukaryotic genones

The g&%ﬁthl vgﬁ(tR)rne%%th tgf %%?}QJHOB{"%Q ueﬁ éjgsxf‘éfcﬁﬁ: ré‘chHﬁnatlon of DNA in

vectors are 1 nportan d or ana

eukaﬁybac foems; tcomipfisingahe a’ﬂfm]luf:tlldh geadisst IDNAI dowipn@ing a nucleotlde sequence

or.gani sps. Moreover,, sai d mani pul.ations Elg%Pg role in

contag@ﬂé 1thiAsip 80E i FECHBPIRBH sRAverEiBPna, o ugiggt dysecond DNA
comprf} ggaeﬂﬁrlébttfdg @e@jen% @Qﬁ’tg?ﬂigcatq S{T&llesfurﬁl'axere%tiﬁﬁ@%tlgﬁ sequence into a
genes or gene egnents (so-called "gene targeting”)
cell, amtlp¢dienting et eduenteepedtic oecofmhindtion éiygn bBNE1dphiage {dvebda integrase
genonme of higher eukaryotes are of particul ar
i nportance. Recently these technol ogi es coul d be
i mproved by nmeans of characterization and application
of sequence specific reconbination systens.
The qaptroHed menpulation wd mbarypfe@gcmomes rné greagrpogssion of recombinant proteins
from (%E p’lggv%cg?r(s: %2%{61{1%03‘?@ Snézu %%s ?(?rn%nggyz gp tglzn%rrl%%gfs) of specific genes in
livingioPdBEMI0 NIGHe69dr, sgldeman bulﬁﬁ&is 91@%/|25r@113 SA @ekSthefPERic methods in
S|gn|f|cance for the productlon of bi opharnmaceuti cal s.
medigiRpr bx ilp gonptextethe s ganeeptiga o rté@sga@@g ?@gml die ichange of genes or gene
segm%ﬁt?ktgg lie%nséegg %%eﬁﬁ%geajnhgﬁg é?%?t%@ﬁﬁtteggpgpffgﬁ'f&g;@gls)NA into the
genome bif thigher Bllil&l&ﬁ:fté&dﬂ’jt dﬂ@)@dlchhv imiporaanbé. eckrtiyngese prhorlogies could be
activity. The  conventional nethod for eneratln%
1mprcb\fegd}@§tnpe@ﬁs A qhara[cltpégzagg(xb @ad quﬁlgcaéloae%f ?eé]&ence specific recombination
SysteHl?]ypeptlde/product is based on the randomintegration
of the reconbi nant expression vector into the genone
of the host cell. Vhriations in the expression | evel
of the integrate interest in

Furh ey ShoNE Rt | HESTAPR S PIBUPBA el §ugeging and expressing o

desw&l f)I)l%@ﬁﬁi%ﬁJréd'th hﬁmo%’éﬁbmécff%&tb&ﬁl%lwl G&BYant host cells also gets
nbérs. Randon1|ntegra on in the proximty of

morehsgmﬁgm‘npoﬁmtthn predustipg dfnbiophkarinagdusiciley Bkpregfion level for a desired

rorsbRSTENSSIERSEF B TN ORTE 57 S R, B s

specifit @nfeBRUBAL sited doRild bansefetadbly aral hiviRetal Migh regisomstiodf activity. The
euchromatin. This randommess of integration causes a

convgndiogal dmggiodi t fori ngeneeadingi nrrduction| scelbobligenessprewymg a  desired
polyp%gtg)#/? %ﬁ&(ﬁe ééasggcléd:zg%?%es /1‘891%1§él]1£}lb g?i[t?)guogft: frll\ég%%lorgxg&g?rg exgressmn vector
into the gbﬁkﬁﬂé bf yheatindt bélDl‘&ir&ltlans fuiht alkpesden Ilevel Oﬁfhe integrated gene(s) of

expressing the desired pol ypeptide at. hi veI I.n
intereghiét £128l¢, TR TRSH g BA: %ry at 1b§t§dn@alﬁ§v? gff JTERCCS 4B (Fhromosomal

fn @ h ti It
locatlglég g d @tg)aplmﬁlﬁ@lr% ggz%rﬁf)ﬂfjfgj‘; #%B%Wxa z}h IBt h roc romatin results in
varialple Odm:i ofotnarseéile dxpnessmnt Chenesome todagond pmmotungtthensxpressmn of the

and cos . - : : :
integrated gene{ 5%f interest are thought to be transcriptionally active regions of euchromatin.

Int.

This randomness of integration causes a large diversity in recombinant cells robustness,
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5 process. Conservative sequence specific DNA
reconbi nases have been divided into two famlies.
woveebessssof the first famly, the so-called "iPCEEPRASHI13414
famly, catalyze the cleavage and rejoining of DNA
e tafEd LARMLBHEL SAbLAR: SRAMENEF Rientify and isolat

IHO&%LL@%QﬁdQﬁL@Q ﬁg%e aas ?o recoﬁ%lnaﬁ?dﬁ%sequencegn?QIM1 olate @
suitadldreelf clbhewkprgssinkthe desu@dipokyatpt(m' a‘tdacghdmc@slnrmiyhtbm the heterogeneity

either on two different | ecul e, .
also rpeag§ that dgr ¢3shiclngan OB 25 PEOHBICHET Péﬂcefﬁg%aﬁ‘a%ﬁgfveﬂped making the

I55RRRCHE ¥ &lMabIEHrodielisR Bl el A%infeCARBINAL 196br fbsive and costl
(kverggﬂﬁ ? tﬁ% ggcflén depends &n t he rggéectlve Y
procesn.i ent ati on of the reconbinati on sequences to each

other. In the case of an inverted, i.e. opposite

orientation of the reconbi nati on sequences, inversion

Cons@latite sENRNSE GpEiEie DNANGchmbhREyLavE MRef edioidbd Natd @Ro families.
sequences occurs. In the case of direct, i.e. tandem

Membapehiths foskt family, ﬂ?@cﬁ@ﬂbﬂﬁbﬂn@ﬁraé qﬁﬁénldeeat@ﬁz%\thm}!@ava"e and rejoining
of D] bZﬁtI{?glltdch‘? (Fjeenl tl OB A% u%ﬁcleetndec%gnﬁegées h\%thh will be named as

onbi nat

recoritERATORI JeatiéRBs eetmemn@slngr Thdé awatdthation tsequeticés Rnemk either on two
DNA nol ecul es, a fusion of the two DNA npl ecu] es nmay
differgmic oF . onvyfinee DRbhbaplscwe. fesultingt ByriBsE OF dR{TApOlrSHAT |r§;<>0mbmatwn

y Sthgh el Aaction depends on th

reSpe&?Je nb%(ﬁra? &H?mh eﬁr rggc?)m hé%rgsthlgf Ie%ﬁque seccﬁl ﬁ cllOn cpends o te

respeét&m cbryermaftlo‘mhﬁ thefmhalbﬁﬂtlén ne@rehasas/daes otheadeshe asse of an inverted,
only able to catalyze t.h i ntranol ecul ar

L. opRasHiFSFIGBiEfioh Of fie BFRRRRton AUPIRSHHBTROBLGRF DA sements lying
betwéé?ie[ﬂ?1 rQJonﬁﬂlﬁatfgﬁr‘éeaHelﬂH 88u?d. 18Uk@YQL 6de19€d?oﬁ@5talQﬁcln9%eats of the
e Integrase famly. Said reconbi nases are the Cr
reconttén:uivii segsence$ oh keDNAcsubsiraiphadelerbn anclirs. 215 ¢ase ofithe 1ntermolecular
reconbi nase,

reconSGRIog Lo, PP, TR TLiHEOR BB AR T or SURGH 4y giffrent DNA

moleddsCh flRRnGFEiheaGRMDNAAER1RURE SnAf BcdiRMHrthileoXBmbE@XST the integrase
I's a 34 bp 1ong nucleotide sequence consisting of two

 familg Bsunplyl aatedyaerivash indth- aueBes inlermdeudaiceconahidation, Shegiscombinases of

the seon Sggnallﬁf roefl ¥l|‘1jelngo gege mj%rtzi\?g /resgfvta%g" Sa%g c?rngsgble to catalyze the

lnnmﬁ&g&ﬂmﬁaanﬁﬁﬁmmﬁﬂed blndlng sequences for Flp are
uild up simlarly. However, they differ 30 from | oxP

(Kilby, J. et al. (1993) Trends Genet., 9, pp. 413).
At psz%S{ gl Ce%%m%ﬂl%s{] %@gﬂgamlgecgf& gegﬁyegﬁeaom eBOky AR genomes belong

ace I S” not
to the 1@&@(’6& rfanHjRTSeﬁ@ epeombasesaine tHel (rei recanaiinadel of thobacteriophage PI and

reconbi ne | oxP Bot h i nat i t
the. Tip ereapppyEsoverm beng (o Ueanbes| 19905 Mede BRISISRgrin; PP 3). The
reco Bl &éﬁéﬁc@g tooﬁfhfég el et é@gmf)fnaw‘ﬁQdPXretrYé@qédo%EP OFoxP is a 34 bp

sequences ma e several 10 000 base pairs |ong.
long ﬁlc%hﬂ@@ddt@:ﬂ%ﬁmsi@(ﬁg ERE0EY 1184g dnvieded endrgtids, sequences and an 8 bp

ti ssue. specific.reconb natlon i npuse s
long PG FBIE 4t T oaed saupres (RafseRetal SO, Moy Biol. 181, pp.
351). aﬂﬁoﬁkff ahfRd Hlﬁ‘ﬂH%%é@@n&fs %h@l}ﬂ@ﬂéeblﬁl’ﬁpl!igﬁgrﬁm%ly\/\@ﬁ)wever they differ
i eve sal systens; review article of
from NoAR éKﬂbyJ J. (dt%gil%bﬁrermexﬁéfrr@p 9, 8p, 4b?6 Therefrs, tigarecombination

ynerase (3 del t |n rticy | f
can B TRy e RO & bl BR0RB e e
and FRIP- is 13 -able to recombine loxP sequences Both recombination systems are active over

long distances, i.e. the DNA segment to be inverted or deleted and flanked by two JoxP or FRT

sequences may be several 10 000 base pairs long.
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A further exanple is the specific activation of the
DNA tunor virus SV40 oncogene in the nouse |enses
wo eadionsgsti o tunor formation exclusively in theBer/EP2003/013414

ti ssues. The Cre-loxP strategy was wused also in
connection wi th inducible pronotors. For exanple, the
expression of the reconbinase was regulated wth an

For dxat@led @ngsud spdticic bt@nilyigdidhdn keadlisagydtem] Hehrdelosérha rtranslocation in
of a i.0 specific gene.in the |liver and not - or on

plant§ an%arplmlseﬂugﬁpontrqllﬁdéﬂ;cmgpoq P tgllg@gne RIMESSIOR, waétacgqeved with said two

R SRS R, PR PAT ol 2 e, Byt

was dagtedin partionladfissuesisBunyeetih chigengmes, HAenalt @9v4pfcitdre, 265, pp. 103.
bact eri ophage Mi invertase G n can_catal yze the
A furthgrepsqnytie 1&@%§pealfwtm%rheﬁtt § PN awobmv%éwégtoglcwene in the

moué’é" IEIIIE%%‘L eafifloA6 4 QhS: foﬁﬂg\ﬁé( &cldslvwgaﬁ tﬁgs%rhsguaﬁc?ﬂg bfeqloxP strategy was

'S frut ant er-reco eni ¢
usedcait(al1ylzemriabb@orstwmhndnd1hcebzl\eagmmoa¢rso F@t ©tahgpie, t thenexpdression of the
at ur al | tion sequences,. This leads.to i
recorgynaeey %1{50 zwt VA Bt ieron-dycil en%rpm%orals%ﬂg do the deletion of a

specﬂ'c &ehe PA %@H{/é‘}sgndgﬁﬂ(m&sonl)j— e a(1Bw" ST MESRer i QMs; Kiihn, R. et al.
St rept ococcus pyogenes catalyses the reconbination in

(199pdigsamce A9, pmll ¢lit.es bet ween two reconbi nation
sequences as direct repeats 20 |l eading to the excision
of the segnment. However, sinultaneously with deletion
So farltERe infBheyepd @flt%ﬁﬁver&@@/ﬂesgp&&cfaﬁﬂlw\ﬁ‘dv‘émeéﬁ REQY for themanipulation of
controll ed use of the system for manipul ati on of
eukaréygkggmrmfcs Agqanenes! the ba¢tcmﬂh@ge Mt iamertasefGin jsen g@alyze the inversion

of a ]églig%a &t 115:1% nﬁ:?o?!&pl ?awet 08 Oacporvw%owevbe? 1 Btsl ¥&n %1scovered that

ced
this M@eeib hy@rlredﬁbrﬁlﬁﬁ@@ﬁﬁﬁS £. 1bbdtal§/m BRAI ﬁﬂaﬁd’ﬂ @Léa@efge& B0 at other than its
|latter reaction is still rather poor.

naturghn irecANEINRS PN feaBiGReEsy dthisc e@%éwnwwdt h%,rtléhé l@tha recombination
eventglsg gﬁf@gﬂgsst n&glgg :ﬁ‘l(:)lfsl dé ﬁn&bﬁﬁgﬁomsbﬁ%‘ toéoc N pyogenes catalyses

the rdc8BIRALIORIN MduSS cdlMQllﬂi,lﬁdﬁd)%deeﬁR@@tréébrﬂlbl?{ﬁon@'eqtﬁﬂ_es as direct repeats
reconbi nat i on sequences_In-a genone t here is an

leading fodhe pXGIHPY Of 6§§e@ﬂeltthgowmrs%@#hmeouﬁlym@ ¢rdetigueatso inversion has
t T O

veen SEESAVIRER SRER B, PSP 49208 o S ALnlpp i of ey

genohBEumNu@table sSMutaie b fhers, retﬁeasémﬂédﬁﬁhav@fbeeﬁ shéén to be active on
original state for a new analyses of the gene
eplsom@h@md aificially infroduged geramig aecondpmasioniequsnsese byt the éficiency of the

latter%\&ﬂgﬁ%@nll‘rﬁthe}g&g.55| bl e. T_he i rreversi bl e | oss of the

nent cau by del eti on may be avoi ded by an
i nversion of the respective DNA segnent. A gene nmay be

i nacti vated by an inversion wthout being | ost and
The mgypyatianph ¥ty o8f sapnes with the) Greand ddr EcepRERs @ respectively, shows

swmiﬁ%??%a%fggt%g %@gglﬁgg%g (g?ll e btlﬁe r&o%;rﬁa@&ﬁ%?%os Bfidem repeated loxP

or F]HS(m:mbmamoméequhmcas g ardenoras ehate & mmvesdﬂyrlnss af thmnDNA segment
se of th Cre and FIlp reco nases
lying t‘%‘?ﬁ‘ge%ﬁﬁefﬁagie%ﬂﬁ‘-‘&& lS:t hecuy é%@n?%é@s{ﬁlﬂf\ ?%E‘em will be lost

permArd¥ @Y $4QRe G@IPM th@%rgaﬁQ;H{ %@Qf&@ th@?ec[)ﬁﬁﬁﬂﬁbﬁ@f ﬂh@ rElrlgmal state for a
sequences W | not be altered as a result of

new aredyabiohdhe cg@ne\femuonTh@_,m ree prgert del etapoeemtil rsaetgeocvf the organism, is
1mposs\ﬁ tﬂqur%%m%ﬂeuloss tﬁ'xQ DA %génlqc\e/ a%tclags%d%fy 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
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5 the respective gene due to the inversion of the
respective DNA segnent only in sone, at best in 50%
w@boouloesssar get cells at equilibriumof the reaedT/aP2003/013414

There have been efforts to solve this problem at

meanb S8 tih& %%ﬁlategyexﬁ%@§5ﬁ %?Qﬁ@ﬂac%%ﬁﬁ&dﬁa PaEk ‘?&ﬂ)‘ﬁﬁﬂﬁﬁﬁ)n However,
whi ch cannot be used for farther reaction after a

the ussi afdiogh Ceezanmd)Flpaltep@nbmbm/elw GUE ntohéledlmhmhmsage dissdvdngage that the

reacti o

invergfin SUEOERE S8 er ST SO B Rinel o seohBRkE o B 10 pe atered as a result of

the rdcB@6InaMah kPsht OThilsh€epehid G8ddnbYation \e0Erts BFcur Aafidths AR inactivation of
di sadvant age of the FIl p reconbi nase is its reduced

the respestive gais duct tp the ilBPGieThelsthe respedtivg DA scgmentaindnoysaghe, at best in

50% tgF gl'hr F Cogbc“{eﬂgtalt oeaulrl ?i%t S g{e\?\ﬁe?{;{%h:ﬁ“gg%kﬁa{vég% éepa?fm to solve this
probléh, abridit ia \?\ﬁrt Tliyer:@ﬁs%emng':h@umd aPsseqasieD@fich cannot be used for
gener at ed ich exhibit a 15 higher heat stability as
furthecr Heachipp alteypengledesasntiaaion. Hewevar the disgafvantagsds st wngueness of the
p: t
reactlgé L& Flgégg‘;? {1& éub% e %’mggkéé%nwﬁg%e{egﬁgpﬁr t(ﬂ{ laﬁgrslélact%vatlon of the
gﬂWBﬁQﬂEﬂﬁﬁlSpeCIfiC reconbi nases resides in the nedical
field, e.g. in gene therapy, where the reconbi nases
integrate a desired DNA segnent into the genone of a
A furftfer Hggcﬁx}a\{lslg@ GFEE F%Qeéﬁﬁlgﬁﬁsgngtg rddlcdl ﬁéa@?ﬂaﬁllﬁ}n dt 37°C thus limiting
contro way. Bo Cre an p may catalyze
the effinteecyrof the uba@mbirgtombyieacttonan higdet fukeeetesHigaiemtly, e.g. in mice with

reconbi ne a_.npl asm ic carries a co of it . o
« bocy SRR Bbhp i g boR U AV e SO sdepi i igh exhibit a
highef B&RBRbLIRY hOheSARNBHE @ed@!ﬂib‘?ﬁhs@ FPowdRERVENGREL RdtREFD &zymes still
into the eukaryoti ¢ genonme via honol ogous
exhibitadoyvit ma@mbmatlmv@@@ncy than ithe Crgaedomztihaset hat thi s
reaction includes a "naturally" occurring
reconbi nati on sequence in the 25 eukaryotic genone.

A furfBe€@e T stqueRc @it cifidrecditbindbeandidedinnte heatcaIEsld] €8dn gene therapy,
respectively, occurrence of exact matches of t hese

whererthe mmbmaswns@éﬂj@ﬁé@%reé@%érsﬁgmmtlmfé thfegraore) of a respective human
targetsée‘rilf ér?] Eg&?\%l%?’ ”'o&hf&é%gn@{? n]%!étfh dégea ﬁ% gxggyofggttah/ze intermolecular
recorr&ﬁrmtleﬁﬁim‘ot}ﬂmedﬂmbﬁﬁ%ef eeqnibome at pladmidXDBAS whicte cabisha copy of its

Cre and Fl p.reconbi nase nay exci se the inserted DNA
respecéé@n’i?ﬁ‘?m@ﬁlﬁ‘é?n SERAsS M P FeEgIRoniis T5gompinAURRISeisneg which has
been fn@%&bde%ge'lﬁf& thgguﬂ}?&lc %nﬁr\ﬂph&%ﬁfooﬁshfec xl'hgx?ﬂ%ﬂgn. However, it is

I nvention is to prov sinple and Controllable
desuabmcdmbmmatneamonsyxﬂm aaﬁmhtmdaﬁyr equirriegl rvmlkbingimeaewence in the

A further problem.of th sent tion is.

cukeriisy ESHGHE. Op AT LaHbiHa Lo 169 e RHEaTdn Py respectively

occurNéﬁEé"d?geﬁEtaﬂ?atcﬁ’é@'&th@é/ rQMB{nQMB DN&uéﬁc@?'a% ﬁm of the genome is
targeted integration of a desired sequence.

statistfaally helikqdy.dbieanf ofecombinaties eqguence Wl&b@ﬂe@ﬂgm dlsadvantaoe of the

s TR S Y50 3y OB <88 S84l g mey oxise

insert®f D&l fbgn@hpﬁie&%u@c@sﬁusﬁ@g}mn%s}entmlécucpir rédenisthation.
those reconbination systens. Said problens are sol ved

by the subject matter characterized in the clains. 5

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 problem of the present
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The invention is explained in nore detail wth the
followng illustrations. Figure 1 shows a schematic

w@eesemsss i on of the reconbi nati on reacti ons neaEER2003/013414
i ntegration and excision catalyzed by the wild-type

inveritidher @seprofisionfoS tieeiode vitiel apbws mhel gBiNAatidropy an improved protein
carrying a 10 copy of the reconbination sequence attP

eXprqs§ion jysipm ontthpbasevfjoge o1 grose fegembmanen YN m bi ndi ng
sites for Int (P, P2, PI", P2, P3), two core Int
bi nding sites (C and C ; marked with bl ack arrows),
Said pfobdendarsdblvegd by ttessubject thidker Chiractb2zedth Yhe dlwmnsbi ndi ng
sites for Xis (XI, X2) and the so- called overlap
regi on (open rectangle) where the actual DNA strand
The iﬁ&&nﬁ)ﬂggehﬁiﬁﬁ%d R AGS: detlatﬂl%ltlp@l'é lfél%wﬁa'iﬁtﬁ%tl&%q uence
or attP, "att I's shown on a |1 near "DNA segnent
beneath and conS|sts 15 of two core binding sites for
(B and en arroms

and. t he . .
Figuig 1N § SUIBHC PECIEHE DB R FORP SELNSh Rapel integration and
exms?d?ldca?él?f)ed li)ntheaﬁﬁi {y'ﬁg nﬂ%@ra&eﬁl@sﬁi%ﬁ erhéiﬁﬂl pasthf] DR (top) carrying a
i ntegration of lasmd into t DNA segnent
copy cdrthg rqegrainagon ‘Shetreebﬁyatﬂt woshoa. b ¢qm81r5téc<zfn&)\rmeq ¢algd arm binding

sites ?%rr E‘E%iegﬁ’eﬁe‘sﬁngﬁt LR 896}%?[&{ gﬁﬁenﬁqép S (18‘1 2 Y?e R3rked with black

arrovts A6 tde WiIndigE HitdsE&Br THF gﬂmﬂ e, 1y, ttwseuﬁhﬁgjatdscmr Ko ganckz) and the so-
F, and a further co actor XI'S encoded 20 t

calle<b naqéan rEaisa P Faiaaste) shetgsthe ﬁt:tual DN&SWW%MJP%@S place. The

naturslﬁé:e < a?éacf}.teg& fof?@f’ (9[? tll%§ W O] ?ﬁg ﬁgIﬁAasrfgsnent beneath and consists

of twbRbaY lﬂﬁcﬂl@g lsita:f fot hit€Brat Blandrhéd Bitk optt &yows) and the overlap region. For
reconbi nation. (Cp. Intranol e¢ul ar excisive

ttL . .
the repopRjnatien SebySeRH SAnd@P, i ad AF éE%P%fFSSé%teé‘%é 9 gtetletwaﬂon of
Q a t d
e B RO B U PSR phpid promntion
sequdneps, af/LeadhRansd forrﬁétewmc.htsblrv@ ras odrg@FPgenpees |t1nfgex0151on The latter

reacté%{rg&m%slpd %gzglg]é?fegﬂt 10% ggﬁnb alhg'r gﬁ%t Igr%]?eépmf%c&or XIS encoded by
the pNELl@MBda Ve show nean val ues of three assays with
standard devi ations indicated by vertical lines. 30
Figure 3 shows that the presence of Int armbinding
F igurrggA %\ﬁﬁs’g ﬁlg{l‘]fi(l: gjﬁd 1re ngmci}%qu:]%%%fo%il r%lto%g{?asctl\c;lé% S:) Iﬂﬁl a%r%ﬂec%rlar integrative
1Bl DL RPYGLESHbiAktione ¢B t@ﬂﬁdléﬁ'ﬂllarCﬂﬁfbgﬂdtﬁe qlatBex cﬁIPl)Eieafmbmatlon ©
(a attP in dlfferentchg%lnatlons an ield products_ that
Intrapglseeles ceARvel (¢ile s aliR) rpqaggnl(ywylorgr tlrgermqlg)ulayaeﬁctmge (attL x attR)
natd ons_ of. sfra e
recorit} ?l?tlo exgu(r%étgglg gﬁgté'xgsca{ gréx% Gsk 'té)ﬁr glb‘{\ﬁartﬁncpq?aﬁc‘ri’fﬁlfe {Jhgﬂatlzed at the
top of Ehc}’hparﬁl Thetfrdedidd &f GAP- e‘k@rd’&lﬁlﬁg cekd {vas detesniand by FAC Dyt three time
5 WD 2004/ 048584 PCT/ EP2003/ 013414 FACS and the ratio
pointp piteree-ERpTRdion Ry subitiele MESSPESEIOR; MTER™S OF © PR gagapsyalues of three

assaygfwﬁluggé{cfa?& EiatioRE GRTRLIX Pttcg?gﬁ\&en attP and attP

as retference, as indicated. W show nean val ues
of three assays W th standard devi ati ons i ndi cated by
vertjcal lines. The ac n val of GFP- . : )
Fl"uréx:bﬁ]é%‘ﬁ Shat dhe PECSERAE ¢ tto nt | agm (lhgg dﬁﬁgg ieguencgf In qatt, gites stimulates

1nterr%n§le€ul)gx) rec@ﬂt@ r%tlgﬂ- Ixaug)of 5[1'3&?&?6 fv@Eto%snfo’r NnfRri6lctuldr ARombination

Those for
contaimemte/rm@ Wecrté’ . djﬂfer@m oonB)matms 6ad yield propyicts gley expregHGEFP driven
by thg Cl\)/iVBSromoter. (B) Various combinations of substrate vectors were co-transfected with

expression vectors for wild-type Int, mutant Int-h, or Int-h/218. At 48 hrs, cells were analyzed by
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Figure 4 shows that purified IHF protein stinulates
intra- and internol ecular integrative reconbination
wyoowioksdss ype Int. (A) Schematic representati oPCDEP2003/013414
substrate vectors which were to incubated with or
FACSI diothie kdto befGFREetpragsafe ctlisomak ndeteriniéled €l fwso tphiaé of substrates.
transiently expressed either w|d-type Int aor_|lnt-h.

Recoppgynagion pgtviges agPrasd P $7516 @8 rfprenedas inditedos gpw mean values of
- e i . t H

oSO TR AR5 YOS 00) RL DhASrpnd fcs of Gr

exprdseionrelln &) dor Iy wiekd .08 1B »gBaph24 ibwP) neain0.8 al(ResBpfThose for Int-h

were S L n B B ShAQIRIE I8 VLA L 00 hBTR SR o PYB x B), 17.62 ¢
x P), GhiP16%4RNBSSkng cells (% in the 15 presence and

absence of I'HF, respectively, were for Int (7.93/1.26)
and Int-h (17.57/13.14) in the case of intranol ecul ar

. _reconbi nati.on,.and r Int (13.94/3.47) and . Int-h . .
Figuies 25871 arHapir e o P P WIS O G “Fo CUBIAG s imearative
recorfThiglhtiéh By SARaYHR in@.a(hp]ﬁcﬁé}ﬂﬂﬁ: RERERtaIon TSI RBE @dtors which were

vector designs for the sequence specific 20 DNA

incubragaslowish watwitheut FHICHeonransdedtiog intodiga eadlsrihatgransiently expressed
.. _compasite unit, .t t aj th hanc :

iocERTRTS Pt 8 A5 B GO Mot g cxprsig

cells tW@BSAHalRbd By FAOS. Maki pfio & fiess equiicBdwhOplotted as activation of

pol yadenyl ati on of transcribed nessenger RNA. "GO _
recorplifation bipIHF . geseeragh shpws gnceavalueg pf three assayavith standard deviations
o Lifi cctab . f '
indicRER, by yBteR fifse chRCHchuIER! (ALY I OPE Bl o) in e
preseno@irid isendecofJElFe edspdaitieelyamiess fon@ar OB .25 and Int-h (17.57/13.14) in

phosphot ransferase. An arrow,indica he site o
the cpseapk BFFAFIQlesyaT RSB g PR AT ot @S%@%‘ﬁ) ;fﬁlflgfﬁt-ﬁrﬁ29-.33/ 16.83)

; Lbinstid£conbi nati on between the

mmb%ﬁ%ﬁnﬁ%ﬁggﬁgﬁﬁgﬁggégﬁ%é’ or attB located on the first

DNA and the reconbination site attP or attB | ocated on

.t econd . DNA is depicted with a crass and i.s .
Figue RGNy HE B R PO eI oA e ox iy 8 e segpgace specfic
DNA' RE6mBinafoh M€ CHO- BRI sSiP/BS hemylat dotepdsit® Mhit RBat contains both

exenpl arily shown reconbi nati on between 30 attP and

enhazger Pnd grarotandemenB; P'ae pBomeldr slerPnt ad ‘&'t Birarsgrigtieiptermination

st AR o bl OB e PO R B YRl 1 8 g of
interest,! edHFFEES ithd anDlifiable delevnbie eliarkes dihg@a 18 eleductdRANFP” to a
any introducti-on of a nucleic acid sequence into a

fluoresspnt, prafgisl £hy dsn Zgerreni ded | ypfodPf fied selegiablp marker neomycin
phos%%%’iﬁ?ér%?gd' A%U;{n%ﬁz%ﬁlc%g"‘&al% shé€ Cﬁfmfaﬂgcﬂ‘%)’t'on initiation within a
ransforméd or transgenic cells. The intr duct i on can :
trans&eptioar it mhd sbyuchny spetfivoctcomblnatibun besween thdrecambinanch site aiP
descri bed, e.g._in Sanbrook, J. et al. (198
or atfplogdad aR the Bt RYA %dn;gamgxbwowaﬁwﬂg ewZé i9sajeqpn the second
r L Qb ' i Y RbdH A int . “att”
B s
refers o el #muhmaentBiieh ogytineftonathk exGnplenly $hoRmbiecginbmgtion between

Assocj ates and W ey-Interscience. ods jncl.ud ut
P GG A G PGBt S o2 SHPGATLOT Gif frsk 8hd second
DNAppgsﬁg@;Vggn (such as DEAE- dextran) - nedi at ed

transfection, protoplast fusion, viral infections and

m croinjection or may be carried out by neans of the

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,



30

cal ci um net hod, el ectroshock nethod,
i ntravenous/intranusucl ar injection, aeroso
WO pdvaloggs8on or an oocyte injection. The transPCI/RR1003013414
may result in a transient or- stable transformation of
recoritifant 0trﬁ§?5nrf&ﬁ'dr§ran§%u{}@e‘il@ THe 1ﬂﬂ§(ﬁt9:ﬁ€§(:éﬂjﬂe Bfforntdd by any method
transtor so neand the I ntroduction of 8 ra
well hmm)henrc theecart ané glesmmibed] e gainBamiwholcH. ies alf (ﬁt9&9ﬁé\/1016cular Cloning: A

L R AT DR M N IRTEY TR W

F.M. né%%le'(@9@&IL9>d%f%eyect1cr€erEupromamsbﬁ m@éﬁwegldl@oﬁ MEwalork: Greene
protein envel ope. Thus, the termrelates not only to

Publisthieg nAsdoodhtashiaodh Vétleyulsltmscna,nckné@mhqud@rcludﬁ:e bugrare not limited to
ransformati nsforn1 n cti an
ipofesipocd AP I8mpr UMDt Rl 1 AN BACH BT BlgH cyranstection
proto?@& XS S8 P th Bdti dnb &nid NhicesibieetbnneiC kRl heagdrle@fo@t by means of the
avored. Suitable nethods can be determ ned by
calciynp gneithasl, glegtreshorck snetimgt, injtayppausfintaamayseelanii eptipheacrosol inhalation or
an ooégtréslhl{gg gtr Séla}x;]reztgatnsg atl#ﬂ]}:ﬁ? qu(ﬁqn arﬁa%megteoﬂér%%r%g%hgfoﬁnanon of the
host ¢d@ATRE t@R Swamkdrhasion'asr t'o t@ls&hﬁb|akor1’aeamfsahéleﬂiroductlon of a viral
within the host cell. .20, The term "reconbi nati on
nucleicepfiid FERUPNCRIN GSWAY AETE it 18I BSPEHVAMIBS the ppuraby gne. The viral

nucle%ngmﬁlts%%eﬁﬁg lﬁ%@ﬁ:seﬁ N6 gﬁgerﬁeafs ﬂél&e\ierﬁlcicftﬁ,e'é@i%f seth?Ehce but may be

exanple tor an at sequ nce is specifie

packdyell i3,a viral ;&nanpbﬁveﬂcme &muathtmlqnemmenotsorﬂpemtlﬁa entthod which is

in SEQ | D NO, 14, an e.for gn attl seguence. is

usualbfpléwm #gdeithepeym Bt afngnat%d 51 RARFPET ohtanf{eciioppmethods that
feeR&E Rk &ehcl B LR N #R: inSaubbe nh&EMacid are favored.

Inowaﬁggﬁggﬁﬁyg as usg' ﬁgrgf§&¥elgtes t&natfb gft Acic ate Javore

Suitablet nedods a¢aansedmemmesd Ha/vrrmgmonpromdurmrlipr stable  transfectants the

constfstﬁfsgete;lj J? ?nst?grggaf ?1{0 &;y}? N Vﬁgé gvnlgc?rjﬁe gr %15 garé&p %}H}agqosome/mlm—
chrorX0fhel R Jdfed dpikRitllydlas kObORRBIY MalintaiBEC Within e Ab§tBell.
attP, attL and attR sequences. The term "derivative"

also relates to at least one core Int binding site of
attB, attP .attl or at v 1 .als
The te a]{e%%rnl?lghté?n fegggli;ceg‘ gs %58(} ger%mtr%fg@s ég SMB (%21* ?th agltdtc&R sequences

and tﬂb 'abn%tw@& HRrgd UANINaDPR for aﬂTBfftB S@:{ilﬁh&Sls @fnedlﬁlﬁi in SEQ ID NO:13, an
ann-binding sites for Int rm"derivative" a
example| far a% ai/B sequeneuistspegiied 6b$%Q |IPtN<Bilﬁd%@’<8§ilH1% fogpan attl. sequence is

v AR P10 904 145 PP0 PR GRRLER Bl o ot

"derivative" also relates to a conbinati on of these

feat Th d
e e e S L B EBS0 A8 S5l St o o

C ' e /4 bing h ]
s SRS ERel BRI B, RERLL b in e v

regio @Mbﬂd@ﬁ&dgll@@‘m EPROGBtOABUBUY opdghng fiiBdaih, arHeaia® sequences.

mie GETEAEASTS i RS Sl s SR Y.t o

The tér%g HERRREvEULLER ISl & af R oAk ReretiREbinBingNAe bfUSR, f/L or atR plus
the present invention, which neans that the sequences

one onamrap@plssaqﬁélﬁ@@nﬁpe@ng |sxtGSrfec EribTrratetm GAcrexalife’s also relates to at least

an. |n t e o0 | )
one CB%C%E% rg% &1&6 P t?lsg péér(sf)rc]) dr 1{{? : oJr? Feqforf(a“le tIﬁE FIS or XIS
factor §thain@Ssife®. B ﬁrmatdteﬁ’vatﬁiet’ hls@ﬁéla&% ttRa&Qﬂﬂﬁlmm d’f&hesrd:gfeatures The
substitutions, deletions, and/or insertions (ingcludi

term persenatiye” gnorgg‘g@in@éatw tquiany fp%@n@}r fragments thereof and to gendogenous

nucleotide sequences in eukaryotic cells supporting sequence-specific recombination, e.g. a#tH

7
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nodi fied protein binding sites), which do not
significantly affect the use of said sequences in
WO e@manksseat i on events driven by an wi |l d-type OPCI/EP2003/013414

nodi fied i ntegrase of the bacteriophage | anbda. to

idenfrfiaC il eeahiihin fg%n&ﬁ& (8de9Bkf W@n(;l'/ V6ﬁf5E)ePﬁce%rmm@é}1vauve in general
reconbi nation frequency iS at |east about 70%

mclu|dﬁ%f1@13,actrr& catl dme@t&i sabmuces&@%blmrereplnzemgﬂabhspnddabuse of the present

east about . _95%

h
e 8 Y B SR R S A g ion evens

drivenhsy @Qhﬁegﬁa@@ Oslil gy pradr i g fiok) o@%tﬁa&ueﬁapme%'é@mz)bmt ion
sequences, using the sane reconbi nase under the sane

conditions (e.g. in vitro or in vivo use, identica
ti anskec i QRS, .
The quzﬁs ef}f@%étxohéﬁigr %ﬁp rgl"él#e 1::? a‘?th c‘ﬁ izf?]? dg ragzlf( {Sgguences having
substStarrendoLtfeﬂaroneoradd/br Qﬁ§ert1d)1(ie(lht10&1|ngt pxrmﬁrcat o @bsﬁn@e )of wild-type or
Alternatively, substitutions, deletions, and/o

modifigd é’F?tF“é‘rkmii‘ﬁgéﬂtﬁﬁ whighpdo 5ot sigmfaansty %ﬁchm@eeq%@fc@g.d sequences in
ok SrbSARy 80 41 DRSO Rl RO AL Mlopjpsc i

Functibeality ot et isgpidgatll affedad, wher ebymbiaktorefrbqueneynisnit leay about 70%,
[ ncre he efficj

consist fo | e of Sin y
prefefZPlY ozt AhaHt S0 AURIAPES ﬁx)ahkyea@%& b BHOPGPOBRT fag ) at least about
95%, (ddd)mbiﬂ PréRSbRImbRE A 28BRCIJONE i YorRbarls6R Q@E{en&ﬁ‘fe%bndmg naturally

(iii) favoring excisive reconbination events, (Iv
occummggp(pqmgamatmneigqmncve usmgdhﬂasznmt ieopmbineset lmde( the same conditions (e.g.

el ieving the .re
i b W SRR BRRLD SRE AETRaC ofeieignppresence o
abser26 Cof EHie Qarﬁ@QﬁHblfﬂﬂéﬂso'meS eAHE Mulfer UShMgiohd)€idSAMNE] temperature etc.).
reconbi nase under the sane conditions (see above). E
Altemﬁé/ebu selstigH st delgfonsoatidfar aasertans b nHBt m@lh ailt asl/@ratiR sequences

confe gtjepen%laln%rﬁ%{t%gghg 8&3’511%?15% %lé%rj}’tg fc:l r%é%’ & (?-.t}eoe or modified

1ntegﬁ@c€ioﬁﬂhe bkdtombptiage Idvebdal vhefeBy sai@¥aladceémerd may consist for example of (i)
co-transfection assay as described in the present

incredsiRgeiiE eHir1gns¥ et reeS TR RstIn £Vas (iptegiapipe and/gr exgyion), (ii) increasing the
u r
spec b o al e T EPa0 T SR PEATE: eqmbiaeiin g () fovoring
mteg@hb&e lra'combwmtlloeteyemé O lrtlidvingethe rﬁlumefrieyts foekdrac ar ell host factors, in
-traqgfected wi.th an 30 expression vector encodi ng

comPEREOT 1§ WG CASE RGN FAWALY RCCHBE RN ALIoEr SOelices Usigg the same
recon?di@a%% LAd& thOSarkdGondi@iR Th:85). encoding a
functional /non-functional reporter gene (e.g.
fluorescent protein like G-P) and containing at |east

seguence therei Upon, e e on
The (iGionf G raet g ERa R e stron aRebhee (g et s pemonsirated
in w%f thRe d&RPar $ekhdd@B8redl pdrtidfar BNERNQMHBONM are known in the art. For
unctional /functional. Thus, the reconbi nati on

examplet jav¢q-fraesdertion %sggyaweddeembﬁ:érinbgherw@ﬁmérihn@tione(se@ Ragults 5.1 or
Exam‘%/)gzo /O?Qgégﬂ gog%léﬁg‘l%gg)%/ug\]}? ?}%aracic—?r?q,@e %gaisc?é{b%yea a&ecombmatlon of

extradhf@mEdSmdl VNI (f @rvarﬁl()al@iwcell byhepeBHeflY B8lsaal@CR-transfected with an
sequence analysis of the reconbi ned reglon
eXprepsieft Y4Ciari HROGAE Jhifeintogase paqtein agg gt HBFIFAIG Y eAtorahal iy gisybstrate for the

recorrﬁ)rl%atgél énn%8{§ g'c} ?%F1§¥A1%§F§§?&(%slﬁpn %I %%ﬂt In(%gé, %o?etscénl?%rotem like

GFP)rzmdu mnmumgastsmﬁst omTHevOpIbECItiph tsetjiae themindSpan BXpigssion of the
g -anal ysi.s of flu rescent proteins). The term
mte"fﬁ%fv Y1l cXRIGEBoP VagionsPa Hestomolyhe; Teagttemeensetyilb ke grendered non-

functiBhal RO ALY Aht PELoRMURBE SRtivity can be assayed either by recovering the
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where the DNA strand exchange, including strand
cl eavage and religation, takes place and relates to
wo bw4omssensus DNA sequence 5' - TTTATAC 3" i n wdTDEP30p2013414
att sites or said sequence to having functiona
recoMYile@ QlibdRutS Uasdr dndl 108RMg FBPEVIABhYE ¥ RESHBING(ISE 2l Sie ]?NA level (for
that the sequence of the overlap region is identica
exanpde Wi @arfpeeiogisi MERgseguetasemalysiq d tieerscomhimet eegivt,aestaction enzyme

' i ndi [ " I . [ f | ed. .
o B0 1 R PSEEF B! GE5hBhon v ot

leveloﬁ%[ ERPS A £WleOBim Bdbt@RC RadiSiiminodkdad; ﬁﬁiﬁ@nc?ﬁéci;ﬁ'tatti%ﬁ; immunostaining,
The core binding sites are is essential for the

FACSenghsispaflueresespt BioiRindlg t he i ntegrase at | ow
affinity. Each core binding site consists of nine
conti guous base pairs and relates to DNA sequences
The tomsiostilapgrefion” tab@s@t haremudsines e defeeriteadfeld tedémbination sequences
sequence 5' -CTGCTTTTT-3', for the B -sequence of the
Wherﬁu@? AR Padrand eirBaRss, sncledipgsiramt cleavegeopad geligation, takes place and
F_ ¢ q 3 28_+0 . .
el A T R eme e A ST AA G MHERG Ghe Pt or said sequence
having@ fisetoei caciebtiddh substicltent.i Gke satyupregude is, that the sequence of the
5' - CAACTTAGI- 3'. (reverse conplenmentary strand) in
overlgp r%&wﬁédemglshei%%endﬁccga*?lamg@an@wcssguemafvi ng
functional nucl eotide substitutions. The term
"armbinding site for Int" or "armbinding sites" as
The ggadcorertending sitest’ @slates to hwo dopsréastiysepegtedumpize in inverted orientation,

5 - GTCACTAT-3' or sajd seguence having fuynctional.. .
sepacdit O E T o P oen B8 W el i esyre Brghn sitcs ar
essehti@l foFale BRopOEIatibAMShiAdinY dhd MiSeriheSd A6 @FiMBPB IH@Rbre binding site

and/ or, downstream of the core Int binding site(s).
consiytyeok i copbsUs driee pairs "dnd islatesoles DNk seaienidsagonsiating for the B-

rej j r ynat i pn.seguences :
s fEE0gIRTLROM! dSBALS L RaCTIaNT DAL R SBRC br e sucionie
sequdnet 88 ESARGTT AGTI3ei Gedtied cordPleaRAtie Gerab@), NYr itHet-k&Rlence of the
rably for_ about 80% nore

far about 70% prefe ) )
nuclegtidg egaaisnse ¢ o&Agg&RT%%% mdriphéie Goruiupres of Ay pudlentide sequence
5-CARRYI AR (L Ller irf QE148 W2 i

nost pre?egab%y fgngﬁgﬁﬁﬁgS&?ggygégﬁ¥gpﬁikgé%ﬁgP?%%dquumwes
havingdometionalatuczotide spbastitgions.ar m bi ndi ng sites, and host

factor binding sites. As honol ogous or sinmlar are

consi dered sequences, which e.g. using standard
The tB&% %ﬁﬁﬁ&n? Ritt RS 18I"r "&nh-bihd® D9feb t Bl ASEi el NEBD the consensus

(Basic Local Alignnent Search WO 2004/ 048584
sequeRCGT SER2HASTOVSATATIG alr, saAl sesjobnde letving fupctioal nadleaide substitutions.

Mbl.ecul ar. Bj.ol o 215, 403-41 1990).), showi ng a
The {iRgHREFi TR e 203 pos et bt bdlods® Bhtath andlor downstream
of thd @O bNAidHeEgqUences. The term "vector"” as used

herein relates to naturally occurring or synthetically

generated 5 constructs for uptake, proliferation,

r egsi v transm ssion,of nuclel ¢ acids.ip a. cel.

The 23%181 'ﬁéxlngg%gés’orphl;%ne@nl%égl’ls e85 i ﬁar.ar 5 flilsgfl a erelln Wlhi regard to
reconfiiAITASOHRAC Y Mim-6HIMEDSRERHd heacChebi PiRBRGRRes reltdsUs @%ucleic acid

or retro viruses. Mthods used to construct vectors
sequeap@bqggpd@pﬁ@%fqr @bgutp@}%oﬁregq(gblyefgr alpputt&Q&,an@reaﬁgferably for about
85%,q‘§ﬁf}ﬁ r!ntf glr et\éﬁ{'}) ﬂ)lﬂsabetl['tbé’d"/%,attu ?rsgllol'éqpx%%r%l%& lf!)lagbou’t 95%, and most
techni que or constructing suitabl'e “vectors,
preferablyl fadatgt 89Aas matupiliyoocoofritghecdnibihti@nalquentds, arm-binding sites, and

egu| at.ory .conponents such as pronoters, . .
host f[”zctgr Lmdlngysnes.%s ﬂomologous or sxmllgr are considered sequences, which e.g. using

standard parameters in the similarity algorithm BLAST of NCBI (Basic Local Alignment Search
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to enhancers, term nation and pol yadenyl ati on signal s,
sel ection markers, origins of replication, and
WG plouoisigs si gnal s, are reviewed in consi der abl eCTEPANS/G13414
i n-Sanbrook, J. et al. (1989), supra, and references
ToolpAtts:dhui hiealgiJourndlhef MuleanoBidogx Pt 5 498 ¢l 0(¢29Q)) shomihg a probability
|1y cont | n.al so rokaryotic_sequences that
of P Fﬁgl WICRCRMPRE ff? %éﬁ%ﬂ‘?‘gﬁatkﬂ“ 5%‘éﬂ‘éen\%sct or in bacteria
such as an origin of. replication and antibiotic
resi stance genes for selection in bacteria. A variety
The Mrnedkmtqrdtascuseé e@(pnes@éatcm toy gatwally oeontiag rirngynhetically generated

cons 8T S0 WBry P ReOh P BB B P g s i @ cel e
plasn3idse pﬂé@nﬁ@mdisﬁﬂud& | rtereadll aidognds66/@AIRANI eSs081¢6.N basteriophages,
Stratagene, La Jolla, CA, Invitrogen, Carlsbad, CA;
Viruspy emista, vilvees Mﬂﬂlodwseﬁ toBRNEreR dicalntsese WelldioRano amsren skilled in
T
the aél an% dneg'é}nbe% \!213105? P[@&llcaggﬁ]se IR attggé%rrﬁgctrhg}%le ?ch' 50 tructmg suitable

vectcﬁ@ﬁ"ﬁclucﬂmgﬁl degcriptidn rof friey fLﬁl@tl@naﬂJ ahy nepol gatyi od»mp&;)eemeﬁm as promoters,
of any length that encodes a product, of |nterest

enhagférs@&rewn%@a @8 eelye%qﬁlyeéwflmanabe%@qﬁl% magkers, &ﬁ'@éﬁ‘sé%f rephcatlon and
f
87, SO0, RSS2, EEWISRD, s,
referamas batedh¢hangihi Vithe sekprgotie, expr@smnawnt(a’sl wllbct}'prqallngcontaln also
nut.at ed or .ot

prok{fgéti?c‘(r %?a’uer%gs %%n b i ths Q:rgyqugﬂgn oﬁ[.helmgto&% tena &ich as an origin of
reph@ar%h Mrgaddt®isict fés@f&hbé“géﬁescﬂﬁ%lééﬁaﬂ 8nivacleRs e lv@&ét?cbf eukaryotic
cell, humani zation or tagging. The sel ected
expr@elquem;@)rs; amn@mm)gi@ dowieg rsée adto Wthpﬁl ashyinucleotilec¢amabe operatively
el l, surface

lmkege 2?18&%@ rg)?vlillin%ttge éétand iSRIE A, gorgﬁp}é({?azﬁfnzévaqable t%’rom companies such as

Strat%&’ FEJPMIQGSA ThASEBH, Ao TfA; meRikdadadisdi, WEBSBD Biosciences
whi ch can be expressed in the seIected

(ﬂmﬁ%ﬁuP%%Pﬁw @8- The term "nucl ei c aci d sequence”
"nucl eoti de sequence", or "DNA sequence" as used
herein refers to an oligonucleotide nucl eoti de or
The t@ﬂhsf‘l'geﬁl: eointatestgdedired Goguthnse’ o6 “gnirtd gm”tah emldferem thave the same
or RNA of genomic or synthetic ori

meawartﬁere&rﬁ@ AR e R A T @5? esceﬁfs 2 H@duot of interest.
d b
The s%?eﬁ?e? Os 5116%%8 g&ﬁ%ﬁ@gqegﬁggaﬁgﬁﬁcﬁgﬁgﬁ%%g4 4%}?% ed gene, and can be
a cDRAI/ £I§2ﬁ)@8{cOIDBI4\14or séliﬂﬁnfreomentapmfm'abﬂlye aofDISAt Ht cTinébe the native
ynucl eot des of the inventi i nclu nucl ei ¢ _agi .
s e b S R b S G SRRy s s
Thes®¥nddid ioRY HRIMER 0dd B pieAaBbls REbSirSio6WeMsiLasat ih MR selected host
present invention can B prepared using standard
cell, themmmquQs‘ or Gagghg. Eh@mlep@domumceskanl Engodet heeereted, Cytoplasmlc
The term "enco Qr odn tQteln
nucleﬁf 0518 f,ansfb C?M?ICEI SSéla o é’@ tPE? gct qrd mterest includes
proteﬁié'\fxﬂyﬁep@i@béj fraSmetits Aserso fIFERIdeS) aﬁme‘ﬁB@R@JﬂEalDbf whBIth can be expressed
to serve as tenplates for synthesis of other
in th@@ﬂﬁ;ﬁt@rlwshwéll macronol ecul es in biol ogical processes
havi ng a defined sequence of nucleotides (i.e. rRNA
t RNA, other RNA nolecules) or am no acids and the

The @frﬁ"?%l@@ acil SREEhdeEs “Hesdotitde Bgqudnes e lor YMNA Bepieacgeareused herein
encoaes

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
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10 a protein, if transcription and translation of nMRNA
produced by that gene produces the protein in a cel
wW@ro0oakss84 bi ol ogi cal system Both the codi ng SPCEREP2003/013414
the nucl eotide sequence of which is identical to the
sequé'ﬂ%%r 2 PHURNE Sf BoiH . The PSIyRhdId0tRIOYT G GnidAtisE HERREGucleic acid regions
listings, and non-coding strand, used as the tenplate
whergigrongjee mare nedans payelreen m¢p1@cegé9wéh@r sypbNpme.an be
referred to as encoding the protein or other product
of that gene or cDNA. A nucleic acid that encodes a is
The flcMiCiabid Rghedesonihy preseheindedtdndGnt btaprepave using fsem@td techniques
nucl eoti de sequences but encode the sane amino acid
well kpejtie he @npfofiskidl Br beertn Thadens “enreduggene rcaélyg ofeferseto the inherent
propfgﬁ);?t(slg%%iglggg%ureoge%loglsnﬁcrzrlggt]lc%§ I?Q%ucl@}éczlc?&) sZz?gééh%qmﬁ “Rromosome or
an mRIOAY pepkivdess itemplaes fontsenthbdn @dadthyr pblyhe&l’ﬁaﬁ@ rAgdrémolecules in

resj due sequences or_ protein ? and refers to
blologksrik/ﬁr@raesse% hatinea definas SeRuCAF of angleiderHeg et RIMANRNA, other RNA
molePL0 o B4R B 08 AR A for O R BRI e e

a proteimyiif wdlsbnptlcgi eyxddslyxlslaumrooﬁ mRavepyodatdddry, that gene produces the protein in
roce si ng Nbd fi. atlons

hos | at.i on or e
a celgmo L é)é 1c|:a? éystg}zghﬁthe hefcag ing I‘aflgy %IFH]éIF eﬁp §§qyence of which is

identRA RPHRThANIEHBHRPGR b tustdly HRTidedSh %Eduféﬂ@e ‘H'étmgs and non-coding
insertions, can be nmade in the structure of

stranql)olllsy:pqut ﬁhgeemm]ateefqrﬁée nehsariptionnaf at @nn@nq&NA can be referred to as

i ol functi onal ctivity. 25 E ex I cer.tajn
encodind 1B it bR Tt FenelS SN R BRI EGa Thlk encodes 2
proteROIN¥RESY hlen@leit béids t}ﬁtjBﬁ\}eydlﬂgreﬁtlﬁucﬂé&ld@%b 2065 hd encode the same
sequence and a protein can be obtained with |ike

aming peigspquease of iwipaeieiaciug tors dageatrponal hagerticprodpaealeic acids and
nuclehfifie &{éﬁé’f?&? ARy eRSAE SM?%Iﬂgm%gﬁr?chg&‘%ﬁ réﬁ C mut agenesi s
or po F2s6 Chal REreac nutagene5|s on
its underlylng nucl ei ¢ acid sequence. 30 The term
ession” as used herein refers to transcrijption

The tﬁ‘ﬁ%l/ B?lYPPEiH@I as perd Bferehangeabln MeGoarRine (G Essilug spgrences or protein
I
and 1%&%:}5&%’7\4’&% tEJ'f u%?ﬁ?sﬂ&ﬁé%oleggtﬁ ITP‘?!S% teﬁgsbﬁg‘cpér{%grﬁfr%%%%tgms that are
post- mnstdtnenﬂ&smsdxﬁfeddnrbhg‘r rebéteona imeu miclode, bmtrarespo]mtdlte‘@to glycosylation,
NA t hat resent i.n the cell, aqr.the ano
acety{ﬁR@%B&?%ﬂW 109 pE pPTOHEN dHREERAS by odH a&%msee{lfgﬁlanges for example
fuswl%ecg% rotERE, an%ﬁé‘%’ih%e JERNAS I BB hd, k@l@}étlgﬁso&‘ #&sertions, can be made
sel ecte sequence can be guantitated by Nort her n” bl of
in thelslrLWDrQOﬁalwmgwdd?@wf?@m@l/eaﬂsmmtahry bttswd@lzgltcalofmpctlonal activity.
rotection,,in situ hybrldlzatlon

~ For eréi%lFblSG eir{ea%i% Rl\chB dpcég%len(:g é&b%ﬁ%%o‘i? lae n@fl a polypeptlde or its

underd 398 MhiclefUiMi@;coliag WRGhoncE -ald £hrodéin o@ﬁ%%l%@i@@& Qﬂ)h like properties.

supra). Proteins encoded by a sel ected sequence can
Aminpecifmadificatiens dey be arspares forexaasle by, @rfowmﬁgml@ﬁpe%f}c mutagenesis

or pol\{f\ﬁ%ﬁ%g %lri?lg%acklolg meg}/at argh g%%ri/el 1% g)%fs%r%?%r ey1%$ colalc gglId sgquence.
activity of the proteln or by inmunostaining of the
protein fol] owed by FACS analysis PCR (see Sanbr ook,
The tgm gqxpggssion] ggused @Eﬁﬁ? sefers ig (igpscripfopandlpr gpnslytipgoyf a heterologous
nuclefé%?& ? mnieu\mtﬁ}l cai({;fht% ilé? Nf %?g&gs%r? of g%feb%spl‘aduct in a host

In a Cons ruc con I NS one or
cell n@@ﬂﬁsﬂet@mnﬂﬂ dnrtae bagid @feait;het/\tmeramdmnt bliécog&ﬁlﬁmdmymm\hﬁe that is present

within the segnent are o er vely i nk
in theo?ﬂérorafﬁ?a AMyRE Of ithse desitied A pH@q én??fdﬁi?rg’tye&‘ fﬁategssequence For
exampI8S HENAL gnsaiibdeefi8h! a%@fé@t%da{eﬁuéﬂcelc%ﬂsﬁe quantitated by Northern blot
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transcriptionally linked. More than one protein or
product can be transcribed and expressed from each
WO p@n®Lssspti on unit. Each transcription unit wd1/EP2003/013414
conprise the regulatory el enents necessary for the
[ARGE iR ORa & RN BISR A Oiﬂs‘?tft 1B dPatibA& %%1&‘1% A or by P
hy bntgezgﬁir‘rl:icIJl g{é a%r e éo aélcng% 1| nth eal lun| ct) Tﬁ\gJ or by PCR
(see Sahmoobperatalvell%%% m}md AumbmsFtMatt alwol 4 wmiaeed) supra). Proteins
nucl ei ¢ aci d sequences r sequen el enents,are
encofRepy Frothlch 5ch ARG Habe SR EE0 (e AT RO b §nbY ELISA, by
West% edl5tt1hgtt%nﬁﬁ$1ﬂ%ﬂ§£ssafs by nﬁ%ﬁﬁ@r&npl@ati@)hoﬂ@ﬁﬁﬁyﬁg%Iothe biological
ancer I's operatively [inked to a codi ng sequence if
actlvnty oﬁthe protaincpsbyt mnmuemastaiwihg of thapaeitiatiellewied by FACS analysis PCR (see

santfh SR B LB B ST HIBAEL o™

operatively linked are contiguous and, where necessary

tojoin two protein coding regions or in the case of
An “%mmm@t@ﬁ%ﬁttﬁeé@i@?es aTSHIONGUGIS a ZABSITUGt hah @PRGINg AEr more genes to
be tr%ﬁ?@%e w em ]I%i gg CalrE?I)}t:éﬁlg S}ﬁﬁﬁn ﬂ{eeg %[n%g‘ s o&e?gt?vetl fihked to each
othersﬁﬁlctrﬁrhs@ﬁbéd/ fﬁ)ﬂi acdiggle fRomoter, agdi mﬁfesu]ﬁ tH&eduﬁifem neaes are at least

of a correspondi ng sel ection agent. By wa
trans¢riptioas iy tinksd, Maye S ase Sroteinos dratughea lgeetﬁaélsewdoaéld expressed from

S V.
each ﬁﬁggﬁ gg?ﬁc E%drhatga gllrllﬁeﬁ%l 1%@%%&%%%:&@ ré%ﬁétoﬂj L1@¥ents necessary
for tHeasankérifeloy emdltﬂmtle'dorf of aniynofitheesgiectsieseqeerak thdteare contained within the
. corresponding antibiotic; a non-transforned host cel
unit.woul d not be capabl e of gromﬁh or survival under the
sel ection culture conditions. Selectable markers can
be positive, negative or bifunctional. Positive
The teme' inatﬁthle}yahkleﬁdé’ rakdnsvihatetver b omore gructsed Iasidcsaqmymwg or sequence
t he marker 30 conferring.resis ce.to.a dru
clemgsgS B oy Y A0 ReETist TR kBt ds Jig yHdsg manner. For
examtfb‘P:SE pe&thbter addloCRbRRS Is opRRtiRtly R kE@ L Ed DR BRIUAESIT it acts in cis to
'ow cells carrying the marker to be selectively
contrel Dlmnné\tﬂe@ thegrenssxiabrph of thesinkgd semicpsy-Gaacipdlyebatsneg necessarily, the

k h L
DNATE gqugrglcgf C')d\}elat rar}g noe e}agﬁl%lcel nk%d a?@?hﬁn%ﬁ%ﬁ 91{1 gzﬁﬁ% n{t@&'ﬁry to join two

FovT
proteﬂﬁﬁﬁlﬁld«l&gﬁmb f Ri the chsa@If udedterofyhiaderqointibi@lsl amd in reading frame.
sel ect able genes, Wi ll include reconbinantly

engi neered nutants and variants, 12 WD 2004/ 048584

The tpg{ ke %Q%ﬁ/ &&%éﬁ%ﬁnet E&‘gﬁg@%ﬂﬁgné HiAF B#l?[@low@%léhy @gr‘?ﬂhé the gene to be

erivatl ves I ons nati ve

specifiedlBCdebdeterl forar kg%ﬁnsg ﬁn&lesa@esbmgofascou’ﬂeepceﬂmgjﬁdiecmpodwm By way of
retains the sel ectable propert Useful .derivati h
lustipdiay 1 YOS S OHIES AET PSS APAT TS TSPIYE Thapker gene that

| ! Rl s cted fb@ th f th
allow @ROS@QFI@tr%eda‘glgggga gito\?\/llget ﬂ&t heem}ifel ecc? ab m @ presence of T

sel ectabl e
corresp(m[dﬂrgt @ntlbﬁotmaa net-yrandfomeadderst gpdinesulf zmveb@cay@éw of growth or survival

T L W R ———
blfunm&‘i” ?géﬂ@ ’seleeﬁgfepﬂaﬁ&?sd apé(wr efi@tisRcRr h&ei farryi@d the marker by

exanpl e, sel ectable genes comonly used with
confeztik@reptance tred Hgig qrcqomensarﬁefogemalfobp oaRiabeliy eefs¢tde the host cell.

hot f
in oGP LI rEFaLe: chivis EHDARY Girine, g, mpsiey o be selectively

elimibBEERYor dxtaipleliRigkths d&@\/ -tk Elﬁa agh U @Reneils yikbaehasells sensitive to
aspar agi ne synthetase, and genes _encodi ng resistance
agents su¢teasmfotlavir and gancycfowr The selectable marker genes used herein, including the

amplifiable selectable genes, will include recombinantly engineered mutants and variants,
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10 (418), puromycin, histidinol D, bleonycin and
phl eonycin. Sel ection may al so be nade by fl uorescence
waceduwagsed cell sorting (FACS) using for exanpPE&r/ar2003/013414
cell surface marker, bacterial (3-gal actosidase or
fragridnesQ ries@ Rk @qmaﬂem d@ivativar @smoldgsemaseidhs ol @hige selectable
(GFP) and their variants from Aequorea victoria and
markRegiriel @ lopgias drangnsoded pradust rsipers s sclegtaplsproperty. Useful derivatives
res f 1t t
generah %%\ﬁ gu {ra(r)l{r%ﬁ{lno LR%II%OFHJIHLI&%E E}'tfbt %nqlég a%fdn@z/ér’wgq Iteléﬁ)ng or domains of

the saba@ms Qﬂﬁkérpassodmemt}at}&melec@oaalpﬂoﬁdfrtya Sﬂ'anet&aﬁhmhtﬂmr genes have
to select for reconbinant cells. _The te

been: d§@rﬁp§fl* @ﬁlugggn‘@fuchp%q,ls(l ?opcﬁ‘té"ﬁﬁ%%th"@é n@zﬁlﬁrs (see e.g. WO 92/08796
I a

and_\{\’@)t @4/]'2@9%2 flﬂﬁérgorta{%?ntggl%‘é%%c?gﬁféﬁﬁ VFSo\é %Ié(glg lel, gelgtgﬁﬁele %er(x)érs commonly

used exignpliearydtc sélsemrlutiortht hgengr &g emsinoglfyc@deaphosphotransferase (APH),

antibiqtic reS| tanc ne e. APH (am no i d L :
hygr%wbrfg{oﬁ%mgfae% 258 (. il st SR AaHEAR), Bymicine inase
a ls { u ent fince to neomycin
(O BAANR SRR bR BBl 2t Frgni i pgran y
(G41B)apmmnmuhagi@dlr@hﬁdhlebmyomg@dlpﬂile@my@ne and Flp to the
integrase fam |y of the sequence specific conservative
DNA reconbinases. In 25 its natural function |Int
SelngI@? 2hHSQ%o b fhaldpbOATRdseerck aeaIEMadll Sttike(MBRER) LiviRg for example a

ferent reconbi nati on sequences nanely attB and
cell atrfa@e Imch beetprials pgaluttasidesee ot ifiessseany matsins (e.g. green fluorescent

protems (g:ﬁg? cgtg}lalg %lfaraletu}%j fr%%g%tg%aszéctgmﬁlcgﬁe%@ 6en'v}§>gfnzs of Gther species;
red ﬂg%scezi pro®ins, 30 bsc A ptdtein® bRe theltand amts RO n AY- B @A hescent species

nucl eotides i's much |onger and occurs naturally in

(e.g. Dissogenotpe Afemona dpactiavilonnayeZomwbdap.) taprigct for receiplinant cells.
Ross, W (1977) 30 Science, 197, pp. 1147. The Int
reconbi nase has seven binding sites altogether in attP

The ®@Af “baMction agaiitt’ Befelsh® Diubbgtchiat tdfkésonitothd griowitls or survival of a
the sequence specific i ntg:gr ation of the circular

host gslctlyet is gefiroens in Apertichlar pdediablagens. bor PEEIPE, tglget for the presence of

o s TR B DECATTPPIRIA BB 8,00 s gt

the arlit&ﬁ@thlea@eti'c':inl-dG'zl)IS)"mruséche integrative reconbination;
Ki kuchi, Y. and Nash, H (1978) J. Biol. Chem,6 253,
7149. I1HF is needed for the 13 WD 2004/ 048584

The 13@%&%’%&9%? Attt &élgﬂ?&i@r@élﬂ a9 P fied bR ophage lambda belongs like

econbi nation conpfex wth attP. "A second co-fac tor
Cre ahd 'l teethe iimtegrgseafamoly ofehc:saqumqesspt:m&C Dbiseriatse DA recombinases. In
: oi | ing_of at nal t he reconbi nat
s TR AOR Bl GRAbED | Ba S e TG TaR briesp to  different
recon@tﬁﬂétfo?\cgémleﬂéts' Qihlél?qw?@cﬁﬁi aRRelnn %binlpns@nglaﬁﬁd‘%otldes and was
serve as subsfrate and recognition sequence fo

onguaallb/usdlhted froot trebf. read i gemome abtizunehi, M tand Mimnishio K. (1980) Proc. Natl.

s SSEHSR 75" SR EHRBE R B 2 RSFOSBIGN tonger

occu@r}{awralﬁem tHel QB8R of th8 babRriofhkde IdMRIEXGINAY.0A. @hd thbes W. (1977)
phage genone out of the bacterial genonme is cataly

ed
Scienlsg, ¥ epp.ritl 47 rdedrbicaambinasesls spem indigg Sléesmﬂﬁﬁé?r in atP and two in
f
attB. Pﬁle l'?lgfogn ai (?].l ggglg%? Ihtn ? Alllgegﬁag%écm ng'gggr!lt?gn omecarcular phage

genohb@nt@ﬁﬁb S8 aBMB 6h13h@IE1 )tolamﬁroﬁﬁSbgleaIrﬁdlehm ﬁEIpIﬂOtaSl co-factor, the so-
'XI'S") having two binding sites in attR tﬁ&sgmfn ﬁ/l

calleypefegigtiomdiogt fator( qyrally pRg designated herein as or the mtegratwe

recombination; Kikuchi, Y. und Nash, H. (1978) J. Biol. Chem., 253, 7149. IHF is needed for the

13
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Bact eri ophage Lanbda, Cold Spring Harbor Laboratory,
pp.113. In contrast to the integrative reconbination,
w®bbh4nesgad | ve supercoiling of the reconbi nati oPCT/EP2003/013414
sequences is not necessary for the excisive
assenf§1§ 0P i1aN&l1{cABna)l HRWBM B nati BNV JAGHAL I Wieh SHMPETLOdbA@ co-factor for the
i ncreases the efficiency of the 15 reconbi nation
integragiau t icactionAis the REYA| m@atve sepercoiting id @fh.i Einely,y thef recombination

betw%egl_ecft% gxlbcf Iatzlgllf\r@ﬁg ?c%:tb%rkefrng%[{oglreofftg/?)tﬁ'eﬁv&ggo Y\f&ihgtio% sse%%grpc%s, namely attL
and BRI, i deBrt) as sOBtEdle akd RecbghitiGiPHqUERE iféh MirthBr PébStnbination reaction,
Landy, A (1989) Annu. Rev. Biochem, 58, pp.913. The o
the easigionierrtion. Ageprapiebansiye suremasyaet theeRastesiophaggchindda optegration is
- Lhe.integrati I, €. t B,. t r& ,gener at ed
gwena%a‘ilﬂ ?‘aﬁ\é’y’ dr“g&e%%é%u\'/g&é% r%?réh%?? ’o#if}j ﬁ eﬁgact eri ophage
| anbda excision is given e.g. in Landy, A (1989) 20
Annu. Rev. Biochem, 58, pp.. 913. One aspect of the
The gx@gentofi HireRbagsn ePramg 41 1§ Renkacksr! cenemguenesalyzed by the Int
recoriRBel 16 T R Ratiudl RffactPUy hibdd Sy KAEYOH 16 1h€hdd THF, which is
conprising a) Introducing a tirst attB, attP, attL or
encodddtty the draewreptoge dadbdd. s isehd bierieafasé Otsoaly arel dgsigfated herein as
o) introducing a second attB, attP, attlL qr attR
XISs)e&EﬁélH%eW@r b 1 ViaR 1D it CSBE PR OV 256 Weiskgpe, B (1971) The
I fopRRledr bt N SHRAE GRG0 ICLMRIASRS pp 18! IR HRAYCR e integrati
Bmm%fpéagérééd%ﬁve tﬁ%regf sai d secoﬁﬁpgequeﬁke ' © e
recorglingidang E8NAmegativB, suaercbiling ofttheResenbiaaiden saquences is not necessary for

. derivative.thereof, or rein.if said. first .

the eSS e EUTIP CQe B S eGP p i rapgt e ciency of the

recorhb1B4tRA ref@ o, ACRAREr in§RENPIHE pﬁ@l@&fﬂi&ﬁﬁ]}@ﬁf tief dxiRisiéH #eaction may be
~or attR sequence or a derivative thereof, or wherein -

achieivéd wathde f¢aosd ceefapRAnsmgiyellSe(feciorpior seeraen afmplation), which acts in
. sequenc a; deyjvati t her b 0 n SESN

con SEPIEE 65 R 1 B B RGHBrREEOE FFOVEPRe oxcison i

genetdRIy Viad éxaet thefsedaction oMmRIilefratibn, Sl /B iahs tir/Plife generated again. A
sequence conpri ses an attR sequence or a derivative

comprehepEse SWaMANseCHA daererRltee (WHids*eisOndh 2ivaR £, ihbamly, A. (1989)
0 t4:R u a derivative thereof, c)

Auumbéf?&éﬁf%%atﬁg%gﬁgg%nce-specific reconbi nation by a
bact eri ophage | anbda integrase Int. 14 WO 2004/048584

One gsgéé%?f)ztgg %ggégéééﬁx&tg{ng%ggs? ti(cj)Cal %@@gﬁﬂﬁg{]&gﬁg\? erc?ﬁcnrécgmbination of

r.f : : Int and XIS, FI'S, and/or |IHF
DNA'%E gteggﬁ?tlpé’ell LB pALinBY

erred is the“method wherein in step c) the

a) senuehc:espict #4418, ardt onbionat'Reaquescperd darivetdvoinetsiof irde a cell,

by Int and a XIS factor, ar b nt and 5 | HF r .
b eSS RRT ol iy eerr S P ERE it dirivafs fbgpor into a cel
wher¥HaF @4iA fildt DNER Chudnde BRPHEACHT nEBEGHhd@e or a derivative thereof said
reconbi nation is perfornmed by a nodified Int,

seconlr sefjeanabcpmphees| it affB,or!L ot affik sagiengerprtahdesivadpathexgof, or wherein if
.. UWs a modified Int together with X S . .
said {E BT Rt AL ngedhch Rl %, pGhaFE ot said sccond
sequenBy Esthp@des ah @:PNaAL BPLER ReQfeptd 610h @irhadidvtcoffortWhesein if said first
met hod, sequence specific reconbination of DNA in a

DNAegfaaeyast Fempasassanyaril praugeGer ef ke deh@tlyie dReiEefe ﬁ@iflc%gcpg,d sequence

or_near i i cal [ ' [ cor Wi fore t DNA
comeffe B, T L L EESTLOAM N, 50 o LB
sequeBP€Corhpises @ iR seaueme cas derivative thereof said second sequence comprises an
attB, attP or attR sequence or a derivative thereof,

c) performing the sequence-specific recombination by a bacteriophage lambda integrase Int.
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descri bed above, wherein if said first DNA sequence
conprises an attB sequence or a derivative thereof
WG 200d/088380Nd sequence conprises al so attB seqUPOIVEPIN3/613414

derivative thereof, or wherein if 15 said first DNA
sequence conprises an attP. sequence or a derivative

PrefdrRRY 1§ We SRUDISEELEM in §t%gléfﬂféeseg€ém5's gﬁﬁ@%cﬁhﬁoﬁwﬁon 1s performed by
sequence or a derivativ her eof, erein 11sard

Int ofrlbysIntlBINA XEe i hael/adifl. iMes Iﬂafea'ed lis ﬂ&qmeﬂmé wiieréin in step ¢) the

derivative thereof said guenc e
SeqUERGCTSPERIG SRTAMRIFAtPTE PF 8&1???2"3{ i&tr%r&}y aﬁe* Fectr, or by Int and
IHF %‘?'b? 1hi 4= xiNh Segu @ﬁﬁ@er%@é@ﬁé@ﬁs{h@&e%ﬁ%héﬁﬂlﬁ?@t@é cPthe sequence-
dérivative thereof salid second sequence conprises an
SpCCdtCtIRccseWen@emmer@nn@Dbydermwﬁhﬁcrd/blti prefeedfly thenlat-retrHodh/218. In this

res |nvent ot 0
contGht bo4afch eI eebe v XIS, P Gt ihis 450 wifigne meaning of
the pAdsb} iBGaHRACes but also with nodified e.g. substituted
attB, attP, attL, and/or attR sequences. For exanple
an |ntegrat|ve reconblnatlon of the. bacteriophage

| anbda .25 t P an
in o QT EReEEF HpireR et PR i PE B C g B dHR B v in e
eukab@eid cehs anN (DG peb e dtRweecdndericallP be nsatbsidehitidal 19 R6cdnibination sites.
att B (Nash, (1981) Annu. Rev. GCenet., 15, pp. 143;
Thergfosss | prep\ent A ERINS fpéptes aRmethpdg ey sgquemCe ngpECific recombination as

desc@ég#%ggi,wﬁ%ﬁ%lﬁs 1(:1)’ ’ﬁrs%e I\é‘% ]sg’cﬁ)fg@é’]gc{rﬁérfgg affy gg_ls%ﬁl?eﬁllaf ﬁr a derivative

therepf edé lécdnﬁ\sequeinemccmﬁﬂ)r&%eslsb @B seghidind onheledativietRerds®dr wherein if
attB, attP, attL, and/or att R sequences have. one or

said risste DR SIALEIC ofEPRTHCT GRpEA SBIICHES (CRed HaTIRtiel ghereof said second
t t S
s GRELIRRE U el b, RAREF RS CRIIERRif said i DI
sequmd/comparsesRan &dqsm}mcw drawderivaeye theeof sdid eeqonﬂcsaquence comprises an
ive, SiXx seve re s bst i %

Q
o, SRUGHST O OO S AR ORI Sﬁlﬂea}&/%w?ai?qf‘%‘&e&ﬁmprlses an atiR
sequéHé@ o at D& RANE th&gbpﬁaldﬂé@oﬁd)@'@gl%ee QURIPrREs BAMAY sequence or a
- 15 WD 2004/ 048584 PCT/ EP2003/ 013 conpri sing seven
derivatied detsofles may be substituted also. More preferred is
a nmethod wherein substitutions are introduced into
the attB, attP, attlL, and/or attR sequences either in

The fRG10A06Ethe REHeANINVENtidA B b\ elboutadt @aly Ri@f®e madirally occuring
is the introduction of a substitution in the overlap

atB,rasd), oLagud/oh a!/Bi seavenserelitislsonwith duedifiesh e 6f s'em'@tté?d ftafﬁ attP, attL,
and/o%ﬁ(géin %écg!tﬁhgﬁgngﬂp%){ prﬁ)lé: 91% ?ntéﬁ ({1%688—1'?1 len?télglﬁ] %? bacteéxophage lambda

and BtddE, batvedh a@P bhd caBdloaoladouRse@rAcn@asamy of the wild-type sequences)
derivatives, jincluding functional fragnment

th
have beers gbseryesowhish hays opf & peke %uhstlt%mfazp.@%aif%hte Ir%: ?198 1) Annu. Rev.
Gene?aﬁg're;#ces 30§%§'§1%6J‘§{ ahd %Jelégetrg a(;ltg?(?% Japﬂ lo1. ¥tk Dynamics, 3, pp

sequ fication in one or nore
1134);mtds{dm mutriPoiNash, H.r{l 28 I dacanbRevaiGeant. Séqpedd®s is to be

i o chosen such that the reconbi nation can be carri ed

out in spite of the nodification(s). Exanples for

Thussﬂfér’l%é%gdnte%lhb@ PQatdf ® hinddtBSH §hbreirl thetded Q#z@ 'a?t@t LRNSand/or anR
H (1981), supra and Nussinov, R

sequemecs be\regpneRor (Tme@)bstlslmpna 1@ g OmARRsonoto tbonéttdelbedcquomg attB, attP,

attL 1% &H&gg%ueacesbg Jléa!%gr?%ﬁ%gfvﬁgﬁg}/ ﬁ@ﬁb%fﬂoﬁﬁi and/or attR
sequénB%ﬁa\EH endlaae! th&d fbl, five, six, seven or more substitutions. The substitutions

may occur both in the overlap region and in the core region. The complete overlap region
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Ausubel, F.M et al. (1994 updated), supra) and and
may be tested for their use by test 15 reconbi nations
w@s3zoodessssd bed e.g. in the exanpl es of the prespOl/EP2003/013414
invention (Exanples 1 and 2, results 5.1).
comp V\%{n%hgeve ngdﬁée ?%%Qt %ulbgthﬁ%Id't {190 rﬁ'a?et Et%fér%dalsn?m%d wherein
substBeipig nEe Snteaiped Bﬁo oind y¢Bf al;DPl,eatdf ztridﬂ)rrceﬁbeﬂmbm&s either in the core

I nt binding sites, however, B core Int
tegio (e SVEURP EEPTa e L] cigiro Wnpq et SisGiton i the overlap
regioff @ dthgngﬂ'{l] ultahB&: plﬁl?ré&‘ﬂsttloh%feéﬁe' Mt El%sﬁ%tl'bﬁs ?n RRE B region. The
wher el e use attB, attP, attlL, and/or at
presesiefuentas asonsilats cbmlayrrmthodnwhemfn ttlhﬁe upas peBt |av/tB aobe and/or anR
I nt bindi.n S|te§ In_a furth r e InEPt th cL
sequexCEsgare gp{l}ta 1VGS:1]IC ugjllﬁa /fbrllctlog%lt Ealuce greQ é)éﬁ%ll Schog? ination sites in
compaM&brOh. tl@ﬁﬁu{éﬁ?%cétﬁ‘ﬁn L8] 4YEp, Skt e8nd/ SR &qRERSENT
invention relates further to a method mhereln t he used
attP, attL, and/or attR sequences conprise in

A mogl]gj éclrailpléblil qutf\tcxgg f ?]){Elg 8} Ir‘}ltOf‘ bﬁu%%i{ {llll \9% i)lrnt%ercg%g)hna nlOI% sequences 1s to be
choseRORLE $ha@ thd REo@bith b ein g Sdrtied b inl spite oSﬁiednbdhﬁdati’d@(s) Examples
site conpr i ses a consensus notive havin g t he sequence

for suigh_sghAingTEAGTAlStg! ¢.gSmche pullgyatipys of Nas (¥9%4 4 supra and Nussinov,
R. ana e\gﬁlsg?rghfé{] ﬁ@%g s[vlfgzl 4 arlléfI %é‘? ?&Hs?ﬁreﬁutg Sotesl&ﬂ%ﬁlg nﬁurﬂ{ég modifications

may B'_B%aﬁ[y‘fhbtdddd:d’dge 8| b?(rﬁl)taémesﬂs nhetheds Genpabért d)bthede ate described in
vari ous di stances upstream and/ or _downstream_,o

Ausubly & Vinto tinGhoRG SIOPIEES) ST SRRy epdier GriF LG their use by tes
reconﬂﬁﬁﬁ%&s ok cfegl%bgﬁ %ige Bk tl'lé"g)@?lliﬂlgé"of {H:é é; deiit mventmn (Examples 1 and 2,

reconbl nati on sequence may ‘conpris urt er
resultséquences which allow the integration into a deS|red
target locus, e.g. in 16 WO 2004/ 048584
PCT/ EP2003/ 013414 t he genone of the eukaryotic cell or
Furth@@E ht g?és@xllt 1410311@1'0n GRLREDS ANBethd vheleRCRBRARLI®N:1P, atsL, and/or
occur’s . Vvia the honol ogous reconbi nation which i's
attR wqdmcteecbrbynserqnéy ﬂmnedé]thmteapeqﬂec ootsi[nthinding sites, however, more than

oo BTN 408 38 R R mcin

relatel 3 dSheth@F WheRNtht QGed #4B PaH) &1, aRdlobarREedufcatcbBkist only of one
attL, attP, or attR sequences or 5 derivatives

of the wepe@@ffe coredpickindingsifes. Tha figrales smbeRingn ghej ysed fuBagyP, anl, and/or
knows_how t he I nol ogy and how
iR 5168}’5810? %%OWS%ggectol %m%%%"%? gémhlqlgus let Eéges have to be
such that the honol ogous reconbination occurs MAth a

sufficient probability; see reV|em10f Capec
The presgoynaiighdglatesoithenp ajpgiod 19 %%e@éruseﬁi P aghénd/OY atiR

sequaglgg‘s:lér]@ﬁ}gr S]t%g? aHErlrlgigh b 8nd Ote fTh( G hdlﬁg"\s‘ﬂmng #'n‘?cﬁ e SETIRERF two, three,

anisminto t enone o
four, Gk ar yok¢ tha divee, capiesarfyth@uni-bindirgy siterfonint ¥addrbsding, site comprises 2

cors Spuite FePPOR RLSS ot O w32l SR P SIEh BY, e

sequefibe lgﬁogoff hdvid Bl‘?cﬁmwﬁpokﬂmléﬁst End’ b&ing SUHARGET ﬁiﬁ’tﬁcﬂefrér@ to the Int
reco |nat|o using sites different from thosée beiRg

bindingtEgraatebindiag glte(b}/fqnﬂnimgaj/ bx PoFRINsled| vericesdisiageeg lupstream and/or

concei vable. 15 . . .
downstream o%/ t%e core ]311t binding site(s).

In order to perform the method of the present invention the first recombination sequence may

comprise further DNA sequences which allow the integration into a desired target locus, e.g. in
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The second reconbi nati on sequence nmay al so conpri se
DNA sequences which are necessary for an integration
WO pioa/o#sseesi red target | ocus via honol ogous  PCT/EP2003/013414
reconbi nation. For the nethod of the present
the genvaaof aie adkhabydtideefli drsdh @nAéig/nliliehi®a®edle. This recombination occurs
reconbi nati on sequence may conprise the further DNA
€8 Yadheherwlogous resquainationa Whish s dnsdaded by ipiEne! prular recombination
mec R 50 FRP Rt PR, oE Tk p1E8 s EEHEREF L pomologous to he
DNAsefthe nargetiotis ard lochtad bbthf 3irabbi &t ofDNA a/BequrenasB, sreyt/R0€equences or
. perfornmed. both consecutively and in a
deriv Y4 LAY P FRES T DFIGE G FOR ﬁlgﬂqu wcBrsrkaers Rowegitdibedesree of the
if ) HeR o
B o ALY R p1 P PR GRS o o Bl B homologous
recomigoaindi ecuiowith eguéhcientrobabaity wice meuitwfairGapecchNA. (1989) Science,
244 seg;s ces are present and introduced into the
- By gotic cell's on a single DNA nol ecul e.
Furthernore, the first reconbination sequence may be
introduced into a cell and the second reconbination
Howenggu éintse alsaapodsdl¢ ripr odkgraid thet firsamesohdination| seguenei by any other
e cells are fus ubseguent lLy. The term.fusi.on )
mehiSrCRlq Tl mipiing SR EIER O PS ot Bl P Rmogome, c.e. via
randdnh éntedraest wiRhSe alsdAnebdied By itshmafcelliar RicemBliHation events. Integration
invention may. be used e.g. to invert a DNA segnent .
of sajdy firsg resepaRAtiont HE Yia FeqUSBET-SPesHicaiscambigatiat BHBE HHes Bifferent from
thoscBEMEEERL 3ol ILRATRI 2R o LRGSR BT ROBRN Bl oy
be used to delete the DNA segnent |lying between the

directly orientated reconhi nati on sequences in an
The spepndafipraluinpiion seaugiasiTit 3l ghconmrise DNAweequsoagsoupisi are necessary for
an infe&TAibR %R0 @éﬁé&ﬁrgé}aos&mmg&ef@&ﬁg REOBRGESH H F thfHithod of the
I ncorporated 1n 5°-3 or in 3 -5 orientation they are

preseptr myemtion bethdthe dotst and/enthatsecond Ehembmetorbieptehonmay comprise the
the attB

S nces are in dndirect orientati.on if e.q. .
furthef AN SRt RCqS PERfPHEQ dF frrmeihod WHGRIR hath IR sedejesss omprise the
furthdr DNALEYeALQD in 3' -5 orientation. If the

reconbi nati on sequences are each incorporated e.g. via

honol ogous reconbi nation into intron s sequences 5

nd 3' .0 xon and the recopbination is perfornme
ttro)0Aoi o Ao 3 E ARE SRR, BRoMRBR BRI cRGR RufSf \AURED further DNA
sequeBiesi Aty BE teyfoahb® Mot eBnscRG@VEY NAkI BN aSESIHEATBENARE wherein the
deleted in case of directly orientated reconbination
recompaRplion eguences prechrieslt wn twpt differanis Do sodgsutest Reeferred is a method,
wherddP IERGEL dn‘éiGSec %Q%F&thgrh&q{lﬁ'l%ggﬁﬁll of Swilfolf AT, bﬁ%ﬁ sequences are
I'ts activity or function or e transcription my be
preseigtanfipriebdayed heo theveaksiyotic odllsdalaainigdDBUColdeale. RArthermore, the first

rIé}conplete) transcript is generated. In this way 10 .
reco _uba_nop SeAdsNEE @bqycléq I 9AB$SAgAtoF c§lhandk Heogeend recombination sequence
. . . - C : _
my BB RS HIOR NS P Pl HELE) e tom s
meanexpssssoforgaiisas gewell esncabfusigndn thesvidesd serel ypept i de,
e.g. by functional |inkage of the open reading frane
of the encoded polypeptide wth regulatory elenments
The n¥hddloihk PredehPRSERHRE QY b@'ﬂgédoé.%.ttE)a}H%r@B I0NIA Qe gtiB& 1ying between
encoded pol ypeptide. Those regulatory el enents
the ipdiedetiye opantatede re@mbinatione dequeneespimnet oimtranwlesular 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 recombination. If
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15 pronotor/ enhancer el enments, which are well known in
the art for various eukaryotic expression systens.
woloovewessg4 t he first and/ or second reconbi nati OPCT/EP2003/013414

sequence may conprise further nucleic acid sequences

the réqteEh & HnBEuANCeIRE @adHOnY M piatddein/SPBOsHUA BS S rientation they are present
interest. For exanple a structural 20 protein, an

in dlé@?ﬁmma&w@r The f@@mbata@py SPAEEFALTEY lﬁélf?‘ﬁtqf@mﬂﬁ@d if e.g. the auB

atii
sequ ! anlisShgtn ;fa%)dg?{ g i §a Ry @gq}r‘l’g’;geglgleﬁcgt 9 1‘1&%{ et I ecul orle%tatlon If the

recompratitn Bajuentes afheach mbo@dmﬁde |obmpﬁ>;ntdld§fuprrecﬁiﬁmmm into intron
be an, endogenous or %o genous._ one. Furthernopre, a

SeqUARgCR er NP ?%?fh eHIN B BiealicrRiBRinRanals| Rer fosmeg fut an integrase, the exon

woultdh)%r ﬁ*&gfél 'rl]ﬁ; tc e art ehﬁ&n&ﬁéﬁe@ ?%cbﬂltbfr%g?ﬁ quueg&:% MR in case of

d1recﬂp|cdrleoaaltecbrmomblrtahm sefukendts acspactively. ottt thaas proeséure t25polypeptide
inventjon is onI exe ary and not mtin anpl es,

encoft BRShe apPiaie SroBaREN iGELs He o8 duRtion b FRCrpiion may be

stopﬂ%@rgyot%g‘?lgveﬂléﬁ] ot H&et%h §L@B tHz?t %@ (@51% R tfahReript is generated. In this way
reconbi nases may be found in ? reV|eM/o%

e.g. the bm}oglwl figtctigh of thel@eaded p'bﬁmgsde&mmabc nv@stigadedd Moreover, inversion

or d%gtm%lggr nF Qagteké B?GQO%V%‘}t{Va%[\fKP ;%%ﬁ%%ltoénv gtglgzoe encgdmg a desired

polypeREHE &g by &inctiBhdlakhes v &e 6&%@3@13%%% @ﬂt%pérﬁ@mﬁ polypeptide
substrates A del etion reaction na e used e.

with desgelagoraglentsnisy deejuerioss tfarnémm@nc and/@d ﬁ@lséﬁéwh of the encoded
polypeﬁ) dugfih% -ghfefgogx? poeqex{]%f( 3{1@2@ o@g'& t%pep f 3 ml(t)é?l ko a promotor and or
promibbefeahsricet é:leﬂm[aﬂﬂsj which @S vell Hao @y in the @t f(ﬁﬂ va,rlo(ligﬁﬁa}yotlc expression
J. Virol., 71, pp.1842. 18 WO 2004/ 048584
systepT/ EP2003/ 013414 The i nternol ecul ar reconbi nat i on
| eads to the fusion of two DNA nol ecul es each having a
copy of attB, attP, attL, or attR or various '
Howe:\cunbihleatﬁlisbmsd/on‘ seohd Semmdﬁmﬂﬁ)nosreqoéncbhﬁhy cdmprivatesher nucleic acid

For le, attB or eriv e thereof be
SeqUINGES 8 P OF 145 H?%PB@%&%‘ ‘3{ Pr{e) “htﬁfteﬁgﬁ:yoF rFxgmple a structural
protel) QMRnz Wedtc &t&%@ﬂﬁt@f}} Foig ng%%tlrd?i‘fle@d Gth tRe £2bhmbRation sequences

an artifici /™ nchrono so Subsequently an
into éltetggnometu@mgatrm_s;endy aatstdRlc axpryssady aftec intranmiecular recombination. The

intro e BEERET AT s L I Bh S st PSS BRE pigtyore, & marker

roteirﬂoﬁlﬂb aﬁﬁﬁb&&ﬁchl te& afOther@pdt R pBdestih Hélhﬁﬂ)tduced The person
P |ntegr§ge . Q. ﬁ%t h or |n?ah/§§%§§ﬁ thint ﬁy P

skilleduird «y@ttul@owlthat tmﬁérstama of lapplicatiean Tﬂ?ﬁtm@hOfbé@QW@ng to the present
mven'%/% is Bnlef ?paﬁy %11(% m%XpE esé’)gloﬂ%to 3P gﬁlcaetlong a]gcc%rgmg to the present

e ra enc r any o

1nveriﬂfuh&}d&tfohﬁ&cﬁgﬁtastﬂi8 SOENr bﬁd|©@ainﬁdFlpl’}e@)rﬁlﬁﬁm§i nkdNAbe found e.g. in the
vector to beln? transfected, preferably
reviey of fée s Ne gl el (1 998), driends &S apeict b PP drl 3 DNA- segnent
carrying the attP, attL, attR or also an attB
sequence or an derivative thereof. Further sequences
Furthemyorbethk aegtieibfahe ptebent dtveBtioatnial be ab¢d to deletabdt Fﬂvert DNA segments
carr vector qr DNA-segnment, e. ene far
on veﬁgﬂrs %}53 égtr%qu@Jr ar I'ﬁ?(g{ﬂélp%l(fn' %R@BO%B%I slugggpa,terR:ﬁ deletion reaction may

be us%&%l?rls e(ﬁsiet %kat?m Qa{cgéa‘ﬁlani o-0B ed%lﬁ&%ﬁﬁ?? Tlﬁ?'inethod has a

arafl xpreSS|on anal yses' of er ent
broadgqupésatlcm 1a tbe Imdusgqaéprcsiact@bng@h'esal aeetorsofor igafid therapeudticl &pplications;

b |t a | uences of the respective
}k“d§§% ﬁ %ﬁ%S{éPV% ; J§Q£Furthernnre, the P
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met hod of the present invention may be used to fuse
DNA segnments on vectors by an internol ecul ar
WO emankssgat i on on epi somal substrates. A fusi OPCT/EP2003/013414
reacti on nay be used e.g. to express reconbi nant
The mtaanens]aorecomb'ﬁmﬁm leddsrad ths furgioroo Otsro l’r)NAsmoleetnes‘ edch having a copy

enqQt ypes. s net hod y be used in the hig
of at?iﬂrfa g ORAK #y%ri arigps ﬁpg@é}aﬁ% At éﬁqé‘ePFFSeQI%hfr‘\}‘B‘f idgrivates. For
exa aﬁ‘Bacﬁ1 desivifHStheEof 1%(3?/ %e nﬁtk&ﬁk@@hﬁt VARR® gou eg:ombmatlon ina
Ati oned above, internofecular reconbination hay be
knowus ewvetl o charheteriede gememmr lnwrse ofgeneéls) oofani mrteﬁceslt/minchromosome.

Subs?cﬁfegg 19 688256‘ 1 6123{ Sr %&gi&rﬂ?gflgol thre gr f)qui( Se) Itltolglg}(’: Bé u?teorated into

said @dnbhdid mtﬁlsef{u@hw GRIAREN B Sar rOEonYShhtRIhS PROSHdGR this method is the co-
genones containing a first 25 reconbi nati on sequence.

exprdspion loif $heconprixintegrasecogdnbiar durp? | Seghibdbe dekaayoticegBt wherein the
recorﬁ?lpamrgggcglﬁsy r]\gt%%t?]{)rgfe g 15 ﬁlze;, [t fegprggstéctng Iof ﬁ% m’utanE ull‘tborase Int-h/218.

Gene@ *REEERE Tor &HSSLTHOSE Sutdirintelfasex plag b 1@5@@& ofNesdebnd DNA vector
nore desired protein(s)/pr oduct s). That _expression

beinganséqctad, n@ﬁfrﬁéyucmtm@ eled, orrothy veeter preBNAapagatent eartigng the arP,

attL, Satetﬁ rtll?so % eﬂﬁér{cg by %é%(r%g?ﬁﬁf%st &C puﬁlHq gg%ﬁgces may be located on

nce- spec I'C reco vveen

the aQBmmP sittlg ot R 3Rrpiag vctor ef:r»mibwégmm SgquUgne efoxamﬂamcular marker
expressign_cassette, and the first reconhi nati o

protesre&a@ﬁéebsbéexﬁé’%ts?w%% Wik ghis Wf%c%a alaédqesmved that, e.g. in
r
comp3 2581 L4 S LB SRSEIBEPEE 98, Bl S ot e
by pasithahiriregatng ihflgincex pf ¢esiegecied genolmm aﬁeg]datlmhloanﬁ Furtherrnore the
roduction of bio har euti cal

itable for the
methﬁﬁT @Fspreif@lt By tien, Ak s ustdr e }3SFBAICRY Py otors by an
interBOREEX! recBmblrafibn N A SibBi%atad A%ﬁ&n @ERtion may be used e.g. to
reconbi nati on sequence has to be introduced, e.g.” by
exprasaregombimnegyowitison relevant domeingemordsr tf scrdea fhiositeneybes, This method

n arti i, I-/m' i chro S _,or i sonal ,substrates ..
may BOpR et oG BRI ol RS Mo GHiBRE £t ha is thus of
consi@&ablei@¥rdde transformed w th an
artificial-/mnichronosone or episonmal substrate
conprising a corresponding at least 5 one
As Il}eélggﬂgd g orllntgﬁltlc‘ﬁgcsi}lar é;&&:nﬁ@gltigﬁye&sf Pé g}s&?g?ggttroduce one or more

Aation se quence(s

gene(sPefmtereCOYOAIRE d)nb)bra‘nbt&cdlﬁfré@ pbBgeptiduE)deodudt(Soinas &.g. episomal
Int, is_to use honol ogous reconbination techniques as
substrasgst | SHEEALRIVETOTPSPRIES | ioF a¥ FIQME| e 6?41 fesAOmpypogtaining a first

recorﬁlglﬁlﬁ?bf % thc‘ev‘ﬂl Qﬁﬁsh eitngr Uﬁ@dD ?BQ@S' @Bside at least one

sequence to into a desire targe ocu
reconslﬁhamml eqquameek erg. gete a8, catll, ndaRducady dedtivh ehseofe one or more

target |ocus at the same tinme. This : achi
cxprer T GG, Tt NG OFSRORLY RS Oh LG GTEE] SR Broduct(). That
expre%ﬁl)ﬁcctakﬁﬂe niﬂﬁ}k%e %Hﬁu@&? u‘?t@ hogaled 1Qfel NScus R thﬁ recombination

vector or DNA segnent, which is introddced into
sequenaesgethidhoellsys eecglenctwsmngﬁcrrmcnmbmmnm ibetvertnathoVIiBNA comprising the

honol S reconbi nat random integrati,o
secorly FRRBLBRI RS CRORF o0t BF PHESSENcbRral: mafcbie Geelecombination
sequen®f beatigGodckd vehfe '115totsraﬂﬁ§1§i§érﬁ£1| sQiBst@e&é | atifidiaPimihftBromosome, or
integration site, cells showng a high expression

host ¢edhgshome. Ehis embpdinjent Bgy deicd s @qu@sﬁ é@ﬁt&bbg}gng high expression cell
lines %'Zuc% a9¢ SLMagleCfQ {h%%troed’ucfcign 53 bloph'%rnaceutlcapprgau getor, can
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identified very effectively. The | evel of expression
of the selection marker gene can be determ ned by
woredohoasswel | known in the art, e.g. on the baBCHFEPI003/013414
ei ther the anount of corresponding nRNA that is
In thiPEQRERT a st TOMNA €BibrisiAf at REst AP Wtbn®inaReh YRRRALAs 1o be introduced,
encoded by the 20 gene. For exanple, nRNA transcri bed
e.g. biyriendarh éntegrationustedthg €arome gl dreckost a¢ll. e agivaeiei-fmishymosomes or

eisol LS DS ShuUREL e B B b SSRHBLERIT M grs g ranstormed
with By aRIRi41586niORvR{06MKe @ episomal 98tradUsMIRIsigt a @brresponding at least
1994, supra). Proteins encoded by a selected sequence )
one reepintypatiiiafita($)i ddolier Wayi toustegeath srpembenagion [sgquEnpea) into a desired
< t1jng . o by )
targey ToctobReI B b 30 baclsiophBEk MTPEIABRRNG I Y, 1o ise homologous
recondgitdtionttyctofiquich @s 2enfidreti@bave. by i nmunost ai ni ng of the
protein followed by FACS anal ysis, or by nmeasuring the
fluorescence signals of a fluorescent protein (see
FaSRERE Q9K tfn B stabIABAsfeOUARRRh iR ha?M int 4 hath
1o asuggg). y sucﬁaa netﬁgd exggkfen? cgﬁgl atég&%gﬁdﬁ n sequence(s)
into aptesutert targat lamis) a $dlentioh anarkerqatue ingp-iniodpded ineake sarsatasget locus at

may be qht.ai ned. 30 .The integrated. yreconbi nation
the TR 8 o T PS ECPIEEOntiPh SETOHIS s BlE AEGTRT Jatia giuence(s) and a
selectidi RaARE b8k 8k coBobdEd HE thePheMRIRFWr DN A -s8gméntY @B is introduced
' or DNA segnent carrying at |east one further o
into thetrogrbiloaatsi o8 beguemethod seentioded sevwiihermologpussisqershinayon, random

integr\éggq,z?etlg.ggﬁggf %Fegﬁ%t%glgp ﬁ?\gfgrbtlsgqaef iF}«:ﬁencltimk%)(;mgrker gene correlates with the
transdrip@bs GctiPity @nahe agédriteod 6igd)ScellPrs@b@mabd Yight BAiression level at site of
. further  DNA nol ecul e conprising at | east one second
integrademneilhaphusiese giishgeod \grewidy chyagesdies e2o @ bioreactor, can be
. . 8 - / 0 ressi cASs
e o e
deterhile@VIantm@RaB @tll kdoiver @sthe kay efdhi @, tHeobisicef lesther the amount of
whi ch ggﬂg{ise the first integrated recomhi nation

correspapiiBg Aothat b psPaRt ithEhegreds 8 theniBoYmh Of pespepiddq encoded by the
: Y = .

sen FERORBE, ArYARSAL RS SR VRSIURLLOBUR Bl e cap b guancinid by

Northeecldobhytaidizatios egbemnickeadecoR NA fracteon, opbag bytridizativado cellular RNA

or by R iy SamBiigkanci d88% et ECaholduh SURbek ars cnooded by a
selectbdSedubh&d caAE Ul LN Farl RS PREAR! %%}J}SEEI@Q ®§» Western blotting, by

_ preferably the integration of the | mol ecul e o
radioigpmproasiang bhemsewoptcipgeioerhi marbseringefpndhe eiolpgisat hetivity of the

host . cel | genone_.conpri Si the tir ecopnbi nat i on .
protidy Bt dREEMOBFUTE ShAr LB P LBHb WA Gh EnE Doy measuring th
fluoreS@mcOiRialshET a AlibMRscedt pBiteinl(bde SAhBBoOEt ANY1IRSE IARLDA @t al., 1994

t hereof, which all ows sequence 10 specific

updateds sapitsh) nBY isbeh Byneihdshercelens shedjdateanbe arqdueieeyr egbliphfor producing
. . [ ant thereof. For exanple, if the
bmph%%?%%%F%%gﬁ%xﬁ£?¢%ﬁ%éequence conprises attP or a

derivative thereof second nay conprises attP, attB,

: ‘attL, attR or any derivative thereof. Preferred is the )
The infegRAKE IAFRERRENHIATHEIEBGEHEN CESLITELMPINALOTESNBIGTEY) Bl tegration of

f t . ,Or I , n
o oSO AADt 0, Dl S AR, (HLERES W e
recombagtion Geqisgmec i(fecond reecmbinatiad sequense) péa faqueec-dpgcifiotrecombination

or by Int and a XIS factor, or by Int and |HF, or
by a pmte%qfaiage amb(?a integrase Int into a tra);lscnptlonal actl;l/e locus. blyreferably, that

further DNA molecule comprising at least one second recombination sequence further comprises
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XIS and I HF. Further preferred is the nmethod wherein
t he sequence-specific reconbination is perforned by a
wonaisfoussds | nt, preferably the Int-h or |nt-h/2881/EPT03/013414
this context, use of a nodified Int together with XIS
an expREdien chddkrtd ?or&h@ Qxﬁ‘ﬂe&smlﬂof B@leﬁﬁ%ﬂe%oﬁﬁarﬁﬁ@et@fcﬁﬁf%levant gene of
I nvention. 20 B I s approach any DNA sequence(s
interegforfior i hisndhoat el n‘dhlrcbd@mmrﬁatﬁhgnfy @éqm@g@éedf ogconthgnation sequence,

preferf 5 R leeREh o HRTROE ol ke S b Uanb HaBP Rl P IRS e ranfected

with & BNROS{ol&Rld coriprisift aRé sbdndCRLbBbMABSE s8quence for a bacteriophage
sequence-specific reconbi nati on has occurred one can

lambdanntegrasse, Inf, o pncexaprptdiivaiech smdei fondignas  Bapradlosi eaquence-specific

recom%ﬁfalii%}lt FethROP rth?'fnrgt agg t%gl ?C%B#I(? rﬁqegg’mgﬁéﬁc% s%ﬁﬂe%fce,epgéferably the
W Thout “a prono pronot er/ enhancer or only par

integrafiort hEtkﬁdﬂNﬂgmbEgul@rtoﬁfpnsﬁlth@ etw@nd @atgmbihation sequence into the host
sequence-speci fic _reconbi nation has occurred, a

cell geBAF ctoBRaING e firsh TaFomRRHIWS STAANEeasiiE (@wdypeopnd. recombination

i n, -

scauofL SO BAPIEEHBGRL LIEoP PO O EREHES, ORA Mol oence

specxfmaiebmhlauﬂlmgby abageratphdgd hebde mﬁegrhse Int er st fumc@onal mutant thereof.
I ntegration t he tho of t

sequen ecific
For e’b’ﬁ.“gﬁ ? effenﬁ@ﬁf?%ﬁ’ H}aBB’EI ?quﬁﬂcec%‘?mglﬁeﬁé’g arle? Tﬁ“ﬁ’l“ﬁ%\g‘?eée"f second
may chfI{l&E@és Ao mBheMosR oG8l ePltREYhd¥of he identity of

sequences |ntegrated at a defined site of
|ntegrat|on into a genon1c | ocus. Due to |ess
ri.ati on _betwe cl anes r.e

preferfighE the mBiag e %%egelflﬁf  FREsoar SR &R timagPadnargRIua 6y Int, or by
Int arﬁlﬂK'IS' Freesnd/en THE. WsRE préfbtted e e nghdd WcadMdl the sequence-specific

capacity 21 WO 2004/ 048584 PCT/ EP2003/ 013414 for
recompingHien sepaéarimsa badat eielye [ mad it XbY fagtpropt byrlitead IHE, or by Int and
XIS agé izt g‘r.uq{f%r e&%%ﬁréa Hk mgﬁlgggxﬁ{eﬁqu éﬁg lsécggn&rﬁ?pec%yre?(?mbmatlon 1S

perfofﬁﬁﬂ)b@&pﬁlbdﬁ(eﬁ)lnt ﬁré‘f&tﬁ‘tﬁlb&lﬂe Bshagtinoh/21 Belnphsentext, use of a modified
ntion therefore relates to a nethaod of ex?re55|ng

Int tOéfhelr éva@tXIérﬁéld/os I{Ensalsy Withindhe gicaging @dthgpresrat Brveninte
desi red pol ypeptide(s)/products(s) in a eukaroytic
cell, conprising a) introducing a first DNA
By thiscapprdash ngy DN AtseBuenat (s, coatptikingra stcoRl seguerncaionrsequence for the

deri va thereaof into a cel b) .introd
bacteriGghuHalaRRe BURGHeA i b e iQ PG bV g ferized and defined
locus SLALSRSECD T sEIBEd f‘éf"tzél)‘sewhér@ asB&laed- sp ek Qécdn?cﬁ%noﬁnﬁs occurred

gene of interest into a cel c) cont actl ng said cel
one cami mogluctfa(fmecxampﬂ@g@nd)rafnmaoma’qteggmsen lcagsgttel romprising the selection
erformng,the s nce-s e reconbi nati on a .. :
markegg relaob‘ﬁglﬁgt 2 8 erI I cer %é\l%P iq e coding region of

the gen@C Oy BNQeduendddReifiat l%eomma@uémﬂai lot&rrdalNAy c@ﬂﬁleﬁz) and functional
cul tivating said cell under conditions, wherein the

expresg@mg(awttgWlﬁhrqfﬁqn@@texpga,sgpxeoﬁ@prsglectlcsl @gf}qeég@@jwﬂl be generated, thus
allowmo f e{hreesglecﬁox% o Eelﬁeﬁalwd @%&t% rE]he gensea(')td mteres%thsNeAc‘]uence specific

nce ‘conpr I ses an uence
integratlon.

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. into
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

21



15

25

30

derivative thereof said second sequence conprises an
attB, attL or attR sequence or a derivative thereof,
wo@poowbessei n i f said first DNA sequence conpri SBGI/EP2003/013414

att P sequence or a derivative thereof 20 said second
for cloae yelacttore amdb dewdspraent atf taR, opaittizedoprodtictRns pgpgessc Fhompraduction cell
. derivative thereof, or mheLein. i f Faidkfirst DNA
lines g@yherised 105 iy pamdactiring i the derireA PDBFPULRr i vat i ve

t hereof said second sequence conprises an attB, attP

or attL sequence or a derivative thereof, or wherein
A furitfer aspedt 61 ths tpresBiNAnseyiveribecvonmlidtesls ametiotd Rf sapigengeat least one
seve GBS v LBl 38 SROSRBREHRE R0 n o ukaroytic et
compPfnigvative thereof. 25 In a nore preferred enmbodi ment

of that nethod, the first DNA has been integrated into o
a) . t hetrodyemgre firsa MM tdofripeisial -ahri R, ciiPo rtsb et & seguence or a derivative
ep) sonmal elel,nt of a host cell, preferably at sites
SHEHFHG i 4 r anscri ption activity, before said

b) SeseeEiciNA deSondDNReERSHsiHY & &8, drPehil oBR:Requence or a derivative
present invention also relates to a nmethod of

exireafs pithatdeast ergsgeng 9é ierestonte agéles of interest in
a host..cel |l [ i I f 3es one
o acprrcififiie PG atBilRE o i EQREIEED 10
d) thereahingthegiatied-spatific tdvenpantior befa tsaied ophade /omblly integrase Int,
conprising a) jntroducing a . DNA c rising.an attB,
atvipreinhg segpndbNRA isdpiggiice iy the g’énFP]v\BAﬁiag‘é t her eof ,

a . - r q n i Cc | . - .
) OBy Al PR PR SBhA BAS AT ) MR AP B e e beine
celkpresdetln a bact eri ophage | anbda i ntegrase Int; c)
perform ng the sequence-specific reconbination by a
bact eri ophage | anbda integrase Int, wherein the
Prefe€8 W haPR o, WHeRSH it &ch ik DN AQeddchsé cbyisdd)an a1B sequence or a
cultivating said cell under conditions, wherein the o
derivgiereahereobsald mtcené stquien¢easomprisehgn exdpr &fs etarR Bequsace or a derivative

t hod may._.be rrd out not only with,an attB, attP, .
thereE LB e P TS e A hep Ot Haop REpBhE iy faive thercor
said deB Al @R e icBinPridesn@SiPC 841, oHLMR BB RN cIS ddrative thereof, or wherein
engi neering of said cell, but also wth npaturally

if saidclangt Ny ScaLRNTDiOHIISeS 8@ GHEntsaudicet ¢ed gloRyaye dicgeof said second

B S PR 8 98 g 1o s

DNAagyquehdee torhPrises canaiRatéquence gt @ndeivative che@bf @ail second sequence
sequence-speci fic reconbi nati on negggted by an Int or
compgifgs A HER, iAFRAT ¥l SEARCICREF 2 EFTVaNE SISt hods ar e
preferred, wherein said sequence-specific
reconbination is perforned by Int or by Int and a XI'S
In a frded preferodd biyboditneandf kidE, mashiodyythd MirstadNAXhS bemh inkgrated into the
senoge Ao BB S b P SRR b et prefervly s
showl’F{??rq{iélﬁ ﬁgnslcﬂ?biorpﬁﬁfvﬁ?%éf&etsﬁ@_sl:é’Hn'dtDIQA it MiroddedBintd aid cell.
this“context, use of a nodified Int together with XIS
and/or IHF is also wthin the nmeaning of the present

The p{;r%ggitéllvgzﬁionlaﬁ]sto’ T e]art]ets_tg a%ettllo%to_ e/xl%rlcgéing),( Ltﬁ’eas"flggé 81[ mIOIl‘_éFgenes of interest

in a host cell, wherein said host cell comprises one a#fB, atfP, attL or a#fR sequence or a
derivative thereof integrated into the genome of said host cell, comprising
a) introducing a DNA comprising an a#/B, attP, atfL or atfR sequence or a derivative thereof,

and at least one gene of interest into said cell,
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added to the cell in purified formor being
co-expressed by said host cell, wherein the sequence-

WG p@aioisss4 r econbi nation i s being performed. 20p&I/EP2003/013414
further enbodi nent of the above nentioned net hods

b) c&ﬁ pstaldgcep v?ffﬁpyg te % f%/\t}]}mtbgﬁmteg?sg Igtﬁco ded by the

c) pgﬁm‘rﬁﬁg ted sec[ﬂlfeﬁcfeesiecﬂ"mdreb@hbhgat&pr}e&Slmi:tarmphsgd thrktefat integrase Int,
cel | i s/are jsol.ated fronltheécel or the cel
IS 16 t he

whgrein the S§%@r%@dﬁtntegrﬁte§ HYP Hie cul ture
d) cfﬁﬁ%t safPceal rﬁepémﬂﬁ}n's ‘Whé}ﬁlnltﬁe gé'n%(s‘f B {rt&t8dt§are bein |$ expressed.
preferentially in serumfree ditim and i n suspensio
cul ture under conditions mhlch are favorable for the
ssigqn of .t he desired.gene and isolating the ..
The rﬁ?tg?i gF CRHTSS QY POF P é‘nééiﬁ) §‘t’gn‘éﬁfof’r ¢ &“ﬂme or a derivative
thereStb ity £itHHRET 1A 3Mbst LNISERIADLY gérfeﬁc eREIAE&IHY AKfsaid cell, but also with
Interest 1s recovered fromthe culture nedium as a
naturgléc roecmimg oleyprepinatie) sequente ohrhbgedane.cegvshedfr-oin described in

wo B R TE RO GG AU, SBEBEERN17) o any ot

recomﬂlhﬁlcﬁlsieqﬁérﬁi@ Q@I allREGOERLARBIsp Ui ¢ BdcBmbilieidh h&lidted by an Int or
proteins and contamnants in a way that substantially

any fhentiogelrougniphessaf at i ons of the protein of interest are
obtained. As a first step often cells and/or
particul ate cell debris are renoved fromthe cult-Lire
Thosmithtfdls Qfe pryfertcd, whtrein gidebgatndefspedifie rasmbifeioaat performed by Int
is purified fromcontanm nant sol ubl e proteins

or bydal depiEstonner byat gus B804F by drigad /a8 A0 F eyt paeforred is the
methnggvlhgfeﬁ} @%'sgﬁ‘uenfcg'é blj‘ﬂ){uérf ﬁkkfgﬂﬂu ﬁgno od1ﬁed Int, preferably

I Munoa on exc ange co
the Irp!iheam' Ipt- h@tlBoIm thisevetes g uphaﬁaanﬂd@lf@d ISetpgethaxwuh XIS and/or THF is also

i TS 2 St a0 O, BGr e B PAENEC o 1ar may b

adde®to the &€l ﬂ?’%ﬁﬁﬁ’é@i fRAW ok BeRY rcbfe)f(p?ésib%ttﬁ‘yrs%d)ﬂ&‘ﬂ gell, M@r&h Rhe sequence-
expressed by host cells, "are well known in the art

spaﬁﬁuumonbhhmdslabmmgpﬂﬂhnmaﬁple 5 descri bed by Harris et
al. (1995) Protein Purification: A Practical Approach,
Pi ckwood and Hanes, eds., IRL Press and Scopes, R

A fufhG88hbBiigei BfRHE iabbI@th@lonSPTidIGRE Metdas a method, wherein the
Therefore, the aforenentioned nmethod of expressing at

polypegta@q(s)@xgd@éﬁqbw@fch, 15{@@@@@@@ the gg@ﬁﬂ@oofbytegﬁﬁ;t and being expressed in
said Pcel'l n)%r ﬁgfa edI ff&% tﬁg B hﬁ’qc%ﬂ clu ulteh gl%sﬁarn?qf secreted into the
rs puritie r om s or
cultu&%édlﬁlw t ure if secret ed into the cuI t ure medi um 10
The nethod of the present invention nmay be perforned
in all eukaryotic cells. Cells and cell [|ines may be
i Rein @ S
Said E)Fo%ﬁl?g{)jn t%(e)ﬁ’se 6. é; rc@lg??tch dﬁﬁe?eﬂ[@l 'fmlg skREG- éﬂggt é’cﬁ‘l suspension
cultutensizt daahdmaﬁmv&hlem anaeIfdvsrabl%oforeoharﬁpdpmssmheofcéiel d;esn‘ad/ gene(s) and
_ be oocyt es, onic stemcells topoi etic ste
isolatgg e PERICIRIRY Wp%t B et ot Bei S P ST ATRTAGH. Pisferably the
proteﬁ’lr(ﬁf ﬁFeE%g 1311%0 Edefremt A8 cﬁHllﬁ@rrﬂ&fuhrﬁ S8l éecfe?edapolypeptlde or it can be
Ian cel e preferred is a nethod wherein t he
recovered from host cell lysates 1f expressed without a secretory signal. It is necessary to purifiy

the protein of interest from other recombinant proteins, host cell proteins and contaminants in a
way that substantially homogenous preparations of the protein of interest are obtained. As a first
step often cells and/or particulate cell debris are removed from the culture medium or lysate. The

product of interest thereafter is purified from contaminant soluble proteins, polypeptides and
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manmal i an cell is a human, siman, nurine, rat,

rabbit, hanster, goat, bovine, sheep or pig cell.
woretiongsed cell [ines or "host cells" for the PCI/EP2003/013414

production of biopharmaceuticals are human, mce, rat,

nuclei,rﬁrzoaqr;},lgcgyforgré?qﬁ f% gsfg]a%}.ogsl Lnes; urrlcglf&x %{?rrlgr? d@g%\ange columns, ethanol

prem%%kev&k@p%&%@L@'@e%&@éxkﬁﬂomﬁﬁﬂaﬁﬂmﬁ& 6€lohs @fion exchange
20 derivatives/ progeni es of any of such cell

resin suqhe@» DIPAEt Incgsingrel.ymeshedse prchiin S tilizdapapsmgn howippupiykeddieterologous
Kl a refe
provec RSABREE o CeE P YL KB e S el o o examp

descripee@ftsr Blatys BISR). 09 bR Putificaiont bﬁePractlcal Approach, Pickwood and
derivatives/ progenies of any of such_ cell |ines are
Harnes| &5 KRGWATEES T SeRRet Forl | 86 Prpleifb Buri elinp.s3pTigeT Yerlpg Therefore

the af@éﬁ?lﬁ o%[s& rxﬁ&ﬁod M‘%Q%llagx% a?%a@tbbﬁég% o@%ﬁ%ﬁ%ag% added by an
y cultivated un serum free condition
additianal }ﬁ@iﬁ(ﬂﬁaﬂl lstepj wherth thevddistéd aplypéptele isfpuaifiyd from the host cells or

pr.ot ei n/ peptid [ or. gi Commercially
from eglbeyltuge H speaie g‘%tBGW “F%WF@“g‘lz (Si gma, Dei senhof en,

Ger many) RPM - 1640 (Sigma), Dul becco's Modified
Eagl e' s Medium (DVEM Sigma), Mninmal Essenti al
The Mdoahmf (tlmEMessltgnae)ntlonsnmbe pefoatidd mdalbgmlb’eﬁw ¢ells. Cells and cell

ines Ry b rese Rl e P L KT SBRHY eGP e PE A e Bt ells,such
as yeAs®l }Slﬂ'ﬁt) qns%@tdoxpﬁl‘éﬁl%a‘lhaﬁ lc8Bs. @d@emry%n}}{es&eﬂg&ﬂa}ab@ oocyﬁes embryonic

exenpl ary appropriate nutrient solutions. Any of
stem nﬁtﬂ, aemaipppistis @pfm @ﬁl@mre@lm@pﬁéé akilerentiaigd pelly. Pamictrog is preferred

wheredre ngr nﬁg%r% ex mmﬂvgtﬂ gell Sl reh&ref?%ﬁs aep%e(%ﬁod wherein the

SucC as | nsu sterri
mam18 Bl Ghedeieik agfu@f\/mh sm‘flal; tnQfrinel 78, Ukabbit, [Hakttelrcout, fbof/ﬁhel ﬂfe):p or pig cell.

salts (such as sodi um chl ori de cal ci um na
Preferrad (i) bopar ghes sallpdey @P?@%@W@Q@Qﬁﬁmpm%‘g‘f@f are human mice, rat,
monkgg,;cg{grg)ﬁﬁétscue@hw%pﬁé ES}eg? dgl?ﬁ% ?eélc(elz% S})refa fc'ab}% ﬁHKZl, BHK TK,

CHOCAPRRKANT ENBLBYKIOUT @RD.DUMK DI B | Cshd t LBREDGA4 colls or  the
el enents.’” Any ot her ‘necessary supplenments may al so be

derivatives/prbegnizs ooy opf suah ect direenPartitilarly préfatredverd EHSEDG44, CHO-

pur A5, SRS e e RS OIS PL 87 R s

Furth%or@ﬁﬂﬂl@qém_syéﬂﬁﬁia%ﬁ@g:@éi'el\ﬂbt}]"N 80 ahd 5pb ReldBURE derfivatives/progenies
serum can al So be used for the cultivation of host

of anyef ush celtdines 4re alye dwetin amdroslesteat seddings. genetical |y
nodi fied cells expressing a sel ectable gene a suitable
sel ection agent is added to the culture medi um

Host cdiBSiré fidsPpietciadsivpen Mﬂﬁgfebtd‘@lﬁshe@ radapted, and completely cultivated under
r ot ei ns/ pol %geptl des of interest” of the invention

Serumgree eonditiqny, a ﬁp{]l@la iR mesia Whishtase fieg of aBy, Iprcﬁem/peptlde of animal
n tor t

origin, P T AR rp S’ Qo & o "fy2 GBI J58yqrBlE, Germany),

RPM] L6489, (Bignfe), IThulBeccbls 34odifie®, Eddle’$ OMeblind 1(DMEML2 Sigma), Minimal

Esseny lkmlq%dw'nt(éﬁM SRErBit ot FRMpdHTR DY o Mg By (VR Sigma), CD-
yoor Sl C Ik asm T

cholpnghl" RS ALt PO AR e €D i

(SigmiEPintl @oekin/Bes CHO Sdedimal (Sdeah)i ge tehcan]piaqd&mird)miat@ﬁutlﬁtnt solutions.

Any oém%)/t iy Oxlng%: gﬁ&éﬁ’ gxgérétorﬁ Hg%ec‘gg{?rrrggv?\}}g \ga\é\i'tet[]y fofa ggrgpoun%s examples of

which are hormones and/or other growth factors (such as insulin, transferrin, epidermal growth

factor, insulin like growth factor), salts (such as sodium chloride, calcium, magnesium,
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agoni sts or antagoni sts and/or have therapeutic or
di agnostic use. The nethod according to the invention
W@ 200484584 be advant ageously used for producti oPCDEP2003/013414

ant i bodi es, such as nonocl onal, polyclonal,
phos;mé{et)' SRESS f(kt‘?chaﬁdHEPEQj %u@ﬁ@élﬂesa{éhb}b@g'a@@nosf% thymldme) glutamine,
raghments thereof b")2, Fc

glucoFQ: o fatlzeyneniiealert eavggyawdrdes,gmtlhIMn trg¢eo bl@mentsc Hauyn@ther necessary

and their consta ari abl e or hyper
suppIBEns TG a5 e a0 ga R afirophftereofhtiebSis il §0uficba nown to those
skllleﬁtm Qll)le ark. ]4%9@% prefetitiiRQdYiofr Ui @e JPrselugi-ise métiluey IsL;bréferred but media
I nc

b fr agrrent s (Fragnent antigen-bi ndi ng = Fab)
supplewastied tth}f a siitbleagmertit of pasyinony agfo Ll?olisﬁd écprdihﬁ sultiypfiahof host cells.

For t%gh%?ﬁ %%ecﬁlhg ggrb‘ilcaellbﬁ rge(glg’gcqtc%%o%&'ﬁ%&%w gﬁs’%ieg@lél.e gene a suitable

selectidrl 4zeRBRAdBed fortﬁﬁb@laﬁyﬁfeﬂiuﬁnal ant i bOdI es, but simlar
Fab fragments may al so be produced in the mean time by
genetlc engi neering. Further antibody fragments
13 : ;l ] y p
Des%érhg ol y§F&98%é§6|£ nglgcﬁ?%ﬁls/é)p@g&pl %pn%l %tgl%éeg‘%g gf 8t D¥ention are for
examplgibneast figiteetthagsiling m'sslnpﬁlks igbcbxetht factr, ddHHetPA cytokmes such as

1nter1§1ﬁ<grr1<%;§(&]fg@?g2tll},glg %ﬁ; ng He\l\g ﬁd é’\/ﬁl)o Cﬁdg,o]it g]i }/O cﬁ 11, IL-12,

1L-13 18Ny, ¢haisn Iﬁ\{'e) IL T'?eﬁsfl@fl%terfe%ﬁnﬁﬁlj atlﬂlaaﬁFﬁVoeta IFN gamma, IFN
fragments (Fragnent Vvariable = fragnment

omege ar BN |tau,pamb) necSpsicfactoh@e )thfasa"@ﬁléal@ha Iaad: IINFhleeta TNF gamma,

RaQUBLRIE BONEERO, LS, b SREIS,PY,LS, CHSLELTRS. Bloducion of

eryth®baftihio? @y ofter hm%%@é@&e@é@rst&ﬂ dngk)tﬁelﬂ PoMPeptatdk €hat can serve as
regions of the heavy and of the light chain by a

agonisth or tanpagpnisteantlfca e therapeytic of dikgnassic 39¢.aHienmeied @scording to the

1nvenB[8$;c%%gﬁyl? %\Zfa.j}nkgg%usé?u% f%ood'/cpu%ﬁ %f S’f‘,mlb?dles su%h & monoclonal,

polycﬁin'éﬁrhﬂult{%pé&iﬁ@“aﬂ@dslﬁ'gél?dh&f(nl ﬁhglbbfi1e‘s'|‘|oﬁrffhcriﬂents| thﬁf’e@ﬂ by. Fab, Fab’,
eptide |inker. anti body protein of this kind is
F(ab )(2n01§m apd Bg’ Sfra,g@e@tsc ﬁg@vry_ Rd (hg F\yl}lmuES{Qﬁblplg‘s chgjps and their constant,
varlabﬁg rh?fgéljvgrg%e géggérf%l%a/gﬁlars] Fﬁué{]g FAC ré%ql?éﬁfﬁ (Uit 1otg\/8§)M. et al. (1999)
Antleﬂy)Eumbﬁﬁ’lroteiﬁ@,aﬂile)gﬁss IdSA, 16, pp. 5879. 5 In recent
years, various strategi es have been devel oped for
preparing scFv as a nultinmeric derivative. This is
Fab ffa'ahf‘e@ge r&cgnérﬁ%gtl nnblﬂé’im’ '-Cﬁélﬁroonglg’t 6%9@91‘15@9%01@5 of both chains
ant | essWwth i rove armacoki netic and
whiclbadheltir togetheobhy phmpégatan@soas;amﬂiegmas T\hpstehnnandreeﬁ?s@dd by protease
bi ndi n vi di t I n order 0 .achi eve nul.
digesien rgo S Brgepaiy By sepweionpluodieSy e Fihlap Fab SRRk may also be
produ‘%d i 4R IHUA& {ife rHyS@tnlet‘Pd']er@ﬁ@'rlﬂg Furh®r Bl ddyefhdddntPthclude F(ab®)2
domai ns may be, g. the CH3 region of an [gG or
fragmeois| wlichondy st wr@patrgd by pieedail icstleayeng ek pepsiieh as
Leuci n-zi pper domains. However, there are al so
strategies in which the i nteracti on between the VHNL

Usind &880 éngﬁeérh@ & hydsat B posaslclt®prddiee sHﬂrlﬂehédTﬁ{tibS)dy ifi@Bments which
dia-, tri- and pentabodies By di abaod

consxgkqn?y e tlpfevwlmmswf Bhﬁi/b@%/ﬁt(\)}ﬁo%ﬂﬁdﬁ’%fﬁlltg)é& elwn (VL). These are

referre ecuf: \ﬁi%gmggtg {gﬁgfrnxt i aT%baCI E&JQEIP [pﬁfle {lé}ha%ﬁ]e ﬁzﬁ'SVSmce these Fv-

fragmiefsITRdk BB cofalbrn lBSdehﬁg bSthenwlchaifis By tHerdysteinekaf the constant chains, the
VHNL- super.i nmposj t i
Fv fragments are often stablhsed It is advantageous to link the variable regions of the heavy and

of the light chain by a short peptide fragment, e.g. of 10 to 30 amino acids, preferably 15 amino
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takes place. Diabodies nmay additionally be stabilised
by the incorporation of disul phide bridges. Exanples
\NQ&NKMab&dy-antibody proteins fromthe prior arPCT/EPVODE13414
f ound in Perisic, 0. et al. (1994) Structure, 2, pp.
1 L Kk
L S BRI I P P ) ok v

peptide lifikes] Ahlil aisdgipRoten cﬂ’fthﬁ,(lﬂﬁdiisrl&obvinas@kﬁngle@haﬁ Riff(séih/) Examples
|nnuno | obul i n, Freferabl G nost preferably

lg
of scEsantihed prateing af Hbnk #nédin@wn T #he RIGE G despribgd tfhléuston C. etal
L ( also fromlgd) and a
(198@%’?{6\}%@6&:“ %géxlgs??%ﬁ fS%r7ngn| body- anti body proteins
fromthe prior art can be found in Hu, S. et a
(1996) Cancer Res. pp. tri abody_t he .
In relS@¥ okt BRSO RsEies Bave PcpaflGRIoRRAEY PISRERTE Ly J—
denvgﬁfe' vVidd YeCiredifaed ttoA}eﬁi ﬁt paﬁJueulalg 1@93&0@19&rﬁ|ﬂmbodles with improved
Engi neering, 10, pp. 423). ScFv derivatives wherein
pharmvidoMnetic end lnxeéldtrdbmnen ptopertws ahwetl aawnthnkcarcassé Qu@n@eawdlty In order

o SR Ry REsLREmhL ek vl i N Hhion protens i
multlfHeH'sa?%%'d*éﬁfiﬁr%STH@hﬁhuﬂ@Ws@U@n Bbmain§ Fay beJ e.g 1tRE CRBakEBH of an IgG or
structure and are derived from scFv. The

coiledrabi istreqtinse(hilon strecterge) $L@b agfteupip-zépper dppiainsgHowever, there are also

| ed P
strate§1f§g§;m1g?}btt i,ﬂ}l%flcotgoycx)ll’g eli)! %eu%fd I%g%hs of tﬁ% s@ﬂ’v fare used for the.

multlfﬂerlsa(tﬂoﬁng &al encend pélﬁ@oodm@) BlyZdiBbod?ahk sk1Bed @brsaxh means a bivalent
(1995) J. Mol. Biol., 246, preferr

homo@mg@@n qsfzgﬁtdegyatgwe TB@ ég@’ltﬁmng%tﬁp ,Lgpker ph%n @@ﬁ/emg}uecule to 5- 10 amino

i 8 e Ao BEERIEEN IR0  AE%8, 188 880 vy s

takes pidtt] Dnbodiahoag adgitiehiliyabe stahitisedebynha amdompt&htuand)ﬁ chsuiyhlde bridges.
a_derjivative or fragment thereof. In order .to
Exaniply aAHOAFIERADSY PEOTETOSLHE FFRU BAERORE 3 P B L ot el (1994
Snucﬁﬁ§ ? ao7on the 5 reconbination sequences. The
t’ed %se or the integrase gene and/or a co-factor or
a co-factor gene, e.g. the XIS factor or the XIS

factor gene and/or |HF or.the |HF gene.ma
By my bt R SEMAT PEEPE RERF YUy IRBPERT R OUINAAG, fhgonsis of
fusiod 'ﬂ%@t@maﬁglcﬁeé&%’n§ BHO0RiNA N0 5 8l UBRG R0 gIbBENN, Iﬂiﬁférably IgG, most
al'so be introduced between the introduction of the

prefefalbtysIoCdn@s @eccbmdrwaél@orrbglnatwlmh sseepuapeied tothegicbevia pdlinge region

(e- ol B ECBUTY ¢ ddfichieBin T ETEn S RUSESERAMlskf broteins from the
pnorfaﬂ%h@be RfugH @h N, lsastile 096lESHickbREE.,i56, phe30ast ( Nash,
H A (1983) Met hods Enzynol ogy, 100, pp. 210;

Filutowcz, M et al. (1994) Gene, 147, pp.149). In
By trﬁgécgf t(})l\ré'{ggi]rl,:lgd ‘%QI%Xn Hen 2 ttgé@l‘@%on‘fﬁ#heﬁégéﬁp& ivafle rtt ALA. et al.

NZynmes can y pur|f| usin
(199N rrerdlERSneaiRy 10pg. 403). @cﬁmﬂeﬁvitmes Iwiter@in \OH&VL are fused directly
. reconpi nase. The purifjied proteins can be introduced
withquhg fnkersgquengsylead gh@‘ﬁrfﬂmiaé@ﬁrﬁ’lf HUBES- for exanpl e by
means of injection or 15 microinjection or by neans of
a lipofection as described in exanple 2 of the present
The dkillednieron willoalsd b fariiir mﬁlemmled msednfiprdi¢shehich have a bi-, tri- or

tetravggegg]lfl gtg@gtgg %ﬁg IaIe:I cfenvgg %rrgbrrll Qc V. (Hle mult? " grflsea{lgn i¢ carried out by di-, tri- or
tetrameric coiled coil structures (Pack, P. et al. (1993) Biotechnology, 11, pp. 1271; Lovejoy, B.
et al. (1993) Science, 259, pp. 1288; Pack, P. et al. (1995) J. Mol. Biol.,, 246, pp. 28). In a

preferred embodiment of the present invention, the gene of interest is encoded for any of those
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the cell in which the reaction is carried out. For
that purpose a third DNA sequence conprising an
WO nioenssa8e gene is introduced into the cells. PET/EPM®03/013414
sequence specific reconbination is carried out e.g.
c e

cesirgl bOT BTGP o B Bocy 2 Bty b B BB G lerivaive or
fragnnethereo€éd is a nmet hod wherein the third and/or fourth

DNA sequence is integrated into the eukaryotic genone

of the cell or an artificial-/mnichronosone via

r

I o Ry e L, B RRE M G Plpsrase fos tp act on the
recon[hmﬁatmcp@qmes: ditprinsgsase eg whaintrgyass eggue nsder pesufttongr a co-factor

in t t or al si on t he .
gene, e D RCel*gnar iy ISr SRPeE TRt Hang! TaaRF P gy dggacsent n the
eukar?ot%o 8dll Alre RXPEIS R iAo ABANS tHeNAdst LR sdddhd reshBHCsequence. They

he XIS factor, and/or the |HF factor, respectively,

may glgp leximtreduced b@mv@ﬁm the antpapetiangidhe Gest pnd W@ﬂ@)ye@wmﬂtlon sequence
or a ec%ﬁb%ﬁrg | olﬁ)%lofﬂf §h6| Q'rr? e}é(g rsccq%%dre%gltng n\éﬁgﬁ\‘ gtgefnce. Purification of

reconfthdss ank heftelctéEplodeins AGY Been @eddribedin mel drtS(Nlafsht HeA. (1983) Methods
i mmune system In the regulation of the integrase/ Xl S

of Enggmplogy) H, 0. xpriddupwirzaM: etbb394 {isings b4 bppnidly) i@ cases when

I | o

v YT BYEBRGFLB BN 5 00,3 LUE LR ied v

proceﬁmientdesﬁrlbted nfer ierarapleaftul Int or gaairscombikaset ae rmllrﬁi,ed tgreteins can be
expr essi on be achleved by use

or al
1ntrocliuﬁ%hpdpm @ ﬁ?%r‘r@l’ osrtgnc{rgc}/ gtecl]ﬂqueﬁ,m Ay £% raﬂleopy means of injection or
mlcro'irﬁgcrtf%‘ﬁy&l dy@esiepangd ﬁgoﬂ%Et%}Pﬁsoﬁéenb%%em re?(\ﬁn W 96 MY A8fent invention
U~ (1999) "Mech. Devel op., 82, pp. 3. 2004/ 048584
for IPHCW%EH%&@%@ 13ed forthe sequeegr aselﬁgse@brmMnathm ivgreforhbbf expressed in
i nvention oth the w].ds: and .
the oG VSR PR mar ol SPBi SR a e BPSs RuBLRNEE EffRagrcomersing
an 1ntle§ﬁ?éj§eneﬁ§ ihP&duekd Gatb YRS céIRt ?Qﬂh@%@qdeﬁc@ﬁﬁeﬁélﬁca&k@rnbﬁatlon is carried
performthe reconbination reaction at a high
out e.gf witl pghioyRud XIS f;ict,cm.gﬁg@(fgmrth Hﬁﬁewﬁumqp) mjay b éntgpduced into the cells
in adﬁlﬁlgnpﬁ\)é%sg ﬁ)trgfexﬁven% 2 fe }{o:giegherefneﬁlgat?llerd d%r%tefecg?tglglgglle sequence is

integrd@@dirit® fhbeeul® g)hﬁﬁ @éndrhe JIr @sestll idtvent irtficial-HhinfGhyomosome via
be needed in a tion to achieve a stimulation of the
homotagesnficambingtion easdenly Thathgbprefared 15 Amegghedwhersin the ‘third and/or

fourthngﬁ)/%bslg 1€ IH% %ofrr)g) ses ?e%lugatdr ?&%H% g@?ﬂ%ﬁtﬁ% ihY, ggﬁtlaﬁ R d/or temporal

exprefsaat of the Suegl,‘tamgené(hﬁd/aﬂﬁls:fa&or eiie. exanpl e, a
reconbi nation reaction between attL -and attR
sequences may be io prefornmed by a nodified Int

In thl%%&%odu%)ahgle g&%f‘og%ee;ﬂg tﬁqh t BQStnt f @G hPinaks QHe [Xq§ %&@r and/or the THF

ure e generation of nodif
factorpotsppetpielydes expessat eelyi imga fpartICMh?e cd stiype dbyausss vf tcyll itgpe specific

promst rast a%@g%)tgl%%ﬁ%% Eq,?ﬁg]%gga}%n E{ @gsreréeilégg %Ll i g %}J? gkidney cells,
nerve 12118 AULl18ioF tRE 'u@lm%%@ ?E‘t@l% ?I'i“ﬁ%dke%‘éilaﬁeﬁ o tHOFhtbi@REE/XIS factor/THF
integrase is intended fo include any nucleic acrd

expresséqjue trnepdrflatxprshion teayt bearbavied oyl neaats of presiciesdeingtastive from or

In a partchnl FALES gprg‘lergta stalgep o¥|zittrop31[tlcuﬁr point of time in an adult organism.

Furthermore, the temporal expression may be achieved by use of inducible promotors, €.g. by
interferon or tetracycline depended promotors, see review of Miiller, U. (1999) Mech.

Develop.,82, pp. 3.
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i ntroduction of the encoding sequence into bacteria or

eukaryotic cells. The nodified integrase protein
WE@Dmedissgs sequences can be natural ly occurri nge€byP2003/013414

spont aneous nutation) or reconbinantly engi neered

mut ant s and variants, truncated versions and

fragnents cti I equi val ents, derivatives,
The itiregisedin e StORE o e RECSrl B IRy 1BEE G Bory T wild-type and the
modl‘ﬂ'eh GrduYREd)PIRLcRAsB D aRe bhQRhR §%et 16 BR1a01ARGhE &lild-type integrase is only

functional” activity, neaning the reconbinase activit
able tof per foemethe oxtethbiiptiby preptiords ailegineffintcar nedth aR@ciamlr,nmly IHF, it is

ac t.aj ned en_t fied reco
prerefd Wois¥ ah STt FlsBEre e a7 SRR D% G Ion Tt wild-ype
mteosz@fl? k& iftthd aRHod9 %he rB?&‘en@frﬁfe@t[drﬁ‘iHﬂt m'a?sb%t neclB®Yh addition to
“of the act|V|té%of the wild-type in rase
achiqypastimadption of torecprabisftet remﬁloasgbﬁymwﬁtfwdwesr@b%tSrrmcbﬁed such that
said gfe%?aos%‘?’?%e p )éésjué Elf Ie(g%%%l al(l:t%o%rr%arc%ﬁn% B—?lgo%otg]@re % %actors such as

XiS ﬁ)&d EES%LR?M e@eﬂhpm, a ramntwnamhde&elqu %ﬁ)@eeﬁu’ﬂﬂl bfdibirR8quences may be
in_an _integrase or its underlying nucleic

prefoa@rxél bwdrlﬁ@f@é&&fe‘ﬁk&l@uéﬁw yldijoptediarhashincis (rstrgsHisd. 1 and Figure 2C
Mith like properties. Amno acid substitutions that
pROVIde functional ly equival ent integrase pol ypeptides
by use of the hydropathic index of am no acids (Kyte,
J. et al. (1982 Biol., 157 p., 105) 30.can
The grgergrigpof élaodgs Jp@?lmqpﬂﬁ?ﬁgar@. e dpr e %%%%%@étwgs gipte of the art
and R8Y YOTBERSEn Ikl 16RO, 1071 9B IPEe S ccHRI YRRk Dnheds! Por example,
ying nuclei’'c aci’d sequénce. In the present
a nuqlemv ecitl isequamot amtogdingrfor mdfﬁeédntpgnaegrsagt@gd@rte include any nucleic acid

referred, which s in co rison to.a wld-type . _
sequiBed BT Sk 0 v PR ol FBE e TG P Re i P, Bnvitro or upon
mtro@fcﬁbﬁ'o@T MRy efdoddly JcQGERDI |n|it@tb|a@t€r1él%¥ leMikdryotid|El@REMHE Rodfed integrase
one or nore host factors. "WId-type protein” neans a
protegorisicediag getveneasncan et nﬁl@ﬁalfrmd(pefcn@mo (b8 mntaneous mutation) or
recon%g)qui{t 8/f4 g?%lgeeéncog.{:%hgg %éc? s, nﬁ)t 8 | le¥n 1 %J tfrggments, functional

equw@feﬁfs? déeehtidesg hohﬁ>¢dg@ fah® ﬂl’s&gl@ of &eralmy eguasigsor wild-type proteins as
desjgnated as_Int-h and Int-h/218;, Mller et a

long (ag_g@@)bu(l;@glpal @@ctlorgb actypty, mgaping theNec%@nEjeog@twnp of the encoded

pol)q{eét?(?@ rﬁamM? d ﬁe%mbm%%%]pnpiﬂr s%glntah{gd thﬁ‘ ﬁ{euﬂg&fi@d recombinase
sine resi ue I NSt ea tamate tesidue a

has apd:@stt @, prederablyca igaar 'V&%nmbm pmefe(ﬂreﬁyqnéedanO%L mosh,bﬁbfﬁqred at least

. cludes a rther lysine residue instead of a

100% th ‘ftlé’”i'ye%’{ teeig- tyasgmegr&ﬁe smﬁﬁ%}“%iaé“ geveirapsagtion assay with
substPaYe E&%x@léhégﬁﬁ%ﬁl& Hcidrdgs Jlé%nl%dgi‘ﬁ'}@sm@%' fjom}% ¥dsEntB¥ention or in

catal yze the reconbi nati on between attB/at
Exanmgl¢ B/ af WO Odt’1t6|3/4&t Certan aatindaaidt Rqamteasubs@ttuhems can be made 1n an
. 0SSi i nati.ons . attP/att att.L/a V. -
intes B By i el h Rt Ratia Shifng Redugary ol ¢ pBUSiieaR bpebtained with like
propefidsh Athinb NRi cCarmk @it sSthhtrovide FunctidRsPEqUT {/a‘ierﬁﬁﬂtegrase polypeptides
ative supercoiling in E coli, in eukaryotic cel

by usangtherhxﬂmmdnc indgx O\ﬁ/amhlomsrrGSf(Kw 10‘:t sLif59§2a 0 ellof. rBlal 157 pp. 105)

can bFz)geg)t%ﬁcp%s(P 20% Blggjspgeiﬁl%e étagene§1 %5%fq‘%/r1)(f:eéeiestggc¥1am re%ctlon mediated

mutagdnesis T 1ﬂ§UﬁrﬂféHyidgt nitield &icids s@fueh&y. flﬁdthebﬁfeééiﬁ éint/Bitln mutants or
nut ant catal yze the reconbination reaction with

modifipd fréegraspsetre Pesfemedy whigh sheav i eermparisae ttp gnwilddwps protein improved

recongﬁréa%lé gﬁ#ﬂx’@/r%@%bix@%ory%% %nt\ég PE%S qggéo'n?%é%t g‘c%QIH? Nifpendent of one
or mmcmﬁnlfaabrson‘vsmt@lq&swaf’t Rearishg doaplarti nmt ItmncaMad | non modified,

be identical to
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those on the substrate, e.g. here two attP sequences.
If however, the two partner sequences are different,
WE@2@4/088584/ R, the reconbi nation reaction w || PENEPEDF013414
hybri d reconbi nati on sequences which conprise one
naarh s e RS QR BRGSO et

bacteﬁeﬁw@eu&mbdcpme'grdses éaioiaeddafhne dnddnt 121 S equepeeal. (1980) Cell, 20,
either 5 or form 20 the overlag wher eby t he

pp. 761/693111315 ns %ér%ﬁogerped(,wPW bl Rigk; 28% np. 3t Insh cludes a lysine
(S’ t |

re51d1%)ef ﬁ%(]h%]usegﬂlrt;e%%h%gsﬁ%[e at rPoglglohelﬁ]ggg c:os ?)Izugé’oq'{ oa\p 1d- f}%qut Int-h/218

includesCi fatthér lysieasdsidan inseoad g a@mtﬁmﬁlmﬁd&dmd 41 pasiyion 218 and was generated

reconbi nation sequence according to the invention.
by PR dN¢tRSHSHIP }pf the, Ht @V%qnpagalﬁer@pt@ﬁtsdggy @eﬁgltyé% thegcombination between

attB/c?lFP%,e&Eﬁ{uJﬂQ natﬁd/at'i]f] or l7R% z'z'fgzi Al ! notﬁ@xqb'@sgi%?es cSBbinEGR, e.g. anPlatR,
ot her I.e. invert rect The reaction nhy
attL/QeP, perlf/mrBred wi R/t i drt ﬂibyqtmvlam/eS\MHefeoﬂfyvﬁlmwt etfief r:mfzemry IHF, XIS,

and/ogE lIE)r/ p{p{] %)qvgvg}/lgqt %@gﬂggmhg I%Slz,gllfarea elzfé/géci %eglegz;]nedl zﬁ%zt?on 1.€. with purified
substASd i PfeatQord RBeCRLENPrOHNNGt D tke 8fciatkAlSh@Rombination may be
i ncreases the efficiency. The reaction may be
achiepat fothne doviaethio L. g. aEB,S dafeammtant Byt-b2 b ds Preferredatbecause this mutant
d. wherein a further
caral BRI aeR G d i HRSS ] SBP50 Gene 1 s
introduced into the cells. Mst preferred is a nethod
wherein the further DNA sequence further conprises a
If therfggmeaqtmnylem,&o g@q@@ﬁl@g agfl qqgse[d,ty@ reepnﬁngﬁmn, sgfluences are identical,
e.g. agﬁb% % s]mg{gqlfeggrﬁgmgt?ér{ 9 1eﬁ(f,est I‘)I‘SII refcgﬁl%ﬂ{atlgl? Bl be identical to
er success egra
thoseldﬂlt tﬂl&@@ﬂ)ﬁl&tﬁ alg. heeawbi a1t smeﬁdesvﬁrlﬁ)mmér he tweapestnef sequences are
9 WO 2004/048584 PCT/ EP2003/ 013414 | nt s a|ng to th
dlffersrétt FEa 7By ithatecPRRanaBn Bfachoy Sk SeRCTaleRRp! CEGOIROIpEOn sequences
wh1elf ﬁ&' &egﬁﬂ?t iJHBY hB§ fronl %gé sy At ger g. 961 ‘éﬂH ede El‘ita]fefrom the other
ater pol nt of tine again by ans the”i nduced
(attRp pﬁatﬁirmtioaer]diatfrrecdm:ipm'roml siExcpadeSdﬁfme(bfas KieSsemltl‘rcetehther 5' or 3' form
neou ressio 5 Furthernor.e,

the oy RBNYHERDY BIAERER & SHE GRS BT ok Foi<a ConBITAL fgHIoRal halEsie. 1

the re} BURRCE=RD Ijeél%ncﬁfﬂhgads'e& GecdGhERn s ugncets% tintical the excision
rivative of attP as specified in SEQ NO 2 in a

reactisequey de sgé@nﬁdcwnhemonmqwathlm’moof S@quena@méhmg/ d¢ i the invention.

Add1tg(81|§:u¥,ggx?ehoevegl$ 5e]gy grt} Iélg%glg%s gla orleélteﬁjgﬁgnggn t&xe :{ge})%}]bg%non sequences to
each bihePdlaSie. Qhivelied o AeleOf. THe feéceloeehhys be §atfdnﬁ>dfdgﬁnh S¥llt-type Int with
be used for breedi ng with other organi sns_havin

nmay g

low effficiensei anlydiomsverghe afidénpmnaafelHet or ingthxiasengg pHHE theqesence of arm

tha ff-spri
bmdmo S e(gI in arde%:tlé)rlﬁrgcg r@ %ox%%ﬁﬁﬁ%esﬂ 1?;#% %‘Ei] ngr%g%esr}f'sfeg Ieta'mency. The
reacti@ifl fna&yﬂfelpag’érméﬁ‘wﬁhodt ey cofemnt bpa nﬁcﬁhﬁécﬁ&t.al so to the

use of an integrase or an integrase gene and a Xi s

factor or a Xis factor gene and an I HF factor or an
rurbifo SE LA R0R 5ok o SRR S RBPPRIA Sl BARTUARRIAL s i fctor
gene 1sﬁn&nducedl inteltlat eedlst Mosteprikfernedtis e nwlhddswhe'rdmdhé furten®NA sequence

in which the nEthﬁg{Of the present inventi S .
furthgs 6P RGNS EWARRE PDY A SSHFRE LB ING 115 16 8113l ARY OB egporal expression

Oftheq@lg%d@&dge@gter perform ng the nmethod of the present
invention. The practice of the present invention wll

enpl oy, unl ess ot herw se indicated, conventiona

For example, after successful integrative intramolecular recombination (inversion) by means of
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techni ques of cell biology, nolecular biology, cel
culture, inmunol ogy and the |ike which are in the

W@ RG04I048584 one in the art. These techni ques ar eP€TIEP2003/013414
di scl osed in the current Iiterature See e.g. 20

I, @l : a rd
Int le@% at? Qﬁa%&t@%ﬂbﬁ%@@%wﬁ {)}f gﬁaﬁ% pl%‘rttcg?agt gtrl%%er sa1d gene may be
inactiCatkdl oBprtingediatr hdater bbi‘ﬂt of 119[&:93 auAbsuh)&lns eff thd: mduced spat1a1 and/or
Current Protgﬂgls in Ieculaf Bi ol ogy §1987
tempQrplFAPERSion B i Vet the gigadispeoys Yl\ﬂ%‘ﬂ’éf‘éﬁ}P%P Bitol ogy, I1RL
Press (1991); Gbeddel ed., Gene Expression
Technol ogy, Academ c Press (1991); Bothwell et al.
Furthedsore, thivehtemdsn frelateClto thengsearfchinfratorghisatmh Eqka’rcysb'r the derivative

BN LT TN

recmﬂ@irﬁa%gh%rf Dl@ﬁ%eﬂi&@&bﬁfe@fell@%e Xy 886t IMmaybOFKEQN in a cell aggregate
- Press (1990); MPherson et al. CR A Practica

of an prganisagle,g. _lamn_armme}s badng nOuftegrdse a1 Xis rf@qtmrylnptsecslsls Said organism may
be us{ﬂl %?é%ée&%‘%vggggﬁg grglagonugla%)ltglnrg Vilé 1§1tei(g%'a%§ o)r ‘the Xis factor so
that oMBdpIRALS are ﬁ%bia&d(&ﬂ&&}l th@b’édu@ﬁce%emﬁ%é%ﬁiﬁu@dﬁoﬁ% berformed in cells
Bi ot echnol ogy (1991); Pollard et al., eds., Aninal
of sai¢effrspanes. Jrhais, the m@gthm edajeq dgo)the pq;eggwﬁég,teg]tas%pr an integrase gene
and a%ﬁ df”zaclztﬁg I(()lpél kgrﬁct& ggc{ Mﬁgkgactﬂ aBIHéIlF f%g‘tox( %&?e na sequence -
specifiy aectdm‘taham n@aﬂik,ar}loﬁb EMBS SFuaﬂheMrer dleLleiresentS iwention relates to
Presss (1995); al ow Cytonetry
eukaryeiif egilst qirﬁlg cel{/\,hp@%/ 1rL|w§1§h( tj_lgggsthobﬁ)lf rt}éq]prep?rgtlagg}t@nl Was performed,
§
where%gagﬁergéﬁyorncéﬁP@e%ﬂg%gﬁ?@%&g Perlf&lﬁ:nrlr%T @B%ﬁt@ ofl t)r% Hégeﬁ?f invention.
Bi ot echnol ogy Vol. 30 WD 2004/ 048584
PCT/ EP2003/ 013414 2, Ptihler , VCH, i nhei.m. .
The Rggebios 44, CENRESET HBETHEE HEtloeP ok paltiel s\bcf%ﬂ*(lﬁ\% Jefipated, conventional

techm'a(l@sséf celllfiSloky, AOEcUIR! ﬂl@NYg?tceﬁlcultux%dﬁnmurm%)bﬁﬂi' t88 liké\which are in
Labor at ory nual (1987). publ i cations and patent

the skalppf pratn @lnsarm@rlmeoﬁ@eluuquwam fillypdeslgsed an thercuareat literature. See e.g.

f I f ski f Ki I
Sambfor;?iit %at VfVI?cl U e Loeril/rfeﬁ %%)Oﬁ%mla’n&\%agl}lflgl n S%ds F de %prmg Harbor

Labor@ﬂé@ﬂrlfﬁréésl Qrtﬂdasp}u{gammor amzl i(ce89) 0Msiseiel &d d1§r €ifer@! Brotocols in
here I NCOor orate reference in their entlret

Molcayatotogy P e upqmr:g,) o pho EosatighMostws Bl JRLPress (1991);
t
Goedd\‘eflseg$l @éaga Ve VV| %ﬁlromsﬁ;ceagg&g Iy@ﬁeﬁger St 863;%ﬁ\9£1 yet al. eds

Methddsffor €e:eing and bhﬁlaf}@ls| SVEu@rwriadnes, Batiete ﬂ?ublal(wgﬁ)a,r Bhyet al., eds,,
r the purpose of |IIustrat|on of

i ncl uded nerel 0
Recorglipg P%&&tmgy@f%%ﬂw dyetit (1989); hvieslsrofiedfig Transfer and
atl AV i.an Ny
Expre%i Bcﬁt%gﬁ?gl §9@]_ Mgi? %J({:ht ?toaﬂ g é)%p}r’llélgtsl?ag rI]Ax%c)c/rch, IRL Press at
Oxforg Whs versit e Presc (100$); Tinifldde Qlasticlectidediyndfesing L84 illant& Calos eds.,
Gene ﬁ')é%%%; otnqxi;/ ggg\gr Sg}gpwgﬁﬁ%)&(ggﬂ Eitélgerp mgxlgﬁltahgn Cgﬁqglotechnology
(1991?'Polfa?@gplll JedsVOA nindil @eil @glﬁlre HBmard Prss km90) Freshney et al., eds.,

géxpression is driven by t human cyt omegal ovi rus
Cultuipr afnynienal Rilss Adat B. h%t(b?@)u&@dzmd(u ed.r abb|@owitlapnd Apoptosis, A

Practica?cgppngl)gc ! IHQE Igresssaglt C)xf% ' {J%lvrélrsrl]tgl IagstssB/(?é%? ﬂd%?ame%) et al eds., Flow

Cytometry and Sorting, Wiley-Liss (1990); Current Protocols in Cytometry, John Wiley & Sons,
Inc. (updated); Wirth & Hauser, Genetic Engineering of Animals Cells, in: Biotechnology Vol.
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20 attL/attR (pXER) as direct repeats, are derivatives
of pGEMr)4Z (Pronega). p?JR was constructed by

w0 peanisssg att B as doubl e-stranded ol i gonucl eoPd:ﬂ'EPimB/013414
Cl.aUECORI - ¢l eaved PGKneo. This ve tQrs..is

2, Py o ML oW eipbrirsab i 44, the serigsi MAtEAS of FFPZHH@@&& (fhgademic Press,
Inc. ) EJPA S oY1, ae:dE]e l%dqesg gﬂﬁ& M%Jﬁggﬁ%b {/ Xbal .

pr onot er ron was gener ated
by PCR usi ng pCI\NSSI nt as tenpl ate and cloned into the

Cl al - ¢l eaved, .25 att B-cont ai neo vector..
All pr% lsattﬂw aagpeteﬂtea@paﬁaﬁwéé EieBHOEdn dgi gpﬁ%&fétlﬂ’é Al giaiive of the level
of siAY offbe k0 BATHL +f! Baviaeh REEMVehfidn Pgﬁﬁnﬁtﬁxﬁ’ pRbfiéations and patent

containing an A-to-C substitution in P'-arm whi ch
applieli@tsested ltemnsxteaharcimincsrmomt@i on edferengssingbpiereatistly byorder to more

fu11y5§es§1;n& Cé& ﬁ;&(tgtst m?gé@nl Efrf&ljls 3”5he mgﬁntlon generally
desckipéd Rk ill- ﬂ_eGﬁEfE@éﬂTl Tddbkstdat %Eﬁ%ho% 1o tﬁesﬁfﬂoh%g\@amples which

4) (PFP-Nsil) 5'-CCAATGCATCCTCTGITACAGGTCACTAATAC 3
are hegb@ ingupiel neyely fdhg purpseReigRystrsonjof certain-embodiments of the present

inve i R A e M R s B Epo003/ 010414

pGFPatt B/ att P was used as tenplate (Lorbach, E. et al.

(2000) , supra). The PCR fragnent was cleaved wth
Examngles and Nod and ligated to the 3 -end of a
MetiRgaHUPst | - fragnent containing a transcriptional stop
— cassette, which was generated from pBS302 (G bco/BRL).
1. ProfectichPf egpreesiamnghdt dubstpnd yektasgnal was cl oned by PCR

e SR BMSSEEE (3, feriyative ol RONES AL Curvssinen,

and g& MV LoRk }1/21§W€av€9%%en Ql@&%le@' DQrb%@REr&gHE@OO@SI Mol. Biol, 296,

| eaved with Notl and and was then |1 gated
pp. 11 by énthexprassivh is driven Balﬂhd an cytbroegadelitusgmerooiept i onal
stop/attP fragnent into the BanHUXbal -cl eaved vector
al ready containing the CW pronoter, attB, and the neo

SubsBHARY RS Nseidin SRt dno le RANEReconsin A RMSdsEAYS | @htASinR W B/ asP (PAIR) or
except that attL was generated by PCR

attL/p@RPmMELR)a@s Rirgd (epetbaels, d@va@vesmof (& “%&w%%z duipmgga)aprR was
t | | pawad
cons AL 00 S RS PL 0L 5y KRR EpBonrcteme

pPGKﬁE{Paltﬁlé-l(/aitélRlﬁs dérbnpikabLpP@KESIn, ipwaithahe WHSq gene was replaced
cleaved with Nsil and Notl. Substrate vectors

by aj proERYF EERA HiCO) @é@&H’Sﬂé’ﬁ%ﬂTB@Qg&’ W?Frtoﬁefdblﬁf é’i Bybridgintron was
f
o RS REK Sl Bl S Sl SR LRSIyl

attBicﬁnn‘ahﬂng pPP@Kneo VévaseT b &€ s B nen- wq:rasmrqasieﬁe was then cloned by
elimnate ATG start ¢£od at woul d preve
PCR@%&@@@ ﬁleéf’?ch&E%égb&H%f‘f‘Eﬁ“e RO EEBE A At g%llba%‘tm in the

t r pt I S a
aL?rgtw:nglE éi‘eaget%yﬁ) gf;aglgatbérﬁg % §Eﬁ£ V\}agt %Elglf/eedr Pg pa\éﬁngo% PCR using

primprsoduct s wer e gener at ed one with prinmer pair

(P, ﬁg&f@%él‘ﬂm%‘&xﬁ@ L Sk A6

(attP02) 5°-TGATTGTATTTTGACTGATAGTGAC-3’, (SEQ ID NO: 4)

(PFP-Nsil) 5’-CCAATGCATCCTCTGTTACAGGTCACTAATAC-3, (SEQ ID NO: §5)
and (P’RP-EcoRV-Notl) 5’-ATAAGAATGCGGCCGCAGATATCAGG
GAGTGGGACAAAATTGAA-3’ (SEQ ID NO: 6).
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20 used as tenplate. PCR products were gel-purified

and used as tenplates for PCRwth priners attP-Pstl
w@na4a8s84 Xbal . The resul ting product was di geRCEEP2403/013414

Pstl and Xbal, and cloned into pCWSSInt. The priner

PGB 0 R B ST RIS ) e e ssgmen

was ANV AR GCAGRAACTPard 1igafQRQthdB Nad of)a 2bn HHPtRfidgment containing
5' - TAACGCTTACAATTT

o AR AT CoB) TR ATEY SRV TRCAET AT (hReRE The GFP

gene éﬁg&%@éﬂﬁg s clonegdsgg P@%{N%m@[?cﬁmﬂs@@ (a derivative of

pCMY&SIRhPs1 Whish {GATTECIGEABGEATRGKT ACAGEFCAGNS' PsA(gEQ). | The GFP-

30 (attP- 1) . : .
contaym@%@fl}g&ﬁ é%&»y%ﬂ@&ﬁng Xb(léé@i Pigs s ligfie_d together with

e HSAMAE B Wased %ﬁﬁgc@{p@i@ngygb Apt ettt Bt@She BamHUXbal-cleaved
doubl e- stranded ol i gonucl eoti de into PstUXbal -cl eaved

vectop @lvkéatyt Gomtatining Cvi/AIN V mamogae,netﬂé,t ol By 1RORXPs¢sHignpXERite. PAER

s S0 S ahC s T S AN PR DL orparn

(Lorbpcg';r /EERRQP 3(/2@@@4 praYas tt&ﬁﬁlat‘éh hx‘fch wa@RidHed ifto the Clal/EcoRI-cleaved

transcri ptl ona StOp Sl gna and an att site | aced in
pPGKneonifh@fatta sipr orbigendratsd beFPCR anvmaeGEPe/dratR Last tegiphise, and the

enerated by first deleting a
prOd‘BEYV?S Fa‘feﬁémﬂyéﬁfg’%wﬁggne from pT)}QHyg (d ont ech) )

usi ng Aval and Ndel. The 5 vector backbone was |igated
after the sticky ends were nmade bl unt by Kl enow

Substpas¢ yerserader intermolequiRs CFPnibivgiiearassayy aviuehnceaipythpGRIV promoter
in frowfasf cf %fo re:gfj zg{ach%e%seftlles }%ﬂgﬂ?ﬂgk a@ttéésé Hr%e;k%t?@/%t}?éutunons n the

P- am{ %emnm@mah et @paryed eEmaate\aIa d1se bb(ﬁﬂlstt]im&ttgfhd prevent GFP
restriction with ECORI and Nhel. pWsatt RG-
expregse«mea%@reracwbmgwat%gwbﬁéutmwwﬁldetorfamtem ‘b‘?ﬂ’é‘ﬁéltes in anP

f
ot QBB PR ORI AR pLRSRGA S Bkhenercd
one vpmﬁmmaq;%a aﬂéA@@MaaPaja@yorﬁcvﬁtlofzttP#eT@BfﬁtPﬁ tpeC Rt P was

GFPat t Pl at t Ia e, which wa |nserted . )
used figmplaisal B prodieh S - BhERa R b s dompleigs iR with primers
attP- I"’)sttlt ﬁtd ARKELAsy h\é’e[reﬁllhﬁg)bﬁ)tdﬁg WEOHEsted Qith B #dXbal, and cloned

-Bl ue using affinity chromatography (Q agen). The
into pﬂMVESMt deheqompasseqiamnesfor peskmbhnRCyeret i ¢ el ement s

e R oAt S ARCKS R R h oy a0a%

CAAGATATEERGTRA L vAES’, (SEPMD NG ON assays, and flow

cytonmery Hela cel s were cultured in Dul becco's

(attP- ﬁbﬁ FT AL GGEHT ACALI LA COMENS-3's (PPRPENPe®) with 10%
UM R N osGicsd ilats deny s S (1o
TTTTEf oTE€ChransTEThA0B’, (SEQ ID NO: 9)

(attP-4) 5’CTGGACGTAGCCTTCGGGCATGGC-3’, (SEQ ID NO: 10)
(attP-Pstl) 5’-GACTGCTGCAGCTCTGTTACAGGTCAC-3’, (SEQ ID NO: 11)
(attP-Xbal) 5’-GACTGTCTAGAGAAATCAAATAATGAT-3’ (SEQ ID NO: 12).

pCMVattB was generated by inserting a#B as double-stranded oligonucleotide into
Pstl/Xbal-cleaved pCMVatfPmut. pCMVatL was generated by PCR using pAER as template
for atfL, which was introduced into Pstl/Xbal-cleaved pCMVatPmut.
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20 Typi cal reconbi nati on assays were perfornmed as
follows. Cells were harvested, washed with PBS and
w0 eusgpessdled in RPM 1640 wi t hout L- gl ut am ne BCIEP2003/013414
phenol red (Life Technologies). A total of 60 g of
expression and substrate vectors at a nolar ratio of
1:1 were then introduced into approximtely 1 x 107
Vect@el Whicht c@8lN aneanS@{Ptional s@pasiGedl eandubs et (sBé OpIEQ&KZﬂ) in front of a

After 25 el ectroporation, cells vvere | at e (g
promajsgeesp iRt €oRfi MAS GANBRAICEY Bl e WIS %h’e%\@egﬁnerated by first

ys 4 h f d Ndel. T
delet R A B S R Bt o o T g Ca L SR M and Nael. The
vectoabatitons vng Isgasidnafteg th §titky -cads wefeamtidlmbiuyt:bm Kenow polymerase. An

attB- t&gg%qug?gg%ngégﬁl) %gg{;ﬁé%%gpl&)y @?{?&% g{ﬁfﬂtes thereby creating

a nev@@we@%@t%t 3" of 9RBt WalaBly, THE rakdcAPSSRE st s&fubh &l §AS1i8%rted through
for internolecular recombi nati on assays were

restrickétre wiihn EdoRlo rnd d\tsl. 30WSrsBOEFReWSS Iggnarated ranisblting e BamHI/Notl

wans{i i Baor SR P RO G AV e OGS GHRT UGGy 4gBOTP cleaved
with Pth8 RN @RYm3 GWHHBBP lwas E&Q@éftédmcgt PARVEE Mh&QutP site using

purlfledII-IFwere'erforrred cing first 30
pGFsztthathn 8s temphrtesehigh wxaéems(grtsd tnéo BRIt @eayed with BgoRI/Nor thus
cel

oS B PSS DES ATS55 00 R LSRG Gons st

chronfatd @aplee (ORg¥d! Thé hadledtiRietcethpesitibn f aldivfantsgdﬁsm’ aleﬂlents was verified
vectors for intranpl ecul ar reconbination

by DNAtsgRugrcing wingihe dlyproseance-bassdddp 4 systen (ﬁ@ph?d Bkﬁswefaf)
1:1 for internolecular reconbination. Substrates were
pre-incubated at roomtenperature with 2 g purified

2. CellHilt{learegemGimmtiah asayBdnd Nasteytddngry Puri fi cati on and

e el Sl A s i
10% f'etﬁ' Alr Lhem stxjegﬁ)?fn“%cg%) ?%I%éﬂ(%@peﬁ%ﬁgﬂ'[?@ UVrﬁgaC%_%ere passaged

sal't buffer’ Tris- HC

twiccERToAS trhosfeattori east 30 m nutes. Transfection of | HF DNA
conpl exes was achieved with FuGene (Boehringer
Mannhei m) and the efficiencies were always in the
range of 80% Cells were analyzed by flow cytonetry

Typicaf k&@ondishtionOfgdysABerB perfafmele s fdloed. abny everelﬂarvested washed with
CHO D4/ dhfr /" cells (Ulaub, G et al.

PBS @gi resuspgndgshin RBKY 1649 mop@@ﬁ@ﬁme)ﬁnﬂ ,phegq]gs@ ,ﬁi]f@, g echnologies).
A tot orf|t6|§e a%f?f %résgﬁg paF{g %ﬁé@a%‘@ %trfg M hola bex b rfqgleazgre then introduced

oxant i ne

into dppysdistiategy (11 viof reefent 30131VI&b@ﬁou@osm@aec}dmcpmmre@ibmad) After
cell culture flasks, K at 37C in ,a humdified atnpsphere
clectrppoiptiphi FRYISsvsTedpatedd |28 RREORIEEYEHUERN 4 ciohe®n i$hi; g single-cell

192l hg/ lis\eleQxcluded
suspe?%m]r wa zyﬁﬁ}%ﬁaglgeh%rag%s re}g% %ﬁ;ﬁgrao LR, @é@& Xe s Were 2xcluded from
the anapdsdtyestaindiggyithi pamact-agtinoenyPinud (Sagngehtand cells were analyzed by

FAC%)@B%‘:HVte oq%gan} chﬁrll Sbﬂg"@ |d§tap\§err6targ de tlhogelfs(ﬁ(ues?““ software. The
transiiaé’tpd??(@fﬁchérﬁ%st f&%%f@nﬂ@leéﬂ@ r&%ﬁﬁllr?a'ﬂi‘éﬂtﬁ?ay@%r@ &blnlined for each

medi um are seeded in a wel
experiment by co-transfecting 40 pg pCMV Wlth 20 ug pEGFP-C1 (Clontech); those for

intramolecular recombination were determined with 30 pg pCMV and 30 ng pEGFP-C1.

Experiments involving purified IHF were performed by introducing first 30 pg of Int

expression vectors to approximately 6 x 10° cells via electroporation as described above. After 3
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wel | chanber. A total of 1 pg plasmd DNA, 4 L

Li pofectamine and 6 L Plus reagent in a 20 vol une of
wWQoM49i8586 used for each transfection and addeRPCT/BP100&013414

cells, follomﬁng the protocol of the manufacturer.

to 4 %Ltdet? éncuP e‘ﬂn Iv&]lae% Itréinsg'gcg%dzwztprg‘%géf '(s;%i)ssgrg%fpxlleﬁg'g%&/‘oirqntramolecu1ar
recoxﬂtbiﬁ@tﬁzhptdraw&heﬁ aset sz d. s of eubbtede teetoredi Whiddar ratio of 1:1 for
| aced 2 days, after transfection with CHO S-SFM |
mtermegpu}m resQpIRIaHant %&b%mateﬁ VEfTe PEeHIYbRted phfoqy tgmperature with 2 g
pur1ffe!in[\ﬁ1:t ang:gg)(}ui@ﬂs%n s)sflel\%lAf ﬁéukgfbgﬁ%ﬂ @ﬁél e?té% %fvl(gt -h, a variant
proteﬁl trﬂolﬂvedaysm%pwﬁh&@lﬂ?&&ﬁaaeﬂ lﬁeﬂeaophaga lﬂl‘hbdi ablBdol Chem 1984
transf ect ed um wi_t hout

Oct AN R HEPE e Brhen By dat v LG ais-HCL PH 80, 1 m
EDTQ ffa't q@ats { 39 gﬁmﬁ@;"ﬂ\éﬁge&%nagfjllﬂﬁ LNA 8&9;9&4\4' was achieved with

otrexate ma, Del senhofen, GCernany
FuGealH'p(Bloélmmr Qzédrmhelm)mndgbntefﬁ@ertcm Wdlallmysaﬁ tﬁe refg€AMN 80%. Cells

v TR ot LA L T ol 2

wi th standard protocols (Ausubel, F.M et al., (1994,

updat ed) Current protocols in mol ecul ar bi ol ogy. New
CHO\J@GM/d@eeWélS RUbslanbhGngt AbsOO8aL deellardd, pp. 405), grown permanently in

S S SDSBbT) B BB B . o0 spemene

with BxkhihtheiE FeyAlale @Miirbeshl earl{tag, day it hrdbdied in cell culture ﬂasks
exanple in_ US patents No. 5,284,931 and 5, 475,091),

at 373 &y ebymihbedatmopeheaneaieaings % §0a (alparesafeitae@ncentration of 1-

3XIOa?etlfsE'§?Jgéln frgﬁl% ctl{u%devﬁll thrtﬂ'éceh% i s used as a

es are analyzes u ng a Spectra Fl uor

Pl d h
stablp; P ERR of SCTRE P LD oGSO, B s e
(Inv1l"§%3e|n5 G BbAYa0M) f Pd trbys fEdbRAox 1081 @ohditia@pt EbAidpueas in 0,8 mL

set according to the manufacturer's protocol (BD

hypoBingltioé/dreedine @Habﬁvm@nent%ca@ Se?rF@/HI@aﬁdm;a;e s@m gwell of a 6-
well %ha }%f eA'tS%bgé\b ;.[S};h;glgsnal%nlgNAmf ! TPJL ?ous Ertlﬁee %HTJ@ t,ﬂ?? u%r}eaoent ina

reac 'oRs n our prev udi es

volufitibAPA0 iDtis sdaby Zel trankfeatid arlUAdled itdthegiedt, ﬁbﬁoﬁrn@ the protocol of
exci sive recomnbi nati on reactlons in the absence
the rapufachiTer ot Beis Hioyoatan &rs3ikoues Zomili 05r¥éT1Sprlﬁ@ﬁatﬁd CHO-S-SFMII

medu ik ?Sgg&rlhsche cNe & f?cJ \NE)\// (JBQ&hhoﬁé}Efe‘T‘aseL’&Eaﬁgaectgn L medium is

supra). i nteresting question
replaWdtZ]dat}esm’&ctransfecttrmlewmh:OPHh§ SFMEpnsbum| smpkm@gfcbwnh HT and 400
' cells concerns_the abi

g/l HE CTRIRGF B Fie drevbieeL vl PRIs A poreied fal™2 [ dnveeks with

nlediltu‘ﬁ’cbh%nr’%ersee@eﬁm Rl s Sidrafe HHFR-952H &dleiorf! bf f@bRNtansfected CHO-
DNA eculés in trans. W conpared therefore first

DG44 ptllsaH@RSHSENIE mediver whithpuf hwegamhlmv/énmdmnm negd. BIIFR-based gene

reactions ecul a e tio t.e
anp{E RS cubist PP L SHHIEE Scomaing TarParesaty (et d2ifpatep. Germany)
as anipBPBAS SelédiRdNlebag ta themasami ptional stop Sl gnal This

reconbi nati on cassette, in turn, is flanked by 20 a

CW pronoter and the coding region for G-P.
Reconbi nati on between attB and attP

3. sICAM and MCP-1 ELISA

sICAM titers in supernatants of stable transfected CHO-DG44 cells are quantified by ELISA
with standard protocols (Ausubel, F.M. et al., (1994, updated) Current protocols in molecular

biology. New York: Greene Publishing Associated and Wiley-Interscience) using two in house
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generates hybrid sites attL and attR, and leads to
exci sion of the stop signal. Subsequent expression of

w0 b@4/CE3sgene t hus serves as reporter of reconP{TaP1008013414
(Figure 2A, top). Expression vectors for either Int,

I nt-h, I nt.- h/218 C ransf ect .
develghtdticad speiGBergpeltReberideneg bRy B8t ol frastfe 4p US patents No.
5,284/€At Qfd *S&%tt@@? (VHQ&B} d&@soﬂlﬁﬁdarﬂﬁ)oﬂﬁgamIaVHmlu;,ghaated antibody.

Transfectior ficiencies independently determn
Purified HC ANpprateirig usedras 4 standsed. rmpdesofre 9Balyzes Wi { Spacira Fluor Plus

naI es from 3 experinents show t hat
readeﬁg’f%émws}felfn Pc@ent |y catal yzed reconbi nati on,
| eadi ng in sone ex r nts_ to
S

MCPEplegs éw%antig r@r&feéteéiA ﬁpo{)?%é)cellsrﬁée quantlﬁed by ELISA

usmgnt'ﬁg |@)@E1A@ﬁu1§§ﬂ WETE] Rf abRFARP kBl RANUPAOEBES Brotocol (BD Biosciences
m ned 30 indirectly by sequenci ng of PCR

Pharrhmgmﬁfﬁlde;lbergr\@cmmd)t hat the
strand-transfer-reactions catalyzed by nutant Int
generated the expected hybrid att sites (data not
shown) arent. that éﬂe doubl.e mut ant
Examplg 1/ 21;@816\%%0%&% ip{pEme lctHan TReQRPING AN egdlions
We s&lvgd LY R&r g)'?éwod@aéu@x'ey Rt rhit@st inY Qataly26d fifiBghdioduaf 1nte§rative and
P-expressing cells increased during 48 his after
excisii® 12004304 B858kafOTSHR206 3bnee 0f naturahasfessry dactensdn E. coli and in

e R Q980 LA T P, S5 owever,

mterersﬁﬁg q@és'ﬁ@h 'V\th RYSdH %o {Hﬂé%bctl'tﬁ\! Qf epigtAIEINW §d@h1’énts|'1ﬁ51de mammalian
first is correlates well with the tine

cells conpess tbc alpuhty bf ugnekite psiforn interpolegulas recombiratiannigt. When two
Al th h .we I [
recorf B8 skl B B BRER0E DRUE iGuldn PRES) Blet g therefore
first iatrh-Ndr@rintehisle@ask 1ﬁfegtdtivléaéﬁb|r1ﬂﬁrwtlaﬁ rédotiegy at i ve
reconbi nati on, the data set can be used as a reference
for our analysis of internDIecuIar reconbi nati on. W
Intrarﬂpﬁtﬁﬁxe%c{)fé%ﬁl dlll @srted mtﬁglrﬁlﬁothQe [ﬂﬁi‘f QBE(' AR anP as direct
plracing a att on separate
repealeftaikirignatramseripticms sopaignl. l’]]hes IGMatnbmammt eassdt®, m turn, is flanked by
position upstrean1 f the GF ne (F ure 2B,
CMY¥ppromaéicend g §o ding arsign efgm%lﬁl’  BEOREIRECR P EraeR and atP
geneﬂfe% Eily)%?iq & eE ath bhd Qﬁf?@rﬁlﬁelegﬁ:sptoeéﬁ’&ﬁ§§'&gth€ QhdpS sighACSubsequent
es after co-transfection of the two substrate
expre\mon of the GHR genenbuseseprea s ramrtvxemftroqrcsntyn«’é cde(Figus QAL t0p).
whi ch are conparable to those generated with
substrates for intranol ecul ar reconbi nation (Figure
ExprésSionbRict®for &iadr NMint,t e hMaf FhiK/Y 1 ®fwerd @6arinbReted OMith the substrate

events nust have occurred within the first 24 hrs
vectoafinte Halraaeedls e €he expragsibn vacti/bagibons (masknbpeugedtdsyegative control.

Transtffgcggp! gtthc_igffcie\éw._ilfggépteeég?ené n ener re Qafﬁ éer?mé(nqr\ eré mhle range of 95

to 9E ARG HAL SolvdRt FACSS axaalysemmug %Ep@fméﬁ‘ﬂs tsl@ovVZhitr Both mutant Int
i nternol ecul ar i ntegrative reconbination by nutant

efficiprflineatalizestreeamiainptics), dasdinggn sprae expariRensORALAYL 30% o -expressing
e r 0 a t
duct d
cells éfl rga?enEA %ld t eﬁffi‘éé Ellu ggté gqgrg%p gfre é&?n%gﬂgﬁgﬁ] ng!) ucts, determine
1nd1récﬂ§1€}fyﬁ]DNQC quaEncueg( of 901'«’efré§htd.ts )Coaﬁhﬁéd that drebdtraadtansfer-reactions
ys. The results revealg aln t hat

catalmﬂ @V ¥ mbltaRsntgeneiaisdghe FRRSEIRd ylag} i (dpiamohiehovay.

efficient as intranol ecul ar reconbination (Figure 2C

and
It is apparent that the double mutant Int-h/218 was more active than Int-h, whereas wild-type Int

was almost inactive. The fraction of GFP-expressing cells increased during 48 hrs after
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D). The efficiency of excisive reconbination
reacti ons, however, was slightly reduced conpared to
WO pioe/gesasd ve reconbi nati on. Reconbi nati on by WCTEP20p&013414
Int was again barely 25 detectable. Exanple 2: DNA
rn}bln t t j
s QE LAY BB S8 R8s 20k UL RS o o e estions e
indicdted &ﬁtt altjofit &f pezedbinati@g eadnty muanhavexedcaired within the first 24 hrs.
reconbi nati on on elsmmls%F%rMeS|nzh%JnH
2,1 n HelLa

This garFkes well pitiias Goe caursept Bi-h{7] 8eyptessien | Cetls (§2 hot shown).
1l
Althokl)igﬁwgodagﬂ(%t 5&9138?7’%6 %%)%}Eéﬂhb’ tgér)%ﬁér@ ddn%sflt(ynfgge g%:slsig?\slcglls resulted from
inter- rlﬁswaﬁnfnaﬁrammhyanmﬂegratlyp eccbnibimhéipayttie data séthvan e eseshasen reference
roteln co-factors I HE and XIS, but does not
fbrmyéﬁayﬁ@oﬁgﬁgpngu “@Hﬁ@F@BP1lng this result
dermonstrates that eukaryotic counterparts of these
co-factors are lacking in human cells. Further, it is
We annkyned uﬂtamncégnmrrategra@ubswoamleeatmneby @#ﬁ@mggmélélanﬁ attP on separate

s S 38080 S AR AP 5905 v o e e

gene KBRS 2B, ) HatRe, difly)intelholopR@aFcBomblialied Gwuech kB and arP will
nutant | nt perforn1reconb|nat|on wi t hout  the

generpiorGRR-ewpressingiesils NACH gatlxens radeeFortiapsipitionsd theiynsugstrate vectors
with &I&:g)lfﬁr}és%sorrg?%grg )qu clg 6%;1 t@t\L}Iﬁch To{xlé %I\IKT @fa%?ebltc% El‘fose generated with

substfitdse orl ﬁltlfaﬁmlihlaﬂ&feb@ﬂbma'dnﬂy (F\%ﬁﬂ: 2jB, etsetoin)i A gin, I thastajority of
one of the partner att sjtes. enployed . so

r. 5.1n
recongi BREFON Gy Ot st b@"&t‘@ct“ﬁ‘?%w&h’é‘stbi? éﬁst %ﬂéﬂ%%ﬁ?{f transfection and Int-h/218
was fnr&ete O & Bt A S GO TR thﬁn%éﬂefaiﬂecp%hf aOfery SHRSI £8¢t®on of GFP-
vectors contalning attB or tP In various
expre€sin®i ¢ellsi dhesq Fewyits ed@dynstratee tifat apter om tohe course of 24 to 72 hrs,
GFP-expressing cells that results fromre o i nat

mterrﬂ%lgcq:]%rt Antgpratye brﬁcq_f;@\l@gatg:tn L{Jg/ mlg Igf pls a ast as e icient as the
corre%%anSx%ﬁﬁtfrﬁﬁ(glbaﬂar%ﬁclﬁohm expr essi on VeCt ors.

ection efficiencies were always above 90%to

(data not shomn) The results from3 experlnents show

t hat inter ecul ar rec nat etmeen gy
The S SHERTETE TN S d e CORORL: Por DRt ALY af R nermotecula
excisBRaat tPulkR) B4bRbABlion pkiﬂW@Yﬁf']?heQi&hMts| RYeddPddhin that intermolecular

utilized pairs of attB sites as substrate to a
reconghiatichni yamutan fgrivas hefficient ﬁi:lﬂéfﬁwklwlaf m@n}bé%nopdﬁlgure 2C and
D). PSP STt ea s, BebfOly T GREP Sh, Sifhuy reduced
compbfddgtt entSBhti Ve Reemblitigiohr Ret:cbrﬁlbhnﬁxﬁorGEE’ ﬁﬂ@-ltﬁﬁs [mgwas again barely

cells 15 that results fromreconbi nati on between two
detectgbl®B sites dropped to a level of 4 to 5% These

results denonstrate that the presence of armtype

sequences in att sites is not required for

Exan-gz?e? gvnb gﬁél 2. Iydéllég%uegﬁg‘ c]ig.ﬁrebl%lot tréc'ciﬁl{%g{ l%u? @Prtn}: ecliec?rgbination

The RYER §PEL éhb@/nm'dﬂﬁﬁttlbn( diotHtal@kd@inintdopdttlle Mdaemime Fecombination on
used. Further, the_ residual reconbi nati on activity

episoniab shhertasi inha wignificappeumper apensisctrd grlly Iae%métntrecombmatlon
th
aCthl%S%O%ﬁl na$§>§)%c%n \‘V?Sg%aséplg] Bktrégﬂaﬂlg %}OB\?TC' agggﬂggh@ %mce GXCISIVC

I'nt 1's stinu
recontbi At sdrast ﬁddltjfﬂfe IRt @dphds on the presence of protein co-factors IHF and XIS, but
does mnot require negative DNA supercoiling, this result demonstrates that eukaryotic
counterparts of these co-factors are lacking in human cells. Further, it is known that episomal

substrates are topologically relaxed soon after transfection (Schwikardi et al. (2000) FEBS
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Efficient integrative reconbination catal yzed by
wld-type Int invitro and in E. coli requires the
wEe@ieisssco- factor | HF and supercoiling of attPRCT/EPm®03/013414
apparent lack of either co-factor in 25 mammli an
LettefSldh$ I]Sph Ys7.8da altsotHeﬂs\f?r%t t}ﬁg%ﬁta%ﬁ{t%ffohﬂ%eéo%ﬂét@;’n without the
réconbi nat i on |v t type Int iI's augnent
fonnatﬁoqouf défired ﬂudﬂizopmtem Gmnbatee,dsumtah the smtp:@ma)aésenhbled at attP. This
strate, La cells.

raisef JR G e85 E5etGaB Tl P AL PG gt Boigpgbinaton. They were

presehBfl R asf e ofFhd PneWnl ditdYeRSp1byd s8fad Nt -h. At 3 to 4
hrs after el ectroporation, substrates for intra- or

i nt ernol ecul ar reconbi nati on were i ncubated either
ith or w.thout. ied |HF. ,Pr .Xtures. )
tn ofet o HhvelibdlP dhisPHideli s Bed L RB AR TN a7 BriBidiion Rith pairs of
substtdi@RedteGtdtaitihd g BUGENP I GLS corhbinatidite(Fi 5136 BIAQNFhe fraction of
of GFP-expressing cells were conpared after additiona
GFP-ggpmgssing qalls thesremle frare AgqoRtheration Mlen@sirhmFﬁﬁ&at 48 hrs after
u 0
co-trésr{gI{“errc%ﬁﬁgg1 i egl,i Vgér?gﬁglé/@agﬂs ? %fe\%er% f%?e twer%‘%@ways above 90%
(datapice sshoo@).0Thd thult?PtBOIﬁriaekp@ﬂnﬂ'fts chdw tBdt Mrmolecular recombination
2004/.048584 PCT/ EP2003/ 013414 p03|t|ve cel
betweehcpadisRiad// it fas R AHPPIENt InTGRABDERAR | ﬁevﬂenfqt%ﬁafbea? (Figure 3B).
Howévéi' &}1& I'Iﬁt E’Q?g%‘ﬁzé’é 1'?!:0F QttBGS%eE rés shﬁstﬁ't ng? 15&% extent. The
atory e i nternol ecular reco nat on was
efﬁc1alhcsyooﬁ ﬂgmréacclamtwas font ateeaps, pbandoncédd (ratmetl compared to reactions
thre | d At 48 hrs ter sfec
betvespieit i B oL e i Qs By Henogy b iy § GEPeKgressing cells
that r@ﬁﬁtsvﬁ&ﬁ r@éfonﬁB’lﬁattan\@e?w@&{ i heBtads dfd??@([ t@8tLEYel of 4 to 5%. These
controls showed that 5 transfection i ciencies were _
results| degnomstrate fthaicthe drosenc o f prvsepe eeanrenctelsiﬁnpcrtmsmm 1s( dett @quired for

eorlh EA b 1 TR, G bBLB B SRR RAPER ity e

even O@BR QrordihesE (hbdariCeilifbl®ehenanf-rstvoddl Yiséd. apsiieg! @Be residual
with a linearized first plasm d DNA expressing the 10

reconfipioBFeB ity pbsstvadnvitt wilddype Int apnegtsdngity slepgndent on the presence of
mnﬂﬂ&%ﬁ?% gch Laboratories Inc., Palo Alto, CA US A)
d & anti biotic resistance gene neonycin
phosphotransferase (Figure 5). In addition, either an
attB or. an attP reconbi natj on sequence (natura

Exampiedi'f | &gcunbipatinbyivilddyps it isssimulHed bbfr)mﬁf%“?ﬂ %H:Fearotem
I
EfficiOf WA S GRMEh cafifizha HOWERASRE LRIPLE T £ b3l requires the.
proteia ccesztcmrcﬂi{lc’)mrﬂnmypmmhmgt oél c&dPngT}Ee alefsarentclanlomfsext}&r co-factor in
transcri s fo ot h gelectlon

fﬁé t he 1% £t| olg
mam Ft?e‘ie s thus Iedh i Bytiver! iR OB LEEOROIHL Y Fevity of wild:
type %n@%ﬂen%%eﬁhks p¥d- In'@ul?at&i"%ﬁﬁ%féﬂ eRoABd ubstrate, is co-
random’i ntegration of the first plasmd DﬁA are
introdyos trity élef.asusllectedest s byssam}ltyt watintradicad tflvet q:xpe@elnoefectors for
n.the heterogene

e1thero¥v11gqe a tl bl tflécggﬁféo s a&frt ﬁlegtr?ﬁOéﬂl , su ét té)s ?or intra- or

1ntenﬁdl§ﬂu$z£‘rrrbdlﬁrhblﬂat%tWéfﬂeﬁﬂc@bteﬂ REher WItIEEF Aith&Rt pukified PHFt PBtein-DNA
first plasm d DNA can be isolated sinply by
mixtufgs asr weld éf dsotgit ire cerirad shnple vesse tthmtremsﬁ@s;d Buse Fusene (Figure

). HRHRREREO I8 Bl P kNl DR U S0 OB RN

quorescence are sorted and placed as single cells
into the wells of a 96 well plate. The resulting cel
The regyhe | feve shrge exagiyameie shew dhatagragolsgulpe sgepmbinagign by wild-type Int

was stimulated, on average, up to five-fold due to the presence of IHF. The fraction of GFP-
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endoncucl ease mapping in Southern bl ot analysis for
integration of a single plasm d sequence in a single
webooanmesssral site. For the |atter genom c DNA pET/ER®03/013414
cell subclones is digested with 25 restriction enzynes
-t [tiple.r ) 0 [
posﬂWg tcgllpﬁrgé%gfd ?gr?eﬂ]élp%:s% %e&%ﬁgﬂngg e&P Séb&]ﬁsl )Nk ﬁlx legéﬁ%e of IHF to
6% ile ite ptasefd0 TRS etimontoay @ff&%o&gﬁtéﬂﬁ(ﬂetgfbir radftﬂnlilhﬂl’tﬁlf wiig &leb significant,

tvel har ged ny|
but lesﬁ ééqgliéﬁg%séb@?téﬁ{fﬁ&@ld?&?%)ggér%&ﬁtlﬁ%ﬁ% prupylation was specific

r [ [
for V%%tt%ﬁ% ﬂr?tgsrl] Y&he ralgtrliyét IIQ = (Xh?'[g% g%‘gf{téecg I E)lété{ell}g\égﬂtrols showed that
transfeotiei sﬁﬁcm@lcm& V\tdneeaIZ(sﬁBtetéfebte@ by eheauesande nfjlHIOpitoken (data not shown).
protocol of the Gene I mages random 30 prine |abelling
nodul e ( Anmer sham Bi osci ences). Candi date subcl ones
Exarx’ﬁﬂlé @ a [RihN R 10 dxPagEibn S}as'fé?n $HRARAUBH Y e §ERE BTrbBmbination of
scal e bioreactors for  their performance in a
producuwonofnﬂﬂﬁﬁklng f edbat ch process Besi des hi gh

CHOS[E@& hgnrﬁr% gfﬁgbfsgduﬁ%geglu}vﬂﬁ ga ? ﬁga (%,tﬁ'%tn agr}ﬂdoBNA expressing the
ﬂuorés'céiﬂr;ﬁéfe‘i‘ﬁ‘@Gr&hlﬂeﬁom YRRk AN sy NE@ISABIEL SbcteHe $nc. hPAB Alto, CA,
viability at high cell density, netabolism and

U.S.A¢ppd dlecziumbeotperleﬁl@tramrgﬁée aﬁ@nycak @hosnhptsanSﬁfeamFlgure 5). In addition,
elther 04/ %485%n4af %onorg)aglﬁgjs% uence, gfrgagg 5* Pl;gléiflseélrs?c\éugnce or derivative

theredSiQQ@ adedt bawesethwe par fos the dridtdsteért tbroftn gedetsap@nter. The first
production cell |ine producing a blopharnaceutlcal b
plasnyd dihb\e Bneagiged by iuging aBTHIF AR TBNMERYIEh fsigiglectisptrictign site outside the
f e 0 e r
cans A0S L0 %0 B SRROA BRIy R 5558 Bicln o
genoipe of €ie0-DE44i Celky waln aa;utd%ssfnl gtablatrarfdosn irgegratvmaf thenfirst plasmid

sequence (natural oqr dified uence qr. derjvati
DNA@repeytye! Iy Alesteq squaw Vafipridhe Sbeﬁ?r&% i mﬁ%}otﬂéﬁg Within the
heter&2HRESES 'p@@l QF difife ABASreOhnts ek ORith ef%g}?)i?a%’érﬁ)tfoﬁeactwny at the

comon cold therapeutic sl CAM (sol uble intercellular
integatibe sitof thd Brstpksth)d DNA h@ lbmma}atqqltﬁnmpy{ ey fluorescence activated cell

sonilég(fm);%%%{qh? %}l?}%%glog tlﬁ% m(trﬁguc%ﬁ]léqrg%ent protein ZsGreenl.

Cells (WROihE |hMesM@éﬂl%m&@eﬁ@%@%ﬂ&t&Gr 8d S single cells into the wells
co-transtected. After transfection, 1 transi ent

of a &epmedlsplite. ofhe mesufiing1 ecll §11§Ql©mq5car@nﬁxﬁa@d?§brafl@rfﬁﬁtﬁﬁeby restriction

endorfgglglﬁgsgeﬁn%?ﬁp & gl fg?ut etr{x g?oggréa% Iuén gotrr I1r(1)tre]§r39 F;P f(q 1{1%1% pla tnPE) sequence in

a sindlé cBfdni®sohRe @it@CF atthalapeefaionté DNA afskd b4l bdtdnes is digested with
active locus within the host cell genone and the

restrigf{itlo AAPYARES PeBoRbhi pret psh natidRle regticiet sHes mitin dbe mytroduced first

plasm%] Hﬁﬁﬁ%&ﬂ%ﬁgﬁge&%&ﬂ%s% lOéBs}nagar rrgé)% %8 "Elt Ei%fred to positvely
cells Sequence-speci | ¢ feto ation between

chargad trﬁllamdnamt)i%,neatmﬁ’emlmﬂn aBibEiarcest FRilaurg, a}dnBainya)s Hﬁ)ridization 1s

perToRaA RV B GC iF AEOTeR 6 BRI W08 pflErhr ahed FI1C-GUTP labeld

probe d'o%g%flfggo?%é: ghGReRl Be reﬂ:@érfdﬁ{g' fdn@ ot%%ltdtvtﬁg €$knkMmages random
med um wet suppl enent s
pnmel*iypnjkagmwdul@(mdnetrkbam Biosaend@s). ﬁandudatecsubctlamegeml'ng single copy insert

results in cells survivi t he e lon IaC|ng .
are sQR v elantieird: oRTEhE-HF QBar PBs "Rl R BRI Gorf & producton-
mimidiikd f@dbawlsbxroe@sm Belides’ BGR @Ff@élb@ r]ev%'lst &uﬁrﬂg tRecsifsIeRthroduction

DNA" pl asm d under the control of the pronoter sequence
phasepfnopgoredeyZncCrseang tl@eZﬂQWnlhﬂ@rmm p‘é)@mrapqrtant parameters such as

high v1a81(flty alg%tiéhogel? Id‘él%lty,t pn% abollsm ¥nd e{)r%rdugllgﬁe Sérfformance are taken into
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expression of the dhfr selection marker gene. At the
sane tinme the functional expression cassette of the
wW@3@B1mes384 gene is interrupted | eavi ng behi nd apCT/EP2003/013414
pronoterl ess ZsG eenl gene. Thus cells do not express
f r t :
sceofbyy THIFEF A RuiBP By oA Yith P ReamRF AN HUBHRRRADA sequence i
identif@n ST ot gerchedte Gt ptdalactmai kcsll ﬂrrxadpmdmgng lmeblppbztrmanelﬂfcal by sequence-

spem:ﬁmrg{j)‘%;k;lp%}wnlt 155 addl t H; tws%g%gn %%E(%{ndéﬁasr@él:pNA (see Figure 5)
contz?{lﬁ%%s}h%m\@térﬁss &B&%Tﬁaﬂe%éﬁc@%e'g@n& Eece@UBY eRRer an attB or an atP

king the att Sites before and after site-specifi
recombioamm SRAfUE 0TS @atulraiwednb@lﬁ«sdu bselqinlemor Dmmwu@n@pﬁgand a complete

ressi.on. of the rote| CAM o
wans SR dyeen ERTGA OTHE SO8 B TS B PPl gefgnmon cold
theraf)&[tlct IQFCIQI@InSé’ ﬁHl@Wn&?cdl’lﬂlQQUﬁdﬂegﬁncﬁﬂolec{ﬂlen@? ®f fiRr SuMa@h monocyte
onl advant age of positive selection but also

chemtohérap@s‘s ptﬂt¢lntly(M6Prl chbaé@tlﬂm]éhmW%%PCM\{S/SIDFM%% expressing the

mutagﬁpl(xinf)%ﬁg S{Pf t rz]ic(z)tterrlg aﬁnelzli?z iljth%;@?s ?ng? rea\%g%gtgd After transfection,

transfedP P[RR mm&inez 1|8yi§Q;)§ﬁhixéht né tpeyfoimithe sdquece-specific intermolecular
cultivation nmedium CHO-S-SFM |1 with increasin
recorppipaiiRIsb BT cerethp dir sl ek deeomynatiyn 9igdaitis g5B or “”BSJ located at a preferred

transg &E O§FIZQCQ§/Cq8' wlt&thﬁPstm%e%ﬁg%q Qfle s&UHE Qz‘f ecombination site

I C reco ination o n a eu aryotlc cel
(eith€rOHAR iosi d1dB)Som)thd mitroddued weroad IDNAC phipmidi Ty selett fst cells where a
att B, attP attL or attR se ence Qr a_der ive
SequEFEIRBRR I i$9 TN by S5t (O BRI G émBI\WJCG% Tsfiffyy agd @B has

occutef Wdferfid Pon HeldRoiRlds Lthé’fec@ﬁﬁaﬁaﬁ@ﬂ Y&fekcedn fhe first and second DNA
erivative thereof into a cell, wherein if said first

plasnﬁmlAtramﬁmedceellscm@tmmémmarai cBtivaed ueG®-5rSEMII medium without the

supp i é&%garggl &h?’%llgg nd SegtaF :flpg a{g? {}tgslgsceﬂs surviving the
selectibEb§ Placiry v1¥‘@@c*o§iﬂ'hdtlfon5tﬁé Srofrﬂdtéﬂespﬁﬁfrﬁﬁé}ld@ng&e with an upstream att
conprises an attP sequence or a derivative thereof

recorsbingtiaesittnen @e@ueqmeDNdnphasrgéisuwr shet qmltrat of thgrpromptersequence of
the é%?%e[n E*%Rg;véi 3 ﬁfé)l v\ﬁgt%l%eyﬁ tthreegc?nol{)mat?ér}_ snalllc];w1§1§'fgr the efficient

I'ses an a ence or

expréi€ibh Vert theedifh eEleefions ﬁiadkéieg‘dmd Asetje eane @mmhe Sﬁiﬁctloalﬁl expression
attB, attP or attlL sequence or a derjvative thereof

cassege Okher&sCresit] gsap & inferyiptedpeving Rebiprbhprematises Searegpl gene. Thus
cells & tOtrl%t %ﬁgx%gp & ?lugfes@erﬁjg) FOURL @\Sﬁl&xb%r 9L oSl o?e%&‘ﬁ%dcells are identified
sequenc conp n ,

I ses att attP or attR sequeiice or
and igolaked by #ACSploketieph meansltocdetqpe tHeoralls popdubmgsbe penae of interest. In
specific reconbi pati on by a bac terloﬂeelan‘o

additjqRy SgRUusHee- speqiic megzathpefshggrl E}éqﬁj’é‘ eopd PCR analysis with
e o
recorhbiaaténf fodloeed dyrsybscguentadDNAIseqneremg. Expression of the protein of interest,

sICAM or MCP-1, is assayed by ELISA.

The use of dhfr as marker gene for the generation of production cell lines offers not only the
advantage of positive selecﬁon but also the possibility to increase the productivity of the cell by
methotrexate-induced DHFR-based gene amplification even further. This is achieved by
supplementing the hypoxanthin/thymidine-free cultivation medium CHO-S-SFMII with

increasing amounts of methotrexate.
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artificial-/mnichronmosone or the genone of said
eukaryotic cell, conprising the steps b) and c)

w@emangiseg to claiml1l. 25 3. Method accordi ng POI/EPADINI3414

1 or 2, wherein the first att sequence or a derivative

t hereof naturally occurs in h@ﬁlgenone of said

eukaryotic cell or is intro ey previously. 4.

Met hod of expressing at | east one gene of interest

encodi ng one or nore desired

pol ypephétbed sOff pepenct (sppcifin @mcaukantymt iof DBA ,in a eukaryotic cell,
conpri slnog 30 a) introducing a first DNA conprising an
attBPIRYSP, attL or attR sequence or a derivative

t hgr @Rfodubing 22DN@| domphsindy HRGHEB NI (HE R RIRM uence or a derivative
conprising an attB, attP,” attL or attR sequence or a

der i ter¢afentoriegelof | and at | east one gene of interest

i Nt\o. ell: ¢ ntacting said cell wth a

oot e E DB S RE i ms . Bk o iR greauence or 2
t he gegueiveeh&peCintd & ceRCORdEIMAE 540 BNhaé‘eg@éﬂc@ RBAGRIses an axB
| ambda i ntegrase, 40 WD 2004/ 048584 PCT/ EP2003/ 01341

| nt, SSHHERS ¢F & Frevalive Higroaeid seqond seruenesicaiprreses A arB, artL or atR
firs : ul i id.eel :
conar ¥ o ipaslyeRv ol By Rl if Bt SHREA sqgquonce comprises an
bei ngtP sxqreasseda derivativiklidiest sakicecalidmgqiience kainptigs an atP, artL or
wherein if said first DNA sequence conprises an attB
sequéiBeSHINeRcey 8F | JETIVAVENBIESS. ShiviesdR dh kb dlignb&NA sequence
dor | CanF e AT pedichos, o SR TGN ocfipgh soauence comprises
sequemc&BconBrarsed. saquatdeRr sdeuance tlorecd, odlewhetn ifesaid first DNA
t hereof said second sequence conprises an attP

attL
or abTIRCISLRIBREES 1 Y EF9uFass Ye? URBYAGE, ! rOLY Srgpnd sequence

i f sabpdides 3h dACHR QHENR Qe HRABY brSEEerARti A thbred® and
sequence or a derivative thereof said second sequence

c oipeifeesing ihasegBenes spReidic racambingimguisneg bawerigphage lambda integrase
deri iﬁi‘tive thereof, or wherein if said first DNA

sequence conprises an attR sequence or a derivative

t hereof said second sequence conprises an attB, attP

or akcthodSErueeBedspdtifite tdbaitingioh NG BRIA il 2 Bukaryotic cell having
Met hod according to clains 4 or 5 wherein, the first

Dhipteratedbthenfirshtastysequedced ot @ derivatigeribereof ageording to claim 1 in an

artifi.cial.-/mni chronosonme or an epi sonal..el enment of.

Fioe e Pt RS Talna B s SRR TS, Bl the steps
| Ah@ cpadcdrdifg to cldim Met hod according to claim 6,

wherein the first DNA has been integrated into the

host 20 cell genone. 8. A nethod of expressing at

| ea - ' est i r -
R LT T T —
cehdreofhaniraldy aécuremsthe gawniadflsarl duka9oteicdli ids introduced previously.

reconbi nati on sequence which all ows sequence-specific
reconbi nati on nedi ated by an

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, attP, attL or attR sequence or a
derivative thereof into a cell;

b) introducing a second DNA comprising an a#B, atfP, atfL or atfR sequence or a
derivative thereof, and at least one gene of interest into a cell;

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

d) performing the sequence-specific recombination by a bacteriophage lambda integrase
40
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25 bacteriophage | anbda Int or any functional nutant
t hereof, conprising a) introducing a DNA conprising an

W@raoR48a84 P, attL or attR sequence or a deri vaPCWwEP2003/013414

thereof, and at | east one gene of interest into said

cell: b),contactin 1d.cel |l wi. kRP e

et Vh e BEeeepf PR il i R BE ENAPARD

S @Y UENEfatsiResdidl icell nederTbortixidne wivretn Hac bate(Qphiamgerest is/are being
| anbda i ntegrase 30 Int, between the reconbination
sequexigessfét ural |y occurring in said cell and the DNA
introduced into said cell; and d) cultivating said

cell under conditions, wherein the gene(s) of interest

i s/ avetiwel agordingioadsiadd, wiHert® iPO0d fidtGREA sequence comprises an atfB
PCT/ EP2003/ 013414 9. Method of claim8, wherein th%

NSETHALT PT GeluIVEY g S SRS erdateaREnCE(rOmiSRR gn a/iB, atl or auR
a g C . . . .
e i g DR S e omprises an ueP
f rseqaenbe ohasdervelive therdofisaidedeomibaquercenadiprraes Bn kdiP, attL or atR

e PRk AL B R ML AREERLE Gl Byomprss an
AL 808 NCERANMTY HRE0PREIACRBINDEqiBh® ERfhidRs @h di/B anP or arl
armbinding site(s) for Int, or wherein said .
derqueats vea donyative theornd, @ophieran ifrerdfitsbBNes sesucrggecomprises an atfR
OOk ek e 2 AN R SRR SR RS e or
CQBiRsicObr & Derivtive Bichghfng site(s) for Int and one copy

or nore copies of the core Int binding site(s). 12.

Met hod according to claim1l1l, wherein said derivative

of tpffeethaotdt :ﬁ’co&ﬁrﬁégafo ceﬂniirl's P {Jr ?t &lﬁerei%eﬁtéeﬁlr‘ggﬂf\?. 'a§5€:691f integrated into
one copy or nore coples of the coré I'nt binding

sithe (@@homer amheti feiial-/mlificlvaindsalne iovain vEsanaiselement ofl the host cell,
combi nat.i on of _one .copy .or nore copjes of the

ams{BP A secondiPRALY infrgdugediinte sgid§Sl- copy or nore

copies of the core Int binding site(s). 13. Method

according to claim1l1l or 12, wherein the core binding

si t eMednsl &terdofg tnichem 6 eiereguthedirkta3N Agesisheemmiegrated into the host
relftes to DNA sequences consisting for the B-sequence

ol B8N0 nucl eoti de sequence 5' - CTGCTTTTT-3', for

the B -sequence of the nucl eoti de sequence

5' - CAAGTTAGT- 3" (reverse conpl enentary strand), for _

t he 6 methodmdexplestingat leass| angtdede of defereaicencoding one or more desired

> RS TRt BB o BRE Gy el B mauaty occuing
C QERINSUTBM A deqhédcandhich RIS Seduppe-spetifii re@SmbinatiGah@diated by an
sequences having functional nucleotide substitutions.
2hagigriopagk dembedaciot ai #y fuoctiongomatapt thersef, spEpEgingg

Cla?i prﬁrod\ﬂ'ggé eai BN%aj:can'ﬁs%ke Qﬁ:%ftﬁf)gﬁi),f Jzt‘[’L or attR sequence or a derivative
thereof, and at least one gene of interest into said cell;

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

c) 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.
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reconbi nation is perforned by Int and one or nore
cofactors selected fromXI'S, FIS and/or IHF. 30 15.

wo/kidohogssaccor di ng to anyone of the precedi ng CP@I/RB2003/013414

10.

11.

12.

13.

14.

15.

16.

wherei n the sequence-specific reconbination is

per f %{é}fi@d nyclﬁ Ctbﬁéré%ﬂ t}éfpﬁe%turg 1$bEAAhY sdqilendent f’DHor

I nt - e met a i m1l4,~ whereln
Int-h or Int h/218 XIS, FIS and/or |IHF are added to
t he re.co-e

host Y\/g‘é{‘?& " {lé]egmg%xnﬁzl%{,@ 2(}‘6%}1{54g§r o8 w eram said desired
PCJ&%%%Q@@(&?%,%&M@ $2AHENTR: FREMI the Bodt 861D Hpih@ %EH efltdre medium.

performed. 1 od according to anyone of
precedi ng clainms, wherein additionally a thlrd or a

or AT BHED T BRETEA Hi Brecay i At e H Frivative of the

sehaet e, A rdR e&iencdd d;s}@,e%nert%p lor nkdre 96}51@5 of the arm-binding
respectlvely, is/are introduced into the cell. 18.

Metitetd farchibrati wieereio saifly derevabie comppseeritany ol mpiescopies of the core
V\hlenli %mrdl résgltte@sﬁ,f oxxlvl%re n§§1 {rlva 1%: c&%grrl?e qéjfl 3 gcgrgbl\rl\l'{é]tlon of one copy or

sequence reco
m)l(ﬂbifel @ik B the atrﬁh pinéihe saé(sy fol tmet alnﬂtonh cOpy blﬂlﬁmfb’ odbiks of the core Int
19.. Method according to anyone of the preceding

cﬂapW§$S§§ﬁh first and/ or second reconbination

sequence further conprising a nucleic acid coding for

a polypeptide of interest. 15 20. Method according to
anyoiveetiodd ddeerdmgetwedaingl Ll vehar@n saddedesivatigaoithe atfP, attB, atfL or attR

p | ypeptide . of _interest is an antl od rnone or
P SERUS ofPRC GQRY 96 NUE £BPIGF R ¢ X%ﬁg%‘n@n%lpgts]{%@) or wherein

prﬁﬁﬁ@’érﬂ&tl% %ﬂﬁ@st o‘f‘ﬂ%roﬁid"nattﬁﬁ JIRE cof %lor hforé co;%gs of the arm-binding
mamal 1 an cel 22. Method according to claim?2

whetets) fortlheandmnmlopanr uekd capsesafitient g dlinding sxte(s)
preferably a nouse or a hanster cell. 25 23. Method
according to claim 22, wherein the hanster cell is a

BHK ®fetiddQebidin@ftficlatni@ 1 MRURE wiRldin tife SrBWindigs site consists of nine
nyel oma cells, preferably NSO and Sp2/0 cell. 43
contiguous base pairs and relates to DNA sequences consisting for the B- sequence of the
nucleotide sequence 5'-CTGCTTTTT-3’, for the B -sequence of the nucleotide sequence
5'-CAAGTTAGT-3" (reverse complementary strand), for the C-sequence of the
nucleotide sequence 5'-CAGCTTTTT-3", and for 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.

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 IHF.

Method according to anyone of the preceding claims, wherein the sequence-specific

recombination is performed by a modified Int, preferably the Int-h or Int-h/218.

The method of claim 14, wherein Int, Int-h or Int-h/218, XIS, FIS and/or IHF are

added to the cell in purified form or are co-expressed by said host cell, wherein the
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17.

18.

19.

20.

22.

23.

sequence-specific recombination is performed.

Method according to anyone of the preceding claims, wherein 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 IHF gene, respectively, is/are

introduced into the cell.

Method according to anyone of the preceding claims, wherein neither XIS, FIS nor
THF is required, when sequence specific recombination is performed by a modified Int,

preferably the Int-h or Int-h/218.

Method according to anyone of the preceding claims, said first and/or second
recombination sequence further comprising a nucleic acid coding for a polypeptide of

interest.

Method according to anyone of the preceding claims, wherein said polypeptide of

interest is an antibody, hormone or growth factor.

Method according to anyone of the preceding claims, wherein the host cell is a

mammalian cell.

Method according to claim 21, wherein the mammalian cell is a rodent cell,

preferably a mouse or a hamster cell.

Method according to claim 22, wherein the hamster cell is a BHK or CHO cell and

the mouse cell is a murine myeloma cells, preferably NSO and Sp2/0 cell.
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