WO 2004/ 048584 PCT/ EP2003/ 013414 Sequence specific DNA
wbo6mkisgat i on i n eukaryotic cells The present pCI/EP2003/013414
invention relates to a nethod of sequence-specific
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 .
- cont ai SkGaente spasificDNAurécoaibiretintbimankar yodipeelte
into a cell, and perform ng the sequence specific
reconbi nati on by a bacteriophage | anbda i ntegrase
Int. The contralled mani pul ati.on of - YOt | a(atc :
The iitsephavERpb SOt 81 = BRDRD eHATEEEF BRIAE chEorlRARRS of DNA in
cukafRItR AERS, MARIRINE MeSnirbRRLbARE 2BEIONA t@npasiakziurdeotide sequence
t'he function(s) of specific genes in 1living ) d DNA
containipgnit heast Mpeersgembinstion seanesal 9 chselh dgtradycing 3 gecon

ene therapeutic nmethods.i. [,CJ ' : ce into a
comiie b AR e R it oL @ Torthed rbHrabfforsdquen
cell, 480 PBrfBFMIALARe s&RGABNESeclfRoretahbiaaticrgby @ Uaatagimphags jambda integrase
and the targeted integration for foreign DNA into the
Int. genone of higher eukaryotes are of particul ar
i nportance. Recently these technol ogi es coul d be
~inmproved by means of characterization and application )
‘The 8dntflied ANGENERESH 6f eukiaeptiotyenahitomd thy sikpression of recombinant proteins
Furt hernore, sequence-specific integratjon of. " . .
fromespisoseal iVEPOSaAS éWéﬁt?melﬁéfgaﬁi%é’fa’*ﬁﬂy%%g the E‘W&O&(S) of specific genes 1n
' Iivingeosi' Eﬁng.OMéPe%%f i 4t latidngiﬂ )f'ﬂero@ce RO BRnef therapeutic methods in
i SEeChnol ogl cal ’rel evant” host efl s also gets nore
med®@n it ithisneatdxothd lpengatau of iansgehichandmiabs; e ehangeapk genes or gene
Expression | evel for a desired polypeptide i . .
segrstib(se-cel 5 S EBRAERE ) Fihe (e BRR ST BifR Br tarejgn DNA into the
genonly ftgﬂigﬁér%k?@}ﬁté o) E%ﬁc&lﬂ?ﬁﬁgﬁdrﬁnb@ tregEly fiese $cheslogies could be
cou e prererably us havi ng a high transcription ..
impraedd Wiyt mearBhef charaverizatiomakndrepplicitibnrofgeaqeeagd specific recombination
production cell |ines expressing a desired ' :
Systegt ypept i de/ product is based on the randomintegration
of the reconbi nant expression vector into the genone
of the host cell. Variations in the expression |evel

63

Furtiefrmbheg seqenge-apenifig emegjionfof dxgxeeﬁ@spassgtt% sprcading and expressing a
s S o b, e Ao SR o st o s g
moreﬂ g{gg?fgc;aﬁce'??&d% Pfﬁtﬁﬁﬁéﬁ!ﬁ%ibﬂxérﬁl@c&ﬁi@%ﬂs.@ﬁr&ﬁion level for a desired

ronatin rfesults in variable levels of .
polybepaide dareesteblpr tessfomed Gl lolings alependscan hensiteppb HEgTRHON: By sequence

t he, ' f i t ed : LNt eres: .
ol TR S0 ok B S UG 0, BB . i
convl%HﬁclSHa‘? Mahifod TS SeHeeAINgesSsrodhictiont egélnt ilinescaegressing  a  desired

arge diversity in Teconbinant cells robustness, WO :
polypéillefptating i9Gasderan 0¢ Garglom integratinnc of the jecqppinant expression vector

into %aé%{gﬁiq g@t%gﬁls?is’: g%}i.;?@agioggﬁ) ! a%xgyreisg{oﬁqgi'%%aeipﬁl% Gftegrated gene(s) of

in-ter@% ESEH10 ArdrREordRal ¢A0 R ¥RERkilReindMlghtol diffdrendes in chromosomal
' additron, the heterogeneity also neans that for ea

h . .
locatidrsnandagopyptumbere R idogit St¢gyptiqn actbs gyrq?gguqyoo%léeterocgromatm results in
Varia%?é/ %vgﬁeo(%"trarﬁ%gén%gegpr}eession, Chromosome locations promoting the expression of the

integrated géne(—é) of interest are thought to be transcriptionally active regions of euchromatin.

This randomness of integration causes a large diversity in recombinant cells robustness,



10

20

25

30

devel opnent of a suitable production cell line a tine
w@ SdiMEsep, |abor intensive and costly s proceggmp2003/013414
Conservative sequence specific DNA reconbi nases have
been divided into two famlies. Menbers of the.first .
productifity pnd (qualityp NEcasHEYNE 2 BEIORUE SCREMIE ProFest 35 otk gad isolate 2
suitabgé ?QY@lgﬁe @%k?zl‘e&%goﬂh@ IdBGredPolilpriad £ARES 1REL We 8AditiWR, the heterogeneity
efined nucl eotide sequences, -which"w || be naned as .
also mheans dleas i exachichmesappéinuest pmdedionfisbéesnhagto bihdeveloped, making the

reconbi pati on sequences y;.be either on.two . .
developipl g YRR RIAGCHRA SRR WP dims SOTYIRE [okoT jptgpsive and costly

@y intranol ecul ar reconbination, respectively. For
proceSy. . :

i ntranol ecul ar reconbination, the result of the

reaction depends on the respective orientation of the
ConsESRSRRIeREE SEAHETBRRN PRl Nffe bt PRG88F 5! o fmilic.
Memb&§ 8P fie ki RihiFe AU @led 'iiveisoed farfiy, idatal yASAhs epaeagesind rejoining

| ying 1s between the reconbi nati on sequences o,ccursi1 b d
of DNA tgieands sketweenii twe defineds mucleqtiden seapenpes, oyhiglhwill be named as

re i nation seque - b&Rither on tw

recon(ySE0R' AhRs BEHCPIER L The sPOHANGR Lefiedd T} b Bither on two

differént€or i §n plehDNeX onfdicdale] Qesdtbtgidnciserar® lscaneldcwar recombination,
two different DNA_ nol ecules, a fusion o

) : , he two
respeqiiyebe uF el infegmeleatlar ragpmbinatiens dhe eyl g thﬁtrg@?técgae%pends on the
'dry | td3ql 35 th £ an inverted,
ped 08 R Ao BB 8 g g of an e
i.e. oppoeits ecientdtiba i Ite edcoinbimation cadueades, inversion of the DNA segments lying

"invertases/resol vases" are oply able to.catalyze the
between the Aepamahingion $EQYRRCH SCEYS: P%ﬁlepqaég é)lﬁtd’.lref: el.EX %ancfem repeats of the

recon‘gaﬁxﬁaqm %ﬂﬁ&&e%h% Iﬂ\f}f gﬁg&&#é; %{ %Jl&?oﬂ%u?ét‘ I18tda8d oPihe intermolecular

[
aryot1'c genonmes be e Integrase famly.
reconiBbaiatiohe ciasrbifneihs redombliaiofr sequencesbreadecatéd tdme two different DNA

o5 AR SEE oD RSy B b CERED A58 5§ o e s

: famil)a— E%lg%@%{k@?&t B LONHUIESs heribiehlat & oRitination, the recombinases of

‘nds are nanmed | oxP. LoxP is a 34 bp _
the stawmg familposf dee seepatied 'incnesetiesajvaks't woe 1lpyahlpnlg catalyze the
) inverted nucleqoti de sequences and an 8 by Tong spacer
mtra“?‘{k“h‘é;”ﬂ&?%‘é‘ﬂail% i nverted sequences (Hoess, R et al.
(1985) J. Mol. Biol., 181, pp. 351). The FRT naned
bi ndi ng sequences for Flp are build up simlarly.
At presente ther recombinasist which 36 fisedrfor themnanipulation of ewkaryptic genomes belong
.1993) Trends net.,.9, . 413) . Therefore _ et _
to the g R br S priindseR Btr 5 Crs SooPRae phshe Batgriophage PI and
the F‘gﬁ.g‘:&ﬁbm'bixﬁse Gr6m! I%/eﬂéit Akl tO. r@o9sb e RDes€apgn8Es pp. 3). The
n

FLP I's not abl’e to reconbi ne | oxP sequences. Both

. recombécationi sequérmes sy sitichstharGreaeccambinasedindy aregnamast iarfedoxP is a 34 bp

i .e. the DNA segnent taq be.inverted or, de _ '
long qchelqklga SEHENGE © wgmgro?‘w lbg)gglgxégi gbvgrtﬁg yhgl[éaggcétsgel% uences and an 8 bp
. T RASRWBAL e Thoaekd | 664 B8R84 al. (1985) J. Mol. Biol,, 181, pp.
tong %%%%}%8126’03/ Ogghgh} lkFlgr ex%ﬁ%@g,gggit i ssue sap_eg:_i fi 2: .
351). fihe ART mamedrbindirg smuswes ot Elp arg ildowp stnidarly. However, they differ

r ation in s agnd. anj ngl s ) | mbination
o LTG50 D QbR 8 o, 0, G 4 oo
sequeR@sdniddPnot be replaced by each other, i.e. Cre is not able to recombine FRT sequences
and FLP is not 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 loxP or FRT

sequences may be several 10 000 base pairs long.
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systenms; review article of Mller, U (1999) Mech.
wE&N RNy 82, pp. 3. The DNA polymerase R 'S Wag-rpprogsn13414
deleted 1n particular tissues of mce in this way; ,
H et al. (1994) Science, 265, pp. 103. A further
exanple is the specific activation of the DNA tunor
For &afipde, R, | s € l.eadi ng to S
or ek, FXC R HERIE e bl BRSO sEEM A ranstocation n
plani@aed huixfalss and b egyirolbal indseidnalf siee gonceapresibh oas Welibved with said two
i nduci bl e pronptors. For exanpl e, the expression of
échn

SYsteiiife IEVIRYE BitiSH haisRtilas U 449999 M elan-, 82, pp. 3. The DNA polymerase 3
j -] [ - t.or - j t letian
v WA SEDNAOPNELEL S REEVRII 4 2001 o SR 265, oo 10
A firtbemetamplens eid spedific attivrtion i dstie DNKUmorR/inst SWHO oncogene in the
(ﬁQQS% Scj ence, 269, pp.1427. So far three nenbers of
mougelenser lradngde trmep farmaron sxslnsivelyie these tistwse dlhederer/ReP strategy was
b pyl atd : kar {.C KRS - n t .
usedggg(% gk’li g%rhfa}gg%wﬁﬁv@fl %iggae &&ﬁﬂcan' c% alrg)%rgp {ehgi]e &%ressmn of the
recorpineseswamregblated wathDivAirfterdigomdtduicibl ipadthotor démi st the deletion of a
W thout cofactors. However, | %as been di scovered .
Spemﬁﬂﬁaglm? bl g‘enﬁi'%{n’t“di ROty Ao Puly e At SR ¢ 1n jothier tispues; Kihn, R. et al.
(199DEcan¥e 239 P 1857.and cl eavages al so at other than its
naturally reconbi nati on sequences. This |eads to
uni ntended partially lethal reconbination events in

S T e M N R R—
eukarfBlS Berfoflels. AUhhtahest f%tb‘ﬁ’@t%ﬁo;%%%ew RS Ggrgcan catal?rze the inversion

sequences as di rect repeats eadi ng to t excl sl on
of a IgNA fiegracag e plant porteplests without ¢afactorss Hpwaiver) idedsdicemdiscovered that

L Jlnversion has been detected j ch renders the .
s o it A TR e < GHADGE PV i ¢lghyagps aso ot other than it
natur€llik aécoaibitatione foddN STHig AEUS- toMbhiaRinde® pakfilyY Rethal recombination

resol vase fromE. coli have been shown to be actiive on

eventp Hi plentprotonlasirgenpings.al hey f-iregomisnase draye ¥rdpeococcus pyogenes catalyses

rec nbg'.nat ion se ]enqes, but the efficiency of the ) ,
the repdirpigatiotin e I CHifUFYs hell et Oygbfseomb SRR Sequences as direct repeats
leadinFB i@l si N 0 Pthe QUERENO Hiotve Y& Q@ﬁg&%&ﬁiﬁ ; P(E!“efeti?;ﬂ‘%lso inversion has

= p reconbi nase, respectively, signitican
been detsetad aviicly eenders theasmntolled elsetdfdhe system fdremanipulation of eukaryotic

senom G Le Sy B o TROLESoRomeL ol have Begshown 10 be active on
episorh&ll £MSAEHAbNy RS ion 54 e fici he
S oy S8 MR eorkl BB on ot bR gfficioncy of the
latter eagtiveris still irithbepdarst 30 permanently for the cell and
the organism Therefore, the reconstruction of the
original state for a new analyses of "the gene
The rfabfaldtBR ofSullaryl L& wilR Ve PR Al | in3ke, tecti
) e_- gr gigr_}i sm0 [ g aﬁyﬁggggb‘g‘f‘gwgﬁ\éﬁ% rer evergilp bﬁ‘é@@gglgg%%%ﬁgwew’ shows
signifiohit dssgrentagesairs exbelof ddietion,iien theagcdmbindtionl efitviay tandem repeated loxP
hnversi.on, of the respective DNA segnent. A _gene may b _
or FRY {Ecambjogtian SRAUSRCES 1) & BSNEFC I EISI6 2P lasvwb?bkqss Q6 he DNA segment
lying BBOWeRS AVithtdied Japfsat | a i
g stage or in the rgl?jbl?ﬁ} ag%shglﬁélyg%ggtﬁggo\éﬁhg?@& mﬁm will be lost
permanenflyl for 8¢ eslipmalsthe organd st hereformptiienasenswinatidrackthe original state for a
| re@onbiﬂ tion. I—tbv\_/eyer, the yse of both Cre and F}H’l . .
eV aPReEtPhate &% PR f- 1Ny 1atst Hsyelgpmeniah stage of the organism, 1s
imposﬁb&@?ﬁ@ﬁi&&?sibféqbﬁ 8fthe DNA segment caused by deletion may be avoided by an

inversion of the respective DNA segment. A gene may be inactivated by an inversion without

being lost and may be switched on again at a later developmental stage or in the adult animal by
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i nversi on cannot be regul ated as the reconbi nation
sequences W ll not be altered as a result of the
reconbi nati on event. Thus, repeated reconbination,

meagy ehRdimelyurccobalsi expredsen of@diei reaoinbinasst vig bzhle recombination. However,

S i epne. due to.the inyersi f the respect.ive
the (SERTER e SBTE TRouBine St Ekpofied sygiet hin e beaiCantage that the
invetsidrg €innoe bleSregtilatqUisl thd kédbmithatidifsdy @kt MLl nblYetaltered as a result of
have been efforts to solve this problem at least in

the 15epmbinglior Gieat dbus, HEpartnciceambinaios eywIdheed wialeng the inactivation of
the r‘régj;égﬁ%? E%@ﬁ&@ti@n&é@\getﬂ%igﬁ E:g SR LR %\Lﬁ {sgﬁpgép&h)ef in some, at best in

I on. i sadvan

50%uof theetagges adlstfreequilihditdg @f, the réactioR€TRereShd¥@ been efforts to solve this
bfubse uent_activation by back recombination after

probjem, -3t; 1gast; Wnpyt, by eongigictiaganpiptadnipel sseapencas rhich grnnot be used for

o
furtet SACHGTRRC: Sl Mo inhEGRTRLIBRE thE gleh S IS e uniqueness of the
reactin, tilee theee osrinb raubsauenteativiation iby tch recorshikatioohfter inactivation of the
_ z)i qnifi.cantly, e.g. in mce wwth. a body tenperature
Bene B8P 39C. Therefore, Flp nutants have been
generated which exhibit a 15 higher heat stability as
the wild-type reconbi nase. However, even these nutant |
A furthes disadyamtsgs of te Flpxbidmbinasd is\isrredwwed Moainstabitiny at 37°C' thus limiting
ficie than the. Cre recanfinase. A further_use of . | .
the °§%&i§*&ﬁ 8:51%§?)5%‘%°F’Tbé““}"é’8c§ﬁ%‘itwgslé $REL YA PISS slERifieARtlyaf-8- In mice with
a bodly! tehPeraud-of b, NGAdYre, FIN Rlufank Je%ﬂ%eﬁ@f&?éﬁ which exhibit a
__integrate a desired segnment” i nto the geno of a
higher besgistability dsuthewild29pt secgatbinmek] Howeeerstwadnl thesendutant Flp enzymes still
h.bctonltrol | ed V%Sié .Both Cre and L{]:Ig(may catal yze
exibth i b oM UPAG BT HEERSY 115R B HeFeBBIFhases
reconbine a plasmd DNA which carries a copy of its

__respective reconbi nati on sequence with a corresponding
A furtherusen sz iremcesspgeific recontbiniseh assiddsde the medicalefielipé.gria gene therapy,

- into the .eukaryotic nome _vi_a honol ogou , .
where, (e Beqorhifir INIGETAG Acoired DA ssgientifiautheraspomsiof a respective human
target’ &AC i AN stab! S of] } | ¥o0 Y ] ,
ase r econmi nghﬁgénléggqcl@rﬁrggé{? n%iaheﬁggl g%jgpggltgl P eméigngzrlr%l.yz ¢ intermolecular
recomBertios.e Botl Reaombiraicsareeotbirnd plsmidc DAGA | ethich eagies a copy of its.

respectively, occurrence of exact matches of these .
TOSpEGHYE JREFTH, W%ﬁns%eau%?ﬁ?ewasa Farespsmdingeregandppation sequence which has

. been intededHroR frﬁY% Hggeé‘g‘?@éiﬁ?eﬁteﬁgﬁ?é‘éﬁ@a 'gg gg%cg-ﬂ?iﬁgtion. However, it is

sequence wou

 desirableothatmthisi nnetiobankludanat Yreturallit loceuttia Srecbmbindidinhsequence in the

. Cre and Fl p_reconbi nase may excise the inserted DNA .
cukaryoligngenomag-t BecausscloaBr and iFRE gratddoand o4 muelsetifles dpng, respectively,

OC'qurrEﬁ&ogJ?i (flg%t WBatch I;!?utﬁﬁeg 'i;ig’cg)é}%sng SnZﬁ%aLf’ehggslr gia ad{‘érj% OIof the genome is

control e reconbi na

statistioall K inflgk I EB RN iffatetdifbindiiGe bfRfcd Wolld®eRireydns, the dfadvantage of the
‘a reconbination systemand the r e%gl red wor ki ng
I

aforenmggﬁgq:d \b!*%PE rf_eﬁﬁimtahil_i wXists, iz dtodlbIGreand Flpr rpeostbinase may excise the
inserte IS BEhohe Ao PR e R neebtarioR I BGE aieE e Fepihadon.

the generation of an inproved protein expression }
Thus, 838l &Na tshfipleadidscodtrollitde GEcdilsiagtiore ey, naid the required working

s¥st ens. ] o o ) )
means. Further disclosed 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. Yet

further



Sai d problens can be solved by the subject matter
characterized in the clains; In a first aspect, there
is provided an in-vitro nethod of expressing at |east
one gene of interest encoding one or nore desired
t herapeutic pol ypeptide(s)/product(s) in a eukaryotic
discloseélit tieaupouistn oft@BROES vhithahay Bll6WAHE igBferaidn 654n PYroved protein
conprising an attB, attP, attL or attR sequence or a
expresgiap Y 8 theasiseit opp pbihgse Fesombinetionyystems: oduci ng a
second DNA conprising an attB, attP, attL or attR
sequence or a derivative thereof, and at |east one
Said ppbleensafanibetselved by drecaotljengmattérvhnapetivédinphetlainm; i nt o
the cell; c) contacting said cell with a bacteri ophage
| anbda integrase Int; d) performng the
In a fiSEAKHREC i I i
PERYRRS npoRirnded B ANLAIARL A0 B cRpRRGHE R GRRGHE e of s
encoding pagennwde desived ttherapautis tpoldiaptidets)/ peddtls) invacvkagystimi ekl culture,
com %ell under conditions, wherein the gene(s) of interest
PIEWEAr e being expressed. In a second aspect, there is
By ovitetRidcial 4 Mirdti DN nipeidingl a e SHIM LAl Jreadt Rffence or a
gene of interest encoding one or nore desired.

t hefgipeative shasenfymresttheleqls) / product (s) in a eukaryotic

I . i [ .
B it & sodii N XomiRHg AR E A7 ) BEGHRY jdiffence or o
r ec dedivaniat ileaeofpatidadt échstonedgenbat irtéreqRhe@hng atHegehtid protein into

or %ny hunctional nmut ant thereof, conprising a)
i nt ing a DNA conprising an attB, attP, attL or

8f { BofiRgHEnGa &l vﬁt@?ﬁéc\fsﬁ{éjpﬁggeafa?%fds ‘i’%e%@Mnf?‘t | east

‘'one gene I nterest encodi erapeutic protein
int pedaindng dlel sequdnpe-spatifictecagbiation behlbavietibplage lambda integrase

b i pph | anb | nte it, C erform t he
voct T gPIscE | ATROB Lspaee UL oL pslermfo.
EATRElavATH L i @R Undbr HRENGRD Wikfih 96O gﬁﬁégﬁgbt?ﬁléer%s&wi\s/are being

sequence naturally occurring in said ce

i ntexpdessed i nto said cell; and d) cultivating said
cell under conditions, wherein the gene(s) of interest
is/are being expressed. -5 The invention is explai ned

In a sedod A8, ARdraid profddBd bl &i-{idlol R¥MEE of é}{p‘t‘é&fn?tait QS one gene of interest
_Figure 1 shows a schenmatic presentation of the i
encodingehdi Wats desired drarapsutic pabpkptidetd)ayeduci(hinan dukaryotic cell culture,

. |_Si b h i | d- ' g . .
ST T A A
recombix&ﬁi@ﬁbﬂnﬁahieﬁnléﬁ QEUBRERiI0phaR {HnBddoMY. orAbily” festiDhSll faulint thereof,

five so-called armbinding sites for Int (P11, P2,
comprgng  p2' - P3'), two core Int binding sites (C and C

i éﬁariﬁrsjdu\e’irfgha ?Jl\ﬂ& lEomprising an atB, attP, attLl or atfR sequence or a derivative
thereof, and at least one gene of interest encoding a therapeutic protein into said cell;
b) contacting said cell with a bacteriophage lambda integrase Int;
¢) performing the sequence-specific recombination by a bacteriophage lambda integrase
‘Int, between the recombination sequence naturally occurring in said cell and the DNA
introduced into said cell; and
d) cultivating said cell under conditions, wherein the gene(s) of interest is/are being

expressed.



arrows), three binding sites for EIF (H, H2, H), two
bi nding sites for Xis (XI, X2) and the so- called
overlap region (open rectangle) where the actual DNA
strand exchange takes place. The natural partner
sequence for attP, attB, is shown on a |inear DNA
segnment beneath and consists of two core binding
sites for Int (B and B ; nmarked with open arrows) and
The invénsioove explpined i more detail withehe Rt dAluseRidIe! ween
attB and attP, Int and | HF are necessary leading to
the integration of the plasmd into the DNA segnment
Figure GaghofisNgs ;
sequenc esé{egﬁlﬁ-ﬁg%Eﬁg%{ ?HRBFE}%% %@ﬁe h(\% F&Egé%r @ﬁ%‘!’lg rlntegr atton and

CXCISIOPaiﬁ@éXZ ell}uélnoméd—t)tpr: mtlegrasx tnts ibosupeitieticalailhsmiid DNA (top) carrying a
d-type S|tuat|on I nt and

coy o BB 8 b B S5 el o i
sites forab@al, $2,0p1'ep2, $BYVEYd EBfeaInt ad'iﬁ’d ﬁEde? &hd! A% marked with black

reconbi nation reactions. I nt ea
arrows), fireg pndingsites for EIB((fﬂ,tH’a H'é,ctwlﬁnndmg aites {oB)Xis (Xl X2) and the so-

called (V3G FRLIEE Xobn 1RbeSEte it sl VA hrn cxstimee gakes place. The
natural phxttn‘R)r SeqaaTtR i forLHPhH, B shdebAR! 16W PNAE §g§r1]13éﬁf %eﬁé‘z}tﬁ énd consists

’rP&% reconbi nation. Substrate vectors expecte
of two ‘FOéEB ehdifes opind (8 end Bymearkehwithtdpee drraws) drel tlteap'edﬁp region. For

the recoglﬂﬁgﬁt?n&Qg%tWeQ %&%gag 'rt?’hpaggnﬁa G rg?%fgéa@ e ading Pto the integration of
the plasmid iro sthe NAN s€iment tbﬁh?lr%g: afBY THERDSS B0 rhe\(@ gfgega recombination

W show nean val ues of assays Wth stan
Sequeﬁ%é»\ﬁfﬂt prshatiR nene dammead \mbwh@mecaaltalgcmque@eg diuuethﬁ egbisios. The latter

reactior ﬁ%gt}{glsﬁas ﬁ?% %ﬁ}eosimgﬁ??ﬂ g‘}tﬁﬁ'g gﬁd %2@5%% R gtg:ﬁ }hg encoded by

the phageApmiBdlzr s of substrate vectors for i nt er nol ecul ar
reconbination contain either-attB or attP in
di fferent conbinations and yield products that express

G e U I A ——

(atfB x witfP) reemnbmaﬁbmn(memtaﬂﬁléc@[ar%ie@n{t%e(akﬂ X m)afécombmanon ©
or.Int-h/218. At 48 hrs, cCells were anal’yzed by

Intfamofsaulebeﬁﬁewd%éaﬂamrr@pm@m@n Intemggeariar exasive (atfl x attR)

ecombihs o2 G40 Uit MR b bt ot e

top of eaiht jfarek HedfractionedfaGEMefpressing B RhLdeteMRInSA VY PEER at three time
al ues of  three assays with standard devi ati ons

points a&?\‘d‘i’%&?@%ﬁ"ﬁ}})ﬂ/@? substaate |and exprevhion avcttors. Weahowvaneas vaies of three
R | t 0.08 (B B '
assays i3y B BRIk Sed Bl Bhannt® O Ot s P o

115(BxB) 8.07 (P x P), and 9.90 (P x B). Those for

Int-h/218 were 4.01 gB x B), 17.62 (P x P), and 16.45
Figure ¥ Fh%”%)thatFﬁl@ urresence o st ﬁh‘a—tblrphng fEIééL SegBepcast i art sites stimulates

1ntenn01§<§eligo n%l ot In’la[i]lj[o a(‘&ﬂ}gﬂ% yg g%{a? (ﬁﬁ ogcﬁatéﬁg qn@oYecular recombination

contain either eaBnéadH 10 @iﬂ'feﬁdﬂb%bxhﬂhﬁnﬁﬁ@ i §ieWbidddudB tRat éx%ress GFP driven
b@?ubat ed with or without |HF before trarsfectioninto
by the CMLY premofes. (BaV aripusrennelinatjons)qfisabsteatc viectosy ward do-tppefected with

expressndﬁec@érsl slt \gpd é&@ In‘tAtmlél"tgmhfn? haInI ﬁlrtuhtlﬁ 5.4 it %%tllu'g dellts r\]ﬂ?ere analyzed by

fraction expr essing

Sa
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cells were analyzed by FACS. The ratio of these

Wf()rﬁﬁ«f_ﬁ@%k? was plotted as activation of recomhination
he graph shows nmean val ues of three AdaA2003/013414

and ations. in 'cate by ve t cal |ines.
PACH S et O b it ot @St o o, of subsirats,
RecthBinkSoPbaSRAE &R AH s 8&1¢ed fo re&'éﬂgncer%ﬁﬁﬁ%tb&' ey, sh%rrﬁean values of
for Int (7.93/1.26) and Int-h (17.57/13.14) in
threg assaysowith slandard deviations indicaled |bbfa1en®al lires dT hmactuaitmean values of GFP-

exprediford 8t @) Pl Wk oibel &9 x ﬁ’é’)lé%&ﬁex BF IR x B), Those for Int-h

weres h@MB BN A x &Y, RNhE SHOP wsqtn{osglﬁﬁlxﬂr}ﬁzfmveierw(n (BxB),17.62 (P
%Iuence speC| fic 20 DNA reconbination in CHO DA
#E8)neans a conposite unlt that contains both
enhancer and pronoter elenent, "P' a pronoter el enent
and "T" a transcription term nation site required for

Figuoe I4yshtt@myﬂﬂt iperified THF ap@tdin bﬁ@h\ﬂﬁ5§ ange ranBNAtermofdeular integrative

; ene_of interest, "dhfr" to _the

Tecoaﬁ*mﬁpp 1M1 S P e eSsheriabe TERTRSFAIEP phswbshalguGeisEwhich were

1ncubﬁ5’d wifh & withdt® TAFWRRre REfHsRors HEL Iﬁia%%g% BER tA0Sently expressed
to the sel ectable marker neo

eithqy h’ak.’pt)&pb einefletas@) M &hsoater nﬂnsfedtﬁﬁ thb drastibes of GFP expressing

transcri 1,0Nn | lon wt a transcrlptlonu
colls B AEAIARECD BAGS | ENS S e ofeaeps. e piRged & activation of
recoﬁ@ﬁﬁﬂ’@h B?t]HP”l"l%é SapiRbiidws MeartbiiBed QGREE QSs%g s Wig deddd él%fd deviations
he reconbination site attP or att | ocat e
mdiqahad byeommai [ixes. | Thel epiuat enieaw vilues of GHFP-eupdedsing cells (%) in the

pres{EP P Sttt T SRR TE SoBh kY2 O ok (7.57/13.14) i

the Q%€ B0 ligthMeaNAWRCHRERARLA 5O forDBE VELoU/3 Q’éj“ah&’ 1804 £20.33116.83)
attP, attP and attB, attB and attP, ‘or attB and att

analyzargintefmoteculieracpmbinating. second DNA, respectively.
The term’ transformatl on" or "to transforni ,
"transfection" or "to transfect" as used herein neans
Figuny sthiniaedally sHows0dxemplaty| o) f‘esﬁ@h FeR60ARNER PR Rquence specific
cell, resultin n genetica nodi fied, 6 WO
DN pgambirstion lwéi@#%g@%peli%ztﬂby n‘@mﬁﬁmnomte unit that contains both

cnha{%e?%ﬁ?fr&ﬁgtgp Ele}nre %g{&r%rg&% ér eiler{% gan&]t { ut&lms((:)rt'lpt?o‘;’]‘n dtcrmmatlon

Ahet 3 rY P
site tréqslwd m(bolﬁdgnylatibrﬁ@mbmkibe&l meSéengtr RNAIBG)OI” refers to a gene of
Mol ecul ar GQoning: A Laboratory Minual Cold Spring

intergshy HHir é(bdh%uaa? ifiabls| ﬁelsﬁﬁblﬁgmﬂﬂﬁebdkhydmfﬂﬂﬂ%rfﬁd‘éﬁ*ase “FP” to a,
ﬂuorléérv%:%)k‘}gl cu1 i Ng? gaf @!sGrzf\élgga@dunH}?tt’e@ t%’%eﬁ&bﬁlﬁé oﬁm%gl@r neomycin

ogy, orki*Greene s
phos;éb:ﬁmisf&t‘zae afhd adeeymld[rtMSS chendr. ofetrhaddpiisie| indationt within a
ar.e. not ed to Ilp ectign, electroporation
transw%ym& GYEN0E SPREA d@‘i&“ﬂtéﬁ*}“%t‘ﬁ?e@dthe recombination site attP
or atid RREEE Oh R first BNK %H Urebdtibig! ion' Viife@yp M 8 1o ?Qéﬁ%ﬁqhe second
m croi njection or e carrie by nmeans o

DNACH dﬂpwn:d‘mmthczdcross aui isanbdiatedrit ﬁraCbacteHOphage lambda integrase. “att”
clar, injection, aerosol

i ntraveno I nt.r anus
refers fﬂqﬁfea%traaﬁmew siteR TERERE fiom) Biet ssPlarHY SPOWRJFEIRRIREOR between

at(P ﬁﬁi/ alfBSHH ax'ld"afi‘Bt &8 3h& Y0 lor a?tﬁag}‘ dCatle ?dlﬁfeﬂré}ﬂﬂeoﬁrspgnd second

10 host cells. The term anstornmati on” or
DNAtr@pscﬂmehw al so means the introduction of a viral

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,
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nucl ei c acid sequence in a way which is for the

w0 sRpesssve vines the naturally one. The viral .C'giﬁhﬁ%wm
aci d sequence needs not to be present as a naEe

ucl ei.c acid sequence but be ackaged. in a_ viral
reconfbiiyel tFF‘“é?RfE‘Ie_aﬁg TR 9 Tas RirpByciioasan e PeHpmecby any method
well EddviBi R0 Vahe faekéc?ithH,zy. oy skehorpi Unde . tiggdyelecular Cloning: A

“transformati on" ransfornm. Transfecti'on

Laborgioryi danurh@old Sprprolipber bghdrataty, CokhSpring Harbof, ey &oc or Ausubel,

v BTSSP e i SRR MG SH G Bs R Yoris Greene
Publishiid | Assobia@eedbd e Wildyomtdrdondtice. IMARSILGhAM S tilt€are not limited to

. .constructs are either integrated into the host cell's _
lipofegiagmp melestroparasion; f pelyeationhrswabs case/ REAE-degraprwsdiatedortransfection,

epi 0.as 1o -he stabl i nt ai.ned
protop @ BleRO et Sl e RouBaiS} KT R e by means of the
calciugemethode slecRSshéSk thdildE iimtravehdisAstrdrfusat laBinj&itioR, ag@bidl inhalation or

and attR sequences and the derivatives thereof. An )
an 00gyie pyFEione Ihg {ranstopmation By desudt i weledrisieation stalgedrapgformation of the
1- Oln w,Al Wl e | S i fi . .
ot S s il P Al 0B b RO o of v
nucleis pea féquencd iiBEQuaDWNRNLE, foaritt ASpaxiaapits fie namrdlyt fhe. The viral

.sequence is specified in SEQ ID NO 16. 25 The term
nucleie dﬂg}qe Jequepee ngeds edqtonls present s Bakednuglaig acigh gqquence but may be

packa@dd In 59'1%&?%)}&6&6 S THAY 1 1R tRCrePtes HBY @tﬂg tp thef' method which is
Substitutions, preferably Seven, nore preferably fwo,
usually thnegvn fonder, the i teren d'trassfarmationh @r O'we tlaagforni'e diransfadtibhomethods that
.core region. in contrast tp naturally occurring attB, .
providgapmal frapstatip.requeacy asheicssionaf tedptipdurer Pugleiosid are favored.
Suitab¥é SRethSHAIER b n Lndh bie€
uitabh BRG0P eSS Cprb iyl M At sBblef hsfectants the
constrpeik gre sither mtegdratad tintonthe dostecdlis gbhomde g agidréficik! elrbRosome/mini-

tL tr | 0 i f.th
chronfoans B el s eBis ey 0 Ao berdEbIy mra =08 PAain G bosheel
relates to at |least one core Int binding site of

attP, attL or attR plus one or nore copies of the |HF,
The tepn Sresorbimtiongeawences masinsed Bérciwgela®isdo v#BnaiP, arfl and atiR sequences

"derivative" alsp rel ates. to onbi nat.i on o he -
and TR SrasBoBy RO T G SHBraS s RPredied BESFQ D NO13, an
examp forfaingih gyaknde 8 gpRified nBEG WD N 4! £h SREYMIE B arfl. sequence is

nucl eoti de sequences in eukaryotic cells supporting

specifisd iy SRR PEL T . andrascesampledor amatR seueneq isispeeifigl in SEQ ID NO:16.
20041048584 PCT/ EP2003/ 013414 identified in the human
genonme (see e.g. WO 01/16345). The term "derivative"

The tetm "derbertipvle” ak neddbkasinatlals t@kliB, o, ldy] CdndadsiiRsequences having one or
se%uences sujtable for realizing the intended use of &
more spRgityHeRs Mreferailie HeyEh marp prateraiy iwor thase, £ovs, Sueopsizds the overlap

eson B RS REC B! o 7 JRLOAGE B8, FHE01A g g s
The tehnaCterivaijpied gdsol rehdaekato ab Ichbicorfeasore Inft Bkkn®siad of 4@BIR, ail or atR.

r elugt es to attB, attP, attL and attR sequences havin
The tegip SERYAItYEO eSO TRlAtES foopideashiag enre lpiskipding rte (afretty e_rtﬂgor atR plus
; IPhére dbes UF thS i r P
one o ndi NG Si t e’2‘§’, i Mosdor “éﬁ"’ﬁ%‘}%‘?‘éﬁﬁ?‘%ﬁy‘}@? b Fotdies to ot least
one cous Intdfin;éia?gc‘siisemfuﬂ‘rft; estli or arle phushoneadri moreesopidssoftihe VHE, FIS or XIS
factor gé@?{g{ ygebﬂ géé Q?ygﬁ%@%&iﬁfv&? glscl) rll-tzlgtgeg ?g ?1 c%fm‘t»til?zﬁion of these features. The

term “derivative” moreover relates to any functional fragments thereof and to endogenous

nucleotide sequences in eukaryotic cells supporting sequence-specific recombination, e.g. atfH

7
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. InveRtighy i Witgh anqags ¢

10 Functionality is not significantly affected, when

woO96Resgat i on frequency is at |east about 70%
preferably at |east about 80% nore preferabl yyARodL 013414

. % - ther nore preferably at | about 95% and
idenflSq i e Bimal EiPls” 1466 r-a bt 01683800 "Binisam <lrveivye” in general
mncludee aaBJ &618 Pl bR arRae i@ cky suilbfedor 'r@ﬂizfr%gl‘rﬂ%tgﬁﬁség%e of the present

sequences, u3|ng t he sane reconpinase un
hat the seiquenses mediaty issguense spéciln réooaibinantion events

doi el | 14l ical. transfection conditions,
b R R L B EO S B er P lap | e
same buffer conditions, identical tenperature etc.).
Th Al ter‘[}ﬁt ively, substitutions, deletions, and/or
© "R thRttonah fagngentat refatesate Latdhd boP, atlR asdqueRcesuences having
bs®nbSY st e nt .of the reconbination .
o S_event $ %??t\k/(gﬁ k?)r/lag)rvmﬂ{g%-%t% 33/%3‘%’?“ ﬁ%%ifi_f?sé’ace iRt AFFAE, offwild-type or
modified poeteinebindpigages), avitidia dowWee sei@atld LRbeMeaRNr sAfYsequences in
reco Cl?]ﬁst"St fo xampl e of (i) increasing the efficiency
B IPELOTHP TG R ahvEdtypn egnedifien intngraes okthe ibestemiphage lambda.
Funcibnality RCARASAHcNE ARcRRSHLE ?%:té)%b?xgat{oﬁ% 'e{l‘c?yit {5%? least about 70%,

(iii)” favorihg excisive réco on even

-~ prefefaglioatileast abontPtmoe prefeobly sidut 00%E YietHed mdr¥ preferably at least about

rel,ievin he.requi renments for some or all host )
957030 L Pg‘?flﬁra%&% 5§ {1egrabogt 190% de cowpptsanm tegthageursongding naturally
occurBigg wédoit@ndt LaRES AR I iti
oor egon_bi naseﬁﬁﬁdﬁr “the sa gg%??ﬁc})&%{sl sségﬁg%g\ggf@nigondmms (ee
n VITher fiy r\’;‘:‘rtq ufral identical hnstdd:a‘llib%qbe; rieatidl rtﬁdnl;&ﬁtisﬁ c88difiéns, presence or

if] i,nt se n be denpnstrate i.n ways

abserf, dFOfl {efe AL HAARS, A gaBa Tl conckmmencdenosh fepperature ctc)
AlteraeniveBy; sutsHWMbnsddIB€orR! hnd/5i0h ol A

co-transfection assaty as desc?efrge [ nﬁﬁ%?ﬁgf géﬂé'r?fldlor @t sequences
confey at,east; apnerthaaeermen 0fi the SecbmbinatBnasvehs &iveh BAC wild-type or modified

. 45) . sed,to,.characterize . .
et e o e 7 o IHRY 6 S Seesmentiony s cxample of ()
increaBiNg therefdi cveicly @I Yecdinbigdtlonl dvBSis (in%fg'reﬁ{dnyandﬁﬁlelxéis%ﬁf, r%) increasing the

.ftco_-trr nsfected with an 30 expression vector enc
Speciiqiy joht kegPRDEaiont i) faeprings ebeisivat ecombimtionhaventss &v) favoring

: ; : t r i.nase, encadin .
integrBRSE S Biniabn e Ents! (A RARNIR Bie EQSERAGRS Bor some or all host factors, in
compdrisoorte sbe ebrrpspinding hitlelly el tesoribhitbh Yedlentafing the same

ne rec i nati on sequence therein. Upon expression of
recomgﬁlé‘seﬁ‘rﬁ%g&‘ea%a@%ﬁpqdﬁé’”éﬁW@b@V@n vector, the function

of the reporter gene wll be rendered non-

functional /functional. Thus, the reconbi nati on

The fimetipndlity of amdifiedssaphihatioh Ries &yoﬂxﬂﬁﬂi\fﬁﬂiiﬂﬁgfzﬁ@ carBb&&monstrated

[/ 048584 PCT/ EP2Q03/ 013414 reconbi ned substrate

. 2004 _
n ‘Va%g&%rdeaﬁ’ad 1Bokiengesitsd eartienia ehaspctergtiondnh &r¢ nown in the art. For

xampld)€a DA R ohf : YiPld QLLNG; RRER
) mpge 2iLJence aneg::u)?éi %E‘%’F%ﬁ@%‘&%&“ﬁﬁéﬁ%@&‘%@emmﬂ (see Results 5.1 or
Example st off W0 01/1634§)mmay dealsyd s chavactetias Middrae-rabdhied ir§6hombination of

r b Iolo:ﬂ for evidence of .the_reconbination at the
extraclgrpgtoé?rﬂa ‘ﬁ/g' I g ypnepy pggell\fingse Bileflyocelingre co-transfected with an
expreskiofl veb P BACRERS he in iRk 4 i L)

P 5 FACS- anal ysi% oef1 %ﬁ@g@gfﬁ% “g?do%“g?“ﬁ% %}#ﬁgﬁ%agrlsrr% Sbstrate for the

recombiggsgy agpdingiaofitnctisnaled-fivestizingl rhpbitee geid . gefli@vgent protein like
nces where the DNA strand

; t reconhinati on sequ ) .
GFe) §id ﬁg‘ﬁté%l,‘W | 98 P PO D 008  SeueR R MPPB Expression of the

integras@kgsthpl @GReddh vector, the function of the reporter gene will be rendered non-

| functional/functional. Thus, the recombination activity can be assayed either by recovering the

8
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relates to the consensus DNA sequence 5 -TTTATAC-3' in

wohddolysee att sites or said sequence io havin
functional nucl eotl de substitutions. The onl yQ’CTfEP20031013414

| he sequence of. the .overlap
reco B Bt B HAb B bl i It o RGP A AGrOBAGR at he DNA Lovel (for
examqﬂq begpeedrmihge PERMe@Oh& Maldid6r &btrg&mﬁlﬁé@fegﬁm Pestriction enzyme

| ng\erfectl y repeated copi'es In invert
"malﬁ’%’ Moot aradyavardyy Iopkingefoo eeidenge mfei@;e orconitina@@ahat the protein

levelS@le @ I e The core.binding sites are
evelEe, ELISA, WebtBrRing cedRimmin e BTARaP g PiHeon, Smmunostaining,
FACBrinebsaa flmbrdseotit pfdtéink) y. Each core binding site

consi sts of nine contiguous base pairs and relates to

DNA sequences consisting for the B- sequence of the
The %Hﬁls'ggﬁﬂé g e%o u%ﬁgﬁﬁcﬁg rg%:TmTeP{g% 5%%88% $8e recombination sequences
wherg' thCARNGATAGTd3Exchaegee HACuGREPIRNENEI8AWgE tandN@ligatl B, takes place and

C- sequenc the nucleotide sequence
relat%sq PP gn‘?‘&éﬁ‘é“%? XL IRATAER SR o8I Mype e sites or said sequence
havxrf&uﬁinﬁﬁéﬂad GueREHED §9o Qutﬁans C‘i\ﬁg_r%a%?qlﬁgl esr gfat dhie sequence of the

conpl enent ary stran

OVefleletﬁge}mesdenhaadlhegvéannetomhaingrpa%i&ﬂidqden@y bst i tutions.
The term"armbinding site for Int" or "armbinding
sites" as used herein relates to the consensus

The t&@f tiedie %zﬁlnﬂl‘&@@% A o i 1 B?I et tgr éﬁ%g&illﬁognglai\ﬁ'l Perted orientation,

functional nucl eotide substit
separgiednblyi thaiaverlap regidrorinleach reay ob evifibiypé icomsitbs AThey abteo‘tbiﬁdmg sites are

i 1S e r eam and/ or wastream of the core Int
csonf P R BB RS e UL Bl L SR binding i
consmw ofsmﬁt |cBhtigwas b2l pARE &ink f@[&t@s [EPNA L uences consisting for the B-
reconbi nati on sequences, arm binding site R St"

sequengg-phthe pluplgpiide ssquercers HGTEE I BT -B ) doeihe Bi@eduen’&@ of the nucleotide

ical for bout 70% eferabl
seque R R BT TRt 3T di e §SPafedsuny SavADf L ther Crflience of the
nuclegtidef exabice I ATAGUIITTNNGG, dndr fob §he OBRE
5 Mﬁ %I%y% and nost refernably feor %u?%?}?ﬂle%uﬁf%nde sequence
< 4 oleYRIFS ARMP riistiand) egukhlyps atf sites or said sequences
havin@fiRc b iNgcSlidESnsAfondiost factor binding sites. As
‘honol l'ogous or si M T ar ars consi dered sequences, Wwhich
e.g. using standard paraneters in the simlarity

al gori BLAST of NCBI (Basic¢ Local nment Search
The tefn g o 8isoles Fesl oE oD Smoameaee Twohsed Heras Falbtoeto the consensus

sequeriSSHeOS\M %%G’gtrjggf%&? :3?;\;39 Isg'igcl %qﬁ!ergc%. l'é)a2 \i}ﬂ%eﬁ“%ggﬂlbérn@ I%ngg %ubstlmtlons
The amhbindgupsitei foatit aneysteoprsitard af Rers @y dRGNRE UPEreRS aﬁtﬁ@ﬂdownstream

_ Jates to naturally occurring or synthetically
of the §%rﬁ§f1§‘f18§

INgSIeShst ructs for upt ake, proliferation,
expreSS| on or transnission of nucleic acids in a cel I,
pl asm ds, phagem ds, cosm ds, artificial
The t@m ofhssaotegeti of - diiumxﬂogmm%or b’&ﬁhﬁgﬁ"omgag@a heMifi USRE regard to
retro viruses lg/gl hods used to_construct vectors

r ecomlgn%n%?qquﬁt}%wob Siiss agd hoptfgctopbinding sites relags to a nucleic acid
sequende Beiigd RRntidh] &Y hisuis 7@“}9' ?Jrélﬂ?sfgf LBowtaddo), CHLA! preferably for about

t echniques for constructing sui vect'ors
85%, furbeimoryprefaebly dppeban 990,t fuethéuimotd pﬂaﬁraallycfor about 95%, and most
prefera'bﬁgfgr%agﬁtywq/o @n:ﬂ&r%l?f osclcj:grr}magsregg:gg?xghon sequences, arm-binding sites, and
host factor binding sites. As homologous or similar are considered sequences, which e.g. using

standard parameters in the similarity algorithm BLAST of NCBI (Basic Local Alignment Search

9
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10 enhancers, term nation and pol yadenyl ati on signal s,
wo [ mar kers, origins of replication, and
s&b_?&cq%%zsi gnal s, are reviewed in considerabl & AP U013414
Tool, AIZ8RRT 9K, et ; ! F DG83 ili
% ed thereél JnOLmIah‘g %%%éu)}/%fﬁ 1)810 pr 32??332?%%%?)38 RS a probability
of Pty/i81 cethérycammiral to tht mocompirmakian yeqiepcsequences t hat
facilitate the propagation of the vector in bacteria
such as an origin of replication and antibiotic
The 18 I%8O0L" GRS hofeird SLIRRE! QN nhlrARCL&uldhe O \Shitehi¥ally gencrated
of eukaryotic is expression vectors, contalhing-a
consghetaifay upiake, pmlitsratione kxpregdry ondfaashission cdmubkic acids in a cell, e.g.
. operativel | i nked, are well known in the art and ]
plas@BSL VriokSinlisn sl Gl ivempr GrrsUompaRpEeseen Racteriophages
viruseh batAgLitused MBbdPuse@ chidthict 9886k a@ﬁrbﬁ?ﬁ&vﬂ% illed i
Prorrega, Madi son, W or Bf) Bi osci ences C ontech, BE"o " skilled in
the oy gyl desaribed i wenqus mablitajems. bf panticelee schniqiichefor roedstructing suitable

“desir ene.’ used herein have the
veorGEMHERERe » Aonh) dile W o Ry iRnaEr pemESien e as promoters,
enhandergngrmieaiinandpaly.a8008tesh deid19derbtied mhikeR! 88kins of Wplication, and

. sel ected sequence can be full length or a truncated
splicigriagnals, fais romeved nsggeiderpbiredetalel i Sambrok.al. DA, (1989), supra, and
r t referably, @ GDNA., It :
rofer GRS oty A RAE hora L TPl . BupPagy contein. also
prokdrgotiq ssquendes et fhotlitand tthe pbpasatinhertié Sctérafbhiteda asch as an origin of
.desired. 25 These_ nodifications include codon ) )
repligahion g, prtihiotia esistanper seaey doo Relagtingein haatert. o wagietyd of eukaryotic
o Auani zati on g, f Aggi he ,sel ect. .
éxprégggh ev%?r%acﬁ%gg éaa%lbggl rgeltee%,sg 8’9?%%% aéo%ﬁ&c?e%&xﬁglcgg rb’e operatively
linkedgarb vealiekimovmih the atieinld soutef @re @opphatbialY iadglablBom companies such as

"product of |nterest" ipncludes proteins . L
Stfﬂ‘i%P&S‘gi):‘?lgﬁeQA;flP‘él&ﬁ‘g?ﬁ» 4libadJFA; BepmasgeMadisan; Wy D Biosciences

Clont2M¥) 18l1d A®h, ®i ch can be expressed in the selected
host cell. 30 The term "nucleic acid sequence",

"nucl eoti de sequence", or "DNA seqguence" as used

herein refers tq. .an agligonuc)eotjde, nucleotide or .
The 43, BRF Sgﬁ?ﬂsﬂan&efr‘%ﬁgg‘ﬁﬁavﬁngeim Jssﬁil%eﬁ&%e t 31568 hegipyhave the same

‘meanin® el tEMDPIUERIAAE SeqBEnY Y 4 r]lgx?gtﬂ bl leReoddt iaﬁJe?oduct of interest.
sent._the

may be singlé or double strande repre
The sglepted sequeape canchesulldengthdr aThmcsted gens @ fosign betagged gene, and can be

n-codi ng ence odi n 10 04/ 0 84 .
2 DR B 3 174 JENEn BB et BiFEhDe. EDRGNIL capbe the mative
sequeped, R\ ab®edllyd@eufingt Bemid)VeNEdP e nitAiHd 8r Bieh@isE rAGdifled as desired.
regions . wherein one or ‘nore codons have been repl aced

Thespofdifisptions ins e odat eptimidatioos se bptiseguedor esage tohie selected host
cell, fiuEaROAion ¥F Jhddile Bl AR1ePlsRD REabipoS efi | SBHRY Acsasrred, oytoplasmic,

nucledilauéabine efn@di 69 'celdsur £ RAVpLpAlier The Ogrdifack e iRGest” includes
roperty of specific sequences of nucleotides in a

P . §
- proteipg,qlodyreptidess fragments therepfypepdides, astisenso K abof wdrich can be expressed

inthe'gﬁllé'é’edthgstsc%fve as tenplates for synthesis of other
pol'ymers and macronol ecul es in biol ogical processes

havi ng a defined sequence of nucleotides (i.e. rRNA
t.her RNA

t RI\IA’ . . '
The term ‘nuc?ezc acid sequence”, “nucleotide sequence”, or “DNA sequence” as used herein

- refers to an oligonucleotide, nucleotide or polynucleotide and fragments and portions thereof and

to DNA or RNA of genomic or synthetic origin, which may be single or double stranded and

represent the sense or antisense strand. The sequence may be a non-coding sequence, a coding
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- and refgrsdp godyrg

nol ecul es) or am no acids and the biol ogical

w@"ﬁ@@&tggsﬁs resulting therefrom Thus a gene encodes io0
a protein, if transcription and translation of?qkR003/013414

roduced. t hat e produces the proteinin a cell

SSQL%Pgeoéjrhaelinug?{la %&Ogg-%&lmﬂ‘?f%&fi?? Qﬁ{ge gvEnhen yichudsaucleic acid regions
whetd@ofdi61 196t RoREHRREE, b 61 tiedr syl jcal to the

nMRNA sequence gnd i's usugﬁ)f%@%?g\tﬁﬁeﬂh?ﬁﬁéé‘quence

listings, and non-codi ng- strand, used as the tenplate

franscription, of a gene or ¢DNA can_be )

The nftelcMeid LENEESRr B prgent Tn"GiE0 S Serprotaned Upnsaedard techniques
welldinonato GRNGF &ill (N ad THE t@C“@eb@nbM AL “Eo6 i i

protein includes any nucl eic acids tﬁ%t %ﬁa\glg&g???eg%ér%tg the inherent
Propgily pEeecHis segpensat ebnunieotidas bidenudieic saite suchrisroganeiin chromosome or

ence t ei g due to.th egeneracy of the .

on SERUCNGe, Rl LBSHENE RrCifules BF (HEESpSRASK St Wecomolecues in
bioldgial pesvesge Haviveed defiledysdqieddedss mpldRiass (T4 er_}ix@A,"IRNdA, other RNA

I" E]gl)g(gept_l de". is used interchangeably with am no aci
molerRICs I e aeide aud e biplegiesl propatiesrdsultifg therefoom. Thus a gene encodes

-an i I th,.These ter .
N TV T, S —
a celirod bfhice didlbgicalglystean Bdtlptise éditiig bPEld) s nbdlbo®deLsddBénce of which is
" tIi[‘)r'tt dt | ycosyl ation, acetylation, L o
identigat o, r@.gg{.ﬁ? SFAYSRCG pwt b woualy prasddechin saquands bstinganand non-coding
n n I St t.,0 ot her ein
e e epblc TR, Sanst IR Rl B DGR bl e refemed 10 a0
encoding dhe ipootein eraothbie progliet of that Ipens ok WEINIKE AOhudeic acid that encodes a

o] tide i.le the l ecyl e maintains its

Pr"teEI I&Iéﬁlé%:sw F‘E\Fﬁ?}{; A that ey dif{erens muclsptids sagpeaces dit gngede the same
amin@ Btid@cqednde SLHHEGRERIS i | i R

pol ype%?i dg or its ! under I%#Eﬁuﬁgz:&gﬁgecé%%gggp%% Nucleic acids and
nucleglidg enquencen that encode giroteinamaysndbainnedswi t h i ke

properties. Am no acid nodifications can be prepared

for exanple by performng site-specific nmutagenesis
The teifm PpblyPeStRRE i§ h@éd”irﬁ&@ﬁdg@iblmﬂﬁﬁﬁ%%@%gﬂ?%ér ?neq(?x@nces or protein

its underlyi rl% nucl ei ¢ aci'd sequence.
grs caamugedcidepfamy teagtr Sheee teran abyol iptludd proteins that are

et _ _ ati.on of, a heterpol agqus _nucleic acid .
postEAEAEndIAABIREL Whfin Ratfs Bydirlue oot freagh 1 Batsdun, etyoosyation,
acetylafiom m&fsphwlaﬁbﬂdc_htcﬁrdtéin'%)rbéb%&ing.c RAdaifiBioRS AR Sﬁd?{'g@s‘?dfor example
-~ . 0On the basis of either the anount of correspondi ng

fusionsdm At R RIOIFIES,AnyBe Atid sequanke suhstitutions, delleicasma msedfons, can be made
: t ' I ' encoded by .the sel ected . .
n e € BRI SR RRRE NG P ntiont aciviy
For esehpletcettaie gt acid aRqidahcd babitith@dRdchy bAoAl a?ﬁpeptide or its

d l}l V\DW_EIO_OM 048584 PCT/ EP20031013414 hybridi zation, *
underiyimg, Rid e aced RRANG ssaenct gind 4 prafeinucamybe iobtaieed withtlgke properties.

i i ; r..by. P Sge Sa ok et al. . .
Amm(%: ?%1%13&1@'&15}%&19 cglgés B)g%ar%l_sf% eé?mngllre%y( aeééf’m% Sitgtpecific mutagenesis
or polgmprasy chadin otaetios medinesidactaPonesis val iRARLNFRYURRES: 530 sequence.

be quantitated by various nethods, e.g. by ELISA by
Western blotting, by radioi munoassays, by .
The tehATERPREGSHPAL l?steH%rehWef@ést@Waﬂ&rﬁ%ﬁ%gag Ioﬁﬁ%@%\%ﬁ&? lﬂgg heterologous

activity of the protern, or byl

 nucleip aoideicuénsk | vitinl athosEAIE Firdbydliof cRERs(BRDT aS@éEﬁ’ég ?lfoduct in a host

. llmJ' et taI ..%%9891}, gSﬁkgor . Ausubel , F.M et al. (19 _
cell mex, b feltiyrningd opahe bags ofSifhrriisiagvunhetearresponding mekNA that is present
in thefcelli 8P thé bRbblnfof RSELsiEl ;}o'f%epﬁ@@teﬂééh%dw ¥ s8BEd sequence. For

enes to
example, mRNA transcribed from a selected sequence can be quantitated by Northern blot
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be transcri bed, wherein the genes contained within the

are operatlvely linked to each 10 other and
Wé?%@%ﬁ%ed froma single pronoter, and as red@IHEP2{3&13414

different genes are at |east transcriptionally |inked.
hybwaélon,hlahormnbam BNA pratectmo ttusitu hybndaeattanatmscaslhbﬁdRNA or by PCR

sse each trans ion u
oo SHREER, SR LA PP BB PP Tbht o950, supr. Peten
enco@écﬁﬁ?rht SclBR&E B8@Ience ek Heh(fuahﬁl%&@lcﬁ)!r REHORs 3hods, & by ELISA, by
transl ation of any of the selected 'sequence t hat’

Westegnblattingdbyvadigimmunsassaps, by 1m31u'ﬁhmetlgttmldm ﬂngrm!say\um gor the biological

i 3 3 BB e A RS AT S50 o o

Sammmmxt & dl f(e%@)osﬁpfﬂchhﬁfbel FMh&ial. (L 99ensrkdyBapes). For
exanpl e, a pronoter and/or enhancer is operatively
linked to a codi ng sequence if |t acts incis to
« I e t L th
An E)gﬂésrs%n &35 ﬁgekﬂeﬁt‘gs %%Eonr\%{t 1 é"ic ggton t? at c(oﬁém%ow More genes to

be trmqnlmﬁk; &ﬂlet'diﬂtthﬁgen@n@hmﬁmedeﬂh‘lhlhltﬁéﬁ §§§rﬁérﬁ #26 RipkAUOIS linked to each
cessary to join two protein coding

wher. e n
Othefr@g% 6%966\964 othé thgle Iewmategeme% rgsultemmfferent genes are at least
ir hgl n €. (0]
sS4 e A Sy TS LT 888 b e s
each transcyiptign uhie. Emhetrir(kcbﬁtmxsmﬁcwﬂl GahbﬁseSﬁdeQ@lg,@ldtoﬁ'? elefients necessary
ai nst |n t resenc a correspondi ng sel ection
for thggﬁ‘ﬂfm slagen p 1%? frthg sedertedyspaupmrGaningt ¢ contained within the
unlt‘re3|stance gene can be used as a positive sel ectable
mar ker gene that allows the host cell transformed with
the gene to be positively selected for in the presence
a non-transformned

of t‘he orre din bi otic;
The {pn, Operfvely ke ™ %*ala’r% O iMQjE JHAFiE rackd §qupRFes or sequence
eleméhiél Ble ﬁcféﬁio%%ﬁ 85 td %{ Gl thekRit€ A td ﬁﬁﬁtmﬁ%ﬁﬁh‘?% nded manner. For
mar ker's can be positive, negative or unct i ona
examplgs PTOW@Otsreﬂné&rmlhenqtarsl«meanablbrdmks@ tes bodmgfsequemed: ifdt acts in cis to

cone SRR e BB o RS LA . S5 e Bk sty e

DNAI seqtidiRed @5t a€€loperatiV@ly AaiKed asd coﬂtfgﬁh@hé \éﬁdsedh%?é h&@ssary to join two
markers all ow cells carrying the marker

proteigCodiBgiregipys ordnithe msced 2 Sﬁaﬁtomlamr,econugm@s artﬁenmathngframe
gene as a marker will make the cells sensitive to
agents such as acyclovir and gancyclovir. The
The térel @eleatibe niveitds enefe feders ¥6 8 GeRefhat Bnly'd%knlédde'ﬂg chAfing the gene 1o be
lifiable selectable genes, will include
SPGCIﬁCgﬁaﬁﬁlﬁﬁﬁﬁtfwryoreaﬁ@imém@g praseneqtof agotresoriding selectibn agent. By way of

11Iustr39(914/ agﬁﬁ%tgggégp %?9 g 1(%1]134 S%rga %sﬁwﬁ g?:l tgl?letnﬂzgker gene that

al ents eriva

.anowmmeuhoet el teisfddined Wil e gefedeheSbsithRly 8dedtb® f@ 18R presence of the

uct retains the selectable property. Useful
corresppdiy aniftc: gorer HRfortdost asHranid abi bequabeof growth or survival
unders e lsafaéﬁc%ﬁ Q:ﬁ&uxte %iomlgrgﬁ a§é19a{.<er a)arléeps r&gl %nSPﬁsﬂm{]e negative -or

domains o e mar SSOCI a ed "W

bifunctiwhelc tRusitivepselpaably . mérkess alidw gelectih ki @@rsesmﬁug the marker by
been descri bed, including bi funct| onal (i.
°°ﬂfe*66’§|fF§1§}é?9?éa§t<ilvg)0r remRETsatefape "@tﬁlollwgﬂa@shg defeginig the host cell.

In coH‘QAs?‘l‘]géa*ﬂ?@)seléd?%ﬁr BREA-EAIBY E&f LEAPRg "B ik &Oto be selectively

exarrp e, sel ectable genes conmmon

-eliminated. For example, using the HSV-tk gene as a marker will make the cells sensitive to

agents such as acyclovir and gancyclovir. The selectable marker genes used herein, including the

amplifiable selectable genes, will include recombinantly engineered mutants and variants,
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%
used with eukaryotic cells include the genes for

wéRhaadsgosi de phosphot ransferase (APH), hyg
phOSphOtransferase (HYQ, di hydrofol ate reduct %2%3’013‘”4

h j-nase TK) ut am nt het ase,
frogrh . Amo T s elen B0 g Vi T B D e € Ifcitive seletable
markiep gae0sy ting asi e CRECIBY r@&tﬁ:@Wﬁin@ thdke3édtabld Bloperty. Useful derivatives
bl eqmyci n and Ehleo C|n Sel ection may al so be made

geneplyrhalis suastatishsoquencesiatagiyl (at theraammgaqwtmg)) ingEgigns or domains of
f t

TSI TN R LT -

been fdesmitesc émtudips bifencRnfiGhR) paﬁdvé/hegatw&’)iﬁiaﬂd&§ (sek @B, WO 92/08796

o TP SRR LT 9 oS s s
used Rt %hﬁzfry@m cEhe! !n{ch)’(ﬁr f}l%nééleg rtﬁmaﬁ%g@c%lsfd@ %%g@ﬁ%nsferase (APH),
Specl es €. Jg. DI scosonma nenoni

hygrapygin Zxdmsphnimmﬁ@e t @1 8@), edmyﬂmfolaecmﬂbctam (DEER) S thymidine kinase
efers to a substance t hat

term ection agent
(TR Biiar syt 6 @ﬁ@f@ﬁﬁ%ﬁit@?ta% 2pe ggpesocgding gesistarge) to neomyein
(G418j1§brdxﬁyéi|§fﬂ1§%hﬁ'iH1D BldoniRid arﬁghﬂémﬁfél ctabl e gene. For
exanpl e, to select for the presence 20 an
antibiotic resistance gene |i ke APH (am nogl ycosi de

RN PR iy —
1 sﬁwﬁb@ldqyrké&nda e

cell dbfALA IS aCRH $ihO ggéagag:lt%ﬁcgagé :'blrﬁiguorg&nt) ﬁla);teﬂfl? %e g gfeen fluorescent

proteina (@GP hewd ﬂmmﬁayamé ﬁbm&ﬁ@metwmmdfﬂeﬁzlmmgbm‘k by ether species;

4 ﬂDNA regontgl.nasffs. In 25 jts glﬂﬁural function
rec TEAFSIPS 8P PR YN EEPHAre s seo dih s @P\n@érbl?‘mmescent spectes
Bisthehanip. I §PCS t
(2 SUELOPET S BSOTILGL) O BERHSD PRRAIEL " B oo ol
originally isolated fromt he E. coli genome; M zuuchi,

The ity eertoB 8L sefCesfy s kisPRE sk e et B Sgp sl survival of a

host delleh2 ¢ He@SeritSn H‘f&ﬁﬂlchﬁﬁ gﬁéctﬁlﬂg geﬁ’é? Ff §xzﬁfi}SIH ralsbicd fBr the presence of
t he genone of the bacteriophagé | anbda; Candy, A. .

an anflyeH¢ resstineg gene Qbe %fmnoglg@qmmh@phmmnsfﬁtwe) mta transfected cell
Q{gtyj n._binding sites altogether in attP
the an%ﬁ? m&?‘aﬁ%‘“ﬁééf‘fh ‘gi ol ogi cal function of Int is
the sequence specific integration of the circular

phage genone into the locus attB on the E.
The intggiase Gisyaths aicb designatedchagein s pHstedfrthe bastadepiage darebda belongs like

I 0 t fact or usua
Cre a.lggFipCt% t‘lg g'tt%é'%sgeg%ﬁgfg oF tﬂﬁ 3qu]gnce %pﬁ(él ic con ﬁeﬂ%tw\?g)NA recombinases. In
its naterad n’mmabn Ohit KhtklyeEy ,thy. indéielatNas ecdthbitdtfofB)bebween two different
Biol. Chem, 253, 7149. |HF is_needed for_ the 13 WO

TECOW‘PB4WHWEF@MO@F31@41141“}’613@%0@1&53& 21 nucleotides and was
oﬁgingwwﬁgékl%ogfﬁ}%@'c%ﬁt eﬂﬁm%oﬁﬂ%ﬁ&%g CIYII and | SZI%\%I]? %HQSO) Proc. Natl.

ctor | egrat 0

. Acad.iSedfi$ Ae 78 ppeB220. Onnile ofhedhard o/ ﬁﬁhh? 243 Recleotides is much Jonger and

reco 1nat|on between attB and attP |l eads to the

occurg BRI B SsRems et the beristinphassiewbdaichendy, Aname|Boss, W. (1977)
Sciendd 147 np’iﬁq 189 Uhe Imeegl?xﬁﬁlﬁyee}fa%%eﬁéfpﬁihﬁﬁl Qi t@@gtogg%her in atfP and two In

récogniti on sequence for a furthéer feconbl nat
auB. Thabislogicak funkgor ot Ist mnthe esatptema spéeifioripegatios iofahe circular phage

genongqu{}nlgg rtlge: ggcu:s %?t@?ﬁl@%heg ko g a(gg‘%la? Ihpéscgr %ltaldgrgg::qf co-factor, the so-

called Steg?Biod hdst factor (usually and designated herein as "IHF") for the 1ntegratwe
recombination; Kikuchi, Y. und Nash, H. (1978) J. Biol. Chem., 253, 7149. IHF is needed for the
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The excision of the phage genone out of the bacterial
Wwoehe Musks catal yzed by the Int reconbi nase al gg. For
this, a further co-factor is needed in additiohtTEP#{p/013414
anﬂbl EIF ich is 1o _encoded by the bacteriophage
asseiTih P4, 2 Tiingtienal { jpeomination (oseplex, Wi |4jPand second co-factor for the
inte 610 R RRdn "R BleNDASA "ilotiv ' i Lhgli |t inati
Tn att R, Gottesman, M agﬁg ?/\Elﬁg%rg(?ig?lg\%fb%qgﬁ%aﬁkeﬁ% recombination
betwear rEBi andhaelendnisdths famhatioBprfitng ridar lsosmbimbiddsrnt«ynces, namely ar(L
113.,1n contrast to the integrative . reconbination, .
and P00 it e & 3 STl TG TR SP M FORF Fecombination reaction,
the SQMENERSLDSE. AOtorARERSEAY suntharyt HE HRXGdciShag integration i
. reconbi nati on. However, DI\ISA_neaglr tive suggérn\églh?“ienlélmbda mtegration 1s
stven & Bukanlyy Ae (1818P) dinancBewBiodhent 558, epdhisi nat i on
reaction: A further inprovenent of the efficiency of
the excision reaction my be achieved with a second

The caeisiat of thergHage FhchoffeadliOloffBE bAXVSRBiRAome is catalyzed by the Int
sgl mul ation), which acts in conjunction with XIS
recombigse algo. Fawpas, aafither Reiactsr ischeaded i58dditipn 9a Int Fivk IHF, which is
85Eh S| | Sari | y act .reverse reactjon.of .
encof b S BRRBL P T AR HS! HHRRLR M0 Blct hren o
"XISdp diamingAtwe osipdielge KisdsV & SURTBGYtt&mid) eMbagide WARRALICR. (1971) The
given e.g. in Landy, A (1989) 20

e nhd GO
Bac‘%?ﬁm?gaﬁggbsélﬁlggﬂ@%w%ﬁaﬁw Igbgrat@iye ppd pacin emtiapieto the integrative
'r_ecorﬂf)i%§l%ﬁ, DN)&%#SBGE El?ﬂe%ﬁﬁné %&&e@&%aﬁti@;%t%ﬁgnnc%g fi§ not necessary for

speci fi'c recorbinati‘on o inae |
the exapipe rgiompisgticnn Hooduer, DN A nkpsthie stpéBoiliaktitreats the@ficiency of the
i .se%uence or, derivative thereof into a cell, 25
re°°‘ﬁ§m? 1 GAGh g S‘“gbeé gRaroxement ofttheeffiiqney of thergxRision reaction may be

: achie?f@tﬂ WEACE s8éord ALY IdNRely Re§ g_ggctcjr%? gﬁregst‘?(%%stgnel%gé@é hich acts in

_if said first DNA sequence conprises
conjumction deith bi LandyieAe ¢T98R0i Annus Rean BisedpueN6& pp.913. The excision is

comprises an attB, attL or attR sequence or_a .
eenctiBliy jhe FRast fovBrsseaction il teerion, &4 41 AR gy generated again. A

compFERHSINE SuBAIRY bf Bfe BHteMobRagtSANBRE ExQliof i §irvit3ﬁ’ %tgi. iélte%'cﬁ‘ndy, A. (1989)

t hereof said second sequence conprises an att
AnnugRewtBiRcBegu8Bcrp.3a derivative thereof, or wherein

if said first 30 DNA sequence conprises an attlL

sequence or a derivative thereof said second sequence

One ©pogrofsme preseat ifventdd R21fes & hlmSBSYEH §§qu@ﬁ%eas[§ﬁgiﬁc recombination of
s

derivative thereof, or wherein if said fir
DNA e ggak@yotoaghicomprisingat t R sequence or a derivative
th f.sal nd .seqgyenc onprises . att attP
0 L IRLRRkAAL et 8580 S NG Sor BIREAS S g et oo,

b) * péntteatuaingda fdtend eABe BER; SPE Ok LR JGRAHRIR A dcBNatVe fhereof into a cell,
bac%er,l ophage | anbda integrase Int. 14 WO 2004/ 048584 ]
whergbe 1y said olgest 1S6QUERCET GIMMIESEs entaid3 wequende wher dirivative thereof said

gt : speci ticoreconbi nation i ..
secondsEuibe SORpPEM AR O of Wik 45 8P e Riifhvs et or wherein if
said fss tDNAebequende icomipiisesrRibhogP \Wagi®icd drnaSd@iatye theteof said second

sequence-specific reconbination is performed by hit or )
SCQUERGF FHRPTATTY a8 aPsatthor 6FR saengEe R derivetive thFFO% (or ygherein if said first
DNA | @huaid & Lé—F F referred.i s th t.hod -

vyhglrlei n i négltqi% C c%t egé@c}ﬁé% g’ é-g's(%gglgtﬁec tﬁergof”?ald. second sequence
comprigss GmbaBy i or Eirghesdqaentdorty dervandie fth&dof, vk wherein if said first DNA

greferable)éthelnt-h or Int-h/218. In this .
sequence comprises an a#R sequence or a derivative thereof said second sequence comprises an
auB, attP or attR sequence or a derivative thereof,

c) performing the sequence-specific recombination by a bacteriophage lambda integrase Int.
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context, use of a nodified Int together with XIS, FIS
w@rmj(mmsg,ﬁF is also within the neaning of the
invention. to In a nore preferred enbodi nent oféf/ﬁffsui)smluu
nmet hod, sequence specific reconbination of DNA in a
be performed between identically

ells wll
PrefSEL e e fahiPemin n e Bribe Sa0ORe-SPUE reoPmbinstion s performed by
Int éthy ﬂﬁﬁﬁﬁﬂklﬁ‘: RN LR TAFAMSt réfgxtr%f) ﬂ;bﬂlfe 1’?1‘3 Sncﬁcﬁmlnfm step ¢) the

specific reconbi hati on as des ove,
sequeasetsiactiia reppinbietjoe ircperfomyedi lsebit an bgtihBand GUEIR €ac@r, or by Int and

1 o6 ¥ B K ahd FEF e B2 BreR SRRl e ERaq henrih o 6B F the sequence-
spedific devomdirthtibh S perkihed PYULRRIFFRATRE pé‘@fﬁra@%g{ el ht-h of Int-W/218. In this

sequence or a derivativé thereof sdi'd sec seque
Com@fﬂtnﬁf‘q 8ka modifiad It seggihen odthoXIS, MSrandat iTHE llsfmoewfthma’he meaning of

theﬁﬂﬁ%fhﬂrﬁ 0sa|d first DNA sequence conprises an attlL
uence or a derivative thereof said second sequence
conprlses an attL sequence or a derivative thereof,
or wherein_if said first DNA sequence conprises an

In a morpprefemed prbodiment ghthiy methed, s¢tnuenef speaifid weaohibation of DNA in a
_eukagﬁﬂiéed%‘ﬁ? Wil é:]regfgfmgc\?_h&wee E&gy eeﬁfyte ?{g{eﬁﬁ&éﬁtwally recombination sites.

erivative th
Therefovgntlicopraseyt heestidr! ireldtedUi Mietho® 1Y satfubhicd @secxf‘ ic recombination as

d @ ally ccurlng attB, attP, attlL, and/or auR
escq ?ﬁﬂ hovEsW T’IF‘“&I‘H%dvﬁf%ttDNﬁoﬁeﬂﬂweeoglpﬂsml a#Bseqiience or a derivative

there®F k8d s8ddnd se@idnke cod Lqéeg alt c{t% §qu:§§ ncgrf Eeﬁiﬁ;g‘%’ﬁgﬁ Zhngi)reoef or wherein if

an |ntegrat| e reco |nat | ON O
said Ifaﬂtbw&&;eqndlcE canprisebetnvegP. fhhéhcangt at 88iVeRe! @BRYS said second

uences g/ s of the wld-type sequences) have
Seq“?ﬂ& @a | ERAYFAGR %5 rf’ed@?"al%’? chergofk tart whersin lf ﬁald first DNA
uétickB
T T T —

antl, syqugnee oDy denivative tsreqfpor Whak)n Hrvdidfirst DNA tsB qUdN@s Romprises an atR

5, 143). 30 Thus t he
_539“4@#383%%? UsrbaRYe Rereer Sodesidond Srabis sarepRtes ShaiHisdeauence or o

derivatidBthebf P, attL, and/or attR sequences have one or
nore substitutions in conmparison to the naturally
occuring attB, attP, attL, and/or attR sequences.

N R LR T ——

 auB, fawPe atb] ¥nd/6E¥AR sefudiBELHHUASS Wit hOMBied B subsututed at!B, atiP, attl,

substitutions_ may occur both in the overl@ap regio

and/op gR; sequprRces of e gxagindman THegretivg repmbinatioh agf thegnlaolrenophage lambda
and £ O B o Yook avdiegces GBS Ay pald e sequences

have hemﬁdstksedreﬂhﬂneh Bavesolsdr dukd QbStRESnd Mt 408 URash, 'H‘t@981) Annu. Rev.
he attB, attP, attl, and/or attR sequences either in

: Genett hP» dpr 443 f@@ﬁ‘séﬂ?"eﬁ iapd tVHeleﬁrg,rRaﬁ 9186133 ononereStmcteﬂ)ynamxcs 3, pp

”34)Irazld{(dgﬁngﬁg@ge sI m@g%}j Stl 35’8 lggeog\éeglragm

substltutl ons in the core regl on The s pr esent
vention, also relates to a nethod wherein the used

T—hus,la{ge Bresgpt Bvention relatpgijoog raqthedl whersir hsowsedr @B, atiP, atrL, and/or anR
sequeﬂc?érs' Neel ofeSor B Hfﬂsﬂﬂmfoti.@ G4 cg&%%gona@)nﬁxetﬁautxrh ﬁﬁae&fcunng attB, attP,

sai d reconbl nati1 on si

L, and/or atfR sequences. Preferred is a method wherein the a/B, attP, atfl,, and/or atiR

sequences have one, two, three, four, 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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conparison to the naturally occurring attB, attP,

wat dobas0386) or att R sequences. A nodification i
formof one or nore substitution(s) into reco:kﬁsﬂgﬁog?{ms““
sequences is to be to chosen such that the _

COMPIIYDBHBF YR Peeqtidas Heayc he rsubgitaigd alse. ddpreepisfertedeis a method wherein
hslREbEE ' : I Cc stitutions ar . _
subsfIREiokY S5 AONRDer IEETR) S8, 0% AT R R HhBER5 Ui in the core
regicgupr & Hedovlapimgion. PRferantlis\iesiheodnctiBn of O&®HstinsiwAria the overlap

. and (ﬁe not . consi deg(gid t.o be Iimting. Further )
TeSio it HCatmyHancopnytERAugHeR 0 qnt¢r dgcetpstugongyin the core region. The
resdRLIROGIRSI SsGERRESH( ] B 12':? r hgse, e, #8Sghbb
P in Ausubel S F.M et0 al . ; gg‘ﬁﬁérgiglatﬂgdy,&rdsﬁg?’a%&ghgﬁl" and/or atfR
sequentgs areyddmyatrest edhfdong finetional Sengmentsabéreo of said recombination sites in

reconbi pati ons, as descrihed e.g._in the exanples of
°°mﬁﬁ?§°’3?°e@18 Hf‘t“?fﬂlye%ﬂ“awg(ﬂéa%ﬁﬁ odith, aé‘HZPTZ?fR SEQUEICES

5.1). Furthernore, the present invention relates to a

met hod wherein the used attB, attP, attL, and/or attR
A medificaiioads thofasmi efonsriryne suhstitotfort(fentoaspenbinutorc sarqaences is to be

i.ndi sites, ..nowever, nore than. 20.two core In

chosl o (18 AP &obiBuagpR 55 Bicalieon 15 S it Frefibationls. Bxamples
for siBiN@A6Rs drbHsield @SE M the MBHNchiRihs ! t d i

wherein the usetsj aﬁ%l attb, att L,S arl{ggls E,rSHafl?%lﬂ‘?&Mdan Nussinov,

R. andoWeishergs Re O iS05tsupra gndareorns considerhé to bs piatting ucibeemodifications

t. bindi ' dn a further odi nent. th sed . )
may bPrg MBS B i lplieedhie RmelaR (o ot A 86 are cescribed in
Ausubglp TOM. reara. €994 Lpdatéd)Ndiheh) Siridesnd dmayTBE tBIt&S IB their use by test

invention relates further to a nethod wherein the used

recomgBipgiionsas deserphgd o &-dntthe examples ©f she pregentsavénsion (Examples 1 and 2,
resul@@diytion to the core Int binding site one or nore,

pref)erabl y two, three, four, five or nore than five,

copies of the armbinding site for Int. Said binding

site c ri ses, a onsensus notive having the sequence
F““h%m%m&%ﬁeﬁﬁ@t&ngmt?smNo.nfshoé rwherern gher heed auB, attP, attL, and/or

. ¢ . / D
atiR ERRATRE Corb Doy (RO BT BRLIISRY Y bl S B¥ever more than
two cPtvelnbimding ditesgars ial (e fdned. Int preafimrbe epbsdimapnete ?hesent invention
ltvglri ou% d&os'hanceéjgugs ream and/ or downstream of the. _

relates g & MqiRoq, Hicigisiv ‘é‘% €45, ¢ o e rrngi@r FéRs saAnscsR consist only of one
of thelPREREAvOLork N8 MAGRE Rited. TN S HAL éxﬁl?odfi#léﬁtttge usesl\isz, attP, attL, and/or

reconbi nati on sequence nmay conprise further
atiR sgaunsacemsisho Ciwoadt roovetdoes Inbagling sien. i nto a desired

target locus, e.g. in 16 WD 2004/ 048584

PCT/ EP2003/ 013414 t he genone of the eukaryotic cell or

The pibsedt lihvenfibR | relafs uptheP RO SO MR tholiNvBeleff AP |, ! \if\ﬁﬁ ﬁttL, and/or a#R
occurs e.g. via the honol ogous reconbi nation which i’s
sequepgRsi cenuispyn jaddidondd thetbdnel Iat bindogndiienartel @mmore, preferably two, three,

rous, 5 PR S5, S SRR AT 6 SRS it compriss o
consehAISGAbtIVeOdIn A e degﬁatc%qb’m@'rcmﬁmr-s o{SENIDANDB) or a modified

attL, attP, or attR sequences or 5 derivatives
sequenqée thegof haumgerudleatide. subsidtutions end deingl fubctional heitlar¢gard to the Int

.2 kn -gr.eat . d ee of the honplo nd how
bincin$) 3HE AARYRIEE b QERSTAREy Be rogfionrilRtvattihs Hiiases upstrcam andor
downstieatn ¢fthé cérBdnttin@he@RME). reconbi nati on occurs with a
sufficient probability; see review of Capecchi, M

(1989) Sci ence,
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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244, pp. 1288. 10 However, it is also possible to

wothe@adsg the first reconbi nati on sequence by
ot her nechanisminto the genone of the eukar y%W’%PmmmS‘m

EfLohal -/ m.ni chronmpsone, e.g._via .
e e e L HE ST —
c.g vl thel lmmaelegombiavatibirution &tish i HeBBte bPinteRfal S8IHar recombination
mecl?' ESt _rrFeco inatiaon site via sequence-specific

BEbit Rt R TecRmgataen, die AvtheePhidy sdquenses thvs i behargologous to the
DN 08l G B L0 T EOURGEE P e o
derivafizes henepf,irsspeblivelp.chiuepaam siliedin Aicard RESSSBEY gr@f the degree of the

' ration.into a desired target |ocus via
homﬁigﬁ% Plgcgg%\g lpng gmepmcpgﬁ?, qngrs semicngas have &F be Rech that the homologous
reco@b@aesH ocdit-e Riithon sﬂﬁ%f&nﬁ/gﬁ)h%ﬁi f isé@ep%vg%w %F Slaﬁgc% T%QA(I%S’) Science,

reconbi nati on sequence y CO r
244, ppj?88ces. Preferred is a method wherein both DNA
sequences conprise the 20 further DNA sequences.
I ntroduction of the first and second reconbinati on
Howeeguéne alot Boibed thoutborbidr i€k PNA: e e
erformed both consecutively snd i n aor%l(i%q‘EPP Rqllie 6y any other

pe,
mechagisiy igtes ther grnomsmofvhereskaryvhie celt, ax amlyi ardficiab/medhene®dme, c.g. via
Preferred

: different. llecules. P ,
rand B B R BRI Mol SR B fabioe Sl G eegpination avents. Integration
of saidefistrizicoathinnionesteeiia Sehdnbe Sfccihd RRUMbiH LA sidMNres di
th Z)eﬂ%ences are resent gﬁld igltsicoducedltnl n'Eégl ?ﬁé‘ tes different from

0se QERZIDigEated; €18 BY yRing /eXxABRE s@NAnees| s@itoazonceivable.
Furthernore, the first reconbination sequence may be
introduced into a cell and the second reconbination
The sg@qd esmenbimatyorbeequaideagac g6 b&ﬁ}ﬁi&@Nﬁesreﬁﬁ&lcles WSS necessary for
an intt he.cr?lls a e.f&sed subsequently. The termfusion -
REaHen mig asdesifed fargetgapissyia hamolagons sssouinations Fanthennethod of the
resent

preseﬁthﬁv%ﬂtﬁ%%otﬁetﬂ% Qirstsg%d-yé&?gge galelt n%fgplfn §1a SEQYRSAmay comprise the

i nvention may be use o1
further \DINA $pquewens. Préferredidé meseihyd ovheahabal HRQO @Pﬁt%&éso&mpﬁse the

S nces in an intranol ecul at reconbi nati on.
funheﬁ@%ﬁﬁqﬁﬁ?‘éﬁs'the nmet hod of the present invention may

be used to delete the DNA segnent |lying between the

directly orientated reconbi nati on sequences in an

- Introdpefianapbithe dirstr and socbidnedcbmbinatidn séque 20 AR 4RaRdut further DNA
h

I icor
recompineti@ntequefcél Hr8Grent SRR i pat i )
‘ ,sequenc%qs eacr:e [ nq:i;rﬁdi Eggt@grﬁgﬁ? %—l{]ﬁg{&ﬁ? eé“gé% :P%ée}egfq B2 method,
whereindhe 8 end secomdageamidation Shudice sith drheitladut Rusies IS @equences are
b Sid ted.in 3' -5 orientation, If_ the
present od BB AT By Sukarua el oA e B metesle Fyrthammre, the firs

reco

/ 03/ 013414, t he reconbi nati on sequences are eac
sequexﬁg Il’:f%g&)gt gar]fglﬁn%d tbgteh gPngequigvelys angy ine gt goitisnsionpgticnr evherein the

. 'recomlbiﬁmﬁxbmgafquané@ﬁﬁ?tﬂeni%hb@%beh i d ST 2 FheSRUHED ?fcg)rmﬁoérbation sequence

and 3' of an exon and the reconbination I's per
may bgintgaduced Eyp pvether isell avtsrein Weudells ec ifinsed rsubskquenttySkhe term fusion

Lngdi I i ent.at ed.reconbi pati.Qn sequences and
means géqskéltﬂg 8???#%%581% 3 wel?as cell fﬁsmn m t?le widest ser?se. )
The method of the present invention may be used e.g. to invert a DNA segment lying between
the indirectly orientated recombination sequences in an intramolecular recombination.

Furthermore, the method of the present invention may be used to delete the DNA segment lying

between the directly orientated recombination sequences in an intramolecular recombination. If
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directly orientated reconbi nati on sequences,

WERREGIssye! Y- Wth this procedure the pol ypept]
encoded %y the respective gene may lose its ac{t’ﬁgﬁpﬁ}m")m““

G e transcription.my.be. stopped by
the fohi8DGieAtedlonb i ERRIRCUBbmPRHER R i ShERBRgyaton ey are presen
n dircehsdentption. STigereo@bedtion Reduthses\a¥ ik Qnirdt drlSitation if e.g. the auB
bi ol ogl_cal function of the encoded pol ypeptide may be
Seayve dt ivgfagated wor'ehwed, the wi@r ssiquenceds itlegetadoin 3'-5' orientation. If the
rec%ngﬁgﬁﬁedgfg%&ﬂ%ceg %ﬁ%}%ﬁ eiggorgg#a f\é:%g-i %g%oglx qrg%ig Irgcnomoginz%ion into intron
seqyannes b'oarall 3'l dfrdnagncindt the remibih@RMl B et foniBd Bl dRitegrase, the exon
L]zq%oded g‘gi%ge tide with regulatory elenments which _
WOwt PoWvER E‘ng’f BHirasty erientatechescambigation saquenenseod ddleted in case of
di YEERkIed : 1€ y i.pcl ude but are .
R VAR e AR TR BRI poentie
encagled ahthe, resprictie @eee wedyl loka drwmctivity be fiaidtiohQr thartAeription may be
sto gﬁg?r ?ﬁgtl C eﬁpf ession systens. However, the first )
PRRUPOr S BB T Y Rattlothat 8g earerlevh{rapsshp tssgenerated. In this way

e.g. e BB EicALfhelich Sthd | D3RG inversi
s pol ,ype%t i des/ Ejr oduct gn%cc?glaﬁtg Ié?g%[?&%ﬁ%t B‘%ygr@n%}éfegm Sfeover, inversion
or dglefig trgactions a0ay botuskd to activatz ytirteixpregsiod dfeq weaé @hyoding a desired

i e .int uced via the reconbi nati on
P°1Y§évgtd§n cg;&n%iyﬂ#?ﬂ“t{%{ gglf?&?eofbtéfﬁ 9§ER readinge fremg o thgreggpded polypeptide
withexgfutassd edrhétts | ﬂhfcﬁ”ﬁil@&ukﬁﬁsﬁﬁgﬂbMﬂ QPunsiHBSn of the encoded
y be ogenous or

i ntroduced pol ypepti de/ product an end
polypspiigen dipgse megulstant hlementse jnciudeabiteare potolimiiredoto a promotor and or

' I ' lLy.rnelevant. t herapeuti c, pol ypepti des . .
pron® AL i Wi SPb Ao G Al hectrs o Ppb ukarsotic expression
systdmows that this listing of applications of the nethod

according to the present 25 invention is only
exenplary and not limting. Exanples of applications _
Howds&Ooksl t sent .invention performed wt the R
oV I B R SRR e BER St et iRttty mucteic acid
sequéntes feacodiny ionw af mbid Pylypdptided/priducts (9 PBrest.F8P @Rample a structural
CGenet., 9, pp.413. Furthernore, the nmethod of the
protey}, 88 SREYMARKCP § Bguldeyy PEoteisaurit be inabduasdotia theweeamiphition sequences
into 8RPRBLES b LNt ranol ecul-ar N
regé(ﬁbi nat | og] 9@@%@2@‘%@% %g(gfersaeidea ter Arigapglecylar recombination. The

introgusad pobypeptide/product sy e 4n eddogeliugoe cReRkaEd Bk, Furthermore, a marker
|1 ed hel per viruses. This nethod

f -
Pr °teﬁ’§§*§g&gﬁsﬂa‘§ég@]‘ﬁgm Qwaahthemw@ Poloprentides mayrhsdatrofened. The person
skillel inthe 8l SISO MY IER%r BBGAREH o JRPRICHEA LS00 to the present

‘inventign 29 oulyCexe5HIrPaid EENRIY] B4dhplEh of hpplevalibhesstdofding to the present

.econbi nat i on,| S the fusion of two DNA nol ecul es

. d
inveniigt prloting “é{thcg‘%ym fF e Bre aed Plp erepmbingsesamaR sy found e.g. in the

revieW TS, S0 BDAIN 21 9935 S, 8ha e or of their
deri vg?es. Foril exgnpl e,sa%%l%e%’ g’lrﬁné érivative thereof
may be introduced first via honol ogous reconbi nation

. ] no characterized genomc¢ | Qcus of a
Furchy e, th2 Bod P the PriRe i FioNios Redchaises tedeleieidnvery DNA segments
on vedloraby Bn iﬁtfrirl?eleéﬁlhﬂ—r’ec&hbﬁ‘ltaﬁﬁa S?%P%ébﬂlgl é/lgﬁ{rglres.oé deletion reaction may

: 1
DNA- segnent may be integrate sali d genom c at

be used querte cdelate padagingoseguences from coivaliad helper Rirafet Mbdh method has a
broad'a%pfi@ét?onnﬁt tpxg (1;|n usstrxtali] Src?d%_ction of viral vectors for gene therapeutic applications;
Hardy, S. et al., (1997), J. Virol., 71, pp.1842. | '
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expression of the nutant integrase, e.g. Int-h or

wo Bdoa/dagks® W thin the eukaryotic cell, wherein_the
reconbi nati on occurs. Most preferred |s t he PCT’EP2003/013414

The BErRYRCARS t@BmBinatibf 1L ?@E o A58 356 é% glgfegglgg eWavmg a copy

Genes encoding for any o osée nu
of alffp qt&b attdg oo R @emmis [Rfnbiestions df(attbé%qt’l@lces or of their derivates. For

ecte ref transfected, or on the
exam&)l t%m (izse igfodygsd sty p1a hompalpgousireqmbination in a
Knowor, ﬁzleﬂo cﬁﬁa@e&r‘iﬁds %@H@fﬁﬁ:e I]‘Bf:ué‘noid & 16t iy ezgg h%ﬁ? ol i -/}_r,runchromosome

Fur t her sequences nmay be located on the

Subseguently an agBt iR gfﬂ«ybm@ﬁ eatrwngorecﬁlhlér Ewnf&@nenen@y b@ integrated into
protein fl anked

t La
said #@ %}%3 cﬁrar lcxég 10 ecf P%reg[?}-ﬁp@g@pp iPrefs ﬁlﬁﬁ;ﬂ Jgéhls method is the co-
expreasibn @Y €1t rhikaht in®efhse, dlg. IRQARATAL M?? FRCHE 'ef?lﬂ'a.réouc cell, wherein the

nal yses of di ff erent genes in a ce type, sal
reconypaatiqn: oGayey. @émwefwe@ys pbsicoisxpressiomefahé vimtant integrase Int-h/218.

specti.v enom c i n tion
Gene% gfé%&bﬁfggr?‘t Eﬁ‘lé/r @8 pﬁlzantr}gf e%fnatyﬁée &?F%Q@ qp & second DNA vector
bemcrtramefebt:tednprﬁﬂ:)‘aﬁfbﬁ co-3@fsfeOreli UsoPNR REQFBPDRN A ﬁcgg{Yx%tt QirPying the anP,

L, %)/ i nt er pol ecul ar reconbi nati on on epl SO
att ei%gf RlP @8 a1tk sequqrse of e defivativerhierbef. Beriibreequents may be located on

e&oar{&g ei ns rel evant donmi
the atéBr( Q{g,:iﬁ t§ tcgtscr eenl:']%g’1 %%%%tgf y{;QZ\fA‘F?ﬁ‘Ee%? ﬁd”dge"ﬁ&?r pgarticular marker

proteinsfimikied tyhlox FIRRT sdyuengisp Witk ks Yappfoath 1Pﬁﬁ§'eﬁenachleved that, e.g. in
ctions in eukary otrc cells and'is thus o

comngsﬁgq FEIEIR 4d Yé?%%ﬁ i ﬁ%efﬁ@’ﬁlﬁ&)me@l celbtype, said genes are not influenced
by podifiv€ bPRESRME ?ﬁﬂedr’?glg&) s?:ree tn@ety gegar?)gg(g elﬂ%ﬁ'rgt'l{gl pu%g??léthermore the

one or nore

methodeef el pedeyip éptentied Sr)ldjprb.’tduﬁéc( %0 fubd ONA- &enRRisSOWectors by an
rat es,,.artificial-/mnichronpbsones, or various

mtemr?@%crl 3 dEFOTIRIAMHALS OF GRISEMAL iybsirates: A foson seastivi maayi b used e.g. to

_ expres3 Q@d&:ﬁtﬁﬁant I'pfbt&lﬂk or %ﬁ%&g@a&@?ﬁ BthePIA S&eeﬁgg"f p}e Botypes This method

besi de at ['east one reconbination se
may bapsq indhe Bghahroughpt efalysis Oﬁ?so)téi?rﬂlmﬁhs/ﬁl duRareat cel&?ﬁld is thus of
' Xpressi on cassette(s or the expression o :
ConSlng[abimmferﬁ%re desired protein(s)/product(s). That
expressi on cassette may be introduced into-a desired
target |locus via the reconbination sequences which
As megtiope abevmdntsemsisedlaf irecoraisioatiorn atdyobe hietdvee intidiRic®NMe or more

[ e 30 second rec. ation sequence and
gone(s] RERAERLL hoffre el Pore HRgaaeolypreisUoaBs AR inom o.e. episomal
substrasesq) usriigieiaDahidgchr s e dod 8fPi0 s | KYsP &"ﬂ' %eﬁ(ﬂhz%o Je jpining a first

substrate, artificial -/ mi ni chronosone,
recoml:gg'ﬁ% seqynse. eﬁbd@sn@mtema)a bsecunfd fgA r:asrhpm&stbési)de at least one

h pr i nes whi.ch are
recomtﬁﬁﬁtﬁgtkiﬁéeor ’Hﬁ‘% apt?% q 554 Oy WaliYe eereof, one or more

suita

_ expresgiomd:as&este(slﬂ“om&%%é%%‘f an@T 61EP:?(99%e@i?é’tﬂéfbtéxﬂ(sﬁ/ﬁro%uct(s) That

ontext, a first conprising at |east on

expresyiQR f5tSHs: MOK R duigtischainte @ Wesirait tavgeickus ez ghe gcombination

sequené&n%ml'}f Igf(lf\g{ %Hﬂ 'ﬂt:e-%];?t 9 tgﬁ%ognﬁgeﬁ?@gf) LA hg E%Iﬁgagggpnsmg the

an artl
secondcmmbmbrnm]hom sdguendenand Ole eRpressidd 1AERALT URd Ythe PASE recombination
transforned wth an

Seq“e“%ﬁ LFIPSC‘%HP Yertl Heéate intesenid episonysl subaiiates lamﬂmailt/mmlchromosome, or

s ceNSERER) TR SR SAESER) 0y 35T Rpagishoprsion o

lines whigh andbsiitabledor ﬂ'eqmedlmabﬁ)oﬂbmﬁhaﬂnﬁ&ﬁhéa@ droducts.

19



15.

20 -

23

30

target |ocus, recognized by a bacteriophage | anbda

woYoeQ485a I nt, is to use honol ogous reconbi najj
techni ques as nentioned above. To facilitate sg#g’gﬁ’og?{"l“”

sfectants h have nt r.oduced
I o P AR TR €510 O RS blRali? sensagie o b imtroduced
e.g. bpmmﬁom@ﬁtdﬂ ito B¢ K609 BE tHeShdsP éélf‘ta'hqﬁﬂﬁam hﬂ%x?chromosomes or

6% target. |l ocus at the sane
iSBOYERLES epntainethpitin the h%ém?léoﬁmmata{el)o rhost cell may be transformed

ith SRAHERE tion _gene_ar
W cof’EH-gcaltgl féghgzd?l?%rﬁossozgnéeggee’t%?‘nﬁ?&ﬁ scé’é‘H’é-i'ﬂng fFeERspogding at least
one renembitatien sité(s). AAhdtRert WEPRS ihieia%e rRofbidd¥ioR Mg & fc@(@,)j into & desired
¢ Pﬁntl oned above, (honol ogous reconbi nati on, ran?:i
arget PRI dEFARIZest by)a bagterigphesen famidaointegess Tt lBh’@ use homologous
recor?Sih 53 @ &els U518 ng@%}&ie‘) ates with the u

transcri pti n-act ! vit helntegratlon site, cells

showi ng a high expreSS| on level at site of

tion, .cell robustness, and good growh

To fagﬂlé?%gé?] sptia for Stable fanstertants, u@mqjh]@q\f@rmtr@@weﬁgecombmatmn sequence(s)
to d @E@ﬁ&d tdrgst Y

into | ®lred gg elléfllfs)é %%%lgr@t?dedr Mgt@r%é g%_rnaels 13%0%;:% %Sﬁ% Lie target locus at

the sgre mg@ps Tk Imdgh mevthefoarmleg if ake t:ehﬁnilﬂﬁatﬁmoéequence(s) and a

t. of di MRNA t hat
select%n L %gn?a g'r‘ig:ucg)e}olgateg ?)g{ %ﬂglylﬁcptobpr GY 5%@pér§ewhxch Is introduced

into twwﬁﬁdotﬁw tRebyangeiehod- ﬁ%nﬁmb v f@ﬂﬁ) %{ﬂ{ﬁ%&élﬁﬁgatmn random

fromthe introduced gene sequence C
IntegrRiipn, hete). Bisothehganressionataveh of rthé Galdsciltﬁamrﬂ%gene correlates with the
tq cel ar RNA

transcﬁ@ﬁb%%cklgg% %Q%h%tgggégﬁ Ia';Il 'E;Zgl:llL’;S OWARE g ?xpéqassmnolrevel at site of
integri9&H}, celliPoBYstneRE, Ohied HH08NERNLE &Mra@terﬁﬁé@cé gd rg%ﬁq%%}gfctor can be

. gnbe quantlfled by vari ous net hods,
identifjed \iegy esffechivelyt {JH@ lewgl of a@ipmmnoﬁsbfawe},ecbqn marker gene can be

f bi ol
aser PSS SUUSRIOBY YR L O UhE LB SBLCRL. e amoun: of

corresponding mRIVIAl thaeds PiesdrAGS tid) 841Y, SdrShe QfnoliMt @?é&?bﬂﬂiet &dRoded by the
EI uorescence Si %nal s._.of a fluorescent prote see
gene. A Transgibed Atpom e ingrodaded, gem@ Sdquanpedate e quantified by

N rthérﬂﬁﬂé\) cand.
° pr oduc}%jld)(l?hréiIzcs’fa(*elilB P ]IE}b Egge pr odhlf:ol %Cél "aﬁﬁ‘g}f?géi&ﬂwe 19 gellular RNA
or by R lfeecoBerabmel. et 3., T969] Aeaicdteedl] 69941’%@;@&) cp}otems encoded by a

uence(s first _reconbination sequence
seloor TRNE <k S nal on seauenc B35 Aqby sRestern blotting, by

radioi@mulbiss8 g Wﬁmﬁﬁ{nﬁﬁfegﬁy @fioh EFY lag Ca&?ﬂﬁf Wt ! blOé%{%l%ﬂ %c)tmty of the

reconbi nati on sequence ' second re nat on
proteinj by Sreyuensteingyge of fthe prezeianflioatd &y Fh!ESaanalysm or by measuring the
anbda | ntegrase Int_int

b h
fuoreqd PGS VBT il CEESeIL PTE as(seqssmfoaw a1, /1989; Ausubel of al, 1994

epls

~ updatedUEdf0Y. BNAJIDA Bl SR gﬁéﬁtsdaﬂﬁldﬁ'{es of aé}ro@lg:gl%%ﬂnlme for producing

reconbl nati on sequence rther conpri
biophapmezgntisals 3uayRETolERReA3/ 013414 an expressi on cassette
for the expression of at |east one biopharmaceutically
. rel evant gene of interest. For this, host cells,
The int¥gra6d ERBRIbISRI0 . . .
gdegq uence, pr ef gﬁggﬁi/nb?% gg r g%gﬁl%ﬂ}ag Sfti %Q«JﬂL og%ds rquow integration of
a furthpsn BANA amoleculeans gr ispvedonlorabiNA esdgoens  cantying at least one further

o AR E S B PR O 18,2 SESA1, ot

by a bacteno_phage lambda integrase Int into a transcriptional active locus. Preferably, that

further DNA molecule comprising at least one second recombination sequence further compnses
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s lanbda integrase Int, and are cultivated under

we Sivdiokgsens that all ow sequence-specific recoghjnatio
between the first and the second reconbi nati oﬂ%‘r%zbosfhmm

] r ef bly the i.n rati on of the DNA

B e"ﬂi‘%?%% PEsali B s fpenucu ab h EE%Ft_e BnBPRARTSIe Wiy relgvant gene of
interestnFor (s, NS celog iR N ME! s dnlodfurdd 'Sbombivation sequeace

" rtgcorrbl nation sequence. First and second reconbl hatt on g
preiergiiy jetsgiatedciate e kast hell ganarre ata ttBnsaiftionabbdtReolbadire tranfected

ith Sasy | h Fe o Which al Lows seguence 10 specific X
h rgjc_:lgﬁballtnﬁ%t% }ﬂtgng%ng&g&%%é eelsf"cé)ﬁﬁa@egorlng Hani Sﬁfl‘é‘v’g‘?cﬁs@r |y acteriophage
lambdar iraegradeurtet | amialarerudiditatdd amaer -conf@foneXaEP! Qlovw fseﬁﬁ‘&lce-speciﬂc

Bljél:aSt reconbi nati on sequence conprises attP or a

recompnation, thepreqny hes Strsts apdnte  saspné oivpembisstion t RquendeB preferably the
integraohlof @it r ' A hereof . Preferred is the
ot B8 R mOBN R B LR LA L1 e e
cell ggrmmiecomgribipg | the, fist regombisationt sefency. Firdt! SiPRERE recombination
sequ | HF. l\%st. ref?rreg is the nethod wherein the

quengeE tth ee‘?‘él'%éé‘lﬁ | @By @l mibitnat sonderyvapue thareell whjch altows sequence-
specifi@ keddYnbidttioa B 22 . |t | r
P _net: and X %9 an da%%eﬁeﬁﬂ%??{;ﬂg?& |lol*r?é&(*£"’rrggrerhelggfJI gn){_ggxcﬁ%qa%fwtant thereof.
For exgipleeifrihe Hastsecpmbioetiapagubice deegRises AP @M Usrivative thereof second

preferably the Int-h or

f a dified Int,
may “?‘rf‘{q%%.“gﬁ af; @R oF gk erivabue Breraotnodi £ 1 ed | | nt
together with XIS and/or IHF is also within the
meani ng of the present invention. 20 By this approach
Preferrgghis thimeathafwhersimsthe sequgpcé-spavifieresombinthtioadse poifediddby Int, or by

; e t cteri age | anbda integrase Int )
fnt ancf‘s §f gﬁ ?naﬁigf&r ated I%ftop’ﬁfq{%g/\%, thgemethodavhercin the geqence-specific
recombieftiondsl petfOeiesl Bf Idthe Ufiricﬁéﬁ ?gcgglanSTﬁctaﬁl &%y T anfSHES or by Int and

ere _a sequence- speci I nati on has occurred
XIS angiEl¥e dwrtheg prsfred, isftbe restborbivberein timnsdquande-graific recombination is

' ri.si h el ection ?s marker .
perfornfbyFR Ho iR St bl Bivgiel %Bﬁntgﬁ%ﬁ@% (FRBIFEBRSHPT @ modified
Int togetimrywifteKIS afd/érieIrie disagyings &m@ining_!?ﬁh@ﬁﬂ@s nfPv¥nttdn.

sequence-speci fic reconbi nati on has™ occu reg, a
conpl ete and functional expression cassette with
. i.Ci essSi h el ection rker .gene wl | _
By thlsg-ieﬁpggdﬁg %gl%'?dlgﬁ\t %ﬁgg&ae?{)b é&nﬁ%ﬁsﬁlg 2 SRE0 T%Embb‘%‘%&fl sequence for the

bacteriapbhgeslahdbdiz e grasecht & 2d intbera@aifio Af koM el chékdterized and defined
integration. By the nmethod of the

o tﬁgi@nce ls ecific ) L
cus 0&5)' Mot nd B r5eieeinfop cobihersia seanenceispesifiar escotibanatiah lhes occurred

one carfinkdoBh ef ot 0, [ - MBI by the identity.of ) ;

| DNA se%ugncesd?l?pgfg’egtrng{l ggﬁégtoﬂgl %1@% &t %qs§eépeo?ompx¥smg the selection

marker Bene greatitiont @ pgmotat or pronGeHAhendeP 6F snlyq.;wﬁt bPtHe@®Ting region of
clon

the een eg)aﬁi cf vari ation tween_ different cell €S a noreé )
e s g'e Y & SPHsREsPerdlc ravembiplipn diss mecatregy ademreplels and functional

expressiofllchssett® Q8thCcMicib 4S8 ' t and. . _

O e S i R isb 8 TR RbB ol T g somerated, thus

allowing; fermigie seleeden ofi celindhaléng impgratetl thé garle OPtintetsseia sequence specific
roduction process. The production cell |ines may be

..integratiﬁg.ed for the manufacturing of the desired

pol ypepti de(s). A further aspect of the presen.t
| invention therefore relates to a nmethod of expressing
By the rgethpd o thegpresent 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, e.g. into

a genomiG 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
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s gene of interest encoding one or nore desired
j de(s)/products(s) in a eukaroytic cell,
w@?ﬁ%ﬁ‘?‘g%gﬁg a) . introducing a first DNA conpriRG;TigP24ap3/013414
ttB tP,_attl tl derivati .
o et 5 ARt b o poduion o
linesGRAEId Sdell FoPthe FidnBfachiring of Aid despbd pblyPepiRRUSNCE Or a
derivative io0 thereof, and at | east one gene of
interest into a cell, c) contacting said cell with a

A B YT B RO B s st o
genel dfniBrbaest RhEGHiAS @né BE morﬂ@&i@éd‘péﬁﬁep‘iﬁﬁ@:?r%sks‘:) in a e%karoytic cell,

integrated into the first DNA; " and e) cultivating sai
ComEINg under conditions, wherein the gene(s) of interest

i ' o X ed. Preferred is th net hod, .
D\ ioReucfy Airst PR BUERRT ol R B b 4BR SRS or o dervative
sefaentiton cell; derivative thereof said second sequence
canprises an attB, attL qr attR sequence or a
b)  ddPIoAGIRg2 seavaf EBYA comprpiag ap wiB; akR, aifl o &R ppaence or a derivative
S i . or a derivative
¢ RAHEBE Sgd AlRE SRS cBN A PE RS (2 “an act P,
c) atcbhtaotingsaiRcsk guithradeceriophaletiivvélla iRedrherianf , or
V\,heafgi n. if saidfi rst_vDNA sequence conprises an aulL .
d) s @gtiorrnedhe seqenessnerific resramlupptianhyia Sactemerhage duehdadntegrase Int,
c Li L . a
A T i S L G T SR
e) seylivnatiog conprael esnden @ntlifonsqudienin ahe agetie(s) valt intarest is/are being
t her eof dsai d second sequence conprises an attB, attP
o *Bi¥®“%equence or a derivative thereof. 25 In a nore
preferred enbodi nent of that nethod, the first DNA has
been integrated into the genone, an
Prefeged iif that method, nvtereio nbsaddirsrDNA sghemeadomgirseean aB sequence or a

P e e - ——

thered b WHe@ROifls MU FirSaDN AGRhhencd CorhPEsR BRI selyIMRRIIrAYerivative thereof
., also relates to a nmethod of expressing at least one or
said speand sgavRIse SPMPRSeSaagYP, il ar nyBiseqedrice onh deviativedheteof, or wherein
IE el _ _ .S Iy ttB. attP. attL or.auR .
if s 3t ERIA SBAQRICE SRR, Bh il Siioened op maBiriiife demaf seid second
seque&duTBpides 2RIk B) 08P of @l scQINBE 0 h QeridativiethérRef) O Mhefein if said first
DNA conprising an attB, attP, attL or attR sequence or
DNA 5equeniceacomarissetb ofR Seavgnes or emdieripativegthesedt said second sequence

comi S, P B f APMANEUEEE i o1

bact eri ophage | anbda integrase Int; c) performng the

sequence-specj fic reconbinati on by a bacteri ophage .
T & R b GPHOMmER] of yghanathott the st DIVA DIRA Heet integrated into the

genontd) LR UG- IR htdodoldeSdr %so’mal element of a host cell, preferably at sites

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

The present invention also relates to a method of expressing at least one or more genes of interest
in a host cell, wherein said host cell comprises one atB, attP, attL or atfR sequence or a
derivative thereof integrated into the genome of said host cell, comprising

a) introducing a DNA comprising an a#/B, attP, attL or atfR sequence or a derivative thereof,

and at least one gene of interest into said cell,
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d) cultivating said cell under conditions, wherein the
wé&5 ;03 interest is/are being expressed s The

rre{iﬁo stQy be carried out not only with an at tpﬁT/Fé’tz?qsml“l“

attL or attR sequence or a derivative thereof being

b) CoReeiieatatical ivish abh@sltwpimgé: laydnlongefrpsgBet i

of said t als natural |y
) pERAIRE e Sedioniiitenrocosiontes By '3 hevtgantias leera integrase In,
wihbeintHeteSddEDRASE iritb@dtel fnto M ﬁ)r%( ﬁﬁ@x45
(5 - GAAATTCTTTTTGATACTAACTTGIGT SEQ I D NO 17) or

d) C'alﬁyaféﬁa@#d ) m@@bmdﬁmnsmhmwbmgeze(amt‘@nexasu isAnge being expressed.

sequence-speci fic reconbi nati on nedi ated by an Int or

any functional nutant thereof. Those nethods are
The meéthbe nragthe cafriddedul n6orly SRUIWIEB, SPChL @r atiR sequence of.a derivative

fggg:nbl nation is performed by Int or by Int an
theregf heing mtegratpd inteyp hgﬁd:ell}gpnorge bpgenatic eagihesiig ofishid ¢4, but also with

turdl haod wherein
natur gl Bt SeChnbRaich Sents ofihy S pEFo FifbdhBygisite described in
WO Gigthisda’ MAAWTGTWMTMGTMCW@TGTKB’ BEDIB N(Iﬂl'? or any other
thls{context ?l of a nodified Int together with X
1eco {90 SemEence, wieh allgvshieAuence-saecaic n@combmqﬁ@npme@ew by an Int or
anyﬁ\ﬂmgﬂgllrgﬂamltﬁgmofr nt-h or Int-h/218, XIS, and/or HF may
be added to the cell in purified formor being
co-expressed by said host cell, wherein the sequence-

i f.ic reconbi n ion is, being perfornmed. 20 A
Thosg IEF&C"HS? a’@rPdsJ%FﬁQn‘f’ SFm i spgueRCCrrRRtifie Aerpriinatinasis performed by Int

orb mlaaaeedswaat ed
g pept i de( §) | gr uct V\,Inalrg %Jt grjgseaﬁlgo%_l urthttarr{)refened is the

methcgie‘ﬁé?rglp the Sf:mleemeqtecé'mi‘ebmnhgammquaﬂ‘ednem by aanddlﬁes fint, preferably
IO o O
within 8@ 1483nid® oBahdl pFH’sé}ﬁliﬁ{’érﬁﬁnCﬁitl ﬁnahr &r Bl Mated and/or IHF may be

referentlall In serumfree nediumand 1n duspénsi

: addedda thepel | ed S OF betsg whicspressed biyesant hist ecll owhd:rhm the sequence-

he desi red gene(s) and isolating the
specﬂ%’ﬁr@{:&ﬁﬁmg{f ] nt ert‘%pg

otelrn o 'the cells and/or the cell

cul ture supernat ant. Preferably the protein of

interest is recovered fromthe culture nediumas a
A furhsr cgrbadimentypepha deoveomentionsdnmisthods nelatesy by edrrfeﬂ@m wherein the

polypib@iﬁfe%sf/ﬁh{dukﬁ%a&ﬁﬁh &sf/arg)éR% ed%%?}wl t}ﬂ\%,tggrfex% 03 1{53&%%%3 cﬁ %emg expressed in

necessar

said hosttc&iiemt/aré risotutedl Heyin tl&ccﬁmldﬁﬁé cBll RhRhRSsupB@atant i lsecreted into the

roteins and contam nants in a way that subst antial | y
C‘m““ﬁ Bse¥Bhous preparations of the protein of interest are
obtained. As a first step-often cells and/or
particul ate cell debris are renoved fromthe culture
Said prediicionocellsyaataultivhingl ppfaenedllyofn seugl-f8é héBimaki®in suspension
urified fro ICﬁont am nant sol ubl e proteins,

CuiturepBP§ efRNGHRBsahich e \fpy orable) o s £xpreFsippfoReodesired gene(s) and

jlsolatlﬁg‘fﬂeeﬂr&eﬂ?bfjﬁnergﬁrﬁ'cﬁff Wétﬁls AWkt Eélf)&ﬂ{q gg n@;‘Pmat:smt Preferably the

I'mmunoaffinity or Ion-exchange co upms
protein of interest is recovered from the culture medium as a secreted polypeptide, or it can be

recovered from host cell lysates if 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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F urtheéwa %5‘?‘?

preci pitation, reverse phase HPLC, Sephadex
WO YR BaSar aphy on silica or on a cation exchan
resin such as DEAF. In general, methods teachl‘rg'J%Tf’émO‘m13‘114
skilled persion howto purify a heterologous protein
nucles peids Jeviesynpio Sy frstibsatiomren iwehinokfioity or fort-Bechange columns, ethanol

e 5B, SO SRS T o exchans

resinBUCKWODE AR Gin gHiRRES me@dds teabithe BrRARA 3L ioRARRE g
(1988) Protei ﬁ Purificat |Soer$1 Spri nger%Ve}I ag. ﬁ:plﬁxfyaheterolo ous

proteyh gxpiesied, by hpd edllsy emameullohmmm ol avf Sesipmestbodsgamt for example

descﬁl%@?fw dldr 19%8%}?{1 Qb?)t ?ro% ega IYW@P%I %eﬁrﬁgg@zﬁgpgaach Pickwood and

Hamem Ie;is),em]l teesk angd Sbb]ﬁdsebi UM Phsteinaatifie@idrS SPFngél 'OQFJag Therefore,
h %‘H’ culturelf secreted into the culture nedi um
the a3qremgRionsd wethed of prpresaingi zﬁvlemtuqm gmy cﬁsnmst omme?de added by an

sdiloRaPbRUERN] SRSl oo BRI AIPFR kbR BB Hhostccts o

from célirbulete i Bscerckealriytat the celehe snedditsh  as yeast., plant,
i nsect or mammalian cells. For exanple, the cells may
be oocytes, enbryonic stemcells, henatopoietic stem
The H6thb& 7" j | hog. |
e gro(r?. etlé@?is/es%gfigi&ﬁl ?Lhﬁxfaz b%&%é;%‘tﬁﬁgd grg 11 Seukégnﬁ‘é 20ffs.| Gells and cell
lines waprgipreseniceg | in al‘vhlle:ubmfandnmdudesbta afmﬁdmﬁhlmetb%uﬁmtyhﬁc cells, such
Ilancell i s a_human, siman, erlne r at
s veflLRRL

i, np]sgﬁts?replarxmian LY )gaﬁ@éebt flg ngé)élhe oocytes, embryonic
stem CEIRS ﬁéﬁnﬁﬁbpﬁﬁhk Sltén'i‘ %@ll@&r gﬂf%&)a‘:@ﬂ differe &ﬁﬁte& Rens. A meth?d is preferred

pr OdUCtI on of bi Op ar nac |'s are uman, m ce
wheragip the eukanyotio el tis ce manhiaiie calbr Elops pf@‘dﬁrrelﬂ 1ibemethod wherein the

5B 21 g5 S A Ko e e o i el
Prefeirb®ca Dligkerdr vabdt e8¢’ %Pﬂfé%r@éuc@xfon%@léﬁgq Drg'glé%g‘utcfc%'zdanrj[I}uman, mice, rat,

lines. Particularly preferred are

- monkeyi@rkiodantoceBHiKRS, Manel peafenredrarechdpistéradet 16,0p SRAYNFBIHENY, BHK TK,

KX cells. _Furthernore, nurine nyelonma cells,

CHO,, Kby %lampzwq-au&xorm,heand CHO-DG44 cells or the

oSS LIS 60 20 0. P Sl o, o

DUKXDSHCpKelf eud mm;yme.md bevien gnexet prefeneh eTHOIDGRE @fld @AD-DUKX cells.
| et erB% cuI tivated under serumfree conditions,

épy oy celyipseiarabbriNgP and S%O@ﬁll%ﬁlythe derivatives/progenies

rciall
o e3P AR 228 KBRS, g e G131 L o

Germany), RPM-1640 (Signma), Dul becco s Modi fi ed
Essenti a

Host C%gg %%@PKN’E%%%@C%% bg@g\%@h%@, qd,agt@ ,mdme@ly cultivated under
|

8 R TR 30 L 08 0 e o i

orlgm( ngmgrcmélmohv;arldﬂel media esicEHO Neal 1Pt $5ipimg, Reicenhofen, Germany),

RS B S AR e OHOE, e, Ml

Essentid] Méumq ; fagg@)eﬁc&\fe %MUdﬁ‘ﬁEd% b&%’&%@& fﬁvﬁﬁM Sigma), CD-

ot her owt such as i nsu trans
CHO émvewm Gerdshed, Gfa)cteﬁo SF&EMIIn(]]nwkm gm)ovuelnurf‘la‘céa)r()ﬁo Medium

I h hi I
(S:gna?a ahd pggt&% frgescﬁ%j Medhim (gggma 'are %xé:nlap g}y g;%)grggr?elatg rQutne:nt solutions.

Any of the media may be supplemented as necessary with a variety of compounds 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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WD 2004/ 048584 PCT/ EP2003/ 013414 phosphate), buffers
HEPES), nucl eosi des (such as adenosi ne
Wé%f”/‘?#rbégﬁé gl utamne, glucose or other equi ViT&RR2003/013414
enérg ¥’ sources, antibiotics, trace elenments. Any other

4

phosphate)s Hors @ggbp%ﬁﬁﬁ@)mwlm%@s Heudhnad adtwdsiae, thymidine), glutamine,

L T RN T L S —

suppibhantsSrﬁajbfalsﬁeieulmlﬁzﬂae afBshirophiate cphihebi@m, thiioBdedkown to those
g plemented with a suitabl e amount of serum can al so
skillegihfg ar bt thetEesent 1 Gatianohe 96¢ R Srumelksesmedipy isteferred, but media
f [ c
suppl%r%\r’%gsv?l%agﬁfé%% %Itﬁg eofg;gfnlgﬁ c&zhfs%f bg‘&géc; fgglqhe ?\hl iVation of host cells.
For tlzggrotvth sndldderdlma)ftgjaﬁetmallylmﬂtﬂliﬁﬁﬁtalllmexpr@ﬁng 8delectable gene a suitable
1 r ot ei nslfdg‘Fg? @tl des" " proteins/pol ypeptides of
Seleciion ag@Lis: hEeich ’él‘r?tm?ﬁ“\“@re for to exanple, but
not limted to insulin, insulin-like growth factor,
hGH, tPA, cytokines, such as interleukines (IL), e.g.
“Desirgd protmns/gplypbpti}ies’r br & rdtd:ingpolbapepﬁidet bof Tntedekt’8of fhk-iflyention are for
cvambl, 3t bbbl b e o s, s
mterl&ﬂdiﬂ@s (ML;N.g. qmegrqmz ILFzN 1Ak TLI3IRLG, NECF qgssﬁﬂcé 9f.-10, IL-11, IL-12,
(T such” as ha and TNF b
IL'I-?’;I'K%AJIEIr IG1SSHL- IeVIIcsr, IMlﬁsmtem II@ﬁhaIVEG:IFNNbSRa IFN gamma, IFN

- omea BE TR, hime” frBRHF ot PONE). s &L VB i o gamma

TRAIDO | GHBSR, | GRECERAM-CIF, IECYeEl 38d VEOPR %l% Mcluded is the production of
anta oni sts and/or have t t herapeutic or diagnostic use.

rythrppeichs of aay athes heimmenet growtte factary emd arpnotbanpalypeptides. that can serve as

agom&g\é?%h?aeﬁgﬂﬁl hatsi et HerB AT RibnBleicile! 3RE'Edtnad Acording to the

mvenn-blalcan afisol b@dﬂ%tag@buﬁj’/ Qe frSprobeERAf of ﬁltﬂx)dﬁ@bsuch as monoclonal,
F(ab’' and Fc' -fragments, heavy and i

-polycmﬁhrrag t’éB‘Eﬂl ?'1 a@ﬁasmgieacrrm matibodies ar afiagmengs \rhr:rpagreeg Fab, Fab’,

F(ab’ )(éa I';Br/ gﬁére \Tﬁ:{ Is ?,‘@n{segfegé/ %ﬁdv‘ff llﬁ’ﬁigl%@g&%uﬂgnﬂagg and their constant,

" variablieiet hypeﬁlv@rhﬂjlﬂmglw e welli SFi-nind) Fd-gagheats (ERlGov, S.M. et al. (1999)

antr n- bi ndi_ng_ = Fab) consist of the
An“bé/gf]?‘g% C@@'F‘%J%?ﬂ@f -LisstdAC-2hai ns which are hel d
t oget her by the adjacent constant region. These may be

fornmed by protease 25 digestion, e.g. with papain,
Fab frhgments dhvagmdand aatigambintingi e Fabbednsst of tervirable regi-ons of both chains

e ST el 6 BB T et T B
di gestioﬁicl‘:lgdﬁm'ﬁ(ﬁ% 2 frofd GAREMNiShal %ﬁmxﬁaﬂutbﬁnﬁ&eﬁﬁf ﬁ'ggrﬂé‘nts may also be

prot€ol ytic cleaving wth pepsin. Using genet

_ <pr0dweerdgmn@ennwg1 tmt hydsenktic esgipesaighbFerther gutibddy é‘ragments include F(ab*)2

or tlbod ment.s ich 30 consist only of
fragmg VRR S10 war’%ﬁigzsgrqtﬁ%m%@sewlrww hAFBSB t he
l'i ght charn (VL). These are referred to as Fv

fragnments (Fragment variable = fragnment of the
Usmg\ganem@:mg meghodsdt {simssibleto p‘mrhg;mshd:mﬂeddnnbm fragments which

consis YR P T Rl B UL e R BERCHESE (O s

referredttolis| Ve fgmebits (Bragfhéani ApRQuS fia%rdehﬂgf ﬁl@%ayi%l'e%h? Since these Fv-

regions of the heavy and of the’light chain

fragmeyiip fack plap egvadent be@dregrpf the. tyyo chfing by tee ecsteamsrcny the catstant chains, the
Fv fraﬁ{lgltrtg ?eboﬂenlgalgpserho It1 1s 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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WO 2004/ 048584 PCT/ EP2003/ 013414 acids. In this way a

wo boglogssgept i de strand is obtai ned consisting ﬁﬁﬂu

VL, linked by a peptide linker. An antibody proz bafhisana
a2 this kind is known as a single-chain-Fv (scFv).

aci Sgi{af&w 8@ HFnglerpeRiKe B8y ipobtangdscasisting fkY Hoarkdn¥in linked by a

peptnﬁé Pg?xg%etr h%r# Egﬁ%ﬁf&tﬁf &¢ gl?%ﬁﬁxh l?%g}&&oxlgygtsi)nnglegghfgﬁ Fg (V). Examples

of scF\eammody@amtsmswﬁrthls indskrtomreffoeistht pyvier bﬂa&: devgbapiaduston C, et al.
ari S multinmeric derivative. This
(1984@ ‘i"‘ﬁﬁ@ﬂdé&a‘?@% ,’1§P5a537i9eul ar, to reconbi nant

anti bodies with i nproved pharnmacokinetic and
bi odi stribution properties as well as with increased
In re@ﬁnhdaemg slediolist Wategles)hdm be¢o dﬁ@diolmdefcrmj)ﬂepmtg S@va e a multimeric
prote

scFv, ared as fusi
de“"w h b@f)g Fulns fjl @V\ﬁa’ﬁgn %HFVT‘@I EPHEFCRTY r}aﬁ{e PP@%Qdil‘Ei‘nWlth improved
pharmbRBRinBE: Wbl@&tstrﬂatﬁonb'ﬂ@pel o SO Wikh ?ES ug‘% Bhding avidity. In order

coiled coil structure (helix structures
to achigyei muliippasatigo maf ntshe sickve v e¢Fv tweree peaperedl sio fuswn protems with

in ich.,the.i teractlonb t ween ,t
ol O ol M Pt P eint e Do P ot n TeG o
coiled €oiDstrébugre ,(hElst str@éidreﬁﬁéﬂcﬁ%dle%z%)mzzﬁﬂezdﬂcﬁﬁﬁﬁé’ I’I&@ever there are also

skil | ed person neans bi val ent honodi neric scFv

strategigs iR, <o theTHeeTS Nt beinen e MRZVL ragionsi of the sFRuare used for the
NS MR

homoWirlievic-ss Bp deingdal TheBhort oPIR TNk iRRAGLES nif¥ule to 5- 10 amino
) iqagltlonally be stabilised by the incorporation of
acids dgady |9 the) foratiogeaf hopedimsretn which amduter-ghain bWL—supenmposmon

takes gfa%.%ﬁﬁocﬂ% ggﬁdxgtoirlig}i g% Eetaﬁggqugy @%@%ﬁ%ﬁ@é 'o¥ dfsulphide bridges.
ExampiemDﬁdﬂbodwmtﬁiddbllpeﬂemelfmntlﬁmaftcﬁh‘b@f&ﬂid in Perisic, O. et al. (1994)
scFv derivative. It consists of a fusion
St“‘CtBPen? é\}w’?ch contains the CH3 region of an
I rmunogl obulin, preferably 1gG nost preferably |IgQd

as the dinerisation region which is connected to the
By mmdﬁdy\thaslalled pgmon egianna bvelgnt, iadnsadifeninstB@Edprieativealt consists of a

o A B Bl o ST
preferﬁlﬁ'l?qﬁ()\jl @3NRE diR&Ssatior fegibR 'w}g’{i'p cﬁliegﬂéd 46 R Qg% %\Qfa Hinge region

fed person neans a.: trlva ent onotrineric sc

(eg. @r@rfromt Il ) (akdra LinkeAregion. dixampldQ87 niRibotipiantibody proteins from the

i GRS B S o, B0 1

lead to the formation of trinmers. 30 The skill ed
person will also be famliar wth so-called

By trighiody s skiblbed E@SWWWIM\IBVFdemmomcHnmno rscFy denveative €l§ortt AA. et al.

scFv.

Qo075 g PR AL e Dlicpin v, se s ity

withouit@tlirkeBsdq@essd IbaDtooRE Forffalibh befrifers] Pack, P. et al.
(1993) Biotechnol ogy, 11, pp. 1271; Lovejoy, B. et

al . (1993) Science,. 259, pp. 1288; Pack, P. et al.

: o .246 r.ed c
The Sl_&eﬁ%g gérsojn PJ}@ faiioBDe alngggﬁwitpﬁse%ﬁfa% Hnn{aﬂgbatgﬁ%ngﬁchehave a bi-, tri- or
tetravalénit 8treclird andedts @éﬁdecf fomegR¥FvOoThd hM@merisation is 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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26 WO 2004/ 048584 PCT/ EP2003/ 013414 desired

| des nmentioned above, preferably for a
Wﬁgﬁ&é@ﬁ&%l anti body, a derivative or fragnentPCI/EP2003/013414

thereof. In order to perform any enbodi nent of the
des;rqj} gg]epcptldwemmtmed ahove)tpreficesbly fi@sa hwnaclnanaitliRdy,5a derivative or
frag ﬁ at| on sequences. The integraseor the integrase
°“be8 {74/ or a co-factor or a co-factor gene, e.g. the
XIS factor or the XIS factor gene and/or |IHF or the
| HF gene may be present in the eukaryotic cell
In orggrrteapnyfomsf ame einhodiontnt iofighe peeséitrisvendiod, sedntegdrase has to act on the

reconf G0 ARl S G e e e S LA REMSTS or  cotucton
gene, lee CHEOK [ ab @ 08 BRURIF RictdR e Ao THE drihd B gEALRaPhe present in the
the first and second recomnbi nati on sequence.

eukarpefiq £elt alrpasty beforenintiodosing be firs readd resend m@bmbmatlon sequence. They

may a?£ (P%% IR%QP%’% G%e%g nd%f?% rib d l n fig,@ f%i)tppngjzsfﬁoﬂd recombmation sequence

or affer|the oitroductidn ef thk. ﬁl@ﬂ%ﬁ&)seﬁ:@ﬁtﬁ recbfinbingtnl 4&juendd) Purification of

es wh they are not known, cell extracts can be
recomfagate gnd hg arisy R‘égelé&ha%beq&aﬁrewrweriyn S 1t (¥eshy . Ag (1983) Methods

of En?%gg n‘gynaséq)%s Eﬁbbﬁfri{?tp pr ‘ot & né %@I & %eo r14(r? PR dn cases when

they dratnot &nowh) cdly estramlaaxd btaeush:m lof RS endyeseosaBY Parbivlly purified using
ction or is.mcroinjection or_by neans of

ns n
procedTFy Jtesioet dar £5ameL Faroish Oifrpféxr&ﬁ?m@nﬂs%fﬂt%eu@ﬁ@sEmtems can be

 introdu¥ENhIOR cxt:l‘l)r ¥ Handhlle ﬂcﬁirﬁ&'[e@s o X bt)h tmeans of injection or

sequence- speC| Y ¢ Teconbi Fon i's pre
mxcrommntlegsnr(bm mealtsh@f T &pbfectionvd ddsciibiel ineam&n;ﬁe 2i ¢f the present invention
urpose a, third DNA sequence

P IH@a i ed out. t hat
or ﬁ%‘? 1nfeggse aﬁe frrdfe & WegeTereciG eepmhinaton inprsiapdy expressed in
the cefigh lvhich fhetrgﬁctﬁﬁlqﬂé%ﬁ SBRRCES t%atgﬁl%g fagtzlEquﬂNASsequence comprising

carried out e.g. WI at t Uat or gene
an intggrase génebintsainged dutp thmypelbse If mf:rseqimned spemﬁc trévontdhdtion is carried

out o S B, R i LG L S S s e

in addifién.eMioat P%fbﬁecﬂqg(h”ﬁeﬁfodt Qﬁer%fﬂ 'theofhlﬁnand/or fourth DNA sequence is
artificial-/mnichronosone via honol ogous

integrated ol (1he | evkapfoticagems of Fthet kell @ eherprtidatidlgmanichromosome via

he t.hinrnd .and/or .fourth equenc .
omolFEMPCL AR th bi By Suf ARbECPreailf AgnhAod SRR Bhe third andror
fourth ADMAO Bedue RO EainpriSesPcpaki R Liudiss tRLRMARE a%ﬁﬁal and/or temporal

and/or XIS factor gene. 25 In'this case a spati al
expresgion ot dbg tegrss gsne Aad/or KES fastor geemnbi nase, the XIS

factor, and/or the IHF factor, respectively, is

expressed only in a particular cell type by use of

In thisomkt atsppital Sppistio mdano Mt ASIndRetosMRs¥ 2@ XI%factor, and/or the IHF
reconbj nati.on only in these cells, e.g. in liver
faCtor:c@PP%C*WEHYdﬁ%;?xermﬁ‘s‘l onlyeinye pedioular grellcbipesbyofuse hé cell type specific

promo dmlﬁ& cﬁﬁﬁ&gg‘thé PechR®id-594! ?ie?l &nthgee ((égll%r gé IG% rlﬁ/ %L?Skldney cells,

ac tor/ expressi on a npor n

nerve aethi eveellbyf theairamohe BySEM! OF Shed Bdgithtiont ofv@ef mta@r@ems factor/THF
i.n atpartl ?ul ar devel opnental stage or at a particular
EXPTesHEN 3 Lot FEPTeRSIgN, Hé@dl}?et achieyath by meansof praneigFebeing active from or

in a ptaﬁfsﬂ@ira'{iev% éloﬁaéga%r tﬁ? aa‘fsQ#tﬁMﬁP p%Yntugﬁ t¥le in an adult organism.

i nduci bl e pronotors,
Furthermore, the temporal expression may be achieved by use of inducible promotors, e.g. by
interferon or tetracycline depended promotors; see review of Miiller, U. (1999) Mech.

Develop.,82, pp. 3.
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interferon or tetracycline depended pronotors; see

woSNh Mul l er, U (1999) Mech. Devel op., 82 3.
27 v@‘wﬁ%&/ 048584 PCT/ EP2003/ 013414 The i nt egr"&é‘gER}Q%’émm
in the nethod of the present invention may be both the

wi I d-type and the nodified (nmutated) integrase of the
The baiegrass optiaigethkanttiod oAshd Prsott lifvdnlipe dit ROb&GEthk Swild-type and the
dﬁtflﬂ at?' (é to erfoth the reconbi nati on reaction at a ]
mo 'E‘é%(f%‘f ) BHiesrathi @inthg hasterigphage lamhde| 4s tharwildttyps integrase is only
able s Bé@shPhet o2 diiod; | A 0 8f it
B BBt BTy LIRS R 00 el i
prefersslto) wset h enaulifidtouhtagiaseha the essindd bNitenireen: idvdntiBRYIf the wild-type
inte beS needed .i 3 additiqon to achieve a stinulation of the .
FEOMORAN HE Mg 8h therpessRs dnysnign; Hike gnays be ingeded 1n addition to
achiéRd irRdatSdCr thd fdcombRatioh Eéa SGQa%eriﬁﬁt{ fnY%gys{e it D®dified such that
ut | or ot her S

__reconbination reaction wtho
said frdegrasesmayichriasut the ScamblinétiGn rdeotiorewathpitdHFar other host factors such as

Ination reaction between attl and ati R sequences

X1s B IS PG el At Bb RSP RD Poitesh eibBPALE sequences may be
prefaathdd thiyenmotified TaSWithAG tRE adBB6h HES HbdtFatorl (s fhsGitgYe: i

253 and 2D). The generation of nodifi e% %oﬂsypepst ngsl and Figure 2C
and screening for the desired activity is state of the

art and may be perforned easily; Erlich, H (1989)

PCR T_echno! ogy. Stockton Press. For exanple, 1s a
The ganetation dehstli BENPERFAE @8 HGediMy for MRIALERE activity is state of the art

integrase is intended to include any nucl eic aci dl

and raay,hie perdonmes cagily;| Erljeh, (. o(1889) BeR Teabnalegn Steokéen Prese For example,
' ' ' it r.upon. introducti of .

e SEUSRACe SN s Ml R0 REE Yo Bty e i

sequenet | that PhE o diahiceiled Nindtrattated 1RbEA iBREAGE NGther in vitro or upon

. (ﬁf??iuenge can be natur aI,I‘y occurring (by spontaneous .

IOgHEHOR o ﬁ’)s‘e groodingcrsanenss Antoybasiesiarmsculsaryatie apliss Theamodified integrase
UArd : ; e i d ents, functional .

procifr ks, SRR 80, AR RTINS, RGP rusion) o

recomlipanilyt emgihtered> ontants agd omrimth,dtrinyaeedpvatiohs %n@slirlam, functional
nmeani ng t he

co B A SR 5 SR S SR LS e

ons, SRS Sl RGNS, 0 L 1, IROBRLESogFT e i cncoda

polypgptideciagnain@inednBeeonphindseracaditais memstingl)Whenieé modified recombinase
: effoed at |.eas 100%,0f the activity of the

has ooy OB erRleal? Al leaP 0 Ponmate pelied & 1t OPdnanediaefimed t least
100%26581 Mtivity 27 B Qﬁld—ﬁ)g i-iét%%fagé 2 HebaSired G5 S AUMAGEAIGh assay with

as described in resu the present ‘i nvention
substigle yagtorEradprmesianf vepor9as d&erbed iDersulisrs. Aot the mesdht invention or in

ExampRISHEHO WIAG I e 280 ot Hgmetig, SibobiRiigds don b made in an
integrpsecdreitueRi e Rilad Aad cbtiing sbilce Bﬁ@gmt}ei&%aﬁm Mained with like

aci d suybstitutions that provide functi
Propegigsi Gu1e acidsubgitudensgbatypopide dusctionglly squivdlenthimtegrase polypeptides

: | Gal: am na. aci Kyt e, t.oal. .

ey s RSt B R BTI, USE oS i .. 105

can bdyreperetl ynpddfbrinidesifRpebificnifEHISH B3 ipdlyMerRR! B! ASCtion mediated
chain reacti on nmedi ated mnutagenesis on’its underlying

mutagipesieiop Heiwmdedyjne musleis rcidhgeqieasenin they presemninvention mutants or

modiflBdiAfePas are preforred, which show in comparison to a wild-type protein improved
recombinase activity/recombination efficiency or an recombination activity independent of one

or more host factors. “Wild-type protein” means a complete, non truncated, non modified,
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nodi fied integrases are preferred, which show in
' sgn to a Wil d-type protein inproved .
“@giégﬂgsnase activity/reconbination efficiency M/ 7003/013414
reconbi nation activity mdependent of one or nore

natufedyt of@ating sgent Wof dht y pecodind 6 \%ﬁﬂeﬂs TeveC GAP | BktBats preferred are
non tru ted, non npdified, 2004/ 048584
bactesiephEsy T aEASCS kP R s S Fir brdi$e Moflen aieal. (1980) Cell, 20,
c 0 J Ty | Nty ot e
o 6 NOLIPDRILI 901110010 200 555 s i
remdan dndtead-df/ aZQISEaIIMd taelduetat ﬁbsm()ﬂ.QSQ)m Gﬁhbarlszﬁ to vdRl-type Int. Int-h/218
. af‘g’g" %? (’31 (? (1999) .J. Mol . .Biol.
incluga fither Bsine o3t umed ohe sludmyierinidte A gption £ Hoinshyas sencrated

by PER &uﬂi%ﬁ&fﬁa&ﬁhé eai g yenats @%Jtérﬁ? n%aé/df cakdl urftﬁg%éosfr?ﬁnanon between

to Wil d-type Int. n-h/21 S 1nc
attB/]a;lE‘L a6l oy d(ﬁb/artthred&UcftRaargj ail alﬂmar@osnbheohmlﬂnatmns e.g. aftP/attR,

attL/ﬁﬁ pk?ﬁzﬁ%é gﬁ Zzttﬂéq\g?% oﬁ,glg' erﬂ?ésg;hvgég?rg%yg%p eggscosifactors HF, XIS,
and/drea8 Rl A8AtRE sBRSVSIBRe iPEt BIALL &ka?a'%&t?/cém Rnd ¥ LM%t §. E with purified
or attRJaftR and al |l other possi bl & conbi nat i ons,

substgatesithe rraction el it rpravemeat oftheosfficiendy af ﬂB mpominmanon may be

[ S thout the tors
achleq's /\%1?{ fatc%? g 2 }% {lg ﬁ&tg%t n[(t)ﬁnéﬁ]% 15ppre e&eld %Fﬁmse this mutant
catalﬂekthé y&bil’lblrﬁ‘lﬁbﬂl feacBOWIwith iNérkised effidencyl th purified to
substrates in a reaction tube. An inprovenent of the

efficiency of the reconbl nati on may be ach| eved W th
If th Ut an | nt - h/
f ﬁ%?g{a?@%?feg%s?g%geexc 1on the tus¢s SN {nﬁlgon sequences are identical,

e.g. crtﬂ?iBnﬁuen&tulmig feﬁﬁﬁxbixﬁﬁoﬁﬂsb@udrﬁﬁi efgethe abddrehiamidn will be identical to
e fir reaction |l eads to an exci sion and the used

thoset%thfee%‘ ﬁfﬁt‘h&tg é"ﬁfes@tﬂj@% a8qupnees. dehewewr, thejtyo pagner sequences are
R/ P, £

R F oIS Mg S SR B kb Bpaion smuences
whick gbaiprise ene Gingtiotwd helft finem adrieRegeerice (e gs ar/Pf athw@a/EzElf from the other
L A T pSggarz;dz&mﬁmce &S or 3 form
the oV FMHBRb] -

c oYRBTRLBRbY At ggguggﬁg&ksld@é&hn %ggﬂogaﬁg%g% W@nﬁ%ﬁm half-site. If
the rcspectmeheverlapategﬁ)l ofAthieumsstli meanbivalibn rsequemben & t@n’uca} the excision

i.ned.as the seoiuence ei ther 5'

reacnf’%r%a)éé)et ﬁsrf%'Véerdl Xpth G FEFRRIREFN SPUERCS §°°°r8mg to the invention.
Addlt@(ﬁﬁﬂydﬂfee&:erllaﬁ‘ r@%l&li‘ déﬁ%ﬁate?%@oﬁé{tﬁtx&f oPtl{e“fétcbI?Bﬁ'{gnon sequences to

hal f-site. e respective overlap region o
each giey alfse,ctmbnmtedm dwqu éfzesattéon thepthecsrformed avith wilbtype Int with

low egtgca}%ﬁec Ip guet d[d{xm fan %b—iﬁlﬁ {h%ca%g%icgﬂghﬁﬁ tpe presence of arm

bindifd Qﬁté{.\f)eiﬂ a’iﬂlt[cﬁigioQﬂe @68 ﬂlﬂairfgssxiehﬁm%lht%@aﬁ& 'ngﬁea‘éés tHeCefficiency. The
recombi nation sequences to each other also, i.

reactipp aytheesformpd withoutpy cofstaribyre meagifiod Ifer f or msd with
wilt-type hit with 25 [ ow efficiency only, however,
the addition of IHF or in the absence of IHF the

Furth@hesens enetlodads (Prefetredivigréint £ fisihet DRAN st @niptRing a Xis factor
caore binding site stinulates and increases the

gene @f’flﬁf%‘i“@ﬁé gﬂto thecells lost pigfaresgd ise methpd whétﬁlmer@aheraﬁNA sequence
fortch POREIRs e eBRY DAV tod e BB ool yPorat expression

of theXis ficdat gene. 30 gene i s |ntroduced into the cells. Mst
preferred is a nmethod wherein the further DNA sequence

For example, after successful integrative intramolecular recombination (inversion) by means of
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further conprises a regulatory DNA sequence giving

wy 6‘@5& spatial and/or tenporal expression of the
AcTor gene. For exanple, after successfuIPC7'-"1:"‘1’3003"013414

i nt egrat ive intranol ecul ar reconbi nati on (inversion)
Int lengingetentheoictivagoniDag0exicd 858 derROT £PANRAI0 LU kepd Bdid gene may be

e .activati.on/ nactlvat on of a ne in
inacth AR Ahiveledp F It eiRiob B 40P bE mepeof Miminchices spatial and/or
tempagil eMRESSorRE RIS il theQidita®loubly Wp &Qﬁbﬂlop})ﬁt means of
the induced spatial and/or tenpora expression of XIS
with the sinultaneously expression of Int. s
E e r e ventjion rel.ates to . the use of any
Purteh et Sl Pend e ARG st RE BhE FechRatiiption it or the derivative

thereef, ge. g tt@ tﬂ‘nb&ddi%tl\l@tdf\k@tPoﬁs ghdcHic@ASInSPEO 1D @¢pi 1§EQsécﬂence specific
a_sequence specific reconbination of

fecoﬂélwa%ﬁwf INéein) aykanygiic sellsad o erlaryasic cetayayde mmem a cell aggregate

of an| BRI oo oAl oy e LRl o s Filbr s 2MGpig orsaniom may

be useal Gartiresding yvithosthersedadionhs haweg intheid dells elffegrase or the Xis factor so
g intheir cells the integrase or the

0% gp ni sms havin
that Tgs 25T BYNSHtEd prherein e sepvenge spepific gf@n@bmaadn is performed in cells
£ e tion s
0 salg‘eﬂ)?f ?dgxgghﬁ]&éﬂfﬁﬁ@&tgﬁ%&ags%}#?sprI 5 aq_Hﬁggra:iehogan integrase gene
and a Kisehtioornr reeXKid fxtal gone tand tahelHIS &car dtnan THE §id6€gdk in a sequence -
rase gene —and a X s factor or a Xis factor

Spem@cerfgcoéﬂ naon p - pUIETIQNicy cells, F‘P@W@fe@rthﬁeﬁ@s‘mﬁ mvention relates to
euka SéIFSGandS ReE 1freS ih QAP AL cc)i'ncg]f ﬁ}%i@'@&% i Svehifibh Swas performed,

urthernore, the present inven
whereay kaid golis or @ linesangolgeinkd hﬁmrﬁonnmlgl thémetie droftiostesdnt invention.
the present invention was perforned, is wherein said
cells or cell lines are obtained after performng the

The predéttedoOfhet El%sél{teﬁﬁgﬁtldnnmroy L?fmlmgss PSRG Wi &L ifcatd¥ conventional

pr esent invention wl ess ot herw se
technigren @%qeéldalol@am,vmntqcohabmlcmc el qﬂmse afnnombloglyiant degylike which are in

o PRESHE AL, Hhese FRbhigheh S S hBoRAS! S Shter g sec e

Sambto@khétl ﬂueM@lE@Jlﬁﬂﬂdlb’mﬁ%S@x P2B&kaloRy tlﬁﬁn@a‘}” pengg Cold Spring Harbor
literature. See e nbr ook ‘et al Mol ecll

LaborgopnByeps, E@ﬁb@?@%&ﬁiﬂ%ﬂﬁﬁ" (288%x). Ausgbéid eSpt.i @rrent Protocols in

Mole%‘%% Iogkg u%rd%fteg %o&oaeﬂitssf%g Pg@(lgclfac:ilpqupiof\logy, IRL Press (1991);

Goedddb| egicuGane Bmiregyor( 1R8Bfinol o ah dmid> ¥ g@ga) Bothwell et al. eds.,
ssentl al, Mol ecular Biology, IRL Press (1

Methags dprefondeg anmlmqoeégeka@yptme@wm ngxlettAﬁaﬂemeO) Wu et 2l., eds.,

e, ORI Sl 805 ol Y e o

Expremmi Stcﬁdkiﬁcﬁﬂ?tesz@QO)ﬁMcPhﬁd@n et 45 PRFCONPrARAt Broach, IRL Press at
Academ ¢ Press (1989) Kriegler, Gene

Oxfor é‘h‘éf’ff%w sas (1894 ):daait b, Olgwr&egﬁdﬁﬁgbesm@%&), Miller & Calos eds.,
Gene 'M%BEEF %E‘t %{?{%%Fﬁf} r&gsﬁé ﬁ@%gg%m PR, oﬁ/fagﬁm!zﬂ‘n (Eel?%?otechnology

(1991)OPlozyanhetI gt edig ﬁymﬁdl&IBC(lR&%4Hmﬂhﬁlh|I&éssg(1@9®p$ré§&ﬁey et al., eds.,
Cultur L‘#e Tr agij % tﬁai/ for Mammalian Cells e%11987
B0 A G i Rahisedi P55 Shideimesh 68y CalhGoayth and Apoptosis, A

Practldap IAppESheR! II@L Pre§9%- OxfOM m:we% g] dPr%gsgq@%?r Mr 4 o? et al., eds., Flow

Press (1990); Freshney et

Cytompjry and S@Bing Wﬂbﬁ-ﬁldﬁ (19909 sCrtef ProtoShls dz Cysdnmetrye dohn Wiley & Sons,

ont osi
Inc. (uggated)%%h &aﬁ usf*?, 8enetlcsEng1neenng of Animals Cells, in: Biotechnology Vol.
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Practical Approach, IRL Press at Oxford University
- Presss {1995) Mel aned et al., eds., Flow Cytonetry
OHFEEFHM ng, W ey-Li ss (1990); Current Prot oBSI&PRHY3/013414

2, t | . t L Wt .
P e Vi, 7Pl G B 208 s et R ol (At Press,
Inc.),BindtHartovo koay c¥o) AntitR@ies0A0Mbt A¢BAG4nual (1987).

PCT/ EP2003/ 013414 2, Piihler ed., VCH Wi nheim

663-744; the series Methods of EnzynDI ogy (Academ c
All plb1@ssi i

pibIRSSons %ugkp ﬁr&gpﬂhéﬂﬁ%hfiﬂeiﬁ?ﬁém S Sp ?c(l)fr‘]\g“ftngﬁgﬁj ﬁu?ncat“ve of the level
of Skébpf iose isbilsdnienbe aned which ﬁus mmaatm]ﬁ |pestammnAHr1mbhcanons and patent
I cat |II of those, skilled

applicaﬁlopﬁ é:ltlg‘# ?le{ebn g&q%@ﬁe prgorE’)H Bie B@F‘?ea}lh eir gntirety in order to more
fully F@iébérilfeatﬂeoﬁﬁtea@fdthﬁaérﬁ% wlﬁ@ﬂlthﬁaﬁl'v&ﬂﬁ)nck&?ﬂn@ef‘ﬁé thvdhfion generally

hereby incorporated by reference in thelr entirety in
descriied exoove wid jbe marg |r¢ad11uemdpnst;®dtb}ere§¢ramo@ tofthe fidlcawing emamples, which

n pertai i nyenti.on gener al
are hBbY Tl O er B BEPO! dHpudifion S FkpE oS Soes B the present
mvenneﬁeﬁ&Bﬁh&ldt@ﬂtéht&dft@ﬂlhﬂﬂ\ﬁhegn@ﬁﬁﬁﬂh&&i which are hereby
i ncluded nerely for the purpose of |IIustrat|on of

certain enbodi nents of the present to invention and
Exam@ie not intended to [imt the invention in any way.
anpl es Methods 1. Production of expression and
Methsdihstrate vectors 1s The construction of nock and Int
expressjon vectors pCW, pCWSSInt, pCWSSInt-h, and
1. Pr %?Kﬂxi@félpgaﬁ \?\ébsérég?n"e&é%’%rl bed; Lorbach, E. et
0, v/
e hetrdARAOY docklihy 1 Blore R0 el SO, dltvssyg, pOMVSSIaeh
and pSAROSEmt-h/ELd dtveabesny desoribed; UbaBact) E.nétr amgieomy| aMol. Biol, 296,

onbi nat i. on, ssas taining attB/attP (pXIR) or
Pp-1135, 13 EYRTAIIQR o giEny D% bedirn C epasAlay s PEoBIeT y at | ves
of pCEMr)4zZ (Pronmega). pXIR was constructed by

inserting attB as doubl e-stranded oligonucl eotide into _
Subst@tev¢EorsRIsed imhaﬁentolqoﬁ’ﬁt(mombﬁdtmnmmx ebniteanm g attB/attP (pAIR) or

B R S P i B AGaes .
constﬂibt%d 1ﬂ§e@tﬁ§£§ @tfthﬁéJamﬂ:)lQ-)éQéﬁcféd' Gﬁécﬁﬂcl’éﬁﬁde 9fiC C?JI%ORI-cleaved

usi ng pCWSSI nt as tenplate and cloned into
pPGKmsm Tias wcf@rseawd@nvasfemﬁps’%&smm mgwpiamm@hmt*kegmrwas replaced

oy o b el PO SR D B on v

gener&6d th3i PCRYudAg ANV SSEH RSt fefpldt® Rt Nc1b & il tAé YK;)W(:QBI cleaved,
del etes a translational st op signal, was generated by

atiB-cagteipe pP OlRegieeigr. This G:}M\éa(t&t—m@e@gpressmn cassette was then cloned by

ror i FURATHAEEEAA AT S SSEBAPNIGRY, oo

p’ am?)swggE’II'?FDHdI{%bé )sl) ﬁamﬁﬁéﬂ%mqﬁﬁﬁ%@%ﬁ%@%&-@&nﬁy PCR using
primers

(attP01) 5°-GTCACTATCAGTCAAAATACAATCA-3’ (SEQ ID NO: 3).

(attP02) 5°-TGATTGTATTTIGACTGATAGTGAC-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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and (P RP-EcoRV-Not1) 5'- ATAAGAATGCGGCOCGCAGATATCAGG
GAGTGGGACAAAATTGAA-3' (SEQ ID NO 6). 31.1 WO

WORAPHEEE84 PCT/ EP2003/ 013414 pGFPat t B/ at t P REEER208013414
as tenplate (Lorbach, E. et al. (2000) , supra). The

pGFPRER/driPega® hied MEmplaaviestoadt, . Ns bl. (2000) NaihrgNthe PCR fragment
ligated to the 3'-end of a BanmHUPsul -fragnent

was clegiedawih Al aadiYoshaserligataddn dre 3o AfacBarHEPsthifiagmenepntaining

s oI ARSESSHR R oIS RIS, e

gene dlﬁﬂl t\hat pMonﬁlgﬁaIpﬁiWSﬁibmd- by PGRV\:han p@IeNSﬂGH’P g&nderivative of
Bl aced hy eGP using, Pstll Xbal ). The
PCMYSShk nitth /iRty %r%&?n%sreﬁ]aé%ﬂ/éﬁ §f#5Hh URBEIP%W‘)@)aThe GFP-

o8 080 LaeL Rt g Pt B gt ot i

the BaniF3/NdrecBavdd kr)(bﬂlrrptlbﬂﬁvﬂdp/ax@cfr@gma’ntr gl the O’i’ttrmHHth cleaved
pressi on

ol G TRL L R B! D, LSSl 00 e, e
‘was (%Eo%lbea{:%ﬁ ,ag Qf{ateﬁfjepl?yfggcatﬂs&&g BT Et@&tl:}j @'tﬁ{gug'ﬂg %GFPartL/attR

et a sup as t I"at e
(Lorbuels K levnk qzomﬂ)p stighe) 63 admdeteRhnd waa\chshed pﬁ’&%he oClaIVEeoRI-cleaved

ttRsite vvas enerated y PCR usi ng GFPattL/attR
PPG@@ﬂ«pT%? &R ﬁ%gerpﬁr%}a%gef Riek ingR@RPale iR tegmipte, and the

produblabds c1 n%%ﬁtnhﬁfﬁsﬂ’%&% for internolecul ar

reconbi nati on ‘assays which contain the CW pronoter
is in front of different attachnent sites: pCM/attPrrut
contains three G:to-C substitutions in .the

m
Substepffe keetorR dofgkalerpolectlar serompinatioy aspavs; 9%%’6@ @SHMV promoter

in frofQHNScrbhdta dRMEG B8 WENIVEHPMuEXRIARS Pl @ftbf@ substitutions in the
reconbi nati on. The substitutions are outside

P-anmpTbessi qhabgﬂsdwrg nsqzetswy ity chinirfate Affﬁ“: stext godlonts rtbaiuwdd pyevent GFP

| d
expref RO Facompatdn, The s Py s 2P oPdide o R BladiptGs in avp
and w@fbemWoﬂllibe@tHyF&s@eTQJ@/m Reidkt, rﬁr@:@%ﬂﬁﬁlﬂﬁ PERCIF%d‘Z&s lwﬂ%%jgene:rated

e

as tenpl ate. Cgroducts wer e E;Jrlfl and used

one with m|mgrefgtf’(~6ﬂ" tleWH\th andp:men@tkg atBtATC P& P-4 ripGFPatB/atiP was
used %é%er and b%&a‘%} gdlgcﬁg&c 0%{1%3 8“89‘? dp%élt%ﬁ%%g g&dplf&Rrr&nh primers

anP-P3tiquane@sXball Tas sevuing PoBuareas diatdtéd Alih-As¢l and Xbal, and cloned
) 9 - TTTGGATAAAAAACAGACTAGATAATACT GTAAAACA
into pENNEATRF AR ErEREpRdupncesfgrassembNG Clr pres (at t P- 2)

N LN R RO C N S N ST e IS

CAAGATATTATOGAMKITAAA: (BEQ IBNQ:ITD NO. 9) (attP-4)

(P T B! EAC LATAN AT GRATRARRC 3 (SEQ 1D

(attP- N@c gkls) Cﬁ@cfaélfm%?‘b@*rbTTTTAcrAgTATTATCTAGTCTG
GTCTAGAGAAATCAAATAA SEQ D 2) .
TTTTTTATCCAAAATCTAA 3, (SEQ ID NO: 9)

(attP-4) 5°CTGGACGTAGCCTTCGGGCATGGC-3, (SEQ ID NO: 10)
(attP-Pst]) 5’-GACTGCTGCAGCTCTGTTACAGGTCAC-3’, (SEQ ID NO: 11)

(attP-Xbal) 5’-GACTGTCTAGAGAAATCAAATAATGAT-3’ (SEQ ID NO: 12).

pCMVattB was generated by inserting at/B as double-stranded oligonucleotide 1nto
Pstl/Xbal-cleaved pCMVattPmut. pCMVatL was generated by PCR using pAER as template
for artL, which was introduced into Pstl/Xbal-cleaved pCMVat/Pmut.
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pCWattB was generated by inserting attB as
doubl e- stranded ol i gonucl eoti de into PstUXbal -cl eaved
¥nut . pCwattL was generated by PCR udiGIERB13414
as tenplate for attL, which was introduced into
Pst UXbal - cl eaved pCWatt Prmut. 32 WO 2004/ 048584
PCT/ EP2003/ 013414 \ectors which contain a )
Vectors s iqeniahal traRspPEPRM adtomiignah agd tans pffesif pdasgdi g front of a

r terl P e e
prom 80 OFe sl QL EHLRAGETE 890 AEVA BN YLK Bt by s
deletipattpadf of ki hygomnviai gengefiem fpTHRMp Eivateck) asthechkl and Ndel. The
usi Eg Aval and Ndel. The s vector backbone was |igated

vectorpackpona was IEiRS aBeidbe sticley prisevHE arde hjunk byislgnow polymerase. An

G BN el Bl AR EDSHE A E bty o

a newc Naal isivg 5' @fned3. NRiabllyi the thénsafptntBstopiseqhdnge wiweinserted through
.transcriptiognal n was i nserted through.
restricligh (VB AR GCH VG ORI SR [Was RRBAT HGRP iSIating the BamHLNorl

| transc%?ﬁﬁ{a?tstﬁ%—% I e@hhl A9n EEEIE%W\A%:\%% inséiRANRES ?g&d&?%ﬁ(})@ cleaved

op- at gment from was | nser
with haBaamnBGERzuhesa el SaP GFP hwah egeparxtedebyy RER. of the atfP site using

pore kb Rt B S B e st b raitd oty Moot thus
re_p1acﬁl\ésQ{tHﬁGf’ﬁ’asﬁ{i@savﬁgreV\’!ﬂJ]atg@ ORbMNOE | cbRUStraih ©RIACBAR using affinity

attB. Plasmds were isolated fromE. coli strain

chromgtograghiyd Qirgenyy Taefnuaieptide eompositicagniaplhyant Gergjiergicmatte was verified

by DN S e AR R S I R AR S s,

fl uorescence-based 373A system (Appl i ed Bi osystens).
Is 2. Cell culture, reconbination assays, and flow
2. Celbqulyne rgcomphination) assayhesnd Ry extewdrsi n Dul becco' s

Hela gg@galwegeg F@ﬂﬂlac? AR LN it F%@ %Fﬁgﬁﬁg l(lj‘ﬁ\gﬁnlg) L08Blemented with

Seérum  streéptonmycin

10% fprahtaf bdrum, biefotdyeih][0,1Gak/ns!] wad peflaifiin0ed Uil .alells were passaged

i efore transfection. 20 Typical reconbi nati on assays
twice Pelpie tnsT6HARD as fol lows. Cells were harvest ed,
washed with PBS and resuspended in RPM 1640 wi t hout
L- gl utam ne and phenol red (Life Technologies). A
total of 60 g of expression and substrate vectors at a
Typicalobeombinttion afsajls weweparfarimed asrfbllodsdéalls weredarvested, washed with

L T LI AT T —
A total\8f 60 Rf BF 8fbressidarRPRbOPItE fb@odiat Hinlo®} 8o 401:3Were then introduced

) di shes. A si ngl7e-cell suspensi on was prepared at 24, .
into aggoxigrricly 2l pr §0 agallsratt308Ys Pt OPOWE uDBac Esht pulgsr dBio-Rad). After

I | vsi s by ind iLLh . .
e GUEHHETS L I P QA% Y ey, & sineeet

susper3ion WAGHepAred ur 24, R8¢ i Dhsliftes emsfeciOED el Gt 1Mevee excluded from

anal yzed with Cell Quest TM software. The transfection
the anakysischie staiag rph iTnineipaicEeem yHn 1 dSigmalaend rels segye analyzed by

FACSUAEr (BLALH'TIBENL). PRER data were analyzed with CeliQuest™ software. The

transfection efficiencies for intermolecular recombination assays were ‘determined for each

experiment by co-transfecting 40 pg pCMV with 20 pg pEGFP-C1 (Clontech); those for

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

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

expression vectors to approximately 6 x 10° cells via electroporation as described above. After 3
| | 33
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- volumpgeelfi 21D Jak és wed

30 experinent by co-transfecting 40 g pCW with 20 g
_ (1;’) EGFP-C1 (C ontech); those for intranolecul ar
WO 20§HHFPht i on were determined with 30 pg pCMAGHEPHE3 /L3414
pEGFP- C1. Experiments involving purified | HF were

to 4 Py fuied DY delik el Gapdediéd ﬁﬁth@oﬂ,t@gf elibstridte vectors for intramolecular
expressi on vectors_to approxi mate 6 x 106 cells via

recorphiggiiane pir Withon tatel d:é’s%r%@é sabsiwée VAFPIOEY 28 asmm ratio of 1:1 for

1nten‘?191|Q: Q4 ?e%gél[bf) nalib F ?B)sgx[a 4elr§' pﬁ'éj-lréugét a@@ %)%(wrag.lre with 2 pg

rans

punﬁ‘ee rIHEh(L&gB-ICﬁ@wlfwn BJ, eNﬂHBi’OHAatFlﬁfﬁca@din wna Ipr@;etz@ésabf tht h, a variant
pg of substrate_vectors at a nolar, ratio of 1:1 fo
proteimtnérphﬁfié@ §itensPeeio AsORpinagian ofssergpageiamgda., J Biol Chem. 1984

e
Oct LRGP 21 L RAHAPOREL SO, Fo B BHHIIG P 5.0, 1 mv
EDTA) dpent ilest 6D ndutés, Brandedtipnt ofs [HF-GNEANcompleksse tval rachieved with

fi f h I
FuGePorietsnMopobamIEt! bs SBbDmsey Wei? Z0VSR) I Hedalis ot S0%. Colls

were E%éll_%éalﬂyf W ?ﬁgrﬂa\dy%g addbodIMid hisSis 'd@onb@ﬁ%ﬁ \% 1 mM

for at ast “30 m nut es. ransfecti on of 1 HF- DNA
conpl exes was achieved with FuCGene (Boehringer

crofSiAaHEH (505 LBRRE bt EMaliBRan Kty 3 PhuthSh e pemencatly in
suspeﬂglbﬁ lin @l‘i’éjéérdnﬁ[@ée ﬂl@dl‘ﬂ‘r’nSCﬁ@ §$$MIIQ§Q/1@$§&Y1€ Caﬂi@oad CA) supplemented
CHO DA4/ dhf F/ - cells (U laub, G et al”, (1983),

with IngioxantBigie apg thytaiine @m\otmgqmeﬁmdstedx CH).i aﬁe lrg:uhggdlgn ol culture flasks
at 37‘@}1‘1 asﬁl.gal%r%g gtéﬁgw%g%cﬁ}mwng&% ﬁgh}lﬁg% Igﬂe}’ slrﬁt a%p%ltrﬂ]concentratlon of 1-

- 3x10T deyEindll, Befréshiédin@asery ©Garth hadldaysh) , are incubated in

cell culture flasks at 37C in a humdified atnosphere
Stabl@ QFHn@feEh&% 5?/0(%-@@311 | G181 Ge Sc%%ﬂﬁée@tus&gc Qﬂ&ﬁ@étéﬂfdeomus reagent
1- is 3x105 cells/mL in fresh nedi umevery two
(Invntrdfﬂeee C‘d!aly‘md SEA})I Bert tramsféationi @9’ ofxpOhmtD 4grosting caluise in 0,8 mL

nypo e oG R BTt CBES AR EREE i arosepdt n o well ofa -

well &?ﬁﬁ%ﬁ%'t&hi ¥f gr@@lﬁﬁnﬁﬂbﬁﬁ% T4 0, BpBtectamine and 6 §1L Plus reagent in a
hypoxant hi ne/tgym di ne (HT)-suppl emant ed CHO S-
e

edch twm&bﬂlorban deled e thie "@Na,nf@éllefR the protocol of

the ng%hgdctu%r. ARG Blcﬁﬁ B}?Aa ho%%'spéohﬁl_%ffeﬁﬁ'asﬂhﬂgm%ﬂgd gho S-SFMII

reagen I'S use

- medidrh dnafiést IIﬁ’ﬂh@ﬁéiseadd@ébnﬁ}&lﬁ bﬁos@ﬁbﬂrﬁmf&ﬁddwmleléﬁﬁm the medium is

protocol of the manufacturer. After _.incubation fo

| replacwsu?r days afier pangirction it RER-SSTRIG neediym Fupnkéam}ﬁé Wéth HT and 400

C
oSS R 33 B DSRTUR Btrs s st 203 s v
mediure ghaged e2eyad)/ o dfdags. Rarahs DERR-basedi sbh:cﬁ])iOeszBEM transfected CHO-

' S nted w.th and 400  pg/nm A
DG4‘{re f«%%@gﬁsg?ﬂﬁﬂeﬁwd%Wﬁé*se\é@ryeemn%ﬂmmlﬂm?sls&F%ﬂ DHFR-based gene
t ek

ampliFEHERL S qg%gee@%;? @3 K800 VR A (RALINSTARRASE s ENBIeA, Germany)
as amph&mﬁmdttc@dn@gﬁht tokeanedilins CHO- S- SFM | nedi um wi t hout

hypoxant hi ne/t hym dine is used. DHFR-based gene

anplification is achieved by adding 5 - 2000 nM

met hotrexate (Sigma, Dei senhofen, Germany)

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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as anplifying selection agent to the nmedium 30 3.
s| CAM and MCP-1 ELISA sICAM titers in supernatants of
WODUN4ESSE  ansfect ed CHO DG44 cel |'s are quant i PCEEPR(P3/013414
ELISA with standard protocols (Ausubel, F.M et al.
devclc(p?e@ %fbANPﬂﬁEﬂﬁ) mEHEAGH 2REEIIRE RS désﬁnﬁ@& £ Wxahple in US patents No.

bi ol ogy. New York: Greene Publishing Associ at ed and
5,284,081 epd | H4 6,82 )e ndsyebysomg of vl iantibasiigsels 84‘11@&) conjugated antibody.

e T T I
readerTEURINE CrailddSiRaGemiamyNo. 5,284,931 and 5, 475, 091),
V\,hereby one of the antibodies is a HRPO conjugated .
MCP—@mtéIQCfﬁ%u erﬁ’%htfs'&%tﬁ:h%%ﬁ&&&@bﬁ{@@@kﬁﬁ@'elﬁsare quantified by ELISA
st andar I es are anal yzes using a Spectra Fl uor
using meL@ptBiAMman(MEEANﬁet@cmrﬁmlgeo e Benwfaciyyer spromorpl (BD Biosciences
Ph t|ter1§I NS {gg{enata ts of stable transfected CHO D4
armipgepsHeidglby by ELISA using the OptEl A human
MCP-1 set according to the manufacturer's protocol (BD
Bi osci ences Pharm ngen, Heidel berg, Germany). Exanple
Examp 1) NRifdies OF idl s indétthol RhiF RbREHAn FEEASI nali on
eactions 10 I'n our previous studies that
We shuwtednih durtprewivas ymdcbsnhatrmmaheﬁul@IalyzuielgtramMzaeulandltegrauve and

.exci siye r.econbi.nation reactio n .the abse
excisi gy eGP R SGEHYT Ho g Corise B TEBI RGP DHrath £ colf and in

huma&@éliss(z(ﬁ(l'nggf glet 4N SI%IQ-E mpr(alsi,%?aachsli’,pétaal ER00RRCRprdy. Bdwever, an
, supra wever, an 1interesting questl on
interesting mummemth respeditte Btetachons affepesoirabayA. an@‘ég meidegnammalian
l.I s, concerns

cells cpReerg S APy of PHLER I e et e trom o, £ when two

recombit@tidiS sitRCAENbRdd O dFFdraf NA hekakedOiaqrl. Wekembared therefore
DNA nol ecules in trans. We conpared therefore first

 first initrat aralmmdqwbr e @eliveecombiagiia ieg@iongconbi nat i on

reactions. |Intranol ecul ar reconbi nati on was tested
with a substrate that contains attB and attP as direct

IntranfoRRERE Sedolibiiition Wad feads G¥ithpd beRahteShapcomtgnak.B Bhd $lttP as direct
reconbi nation cassette, in turn, is.flanked by,

20
repeat@ﬂ@nl@qag;ﬁﬁrfagﬁcrg),ﬁl@nglppéopbggqxq;g’rmge&cgmbmgpo@ppssette in turn, %s flanked by

a cm?fgpo'ﬁ?dt@f‘%ha ?ﬁ%”a danchs’i‘”éF tk@e&ﬁ&%ﬁ‘&ﬁ? R“%ekeﬁ'cgtB and attP

es a eads o exclsion o
generasésgh]ﬁjrid ﬁuémsemhem‘d aidX p ask $sadn t@fexbis&nCFPtl'gaestep telignsl. Subsequent
_ servz reporter of reconbina é 5 é@
CXPIeSEOR 0 &‘% EP%‘& P& SIYES RSiTERASIET P COTP Hape °n ‘gf‘Fﬁ L "9Rg
were co-transfected with the substrate 25 vector into
HeLa cells. The expression vector backbone (nock) was
Expresssmjvaztome@atalther tunimtd, .or IMt-bi?d B ewereoto- @Mﬂfmt@inmtbsthe substrate

_vectortlﬂgelggﬁag g%txggsngg@d E%g{ }éa%ﬁg ﬁxg%%; i ot bs ntiagnatwe control.

TransfRORYFBSichéieMnde hil WBAESniRGPN bhat e@@hh]eﬁwalretm k¥ range of 95
efficiently catal yzed reconbination, |éading in sone

to 98%xfdet nenshowr. FAULS apalysFPomxprexpsiimgnts csblows thaFibgtir gautant Int
efﬁc:eBpA% 8%0%3%&@?’%3%@" 168 1ngd Th Some ue?(?)gr?mgrflts "§ %6’0”‘? RIA G?Ig—expressmo
cells (Figure 2A, bottom). The nucleotide sequence of recombination products determined
indirectly by DNA sequencing of PCR fragments, confirmed that the strand-transfer-reactions
catalyzed by mutant Int generated the expected hybrid a#f sites {(data not shown).

It is apparent that the double mutant Int-h/218 was more active than Int-h, whereas wild-ty'pe Int

was almost inactive. The fraction of GFP-expressing cells increased during 48 hrs after
35
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30 indirectly by DNA sequenci ng of PCR fragnents,
confirmed that the strand-transfer-reactions
WRAOHEEY by nutant Int generated the expect eRCHFRI003013414
att sites (data not shown). It is apparent that the
transfdeidyl endpérasined Bleady 2Stheakxid chracThy antehwmrdentbf the reactions also
whereas w |l d-type Int., was al nbst inactive.
mdw#t?SaEtar éﬁnapntwf Eeprbuetion cy@nts gysh éﬁ\é‘ag%ﬂaé r"Ylﬁﬁn Mg first 24 hrs.

/ 4
i 101 S35 MU P SO0 e st
Althotigle wel carnstanckide dfe gohgbilieatint o fiactidsel GFhdimedsas debiatesulted from

e ST S SESRRRELL S8 SYE o, it NS RSCULPL & ecrence

form%%%%h%fﬁﬁﬁmgc%arlr%rﬂyl nexpression in HelLa cells

not shown Al t hou vve cannot excl ude the
possibility that a fraction of G-P- expr essing cells

resu edfr er-.instead o nol ecyl ar
We iyt HrAHe Pt IR 5 ST e D8 Tl A gy gn separate
plasnfidd. HRbAMBERtioh UanSldEateBeYSMY pforhdtbLtdTRIRSkIbA upstream of the GFP
reconbi nation. W anal yzed internol ecular integrative

gene (ﬁgmbm,atomrﬁwepbmlmtgn"aoltegtlambcambma@nn detyereataB and atP will
scocrs G SRERIN tiet o DI PRe G b gt Hier el fEbByrate vectors

with LRPexprEREE ve@tts Yyiklabe bR Clhidh 418 CodRiianidld @ theeedirated with
attB and attP will generate G-P-expressing cells. FACS

-substratrél {rseintmmobiculss - epembipaiaen dRigyre 2fe batPubieain the majority of

recom a{tﬁ) evems mhus Hﬁ Pﬁgif h,o Hin'fhe 'H tf‘%gtzztclylgg laﬂ?r%ain%felé ib and Int-h/218

are conp Ar b Se gener
was ﬁlbhﬁhétﬁdﬁﬂiahom&mt\vﬂﬂnj/ﬁc litagerfeetadrionhati wary (dmmgl fiection of GFP-
213, bottom . Again, the majority of reconblnat|?
expresyiht Tl SihesVESWE ORI, KIS 96 4] W ooarss of 24 to 72 s,
I r ct,k Vv
0 SIS} AR AEAEH 1 R S W Bl it o e
corredpoading dmtraholetRar rexgiioassi ng cel | s. These results
denonstrate that over a time course of 24 to 72 his,
i nternol ecul ar integrative reconbination by nmutant Int :
The datne@bx %&ﬁﬁémﬁsstﬁftégy‘:hﬁgtth@? eﬁﬁﬂ’o c80{J 85RPAEi Rffa- and intermolecular
I ntranol ecul ar reaction sane experi nment al
excisivt {at’bgyatd)s rachehinatiph cpytéwam H@rmulés fevealed aam that mtermolecular
reco ntqiwgaye%}%k%rt Ihétgﬁr%slt isl %/tgx\(;%g gsdlrgﬁ%trohel? a&fr(e:go ilfldn @ﬁgure 2C and
D). THY ERGRERSUEAT exclisefO FioRfihATonD Ye ¥t bad)t hdwdver)asvagSslightly reduced
ef ficient as intranol ecul ar reconbi nati on (Figure 2C
compaied toDjntegrhéve tedogtbinntipnoRcesmbivptien heycuiitieg Leinwas again barely
detec aﬁ ctions, however, was slightly reduced conpared to
integrative reconbi nation. Reconbination by wld-type
I ntt was again barely 25 detectable. Exanple 2: DNA
armbinding sites in att are not required, but
Exampld 27Ul ﬁﬁA@%%@dlﬁéEﬂté@ﬂn kherd ﬁ‘@tLﬂa(ﬁlﬁreﬁoblflt%ﬁnﬁlm&\’rdcbﬂxbmatlon
tant Int catal yzed integrative and excisive
The resdisndsi featshow that maying dntatatalybern rracgstlvmared g1qisive recembination on

epxsow@@bﬁiﬁtrﬁgeﬁt Igﬁ'g sz}ﬁ?u %?’1 \(131?1191' 81' oggr 00{1 (d:te yc&:gs.l I C%ggast, recombination
activiléy €68 WRE-Bleahe WROVIRrEIFCIgercatbIt dBole ebkgidinde Since excisive

recombination by wild-type Int depends on the presence of protein co-factors IHF and XIS, but

~ .does not 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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reconbi nation by wild-type Int depends on the presence
protein co-factors IHF and XIS, but does

WOF%‘H(ﬁ“?S@‘negat i ve DNA supercoiling, this resuIPtCT’rEl’z{"’:’”013414
denonstrates that eukaryotic counterparts of these

- Letterg, gt app.or47) At eppacs ithgeiore, hhavenutest| Ins perrfmrt reebmbidatibs without the

at e i.somp] . substrates are.to ically
formafil 4% dib Stk REUFRPein SHEPEERS SRElL BLflin RaAsamcgsebled at aiP. This

raises ﬂ?eQ? $ti6EE S he %C%%QQ@&%&%UBQI{KEE Q@&/ i }gb%‘bmanon They were
Letters, 471, pp. 147). It appears, erefore,

preseniint atieast one p%ﬂlﬁ oermereniontss amployad v fahro ut the
formati on of defined nucl eoprotein conpl exes, such as
the intasonme assenbled at attP. This raises the

In ordddastin@bstiphiet s fquasidnORad uEQl entefmdBWIA" f@c@ﬂnaﬁiaﬂan with pairs of
sites in reconbination. They were present in at |east

substrgp aeeiors ¢ratpamgmeiB ar e/Biin ergn@tm@y@datmf(ﬁrgurfsmh The fraction of

est.ion
arp-eRpitElink R P B ol B BhRR R Vo MRt bygracs g o ot
co-trans@ition Switlo Mitaddpiddgioat veBiodd. BrhhdfedtidnVaitietities were always above 90%
combi nations (Figure 3A). The fraction of
(data egtpshoypy eé@wgsegﬂ frgmy ﬁa@xneewmsSsh%mat datsapplselpio pecombination
betweéggﬁ%lgsgﬁg glg??%n% Eﬁ:‘%ﬁt ak ré&)rnggslé?tg{]t @éemteen attB and at? (Figure 3B).
Howevkr aoslfyelnt-h 8editilized grtised ol gited mms&bmwe Heimifizant extent. The
ot shown). The results from 3 experinents show

effciep a0 (hE SF AUl OF SUTAGH RO AU ghicPaipgrd to reactions
{
betwedd cgﬂ’atﬁ\?ﬁa Floggiﬂg%'éxg lPa(%}_%l?g §E?H3 % ?ﬂsi ﬁ?&tﬁ@ed% @P_Bepressing cells
that resnltsl frzmdrepembmamﬁn attwBes ittve sl sisashdrbppddetot @ level of 4 to 5%. These
ni fican ent. The .effici enCé of this reaction

results geionsiyats, oAb s DRSHISE IToA-PareaTERdn Gnpikise Tob required for

recomlﬁlﬁ&%ﬂ By nt-1et 8/\%'? s i apig! s@xhhﬁté%rthé“i'éa%n@@ drit Sfmulatory effect is
(Fi gure” 3B) Hence, e fraction of G-P-expressing

even merq progounsad (adoul teglmf@l@ rebonidntht was beedwegntheno the residual

recom et §RshBRTED i Bl BHE rpinoni Bighly apmragy am the presence of

arm bisd@flgeiaes in att sites is not required for

reconbi nati on by Int-h!218, but significantly

stinmul ates the reaction. This stinulatory effect is
Examp(fé/ §n '% 'ir?a@igtf%g%ﬂ-@g ti€ Etgr%l;%e%l guﬂgﬁe&ed%{}‘ prx\%ﬁl

used. resi feco ion activity

Efficienbmergvaivewktdmbinhtibit gaped ydedtb vapiieayss Tht gﬂh;y‘o dﬁ@ @mEeﬂﬂl requires the
20 arm bi nding sites.

on the presence of 3: :
proteinRER ¢PH AT oAbyunfreRling (R @ik 152 AmpiTmA s W cither co-factor in
mamm%ﬁﬁpﬁ'%_ﬁcthﬁsdleh'ﬂg 1B e@h%at% &fhfeﬂ'ﬁ% %treélﬁ{}lﬁqg%ﬁﬁ’iﬁ%non activity of wild-
y W ro and

reconnbl nati on catalyze In vi
type IntnisEaugotited af piuridisd tIREF, meammblatedowitaca acuptrchilahdubstrate, is co-

introdu(sg’,g&) ?rgtgt L el%f Tﬁ;t'ﬁgépigg}%sg ft‘{g,e\?%@grq@a %ggs{tt.p?(g{essmn vectors for -

either witdeghé gat %rv‘ﬁﬁhh@[t shg hepsdiad d Fihi Qﬂbstrateg for intra- or

activity of wild- type Int is augnented if purif
intermolpfpularyeecthhigation widrannthbatedseifier woihl advishring prefied HE. Protein-DNA
b oduc To,.tes

-mlxtur%sggssrv II a5 g/ro?%-freﬁtcrogﬁéﬁwgles? &ereeQﬁPeté%SEFﬁ?e\%'&ﬁ“& Fugene (Figure

4A). ThedfractRink B€ GFF-&:Prdsvidg ckDd weke doMpabed #er 3ddifioftal W8hrs.
after el ectroporation, substrat es for intra- or

The results from three experiments show that intramolecular recombination 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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i nternol ecul ar reconbi nati on were incubated either
with or wthout purified IHF. Protein-DNA 30 m xtures
WOR0HRS8435 protei n-free control sanpl es wer e RGREP2003/013414
transfected usi ng Fugene (Figure 4A). The fractions
positiot célsinepepscds forrgartiflt] in o leRpaiNBATREN abdie N YaRtthE hBfake of IHF to
48 hrs. The results fromthree experinents show t hat
6% inj iy prapracec TheasimuWatontiffest PoHHeRROMF AT Feembinationweas also significant,
f
out 15 LA ML 95, AR 4ok Ohos o on wes s
for Wﬂﬂ)&)ﬁieOEa% Shéec BETAERRO 0B 1A U3 ¢3¢ noparSictddy Empeitdrdly, controls showed that
fJnre§ for exanple, in one experinent from about
transfeefion £ifipieneips Witeelspmof pffegter bls%eume%eﬂ%e HfrlEd entetein (aga not shown).
stimul atory effect on internol ecul ar reconbi nati on was
al so significant, but |ess pronounced (about
Examplere- fmprved ptotel8 ckpressidit ystent based enequencd-fiscific recombination of
stlnulatlon was specific for wild-type Int since the
acti vi 8P iPISh was not affected. Inportantly,
CHO-S0M4 eLids aieowselytihatfestel r\@ﬂ?faeﬁﬁéaﬁﬂ?@?'ﬁgcﬂﬁéﬁﬁﬁeﬁ%af?%ressmg the

al so not affected by the presence o protein

' ﬂuorem;int $Jmiml) ZsGiegzimfiom Zoaﬁthwméﬁilqmam&aboeatmﬁsmoqri’alo Alto, CA,

st d..on sequence-specific, reconbipatig

LB SAREIEHE Sesn sl BevrnBnIetn B b EoHRI o dRishir Pl dn addition,

either Wnt 41/R driaREAIF 2REmbina&dn Qéqiéﬁééj(rghﬁaleépﬁﬁgéﬁieﬂ Gehtiice R derivative
fluorescent protein ZsGeenl from Zoanthus sp.

thereof)lCionlased betinpnathergess fonthe flpatescent tpooteiBAand s rpimipter. The first

nce gene n

s o P AR ARE BT o s e

transcBptibh Ahitafoabb Q6o MakeR) iS ARHRINER bDahiddth iffegration into the
nodi fi ed_sequence or derivative thereof) is pl ace

genonep e B0 Had 4y &iedls sih & precopssirsiabde mndpnbmwtmwﬁ the first plasmid

DNA ere {Tﬁ)’e}% s-lélpe%tgdl fo? h)émﬁ ?%fgnqn g]i)regén@g ?f {h% tlg%h%%‘ﬁ% Within the

ere Ct 1 on
-heterogentaaludepddieoﬁ Stabreaﬁ&mfecmm@mellmhf/ﬁh fmﬂ'u@ptﬂﬁnﬁﬂpﬂﬁhl ﬂﬁhwty at the

inteergfios f o R B Rseoi beriSaleied cuBRI Ul Hugrasavace activated cll
sorting APSERY 'b%e%%rffﬁe%gf%}m&b el Bfthepilnﬁ'gﬁﬂcgd nﬂﬁﬁes@érﬁ eprotem ZsGreenl.

positively selecte tivation i
Cells wfth tt!hfehlghcst FisGitdenl @am&scew:e hiersotthé andhplaecd)mwgia seliomito the wells

A A ——
endon&hdlﬁse RhappHctn @Nﬁﬂl@ﬁfbl@leada%is%le&tégrm:ﬁ’of%’smgle glasxmd sequence in

| uorescence activated cell” 20 sort1ng (FA
a Slngbh@rempﬁ@s%ll oie. Fer/die laifertgtpeomm Pdtu ot thef ¢etliosubsh:mn$ is digested with
7s@. hest Zs

resrcfibf el SUTE Mo opt ot mHIely AEa e g ML introduced. firt

plasmid DN AL hespetidedy, ebictrdpiRestllon 20 8YFLagaldl dePamd traRFesd to positvely
subc| ones are expanded and tested by restriction

chargedn gulosy éme@ayén%éﬁmerﬁ@amn Bigsgianeesn BedturginGleyniny)f diybridization is
perfonlnﬁa %gé@%%hg?t gio C%nsdr_lg%h?hz% ? fn’]{ er‘%gg ﬁo%@nbmmefi%lﬁg SUTP labeled

probe ceﬂlshstﬁigb@ﬂ‘ he %Grﬁendl 2206 aecbritink o 2he pRAGIJ] VFithH CRAE MARSes random
no, one and multiple restrlctlon sites wiithin the

prime ]a,ﬁ)p}lg](gd@g@ll; (fmershan Biogcipnops), Candidate sukedongs with a single copy insert
are sutsgﬁlglo& Ve{tgds o Mhids dp%le?%‘icﬂ'g&"t ol ethﬁ(xglr_}%rfokﬁgﬁé Cid .ead production-

charged nyl'on ne rane
mimicBingsfeiibaice prodesei Basidgs hidr meprgdsiorHjdvelsdduraigl the dosnplete production

phase, monitored by measuring the ZsGreenl fluorescence, other important parameters such as

high viability at high cell density, metabolism and reproducible performance are taken into
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performed overnight at 65C in a hybridization oven
with a random prined FI TC-dUTP | abel ed probe
wWasHgIssddng of the ZsG eenl gene according to RAWEP2003/013414
prot ocol of the Gene I nmages random 30 prine |abelling
accou‘ﬁ?dﬂhg vfd@'@ ERRBE BhRSCHeRiRSh infeaniidple a?tulk%%ﬁ’lﬁﬁ}%tlon sequence is
- a single copy insert are subsequently tested in
1dent1§1ndtl ﬂ“osmlestebaqrreémtmnsceﬂbﬁme rmoducgi@ £ driophrcmaceutigal by sequence-

specifif Seaabinftop BT HESIAAR  SerR et RCE StopEatastd, P& lsce Figure 5)

contaﬁh?gsﬁ iprévRBleiiess eihito FRAS Yed st @@nlﬁl@:&fbﬁ' by either an a#/B or an axP
| uorescence, other inportant parameters such as high

recomhnaamom sequence nafhrat oF Imerlifisd tswleﬁéﬁt albétrnwvaﬁbereot) and 2 complete

trans E’HC‘) SUCI %ﬁb@ffé%ﬁ%@cog ]@r %EBQ St oun SP f?ﬁ nge the common cold

theraﬁdthtlb alilcaANIOgbIubE] lintéidelluan ddAt€gi &h&l@cdibrsﬁ ol fhe human monocyte
reconbi nati on seqfence is identified. To generate a
chempgtiyaient prateirel |(MGPrd)-plnoaddition the m%r@%@m /318 [gypressing the

s C h
mutatt% ﬁf ec?dg B?c‘f %dpglaéeg Clgﬁ;gdplalgqlte%?agg DLIAC‘?see t:?tla{:lj & e)r transfection,
transieftndxprassiog o‘i Int-f208 d¢ keficai iy gedbrod deeseqaehvetspeeafiganiermolecular

preceded by ejither an attB or an tP S reco
recom@ﬁ@@tv(mtﬂaﬁ Bist g reROM AP Sg Geee i 08@%}%/&“?\?@ at a preferred
transér{%‘%ﬁ'ﬁfzgcn@@ thedls GARRA %eeh dt rc@f‘%%ﬁ&rﬁé Iy ?&‘ tﬁénéetcoﬁf Fatttxlagombmatlon site
expression of the gene of int t or exanple
(cithee om?onr «oBy ont ﬂner m;tredtmaﬂ sdc@AM PN A plosreidi ﬁ[foesded:tl fdrarelis where a
adheS| nol ecul e 1) 'or the human nogyt
sequeBFaSHLy HEPITBrBRERFEs CHCARLE) AT FIgh QB and auB has

occurl’e%c HQﬂenﬁ Bhdicd b8 tlﬁ‘exﬂéf;@rﬁﬁmﬁﬂorf QQuenPett @6 first and second DNA
ed)” bacteriophage | anbda integrase is

Plasmud), trmnafcsteéaieﬁu are,blfrmferrqdam}r @dtivated ini GHO-Si3EMM tmedium without the

suppIGERHE RO Tpfin P Pk LY ca et BigshRe REM T <ol surviving the

selectidt H‘F F,Gmf fecSinbaatiof SEOpBhIvA 0 diSh-ntark & gehe kil &Pupstream att
or at ocated at a preferred transcri t| onal

- reconzhingtipan SIt@cgnsthv\mcmnd BNA plespidieder gerrensoheldthepaomoter sequence of

the Zgﬁge%ﬁg gen 6t§ ggivgﬁéag{] %ﬁ%\&)m&ﬁﬁtﬁ%@& ttﬂt@ zﬁfoﬁ#xh li’l)r the efficient

second

expre€sibil 9fherdnfraselsepuenaties r@ﬁef A€ the @m‘el tnata ither foedtiomeh expression

attP and attP,r atfP and attB or attB and att
cassetii e 440 T%béﬁ‘éﬁ Figntsrupted | ek 4 HamokE b Rt eene. Thus

_cells a6 Qe egée‘%gr&m theé'% nBh- @ﬁlﬁ}e‘émng cells are identified

frans s ar trans and cultivate
and IE(BHBcha)SFN{K]S prav,ﬁldurg aurtehato delwt tieups prodoting the protem of interest. In

hypoxanthin a m di ne. coryect 't et i
AL Grgnser PRSI g SEISe0eBh g BIbECRy amelysis wih
prlme\fé aioEsﬁ&Pnfﬂ' AR 1s88udndss MR thE Sy ANES -WEFbieCandCher site-specific

an upstreamart reconbination site on the second
reconmlbimmhefgﬁwdedlhﬂ eubstelqeemd?itmcﬂeqmncmge Epprsssior of geagproteie of interest,

h Zﬂ}e with a downstream all
SICA%%@%G&) gt‘? 83"1"3%6 é’ allowing for the efficient
The R¥RFYRE A matket Boneftk thé ebReitiNoMBbletioneded. lids dffgs not only the
same tine the functional "expression cassette of the

advarrageraf @abitiye selegtion bt @lspab@ pepsibalaiyitagd gncm@qﬁ Hua groductivity of the cell by
r terI ess ne. e t r-es -
e P SARFEAGT PRGN G0 e, L, BB e by
suppl@ﬁleﬁt&@ﬁﬁel Hﬂf&xhﬁ!hﬂdthyﬁﬁdmb&"ﬁ&eatcﬁﬁlvbﬁofﬁﬁ‘édmhoVC@I(]ng S%FMII with
means to detect the cells producing the prot.ein of
incregsHigegnaints ¢fiynethotrexate.
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25 addition, :sequence-specific integration is verified
by Southern Blot and PCR analysis with priners
| ocated in the sequences flanking the att sites before
and after site-specific reconbination followed by
subsequent DNA sequenci ng. Expression of the protein
Claime: i nterest, sICAMor MCP-1, is assayed by ELISA. The
use of dhfr as marker gene for the generation of
production cell lines offers not only the 30

1. adwveir 1bt"agﬁ- l mehoddaf i iﬁﬂeﬂs&ag&elteﬁﬁ: bi‘l@@g@b‘ﬁ mﬁ:i’e;%perk?kﬁlg one or more desired
p | e producti vi 0 e cel
Qﬁe%r?e%‘th%i‘%@ﬁ%t‘%&f/ﬂfaa 4 peerkantic gellen caffSEingat | | on
e\akn iftordiding a Hiht S)N.AS REPHENE An DYB, S&H’D'cﬁﬂe&t L8 def\nce or a
hypOéanthln{ ‘¥ﬂ1 tH bree cul tivation medium

Wﬁ' e, %?3a3|ng anount s of nethotrexate.

|39a) Cltnarddncmg 4. seéduhdi DNXI édh?nﬁiﬁﬁ r&gdatﬂ ARPP AL Y MR equence or a
east, on erest encodi ng one or nore
desi 8 ?Wg 8&??%“; V%@ﬁFFH€P§?F%@Hﬁﬂ&@@é%“ﬂ%m%FP“ﬁﬂﬂlmD

eukaﬂyntﬂt ceII culture, conprising a) introducing a
npr an attB, ttP attL or attR
S§Lu§%0%0t18$ syde %@Wﬁﬂ?xaa‘ﬁc%oﬁhﬁ%? appbdq infegrasnlitcel | b)

| d) r pelfiginiig the S@0eRE sfMicGRITRIbIRISDLPA b@&ér%pha%% tz&?nbda mtegrase
attL r att segpp&&g_or a derivative thereo

| eastt ris infeegaiedimtorihe st PAapsut i ¢
pept emlt’ivatmg &aldtdéﬂ 6@k con@tiohD MRS G ééﬁl:@% o idtertid tlQaI@ being
bacterlog age | anbda integrase Int; d) performng t
sequ ecific reconbination by a bacteriophage
Ianbda |ntegrase Int, wherein the second DNA is
9 [ cﬁl%rated |nto(4he flrst DNA; and e) cultivating said
2 MO e diEg ARt s WRRFEY & 39id Fest JEWA (ssyuense pommsisessen anB
| sdqacree b iaBrivaKe B&8T GaidZecdVal 2Q8knAE QNS ah Qtttﬁl #Mor aur

1, wherein.if said first DNA sequence conprises

atFIBFTCE B AeTvative: thereofe pr Whreip i P e PN thoseesmprises an P
SRQUGBE Or 8 AFHIAtHR Sh@bofahidBecadt kq%c@'i:&?p?s%g%f %%ﬁmaz% or atiR

a derivative, thereof, or wherein sal I rst

SHGURIRC & L dmyRediergf, o wiprein Hoeidrfiret WAQGWnttwmpm@cs an atiL
t feqiiRed of @l dricARR RS %Hﬁ%@on@los@g&én €20 tﬁt utP or atfl,
or attR sequence or a derivati er eo

i FPALRPGOTH] FesivatpiRahereqf errderainifisid Sus Wa@qugnces:eqmem en atlR

eq@nbebi ¥ WediVaive MRT&RT ]
an attB, attP of att%@sg%@g%ﬁ%@@&qcé ST oo B, ufiP%r ak

tY5BYEBER Or aglerivative derpoff said first DNA sequence

conprises an attR sequence or a derivative thereof

sai d second sequence conprises an attB, attP or attR
ehaworsingatogdaimg dtdr\2e whiwesine tife. fil8t DMt hascheant degitadyinto the

tRn&h@ lalBriikic Rl z%xqg%ﬁ{ogdn% ortag%plsbl{lacltelement DAge Qos?cell before said

integrated into
second DNA is introduced into said cell.

-Method according to claim 3, wherein the first DNA has been integrated into the host cell
genome.

An in-vitro method of expressing at least one gene of interest encoding one or more desired
therapeutic polypeptide(s)/product(s) in a eukaryotic cell culture, having at least one
‘naturally occurring recombination sequence which allows sequence-specific recombination

mediated by an bacteriophage lambda Int or any functional mutant thereof, comprising
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genone, an artificial-/mnichronmosonme or an epi somal

el ement of the host cell, before said second DNA is
introduced into said cell. 4. Method according to

claim 3, wherein the first DNA has been integrated

into the host cell genone. 5. An in-vitro nethod of

eRp iYL gtDNéAa asﬁpm% gﬁ@@,oétfﬂ, ke r@(sjzttl(lef éd;& Q(ﬂ&)ivative
or. irned therapeytic polypeptide(s roduct (s

in %ﬁ’&%ﬁ%‘t‘?ﬁ& asépnetl e ,eg‘f?ééﬂgﬁéheﬁpew@ﬁ@maﬁéo said Cell;
nat gerdddtipe erid eallrwittop Yaeetoghapokindia BREMSTBE Whi ch

I ce-specific recqnbinatio ned| at ed an
9 PR B RD S S ERE bl Ffouibigptip, b RariToPle s imegrase
t helmsdfefweo it iesintiination adquértt meritdly B&lﬁir@\ﬁé\ s41@ BRI Al (AYDNA
an P...attL ar attR sequence or a derivative
the?@%&%w§%10%¥£?%a§ﬁ one gene of interest encoding a
tdherdfienting caidr edleiumei oirditias, dwk@tih ;thd here@N o GhtkRE SAtedbeing
Ce'kx?&é@la bact eri ophage | anbda i ntegrase Int; c)
per d}n1ng t he sequence-specific reconbination by a
bact eri ophage | anbda i ntegrase |Int, between the
r ' . @n_seguence natural Ly occurring in said
R 3 W Pl P s G oS PEt e and d)
cultivating said cell under conditions, wherein the

of .interest is/are bejng _expressed. 6. Mthod

%?&%fd:\i)a?ﬁogd,m%%raé’lyﬂnet /& ‘ill%’t?"ﬁr I‘PyG’oé’Vg’ﬁ‘FF’i fitjd stegjinesh derapeutic
ipelypépttidie(syproddet(k)dslare €0 Rk« fiteh the hadt YANG 1R cefl altf® mddil@.
6, wherein said desired therapeutic
pol ypepti de(s)/product(s) is/are isolated fromthe

Mxshodcetdrding té BeyoGe€bf the phdeetiiny AREHsUWherSn sMBdRGEhtive of the arP,
%&ﬁogghp%rg% anyone of the preceding clains, wherein

S I PEBSTeopRESC A [BOPY ofmpqne Copies of the apm-pirding site(s) for
$wpjorewiteeinl GAIA e €atiV CofiSHRY ofé cHfY & HAP cEReOsf thdSore Int binding
ar nxbi n |n§ Si. ﬁ?g_ijy),for hit, or wherein said ]
AL DA TR ‘&6“1_&‘{) TG FemeDIs ! grromBinationgioag capy of mere copies of
tieraemibitidity se{s)r I b Pdnd oopyddr MNAE b&idt of Be Lol Sht iR te(s).

conprise of a conbination of one copy or nore copies
of the armbinding site(s) for Int and one copy or

- Mutpdcopiraihgob didl8 80WRerdiftsaldl AGjvAGvSbit B P, %ttB’th{ﬁg A @R

according.to,claim8, wherein said derivative of o

S EIce Sptst oLgne|CoRy orgpqrReoRies i hreralahkinding site(drms vdisysjn said

AerivalveCconsifl of% @nbliaBort6F dhelcBby B AGlcMpl bE&S hrm-Binding site(s)
rein said derivative consist of a conbination ot

ﬁ% t ABLOPHOPY, BF BoRe Sppiesof dhe qoprelnbbinding sitlDlg si t e(s)

for Int and one copy or nore copies of the core hit

&%@ging sLte(g%u 10. Method according to claim8 or 9,
darPordiag utaumSion i Weprein the corsrhindiagssiteomsistreof nine contiguous

B8 phitd HdSrelaR3 6 DR Eeﬁué}ﬁgs E&g%ﬁ} %e%@?%ggﬂcfﬁesnucleoﬁde

consi sting for the B-sequence o e nucle

EYIER o2 CFGEHEITFY T on the fBrsequvacdd of siquendetidé sejaence 5
CHAGIAA IR 3 SGENAR Q:%xa;?i in gﬁéfs\%ﬁﬁg' Tot thé 'S . i
conpl enent a?@ stran ,'e or “the G g%q%érﬁ%s%%%? §E the nucleotide
$F98ES 3 -GAGCTTTTT-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

Tecombination is performed by Int and one or more cofactors selected from XIS, FIS and/or

IHF.
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12.

13.

14.

15.

16.

17.

18,

19,

20.

sequence 5' - CAGCTTTTT-3', and for the C -sequence of

t he nucl eoti de sequence 5' - CAACTTAGI-3' (reverse
conpl ementary strand) in wild-type att sites or said
sequences having functional nucl eotide substitutions.
11. Method according to anyone of the preceding

cl ai nms, wherein said sequence-specific reconbination

[ f d Int a one or,_ nore cofactors sel ected
flﬁgt%gé(lagog‘ﬁ?%?% RBYBF oi1fhe praceding clyymBhersin dBF dpgngegpecific
aagcontenatibn tshperfpmed by Agpdeed HEpreMBIyahdInt-H 6r Tnt-h/218.
sequence-specific reconbination is perforned by a

nodi fied Int, preferably the Int-h or Int-h/218. 13.

The mathddod claim ¢ | avtereld Int\WASk 6f Hu-Ri2h 8, X8 FIB a8é/or THF are added to

It - 18, . Xl FIS and/or HF are added to the cell

itﬁé ﬁgﬁr [ %%“J%(?fliﬁ"ﬂ? SF 28t 80'8’8’-1"%%??51 g’éé@@ hgst el wheregtthe sequence-
cpedific mbentdnation kpedomgueance- specific reconbination is
performed. 14. Method according to anyone of the
precedi ng clains, wherein additionally a third or a

tMethatl aceording Cakirtybnd IAh SR eeaRE R1HANWhERin HAdiBOnAY a tHRNG a third

ene and one.or re cofactor genes
3 M Dy R 0o RE COrARISIngAndntgang, of 4p 1 eneAnd gasar more cofactor
rEespackitod frym XIS/ ®h€, FIS tgefdlieRe THFYeRe, rBBedibly; ishR introduced
aﬁgﬁggd?ccprdlng to anyone of the preceding clainms,
ereinneither XIS, FIS nor 1HF is required, when
sequence specific reconbination is perforned by a
%E%%%ied l,.ot refeggﬁly the Int-h or hit-h/218. 16. .
THEFEAUBE i RGOt Ahs Breeedie dms,prhsecdrneigercKis, FES nor IHF is
sajuited, whsh saynelice Epe%ﬂm%mb!i&ﬁ@ﬂﬁgﬁﬁsﬁ&ﬁ b9 G WEANER Int, preferably
furt&%éU@OgB{ sing a nucleic acid coding for a
#ﬁgPa i %olypeptide of interest. 17. Method
accordi ng to anyone of the preceding clains, wherein

§ﬁid t herapeutic onp%gtide of interest is an
?}?0610&%01‘ B nBIYGRe of Wi Preseding | claigs, ridh&egst and/or second

awonbilbig bQuaRYORahe! c&rhﬁisﬁfgeﬁeﬁcﬁ%l ékiak/ébpta}]ng\gﬁﬁrgitﬂerapeuﬁc

t@e‘hgat ell is a manmalian ce

BB ﬁﬂﬁP@“%Wain1l8, wherein the manmalian cell is a

rodent cell, preferably a nouse or a hanster cell

ﬁgﬁ} thod according to claim 19, wherein the hanster
odjageoy Fyonebthcdirpeeding clafras, whotgiesaiddhdrapestipolypeptide

OfibicRSt FWEhIbBdSE Bbinfone BF Sb&HARLY: NSO and Sp2/0 cel I

42 \\D 2004/ 048584 PCT/ EP2003/ 013414 SEQUENCE LI STI NG

- Method according to anyone of the preceding claims, wherein the host cell is 2 mammalian

cell.

Method according to claim 18, wherein the mammalian cell is a rodent cell, preferably a
mouse or a hamster cell. -

Method according to claim 19, 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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<110> BOEHRI NGER | NGELHEI M PHARMA GrtbH & Co. KG
Droge, Peter <120> Sequence specific DNA reconbi nation
WO 200404RHBdyot i ¢ cells <130> DRO- 003 PCT <140> RGIKERAMB/013414
<141> 2003-11-28 <150> CA 2,413,175 <151> 2002-11-28
SEQURMIOLIRIEING0/ 310, 695 <151> 2002-12-05 <160> 17 <170>
Patentln version 3.1 <210> 1 <211> 10 <212> DNA

<;10>2¥%Eﬂﬁﬁﬁ3£'fﬂr#,é? i @%@ngggé§> Consensus

equéence <221> m st
f edrdge Pe2> (1)..(1) <223> c or a <400> 1
magtcactat 10 <210> 2 <211> 243 <212> DNA c213>

Artifi I 1/5 2004/ 048584 '
‘12°bcf%%'ﬁv‘%'tf33ﬁff§§§§%%é WARIOR TeARYgE] vEL1%400>
<130> DRO-003 PCT

<140>" unknown

<141> 2003-11-28

<150> CA 2,413,175
<151> 2002-11-28
<150> US 10/310,695

©<151> 2002-12-05

<1l60> 17

<170> Patentin version 3.1

<210> 1
<211> 10
«212> DNA

<213> Artificial Sequence

<220>

«223> Consensus seguence for Int binding-site

<220>
<221> misc_feature
«222> {1}..(1)

223> € or a

<4Q00> 1

magtcactat - 10
<210 2

<211> 243

«212> DNA

<213> Artificial Sequence

s



tctgttacag gtcactaata ccatctaagt agttgattca tagtgactgc

atatcttgtg 60 ttttacagta ttatctagtc tgttttttat
WQR A58 a atttaatata ttgatattta 120 tat cat t PEHEP2003/013414
,ocgtttetegt tcagettttt tatactaagt tggcattata aaaaagcatt
“““°I80 gcttatcaat ttgttgcaac gaacaggtca ctatcagtca
<223aargFadeciativt tt gat 240 ttc 243 <210> 3 <211> 25

<212> DNA <213> Artificial Sequence <220> <223>

Primer <400> 3 gtcactatca gtcaaaatac aatca 25 <210>
<4007 311> 25 <212> DNA <213> Artificial Sequence <220>
tetge P23ty Briaaatx40@rchaggaddrgbatiticat t gaghgaicaagdigrEqd 60

<211> <212> <213> Artificial,S nce

ceccBNS B SukharRar el el e e REe 20
tatcght e FeBE T AE98 FCagr - D 04 B8 58 PO EP2803W0184 14 180

gettsRddlr 6rgAbbtaad4yaacaggtca ctatcagtca aaataaaatc attatttgat 240

ttc 243
«210> 3

<211> 25

<212> DNA

<213> Artificial Sequence

<220>

<223> Primerxr

<400> 3

gtcactatca gtcaaaatac aatca - 25
<210> 4

=%21l> 25§

<212> DNA

<213> Artificial Sequence

<220>

<223> Primer

<400> 4 )
tgattgtatt ttgactgata gtgac 25

<210> 5
<211> 32
<212> DNA

<213> Artificial Sequence

<220>

<223> Primer

<400> 5
ccaatgcate ctctgttaca ggtcactaat ac . . 32
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<212> DNA <213> Artificial Sequence <220> <223>

Primer <400> 6 ataagaat gc ggccgcagat atcagggagt
WQWAO4IBht tgaa 44 <210> 7 <211> 55 <212> DRAT/EPAW3/013414

Artificial Sequence <220> <223> Prinmer <400> 7

tttggat aaa aaacagacta gataatactg taaaacacaa gat at gcagt
<2106acga 55 <210> 8 <211> 21 <212> DNA <213> Artifici al

<211§eq¥{snce <220> <223> Primer <400> 8 taacgcttac
aatitacgcg t 21 <210> 9 <211> 55 <212> DNA <213>

<212ar tP¥A ci al Sequence <220> <223> Prinmer 3/5 WO

<213300441Q48584 BQMEEE@OOS/ 013414 <400> 9 ctgcat atct
tgtgttttac agtattatct agtctgtttt ttatccaaaa tctaa 55

<210> 10
<220>

«223> Primer

<400> 6
ataagaatge ggccgcagat atcagggagt gggacaaaat tgaa 44

<210 7
<21l> 55
«212> DNA

<213> Artificial Sequence

<220

«223s> Primer

400> 7

tttggataaa aaacagacta gataatactg taaaacacaa gatatgcagt cacta 55
<210> 8

<21i>= 21

<212> DNA

<213> Artificial Sequence

<220>

<223> Primer

<400> 8
_ taacgcttac aatttacgeg t . ' 21
<210> S
<211> 55
<212> DNA

<213> Artificial Sequence

<220

«223> Primer
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<211> 24
<223> Pri mer
W@ 2003048584 <211> 27
<220> <223> Pri ner
<400agQ cac 27

<212> DNA <213> Artificial

Sequence <220>

<400> 10 ctggacgtag ccttcgggca tggc 24
<212> DNA <213> Artifi ci al PCBEHBRZN8/813414
<400> 11 gactgctgca gctctgttac

<210> 12 <211> 27 '

<212> DNA <213>

ctgchbiddy 9{,@4&@@9&%‘99&588%5&%&Pa.féaqséaaaéél&oc% 12 55

2
g

<2llg
<212>

<213>

<220>
<223

<400>

actgtc

ag agaaa

DNA

Artificial Segquence

Primer

10

ctggacgtag ccttcgggca tgge

<210
<211>
<212>
<213>

<2205
<223>

<400>

11
27
DNA

Artificial Seguence

‘Primer

11

gactgckgeca getctgttace aggtcac

<2105
<21l>
<212>
<213>

<220>
223>

<400>

12
27
DNA

Artificial Secuence

Primer

12

gactgtctag agaaatcaaa taatgat

<210>
<211>
<212>
<213>

. <400

13
21
DNA

Escherichia coli

13 -

caaa taatgat™ 27
<212> DNA <213> Escheri chia col
<2102004/ 048584 PCT/ EP2003/ 013414

124<210> 14 <211> 243

<310> 13 <2ii> 21
<400> 13 4/5 WO
ctgctttttt atactaactt g

24

27

27
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<212> DNA <213> Bacteri ophage | anbda <400> 14
tctgttacag gtcactaata ccatctaagt agttgattca tagtgactgc
W(h%ﬂﬁg’@‘tsﬁﬁ‘tg 60 ttttacagta ttatgtagtc tgttttt tREI/EP2003/013414
gcaaaatcta atttaatata ttgatattta 120 tatcatttta
ctgeogittt cdmegtadagaggt tttt tatact aagt 21
tggcattat a-' aaaaagcatt 180 gcttatcaat ttgttgcaac
gaacaggtca ctatcagtca aaataaaatc attatttgat 240 ttc
<210243% <210> 15 <211> 102 <212> DNA <213> Escheri chi a
"<211£0l2k3 <400> 15 ctgctttttt atactaagtt ggcattataa
1z28daggcattg cttatcaatt tgttgcaacg 60 aacaggtcac
tatcagtcaa aataaaatca ttatttgatt tc 102 <210> 16
<213xp Pastepgorhagpe) pamldRA <213> Escherichia coli <400> 16
tctgttacag gtcactaata ccatctaagt agttgattca tagtgactgc
Lagodtgtottgtg 60 ttttacagta ttatgtagtc tgttttttat
gcaaaatcta atttaatata ttgatattta 120 tatcatttta
Totgelgicpy (AtCgEtatageIAtrrraqtapet b e ttgIIBERtax 2ERSIYLEtg 60

tretsodblz 2 a g2 >t JMNAL k33043008 c 6ARE EASa ta€4AQJade tra 120
.tatc§¥¥%§£tégéEEcééggaéégéEgéké%tEg%é¥£a§;L tgég2ttata”aaaaagcatt 180

gettatcaat ttgttgeaac gaacaggtca ctatecagtca aaataaaatc attatttgat 240
tte 243
<210> 15

<211> 102

<212> DNA

<213> Escherichia coli

<400> 15 ]
ctgctttttt atactaagtt ggcattataa aaaagcattg cttatcaatt tgttgecaacg 60
aacaggtcac tatcagtcaa aataaaatca ttatttgatt tc | 102

<210> 16
<211> 162
<212> DNA

«213> Escherichia coli

<400> 16

tctgttacag gtcactaata ccatctaagt agttgattca tagtgactge atatgttgtg 60
ttttacagta ttatgtagtc tgttttttat gecaaaatcta atttaatata ttgatattta 120
tatcatttta cgtttetegt teagetttitt tatactaact tg 162

<210> 17
<211> 27
«212> DNA

<213> Homo sapiens

<400> 17
gaaattcttt ttgatactaa cttgtgt 27
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