Novel reconbination Sequences Background of the
I nvention Technical Field The present invention
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variants of att reconbinatibn sequences, involved in
sequence-specific reconbinati on of DNA in eukaryotic
cells, whereby sequence specific reconbination is
performed by a bacteriophage | anbda integrase Int.
c ' ' guences being e.g.
Nov%'t Q?E%l?@?g?r@@gagﬁ%and attR b. The present
invention further relates to a nethod of
sequence-speci fic reconbi nati on of DNA in eukaryotic
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Backg§roundl oF thelipféAtiofe sequence containing at |east
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vectors are inportant nethods for analyzing the
and affReficti on(s) of specific genes in living organi sns.
The pfRE &htioR Rrthel RJMEL o) B R B nf el HEbipgtion of DNA
in culgen@icat¢l BN comptisiag ssherntcodrtionmlos, a fine DNAngempfisige reeaucleotide
or gene segngnts %so-caILed."gene tan%gtin "). and the
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Recently these technol ogi es coul§ be 1 nproved by neans
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into the genone o i otechno | ogi cal relevant host
cells also gets nore significance for the production
of bi opharmaceuticals. Expression |evel for a

Bac@ﬁfgd' pol ypeptide in a stable transfornmed cell lines
pends on the site of integration. By sequence
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proteins from episomal vectors are important methods for analyzing the function(s) of specific

genes in living organisms. Moreover, said manipulations play a role in gene therapeutic

methods in medicine. In this context the generation of transgenic animals, the change of genes

or gene segments (so-called "gene targeting”) and the targeted integration of foreign DNA

into the genome of higher cukaryotes are of particular importance. Recently these

technologies could be improved by means of characterization and application of sequence

specific recombination systems.

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

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



conventional nethod for generating production cel

i nes expressing a desired pol ypeptide/product is
whamedessns t he random i ntegrati on of the reconmbP@BEEP2008/066430

expression vector into the yenone of the host cell
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robustngdsopradnetensi and quatityc asedsyitgsmgrmsdabatun serepming \pgocess to identify

. sequenc. eci fic DNA rec i,nases have .been.di vi d .\
and i RERGROROGN oo e ERIREPOFRE TIPS G KfE T aadition.
the heSogalelt@alsol MéBFRGEOr Eahi diyne SRbPiniZRd tPAsiueti®Ryagess has to be

and rejoining of DNA strands between two defined )
develgpgd) making gh g]@ﬁ@@gt, of shsutRblgipredustiom egHelinega time consuming, labor
. ' ' equences in the follow ng. The
Hnmm#@%%ﬁgkﬁgbﬁg%mgequences may be either on two different

or on one DNA nolecule, resulting in inter- or

i ntranol ecul ar r.econbhi nati on, respectjvely. . For. .
Consey Vg mSRIGE aspewged?ﬁﬂﬁngqcp naggsehgvsshen %Vldeﬁénto two families.
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reconbi nati on séquences to each other. 1n the case of
rejoinBig afiWeAtsedndsi begweanpposicfiacd nidedtalei soquentes, héiich will be named as

ecanbi nation.s ences, .jnversion of the DNA segnents
recomp{fIEn NALEN 1 1 1o BB T & 6o B RISA LT e S DX FRAet on two
differdnt €rC&s ®nef DHIAT @dlecule, SresdlBREGM ihRREBE SntPfmd1B&ilar recombination,

reconbi nati on sequences on a DNA substrate, a deletion

respectizelyr $or liptraaglecuddr reemprrbempthe gasudi of decordsichert idepgnds on the
res eciti' e'o 'ieft tti)o& A tflecog}%. nn% iioon Su%nuertlcgg’chaort erl ]Elctﬁt %‘g eo n inverted
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are on e to catalyze ’he i ntranol e
recomb@adoini nat ifoboth recombination sequences are located on two different DNA

molecules, a fusion of the two DNA molecules may occur. While members of the integrase
family usually catalyze both intra- as well as intermolecular recombination, the recombinases
of the second family of the so-called "invertases/resolvases" are only able to catalyze the

intramolecular recombination.

At present, the recombinases which are used for the manipulation of eukaryotic genomes

belong to the integrase family. Said recombinases are the Cre recombinase of the



At present, the reconbi nases which are used for the
mani pul ati on of eukaryotic genones belong to the

w0 nioegessse fam |y, Said reconbi nases are the CQPEI/EP2008/066430
reconbi nase of thebacteriophage Pl and the Flp
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be sev rgk 0 000 hase pairs long. So far three
nmybﬁéﬁ%%? OHOODaEe PGP &®se/ resol vase fami |y have been
used for the mani pul ati on of eukaryotic genones. A
mut ant of the bacteriophage Mi invertase G n can
So farghitea Imerebershef the mga&@ﬁewlvaae Bl hagﬂ@nm upad for ﬁlmmampulatlon of
eukardy g:gg%llg?lgeés tAh g%ut'igﬁtosfc ﬁﬁ? erloghaﬁf &t %Vegth%e g% clg]m catalyze the
inversion€of b IDICAtfadgtde$ iffans tptcaaplaﬁb aﬁmgesma&tsﬁs aiombﬁ fit has boen
than its naturally reconbinati on sequences. This | eads
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also a loﬁ{& 14Ok o Hétﬁt?atﬂggf%&q{}ﬁﬁat 0 h?e eﬁc%g Oﬁﬁk r]‘@a% ?\fﬂtended partially
{r ept 0CoccusS pyogenes e reconbi nation 1n

lethal NRY¢eMbARALIbN CEVdnty €8 lp&mwepﬂa)tdprm I gamttsnallicorB-recombinase  from
sequences as direct repeats | eading to the excision of

Strept@wcasegwes ey thes raspmbigtion dn ymoyse headle Pefures between two
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recorrBl3flod WElR s kel EPGS Ralid MDEPE R SAS sqefient. However,

simultendoaklyolitk dgenonasounsttsivaliae. bebutdatetisd afhitheenddrs the controlled
resol vase fromE. coli have been shown to he active on

use ob fHics BiFtam 4P MeptPRatien A §ukerori dirsewCy dRBHiakle. Mutants of the v5
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atter

Feaction 15 still orath e nani pu
genontit reokinadibh Ge@RAGIIEBut\Whd &ffi bi&ﬁc;@iietha IHﬂteHefactlon is stlll rather poor.
reconbi nase, respectively, shows significant
di sadvantages. In case of deletion, i.e. the

The n'riaglgégﬂ%ioﬁlla&f QLEka%totltc nBFh%Q%&HH ﬁl%eélteegnc#lﬁrﬂg &5m%ﬁi-ase respectively,

I nati on sequences in a genone t I's an
showsi sigeifienrs | h$agvhioggesoin tive dNklgiegment the yeemgnipedtweenf twre tandem

t and r ats. . Thus, a gene.located on this. DNA .
repeatgd S e A | 1ecoBLGeH s5apcRERE I § Bt D Tt g [Tt ibin doss of the
DNA Q&R %‘Thg E@ﬁfe@ﬁ Hcranddie réﬁ%@t@ MU ﬁf%leﬁ’é" IoRhtcl B8 this DNA segment
original State for a new anal yses of the gene

will bf:dpﬁtttpeananegtlg fo1 thecellaandrthey @vgqnmnéfheaﬁtfom &@eregcpnstructlon of the

original state for a new analyses of the gene function, ¢.g. in a later developmental stage of
the organism, is impossible. The irreversible loss of the 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 means of a timely regulated expression of the recombinase via

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



the organism is inpossible. The irreversible | oss of

the DNA segnent caused by del etion nay be avoi ded by
w@poovnessnsi on of the respecti ve DNA segnment. APQERB200®Y66430

be inactivated by an inversi on without being | ost and

be swi tched o ain at.a later,devel opmental o
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still exhibit a | ower reconbination efficiency than
therapyp, @vh_e?egﬁ}eef@s% Ra¥s. injkeraly @hféﬁs#eé NP semgRintito the genome of a
respectiRE Buflaf tA@EOHHN MaS §8bIE 83 I8RtrbIed ey Bth €8k ahll € may catalyze
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disadxlaﬁﬁge SCTRE %_tfdr\él%leﬁft'ion%ﬁcﬂégke DERHGT &NRckismRtiGhes, R Cre. and Flp
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recombinatd shayx adxciseuriia Kedeyted EDBIA | fegmenecabiebi suatéssful integration by
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m“anﬁﬁngﬁgﬁP&@H@HOBack reaction still exists, i.e. both
Cre and Flp

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

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



reconbi nase may excise the inserted DNA segnent after
successful integration by intranolecul ar

WO emomtsorat i on. Thus, one probl em of the presePtT/EP2008/066430
invention is to provide a sSane and control | able
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mflnggg&gku Sé@&mkéﬁag i ntegrase Int reconbination

tem a att reconbi nati on sequences. The patent
appllcatlons W01/ 16345 and WO2004/ 048584 are

cor rat by reference herein ecific problem
A speiifc R R e St Vet BbAORBIC 5 b Frepigt b B s Chpyhich are
espec1§ﬁﬂu%ﬁﬁﬁ3§ed WY Cékpah& eiRdReC iudleliyndldi begrmdt Om@dﬁﬁ’t%fgj site-specific

their functionality beyond nedlatln? Site-specific

recompa@tipiinaukanyolip sgsikms wotdncopsyaitvehs [nkeh tmp@tmncasetbfya gene of
|.inked to sequences of a gene of interest.
ubstitutions, deletions, and/or insertions can be
i ntroduced into attB, att?, attL and/or attR sequences
or their derivatives in order to confer for exanple an

Substl@ﬁwaﬁd&%ﬁ‘éwms od{aTenicEEIAan axi IBoirentiRto By efP by and/or anR
d r of .t c

sl St R, Bl R SRR ASIRCLE” QARG or

recornbmtm]h e:v@ﬁts(dr)vennw easildgyph er ehbdific@risygake of the bacteriophage

e natlon events (integratjon and/or. _excision)
lambd w?lel‘iehxrs SRR HaY PN T BFATRIIE OhHD NBRTFaSE the efficiency

of rec(dnﬁﬂlﬂatfoﬁv OFdng (X RHohe af BGOTRL B8R, Off) elYl@l%ta§n% (th¥) specificity of

favoring |ntegrat|ve reconbi nation events
recombalatiew,i mgl)t ﬁaezoneg uexogsrentrscdrobingame cventsl I(ivihofavoring  integrative

ors rison o t he cor ondlng na :
recomBARtinh g Re dOMBR I oS AEHEBES 2ot o et Hhctors, in
compdrR6R W@t@%ﬁew&fnﬁtﬂﬁﬁrﬁﬂ“@ccﬁﬁi@ fet@Binatif Qg0&tdey ﬁéﬁdg the same
to not onl use the att sequences as nediators fo
recombinase ypdatithe same condiiionst Nwmuveth%R@My ke ihe att sequences as
un tlonallt

f
medla{ora TorSiters ec1 %I é’cﬁce énaglag PP} orpaﬁ@ %r&greﬁllelfﬁloonr?ggy lé)hon &%hem for

examplé ﬁﬁiddhtﬂﬁﬁas&agulﬂbﬁoseﬁﬁeﬂcei suddtigiEend, dtletigds; Bad/ét iskrtions can also
attL and/or attR sequences or their derivatives to

be intredysed inte iRy erfy ety aadob i Bdtpayenfge 9¢ dhein WeriEdtvcgdg remove,
changwug&{%ra{@%r Al &ﬁu@nce@ﬁﬁdl&%d@é et %E‘z 8% as cis-acting sites such as

(cryptic) splice donor, acceptor sites and branch points, polyadenylation signals, TATA-

intere

boxes, chi-sites, ribosomal entry sites, repeat sequences, secondary structures (e.g. stem
loops), binding sites for transcription factors or other regulatory factors, restriction enzyme

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

Substitutions were introduced into a#P, atfl. and a#fR sequences. Surprisingly, some att
sequences / att-variants are described in the present invention, which work especially well.

Unexpectedly, some preferred att variants were still able to mediate site-specific



(cryptic) splice donor, acceptor sites and branch
poi nts, pol yadenyl ati on signals, TATAboxes, chi-sites,

WO 2mosessas entry sites, repeat sequences, SecOPCBER2008/066430
structures (e.g. stemloopsy, binding sites for

rapscriptipon factors. .or other requlatory factofs,
recompERSRL B PRI PHENiRHRL b Sty Bl VB Pitee SRREF 1yp, s, s
and/o@t. i mting exanpl es. Substitutions were introduced
into att?, attL and attR sequences. Surprisingly, sone
att sequences / a#-variants are described in the
present invention, which work especially well.

t referred att variants were stil
Des{‘ﬁﬁzflf’g oﬁﬂ*ﬁ%f%i-speci ficreconbi nati ons even
.though. substitutions, are | ocat in the bi.nding sites
The iny 3R S5FHach i GBS0 R AR o eglIFuigh { e
figures The invention is explained in nore detail with

Figukéd q: f oligirnenit |dfuetie original dttR eqdendt iwithettie attP-variant
the original attP sequence with the attP-vari ant

attP. ba attP variant attP.b (SEQ ID NO 3) contains

9 substitutions, highlighted in bold letters with
The agRderirntniiyh (FEQJEBMYEX i33 santaims theubatituFony, Ihithjighted in bold letters

.1 S ence .(SEQ | D NO . I S, 4.S equival t , o
with GEHENES haeraghoole 8k odh bl YISk dpap. This i
equivdl &8 R is@fich@hdifd 168y eM@t%P variant and attP wi | dtype

in CHO D4 cells adapted to growth in suspension

culture CHO DX4 cells, which were adapted to growth
i n suspension culture, were transfected with | anbda

Figul'[‘%b.egrﬁft‘érh‘)gl'g%?ﬂrsﬁ@?éﬁ%iﬂ%t rf‘?)?iﬂg?%]ngé{tﬁ] vaP&nmSand attP

& case nmay be Wit encodi ng p _
ser um {WiRRypednICHG/D B 6e dddptedt té 'growWcCin Sirspension

those cells were transfected in a second transfection

Wit h aculfeénati on of vari ous substrate vectors:

pBl -26/attP (attP wi | dtype sequence; SEQ ID NO 2) +
CHO-pX&idr esllp/ vahiriBweet adBpted|ta gyqethse quspneson SEQre,DvédOtrahsfected with

pBl - 26/ at att? variant.; D NO 3) + .
lambdﬁﬂtﬁgéaéﬁ/fﬁﬁl%l%a pAIRE | e ggﬁitrﬁ‘&%;“é@b @p5 gy pe with IHF
encod B Rlid 2B RidnR e haldiut.vari ant; SEQ ID NO 3) +

pZsGeen/attP.b (att? variant; SEQID NO 3). As a

24 hopissiast {iest degnsieefionai@ss eellst Weredeansfericddnisospceid transfection with a
combGAOLSE P0FLE OB, LAY 3R ABhSRyes sk v
+ pZsGiearntfB uamesdeype Beqicatd) SEQ ID NO:1), pBI-26/attP.b (attP variant, SEQ
ID NO:3) + pZsGreen/attB (atrB wildtype sequence; SEQ ID NO:1) and pBI-26/attP.b (a#P
variant; SEQ ID NO:3) + pZsGreen/attP.b (attP variant; SEQ ID NO:3).

As a positive control and for the determination of transfection efficiency the expression
plasmid pBI-267ZsGreen was used. pBI-26/ZsGreen expresses a green fluorescent protein
under the control of a CMV-promoter.

48 hours post second transfection the cells were analysed using FACS-analysis and the
fraction of fluorescent cells was determined.

The fraction of fluorescent cells with intracellular recombination between attP.b and a#B
substrate vectors is on average 1.2%, between a#fP.b and atrP.b substrate vectors on average
1.5 % and between a#fP and a#B substrate vectors on average 1.7% (mean value from 6
transfected cell pools each), when the cells were previously transfected using integrase and

IHF expression vectors.



under the control of a CW-pronoter. 48 hours post
second transfection the cells were anal ysed usi ng
wWo-2080688a3 ysi s and the fraction of fl uorescentPCEEPB08/066430
was determ ned. The fractioh of fluorescent cells with
intracel lular reconbi nati.on between attfP. b and at.tB
For oglinotih VyRcpeEly PE- BRI gunT . sy nisgiae SAPIRYRT prector, the
fractichN6f @WubRRs&ens WeB MAtHE int@@iodcalR Nreadtabia@eont . Bet¥ed@ndsP.b and anB
between attP and attB substrate vectors on average
substrate g ofeR PNV D BetiveahafRbraad agBID subsisats veelers)on average
0 I reyi.ous r.an t i
0.4% WP Bl B S0 VRS N RSN AT IE R SRR T 6 nsfocted
cell powds eacherel y pre-transfected using the integrase
expression vector, the fraction of fluorescent cel]s
InallGapgs (IescrPorbrRR Hie b%&%ﬁ%ﬂ%éﬁﬁ%ﬁe@étmﬁubﬂrﬁwi fjgﬁdbased on

. 7 i Ofns- .
FACSZ%H:&@IS% lﬂ)g%%ﬁs‘?wﬁl &G4 RSB S et uﬁﬂ? [@%n@sﬁ’bﬁlrgggy%ﬁg% but without

attP.b substrate vectors on ‘aver
addin@thd phestadeencadinP lanllaamteBrasebsd Hf.e on average 1. 1%
(mean value from6 transfected cell pools each). In
all cases descri bed above the background fl uorescence
was substracted first based on FACS anal ysis of cells,

Figuréigeh Aﬂmméﬁﬁ%ﬁ%édowgihal t4rePcsegaepeedwith attP variant
pl asm ds,” but w thout adding the plasm ds encodi ng

| ambdaatthta@grase and I|HF. Figure 3: Alignment of the
original attP sequence with attP variant attP.a The
The aaPtRriaalr adht (SEQHDANOBE) dobtaNG: 9 4)bstitutioas g cOmparison to the atP

L. substituti ' rison to the. attP w | dt .
witdsBEovaisee (SER D N 22) | e sab ity (MaHe, BY old leters with
underliflfy,Ga¢ 85LiPHcReb § sbRich& o 1bficyBeleg bd;ni ng, are

equi valent to a sequence honol ogi es of 96.3% Figure

4. Internol ecul ar reconbi nation using attP variants
attP.a, attP.b and attP wildtype in CHO D44 cel ls

. pte j n i cu ensi
F lgu:g% pt e@’tmli‘%']el ¥ é‘%@%@?ﬁgﬂsf&%p@ ?’gﬁge%ﬁ’& attP.a,
medi Uy iRt B drid aﬁpmw O%Gﬁe%/ﬁ:{ﬁe@ to growth
(attP variant; SEQ ID NO 3) + pZsGeen/attP.b (attP
var i anin sG8RenSid. ) ltupd - 26/ attP.a (attP vari ant;
SEQ ID NG 4) + pZsGeen/attP.a (attP variant; SEQ ID
Suspeidibdl )adapted BLHOED Gt Reoflat ¢vEewirhhfaopet, 11SEQunbNE) iAgditm with the

s RESESSDT B s VBSins SRR P Db e
Varian§SSEQ ID NO:3), pBI-26/attP.a (at#/P variant, SEQ ID NO:4) + pZsGreen/attP.a (attP
variant; SEQ ID NO:4) or pBI-26/attP (a#P wildtype; SEQ ID NO:2) + pZsGreen/attP (atP
wildtype; SEQ ID NO:2). In all cases cells were co-transfected with the plasmid pCMV SS
Inth218 which encodes for lambda integrase Int-h/218.

As a negative control to determine background fluorescence mock-transfected cells were
generated. 72 hours post transfection the cells were analysed using FACS-analysis and the
portion of fluorescent cells was determined.

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

transfected cell pools each).



I nt h218 whi ch encodes for |anbda integrase Int-h/218.
As a negative control to determ ne background

wo basonesseence nock-transfected cells were genepet/Be2008/866430
hours post transfection thescells were anal ysed using

FACS- anal.ysj s,.and .t he porti of fluorescent. c
tn ol 5, ARREHE SR8 bRl Bt R S S Bl Resed on
FACSQihaB¥BI0ZgElld, @hick%vat tiahsfeeed Lising e dortesonain@Gildsatid combination,
reconbi nati ons between attP.b substrate vector pairs, .
but witly ghejadgitagnggt anpempts|viestor ay a impckmigsnté gather than the lambda integrase
ﬁpconbinations bet ween attP.a substrate vector pairs
and for 1.9% of the cells for internolecul ar
reconbi nati on between attP substrate vector pairs
(mean value from 3 transfected cell pools each).In al

. cases scri be ve the background fl uorescence s .
Figugg e - ALGEMBNT S e HORALAS Saaueace Wit gl el variants

whi ch gﬁie egted using the correspondi ng plasm d
conbi na |oﬁﬁh$§?ﬁvﬁth the addition of an enpty vector

: ' h i I
Each SRS TECHGRLESTT § STNET DT URTBINGL, SRS subsiuion
in consyefiyem aethuiatrh wihdtypd ddqustae i(@BQS DalNOL1 2 aTiest dubstufm@shindicated
of the attL varjants attL. a (SEQID NO 7) attl* (SEQ
by boldpetigry wythagderiinme, arc sawypleptfpiasRaysics B%a?oggaﬁ%é- t he
attL wildtype sequence (SEQ ID NO 12). These
substitutions, indicated by bold letters with
underlining, are equivalent to a sequence honol ogy of
Figue®@ FAdigremment Afitheneriginal attR sequenee withRthe gttt variants
with th ttRvariants attR*, attR a and attR b The
attR v@ tﬁg‘n?#‘%ﬁwaa@ ID NO 10) and attR b (SEQ

ID NO 11 [ h 8 bst i ' d R* (SE
The o} Neteaj® 28RS B ST 10N CBmst 6L NS Al porain 2ach &
substii’ﬁﬂti%% YRE FRAYSREL D %@68:)1 qby@gté‘f’lagﬂ)? i 8 arisonhto the arR wildtype

substitutions, indicat etters wt
sequented SEQI I} N@;: 1 3r Ehasq wihséiheions tindisatsé iy bokldetoswlithgydafining, are

. 95% and 99. 4% respecti I igure 7:. | nternol ecul ar
cquivg QU ARB P HBEN G osRTRBER 476 a3 4% FRodeiveBhce T s
first step, CHO DX4 cells are transfected with
pl asm ds encoding for |anbda integrase Int-h/218, |IHF
. and XI'S. 24 hours post first transfection those cells |
Figueg &: t r lteraleguiar recambinatioanketweenatih andhattR variants
conbi nati on of various attL and attR substrate vectors

In a figsis8p, CAD-Bdsiclls v wawtactsd vaitl plasmidstraceriing fori lambiomtegrase
Int-h/flf& 1S qg!i 848! féphoqrg bggt %‘i]ﬁ)fralhﬁgct%ﬁpﬁlgsseséeﬂg apel t?aﬁlq}”egteﬁ% a second

transfection with a combination of various atfL. and a#fR substrate vectors (n=3). As a positive

plasm

control and for the determination of transfection efficiency the expression plasmid pBI-
26/ZsGreen encoding a green fluorescent protein under the control of a CMV promoter is
used. 48 hours post second transfection the cells are analysed using FACS-analysis and the
fraction of fluorescent cells and the mean relative ZsGreen fluorescence (X-mean) is
determined. In all cases the background fluorescence is substracted first based on FACS
analysis of cells, which are transfected with the identical substrate vector combination
corresponding plasmids in the second transfection but are only mock-transfected in the first

transfection.



26/ ZsGreen encodi ng a green fluorescent protein under
the control of a CW pronoter is used. 48 hours post

WG emonasetts ansf ection the cells are anal ysed usP@DEP2008/066430
FACS- anal ysis and the fractdon of fluorescent cells
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In a fi¥§ %‘éeﬁr CHOTBIPAL AR 1ROERARRAAN Y pRLART GSodife tf(t}elambda integrase
second transfection but are only rmck t ransf ect ed In
Int-h/2 Ige IFIF asd X8 adv6hiers pos fiFtgrangfc@ion thosr qablk ecutransfected in a second
v B S BT P RS PRl Bl A B vocor
(n=3) A £a poAed @mtrBHa fob tH! R&MnHRtIBA 6P hidedtBh efﬁ’cﬁ'&@ the expression
i nt egr ase Int-h/218, IHF and XIS. 24 hours post first
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prornott rr?%S ];Sr%& talt hour ?tt % %Q]? ‘ﬁs Eéltlovne‘& \égcgelsll(s) (arl]re %&ly@nusmg FACS-
analysd0sid théefre0ioh Fdf | flardcémrcelld @ncﬁ eHcemoamaddt i ZrK}reen fluorescence is
transfection efficiency the expression plas

determyped. gy Ak cpss rhe heelearagnda flyprsesenes lh%ls‘é'%s&féﬁﬁd ;ﬂrfzﬁ asgd on FACS
analysllg] %?rce'illé]e Ut 51%' r%sf@ct i ﬁ@?d%ﬁtléeﬁ Hp&ate Lk%ca)? Wotnbination
post secon trans ection the cells are anal ysed usi ng
corresEe%@mgl playsiids ianhe sdvend taaifeaiorobutfdreionlysaeck- trmslfédsedaimdthe first
the nean relative ZsGeen fluorescence is determ ned.
transfgehion) | cases the background fl uorescence is
substracted first based on FACS anal ysis of cells,
which are transfected with the identical substrate
vector conbination corresponding plasmds in the
Figug9ondVeridication |qfrcroas-m@omﬁwano¢kbyr%3r ected in
the first transfection. Figure 9: Verification of
PCR o pksmrdePdifo méettq:cb&onycqﬂcpbma@ﬁecmchmhdeﬂtbmthes@ﬂaa@cﬁ attB or
m s _transf r the attl and
oo S syp B Ieiih B0 BuARy b e b ghS ke ofpmbination
CENfo2 ped fRcGied. Ui &ge tofiey fictddeful ¢aeipidIedul 2 neédehbindtdonabdween the
ZsGevl. In case of a successful internolecul ar
pair of subyistnEeGYR Aireasepositiened any thef pAsGiseenyatt- éeqr@rétc‘@rr@s under the

conefo 5 S BB LBRGE B e DRSS S BRI PRI gy o

correspondihe anthnﬂa&‘at atte -beaodearthem A3 & henskqnamsp@rfdtm g)roduct w1th the
them As A& conseguence,

att ach nt. si tq%@be?“\é\@en
aboveﬁv?m@a? RITESTS; OGN §HEPT HFGraTE! @ﬁmblaa%?ﬂ gvents And
i Gy Y11 cef rag HlrOMERRMREPART QYRR LB/ TR foll
lndeec|Endeec?',e |p§§§%r9 e #gﬁ%&’@ rdé :S(rgansf egt gd Wi tﬁtppC{M SS0 owed
by a seamﬂmafecpomnammrpsf $Liﬂstra¢efvettbm/tbd expected PCR product of 400 bp is
detected. No PCR product is obtained in mock pre-transfected cell pools transfected in a

second transfection with pairs of substrate vectors.

Detailed description of the invention

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

limiting way.



by a second tranfection with pairs of substrate
vectors the expected PCR product of 400 bp is

waledoeotssds No PCR product is obtained in nmock PCT/EP2008/066430
pre-transfected cell poolsloransfected in a second

transfgction of su ectors., Detailed

Terms o8 T BFicBi e P fhﬁe&.ewiwer&ho he TRl Bt o
“conprising" or conprlsed enconpass t he nore

speci fi ¢ enbodi ment "caonsisting of. Furthernore .

The ta§TnGTANBIOTAAEDTS | Qir' 4 rARTOREN 2 ‘STaRBICCRNE Y] ‘10 éramifmt phgsed herein
i n COLLS h r

meang By SERARCHSE L sEfEico AUl S egflenclinfo B SALTEAINET | Betically
modiftad, Fecombinants fraﬂsrfd)rmed' 'drrtﬁuﬁsgﬁﬁi ¢edlR. " Tiar intrbductivarst B pérformed by

as, used_herei n means a§¥w£0 roduction of a nuc|ejc

any mgthog sl ke jihhe it SeEI4de Nt %regré}ﬁelﬂmti%c{ [tq, lipofection,
electr('(f:@%xtgdn,eQ%lg&ﬁfbﬁr@uﬁl%tDEAE% rQﬁ)ni%g Qfedf ‘ﬁg‘% o rot?%lgsé fusion,

I ntroduction can be per or meq
viral méctioknawhmidaroinfeetiom or niviyt lifﬁ)dEB”I‘lel olituble nizans af thenmicium method,

electrqlsbran%lit,] %geélthogElA\ %@}e}g{lggﬁ ralﬁﬁlﬁﬂec jp e{:{ug%;?eg(&s(orl) dﬁl¥a‘ia }oinogr an oocyte
injectiBh OTRE kdfdfofniloANmay résdlt ih " BksiNDr 30M1dMrEKPbrita@6h IThe host
or may be carried out by neans of the cal ci um et hod,

cells. dlhe deima s'Haedfonmstiond or i "ta rtlavefnmy Alsptmeans he liatroduction of a viral

ction, aeraoso al n.or an oo tion. .
nucteis Mg AT G hY T BufE el pREG s bRkl ghe vina
nucleit fa@fiS{eqliéRe ineBdVhotith Ebeﬁﬁ@stenﬂ@d h ;iakeheudige atid sequence but may be

transfornatlon or "to transfornt al so neans

packagegt ingvialj Rptes¥ ey elape al sy Eegiern aelpigs salgerdyde thenmathwéyvhlch is
usuallmnSVI r Eroﬁlettgﬁl t?eﬁﬁg) 'a%{(?n""&f Y5 t gﬁoﬁfrf‘t Wr@dsﬁ%tﬁﬂ $ethods that

nucl el ¢ aci sequence needs not
provider egendl mlsﬁ:cﬁalk efd:qnumlyeami agircksagof feeinotiucedynindeic acid are

packa Vir protei n envel ope. Thus, the rm
favorq Sy Ogﬁmn @6 detrEm RSt g cf OWHRC Aroe sdusgy & ytafzwamsfectants

the cORYRLtd ha?et e tn{t%’é{egr MRb! @ st LardT Qéh%fr&f M an artificial

Transfection netho that provide optinmal “transfection
chrombs@ue/entiychamuoexpr @dscater gfisonhedlyi sotas velbic stablyuedintatmed within the
host %§id are favored. Suitable nethods can be deternined

routi ne procedures. For stable transfectants the
constructs are either integrated into the host cell's
genome or an art|f|C|aI chr onmosone/ m ni - chr onbsone or
The tdr@c'é@mn@patmnuwg agsused hpeeins reldsbsy tonatt praicree, any derivatives

wi t hi n oSt nmbj
or hoif ot R EIHfeG to E R TPAOT A TG I ) . (sEQ
ID N@{12) ded iayRt (SBES IDINOONB) eguescel had edfe, d@tvafiessatdkseof Quch as the
attB (SEQ ID NO 1), att”s%@E%lDNthé attL(SE%E
exempay segyensay «4P ORPESEES 1D Ok ¢iBric enecHied ippEQ ID NO:4,
atflL* gﬁciﬁ’e@ﬁ‘éﬁ%} fﬂ]ﬁl@@,fatﬁyaﬁ,gbe@ﬁiehhﬁ SEQ ID NO:7, attR* specified in SEQ ID
NO:8, atfR.a as specified in SEQ ID NO:10 and a#R.b specified in SEQ ID NO:11.

The term "derivative" or “variant” as used herein relates to a#B, atfP, attL. and attR sequences
as well as atfP.b, attP.a, atflL*, attlL.a, attR*, atfR.a and a#R.b having one or more
substitutions, preferably seven, more preferably two, three, four, five or six in the overlap
region and/or core region in contrast to naturally occurring a#B, attP, attl. and a#R
sequences. The term “derivative” or “variant” also relates to at least one core Int binding site

of attB, attP, attL or attR. The term “derivative” or “variant” also relates to at least one core



exenpl ary sequences attP.b specified in SEQ I D NO 3,

attP.a specified in SEQID NO 4, attL* specified in
WOERQIDEB6MO. 6, attL.a specified in SEQ I D NO 7, pet/ER008/066430

specified in SEQID NO 8, dattR a as specified in SEQ

1D NQ 10 tR ecified in SEQ I 11 1. The.
tne i e ok 5 Lo ICRGS P molk SR B i bing s for .
The ter@ ‘@ttiativat bP vaginhl addodeRtds o 8€@eke B6€Sor@InBhdin@Site of arP, atfL
attP. b, attP.a, attlL*, attlL.a, attR*, attR a and
or ariBy pIRS IPURai Mgreopepiey oftire dELELS puttionfctoprindingsitgs. The term
“derivﬁﬁye?nalson?%[a??sptg eclfc%%%a)ﬁoh\sf?’thetsg ?e%?ureg Yk ’tetgﬂ Mc?erl(ef%ti\%”)ﬁlso relates
I n he over ap region an or core region I n con rast
to subbtitutiadstihahd YHBCRISrariXI§ fattvBbindinigRite @k il th@ndt a&id Rnding sites. The

sequencegs. The term"derivative" or "variant" also
term ?d@rla%té@ t% “Fer réggleorsw@r 661@@8|tﬁtan5iﬁ%1aqt}9§alsﬁﬁ%mﬁ¥ts Shareef and to
, : he  t y [ I ven OF - Svar | " :
endogBff flcbidl Hdfhocllidn ! SUANORE UL il B @te-specific
recomatnafon,at.g.Lardt identiReinuthedneaorgenome (swpd. @sWeF 01/h6345). The term
s armbinding sites for.Int. The te "derivative" or .
derlv.a{}%ﬁ, i (gmvarl%lts dnrgé:p%rtagglc?%ie%fztt e 44, ¢ils OF SR jeqgpences suitable for
realizifh ABY Nerled @sObf eHet fResct tveRMio R PIdgnOMREt A6 sBBI@ces mediate
copies of the IHF, FIS or XIS factor binding sites.
sequetisespeeifimreapentiinaioneaentaldsiver by an eyegrascavalshtypat modifisdd) of the
tures. The term"derivative" also relates to
fl%‘ns inthe IHF, FIS or XIS factor binding
site or inthe Int armbinding sites. The term
"“derijvative" "variant" noreover relates to an

(13 or bl y
The tqrpncdpngioapl fragmerintatende atB, ety ¢8- cBogeRbugiPa, atll®, atrl.a,
n eot j de ' r ' I APOrt ] - -
aﬂR*’s ?%ean cdélias 62@‘?“? ?Sg&?%g%%}bh%ga i éﬁ@&@tgﬁg’aﬂegﬂggén%ﬂll(Plgrec}nsemonS
(including tpreschesran apenosref (skletype @r nW@ifdd pd«db )bindihe siten,nwhich can
."derivative" _or "variant" in gener a{ i ncl udes.fatt.B,
medialg sepucngerSpegfic scpRONGR dE¥EN Bupt aB1delype pr pegifics; igerase of the
bacteﬁd&ﬁaé@fa%gg% Léiﬂ% Hthd RBIRTESERT JuBYRRORNde W NarlB&NRsertions
t hat "t he sequences nedi ate sequence-specific
can bg etedbéatainicomByverit, sidr indaw disR saquemtce gr diser daniviatdvesypeorder to

or. nodi fied) of the bacteriophage | anbda he term .
confer ROl FRABHEATS Fel BB A e Al By L3 wild-type or
modifi%ﬁtiﬁae%ﬁtsé Bf bhe BctdRophag®t bibibea, b hdeeBs sadd bifiancéthédt rBay@8hsist for

att R b sequences having substitutions, deletions, o
cxampgdf O) iricrgsing itmnefTicicney efticpempinatsemeentsr(imegsatigyeangfor excision),

o kR MRS AT REBaRBIF1 1o PLOSHAR O8R! el hign evns
(iv) f2aBridg idedritpe: Rtombahfidreehdnt eQraEeving tHeh%(fE[uirernents for some or all
bact eri ophage | anbda in spite of the nodifications.
host fasiieyst intcgmpanison taehe eeramBonirmiPBRraily 96FUITIBR SecoBIPIngEon sequences
using e rs%ﬁlgcr%goﬁlﬂﬁﬁ%eahfl@er. Akt & earc{n{'diml %b?[ﬁt{lﬁinﬁe%éreﬁgﬁsc‘ and/or
or their derivatives in order to confer for exanple and
insertiond ann estentbeointiodecdde coohinmat woh exkendsl/dr oaRNsdgycreces or their
dified integrase of the bacter hesle

deriwwlé{%giﬂ)aﬁ/e@%ﬁgféggg% aﬁeaerém{r?@@réhﬁxme Lygplspiide %ﬁfeﬁ Which might

act as start codon (ATG) or stop codon (TAA, TAG, TGA) in a recombination sequence or

t hese fe
bacteréo age {au

encode for certain amino acids when operatively linked (fused) in reading frame to a gene
sequence coding for a gene of interest. Alternatively, to not only use the a# sequences as
mediators for site-specific recombination but to expand their functionality by using them for
example in addition as regulatory sequences substitutions, deletions, and/or insertions can also

be introduced into a#B, atP, attl. and/or attR sequences or their derivatives to remove,



exanple of (i) increasing the efficiency of
reconbi nation events (integration and/ or excision),
W@ 200p/0688a3 easi ng the specificity of reconbi nat POTYEP2008/066430

(iii) favoring excisive reddnbination events, (ivV)

favoring integrative reconbi nati.qn_events, (V) .. .
Chang?’eﬁ?“ee{ﬂt%é’rt i Sr%&?ﬂchéﬂ%“ﬁ?osl orV gy 64 45 ‘é%%‘é%“ng sites such as
(cryptfcdCdpliES dohdy, GosapRdT SRR dnd bABCIE Pbnes RNEidegylnadiikighhly, TATA-

occurring reconbi nati on sequences using the sane
boxesy ghiotishnEE@solHY ety hites a FaP CRoPRIVE NS s SCCONBATY | HTCIUaRPs (€. stem

oono 5| SHLPTES APFAR DO PO SO PLaRBE, LOHEEHiRn come

sites e€tekd yiat juses fdva buensnanitibpargaplegener ate or add for
exanpl e nucleotide tripletts which mght act as start
codon (ATG or stop codon (TAA TAG TGA) in a

The FBEQHRIINALIOMoARHICRGR nflinfREONFes’ OF 6Mh&HiReRMh

© g%lds ﬁﬂgﬁJopé§§g¥Ve%§nﬁ?ﬁf@§ ? %Egﬁ)sfn(ggag?ngﬂg$§ﬁeam'be

demonsgrawdge mays tgtidepead oo dhadgsired patigdmechafactentsee et are known in the
Alternatively, to.not only use the att sequences as

art. Fsaap By b S9-gh g ion dpntd i HEotF BEG LT RBTSSOH (BURTiDR (o5 Example 1)

may bBXRaNeh EheddterfAdnstbRBakictatdayretsthBifatidhedt dx@lacigdAidhbiBal DNA in
in addition as regul atory sequences substitutions, '

a varigiglogcelbhnes. Bnidflpr callpgesr co-ansiestad witlks an bepressiarodgte gncoding the

messh o8} FosPHF O RIS P9 ndor s

might SROMRIBE £5{d 4l Gliewditated s tovhihehismyutaehtcafor ¢he ALbmBthasd, te@Soding a
such as (cryptic) splice donor, acceptor sites an

d
functippadnerr fipsitinhal repitey Le8R(¢-at flemcsseyndpein i QY @ad containing at

i=S] - L r ' I : .
st ST SRR RN o SRS ¥ ALy oo
vectorf dfe funamarfithd raportéraginorvalldre roiidveed negfinati@ray/ fdn@cdmal SThus, the
restrictiqon enzyne sites etc. to give just a fe

. - but
recomfgatiph BeiyiygCaRmpisaXcd arheT PYHETAVEHAE oy regomygad FrEtFate vector
and 160%&%"?3% RAIRR & fe8mBinaBdn MG HRA l'e%le(gd'raéﬁmg?enbp Berforming a
denonstrated in ways that depend on the desired

PCR, payencnalysshthe teepimbired regidn,aegrikiianenzymet dmelyaist Southern blot
Fqr exanp| e, co-transfection_ assay as, descr.i hed. in

analy i or e BB U EFEFIR oD "ESOTRET B o s PBLC bdge (G- ELISA

Westceh BIGAEAE hdiBirhMb G aSe irﬁﬁﬂh@ﬂr;@éi%)ﬁzﬁfo(ﬂﬁh‘hﬂlﬁhd)sf?ﬁnﬁg, FACS-analysis
extrachronosomal DNA'in a variety of cell lines.

of flu@esceny yrotegws).| s are co-transfected with an expression
vector encoding the integrase protein, optionally also
vectors encoding for co-factors such as IHF, XIS

The taffl/'@vefflpS regightt abeusaddegein adeins stibsicqaée VL iy réddaibination
is a substrate for the reconbi nase, encoding a o

sequenqgs drhesh Hie/ RYA strand cgxchanege. fl@b@mgeﬁtra@érféea(vgg% and religation, takes

place LhYPNGRE %{hepcroﬁge%'sﬂs biNge séalee) ceafu.-jT’F’?%{f@s'djﬁ NG @{ld-!ngj%s t% sites or
one reconbl nation sequence therein. Upon expression o

said stientahhegngdendipniheucdogpide ssbaiutiast @he ohhepfowpisitons, that the
of the reporter gene will be rendered.

sequeRRS R BERY R SPGB beDTPRI OO g BT SR THRCS:
activity can be assayed either by recovering the
reconbi ned substrate vector

The term “core binding sites” relates to two imperfectly repeated copies in inverted

orientation, separated by the overlap region, in each set of wild-type a#f sites. The core
binding sites are essential for the recombination by binding the integrase at low affinity. Each
core binding site consists of nine contiguous base pairs and relates to DNA sequences

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



and | ooking for evidence of reconbination at the DNA

| evel (for exanple by performng a PCR, sequence
w@nabysseds of the reconbi ned region, restricti OPCERER300®066430

anal ysis, Southern blot anaBysis) or by |ooking for

ool PG el DB FERATESRA R TTAGHS: BECHSLBuhg Fentry s
for thé MILQOETE Gifphd AldlidcisBRILASS 5 ACAIGUT T FALS- adhal f¥s tie Ofsequence
fl uorescent propeins%. The term "overlap region" as .
of the pyelgotida wiqnentery HeSALREALEGd etig¥crest carpidcmeriabitisad) ignwild-type

. sequel r . .1 ncl udi ng
an i A A B S SRR
relates to the consensus DNA sequence 5'-TTTATAC- 3 '
. 1 d- . . havi
The thihetTERAITHUK G601 e SU5ETTb g S e Trie Bifyerein relates (o the
conseR¥uE €IS Bacl/ﬁAGfﬂ%CTR?Gse&%%ﬂlc q@nck I'}{%Vﬁlgeﬁlhétﬁbnal nucleotide
region is 1dentical between reconbining partner
substisique nidesarnifhieding rane "foo ke hayntle pgsisonelsidt vagloat dsstanoes upstream

o JSablRER S PR RS0 LV 1

set of wild-type att sites. The core binding sites are
essential for the reconbination by binding the
The term ethoawdogue” | @w"bdrho lngeys! Eaé‘hindér"e dsi medidngersint evith regard to
onsists of nine contiguous base.pairs and rel.ates to
recomfiTsE gRaffaes dSRUISHERTY 57" HABEUGea g, §ics and host
factorNbialiagt dide rsR@dence Mictdd GEHTIchliese, béiag iHb@ical to at least 70%,
B' - sequence_ of the nucleotide sequence 5' - CAAGITAGI- 3
preferably ek joagt BoppneivareiRraplstar stngast 8w cveremors pigiispkly to at least
0 i e S 0 5' e ! J d 0
6%, o dll phAhbAT"FHURTER.. ity dL et "Wl Rst 95%, and
most prefCAACTIOAGBTIEt 9% ermeureldyplceureing argyorsiiinaivgh) sdqgiences, overlap
.owild-t att sites or said sequences hayvin
regionpy 6% PURIE Y5 BT BANS St PUS RSO PHI A . AS homologous or
similar 3 cBhAGBY 8§ IRodOTwHil ‘e OTusi’ Tl i Al 8Sn @S similarity
used herein refates to the consénsus sedquence
algori®m GLANST @ACYABI Showiing ai probelgjlignoé fhavilﬂ'é Wherc tcompared to the
uc{eotide substitutions. The armbinding site for Int
r“”“ﬁﬂ?‘%%sﬁﬁ§???oned at various di stances upstream and/ or
downstream of the core Int binding site(s). The term
"honol ogue” or "honol ogous" or "simlar" as used.
The terar évastant’ tah usedaertin oclates doriviivaallyoacaisdinge At exnthepiaatly ggnerated
conso SO Gy S0V Ry Pk o R AR 50 o col. o
plasmEB YRR BE| dGmidieattifadl ERombsdrashint Ofonidkehey, alikieriophages,
. to at |east 75@% nore preferably to at |east 80% even .
VITUSCHEF getm‘@wé?sa@{[@; o5 used feeanstragoiecory #rp avelingioan to a person skilled
in thePaf faﬁa a(?:ls% 4 @t \éArFo%§ tpu%ﬁg/%tioglyr Ifnhﬁértimﬁre t&ﬁﬁifqﬁésa@rycc}ngtmcting
at | eas %9 and nost preferably to at l[east 99%to
suitablvatdagtoas, liyclodiag ardesgiptiea afiha Aincionas end expusorya@vatpbagts such as

promoters, enhancers, termination and polyadenylation signals, selection markers, origins of
replication, and splicing signals, are known to the person skilled in the art. The eukaryotic
expression vectors will typically contain also prokaryotic sequences that facilitate the
propagation of the vector in bacteria such as an origin of replication and antibiotic resistance
genes for selection in bacteria. A variety of eukaryotic expression vectors, containing a
cloning site into which a polynucleotide can be operatively linked, are well known in the art

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



regions, core binding sites, armbinding sites, and

host factor binding sites. As honol ogous or simlar
w@r@9oa6ss3s der ed sequences, which e.g. using stPOOEPI0S/066430

paraneters in the simlaritty algorithm BLAST of NCB

i R G EAT B dantrbaet ddhaisord v Eep By EpRTRELERalin. Po At

CA. herein relates to naturally occurring or synthetically
generated constructs for uptake, proliferation,
expression or transm ssion of nucleic acids in a cell

The tegﬁg"‘ Qﬂeagmn est’e hﬂg&[@dq&%gue%gg’rpogs‘{ie el deh&! Qg used herein have the
chrofrosonmes/ m ni’- CAr onosones, 'bact éri ophages, VI ruses

same Micaning aod vafeius aspolivkichodde ssgendemfamp Séngtic thay edodesa product of

i are well known to a geﬁifn skilled in the art and

intereg} KRG felretedi ssAVRCe 6P lepgt ioaﬁémnf%e%&wi # fjysign or tagged gene,

' s f uGt i '
o N B B e RS}y cDNA. I can be the
nativer eguinat,orey netonglynectisingUfotm@y qurecombt emgatee ohatheeris¢ modified as

. termnatio nd pol yadenyl ati on. sj.gnal s, sel ecti,.on .
desirefjor Rt amod e AR B S S et bp Ol leopp Bt orighapage in the
select@ BokiNOMN h@mAhLatRAr §ONagphid. | BetHPmbRE tiRKt canT M€ lude removal or

eukaryotic expression vectors will typically contain

additignissaf qgir-ekangyoteh sudeguemnaus) sspiace daor.| doceqtter sitpe and branch points,
ro at i.on, of vector, .in bacteria such as an
potya P BRR i) TALE ARl B EPAf, SHFL The SRgenoreauences
second@y SRIcREES 08gl RteBRAbSYs), abindingakit@t Yorotrafekiptiy®t fabtors or other
expression vectors, containing a cloning site into
regulajgyy dpctarspissiyistion eingrResites $thdo sly8iattiaishy buj paedamitigg examples.
i 0t 0 . [
The o881 SORER O ESoah Q2T RGP JERE o by or el
surfacCAdIypeptidagEing “faxdhabaf int&ast” Rnauggaprobdink, g@iypelfid@r fragments

e oy hE e R <R o Besein I e o
gene" as used herein have the sane neaning and refer
to a pol ynucl eoti de sequence of any |ength that

The teemc ndelsicaacpt seduertcedf “nunleetidesicqudiive”, el ‘DN A de@egeedras esed herein

refers gg 31@ gggéﬁkg:’ol‘[ig% %u@lgﬁ{lgeg 0121%@%%%’ e%gidg gﬂg ;fﬁagmfﬁﬁﬁl’a%g rp%rgions thereof

and toODRAS S RINBNSS, gcRb B Lol dhetid o AWhIch BANLOSinkROr BB Gtranded
sequence, i.e. naturally occurring forn(s), or can be

and ropigsanteitic sensetdienibanse rodid (Tad saguctes magde arpeseoding sequence, a

. modi fications. .include caodon tiym.zations to tim .

codin alh GG LML 6 cPeaoRBLRARN P MisdnRe R Gfe mucteic

acid ré @@ wigsreifrohé BEMBRY & dbheYavedden APladeEby esFhoBfms.
additions of ¢ -acting sites such as (cryptic) splice
donor, acceptor sites and branch points,

The n®8ei¥ qglﬁ%?&l?@&lb&%f%h%@%géﬁ in-(/%;{f%tp%eose}{)rg réc?ﬁﬁggz:gandard techniques
ribosomal "entry sites, repeat sequernces, sec ary

well kabwuad whesf §lellgn tisd &m Tieops) , “‘cidoddighi@r Stddsg’f mfers to the inherent

tranpscrjption factors or. other L .
property of specific sequences of nucleotides in a nucleic acid, such as a gene in chromosome

or an mRNA, to serve as templates for synthesis of other polymers and macromolecules in
biological processes having a defined sequence of nucleotides (i.e. rRNA, tRNA, other RNA
molecules) or amino acids and the biological properties resulting therefrom. Thus a gene
encodes a protein, if transcription and translation of mRNA produced by that gene produces
the protein in a cell or other biological system. Both the coding strand, the nucleotide

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



regul atory factors, restriction enzyne sites etc. to
give just a few, but not |[imting exanples. The

WG edoentssds sequence can encode a secreted, cyt opdBEP2008/066430
nucl ear, nmenbrane bound or 18el | surface pol ypepti de.

... The d f i " d in
istingl g BSOSy Hapd MR £R e o MBlal R uft 4eSiMiige, oL gene or DNA
can b&P¥eradd toQfs sMBbdilg el poie ¥PoBESpRILE dfMBatSRhe ot EDNPOHA nucleic

cell. The term "nucleic acid sequence”, "nucleotide

acid thpb gueadewa prasein imiles anyiandee agils thas bayredigieient Byedeaside gequences
b o R4EH SRS AR LI MUSLEE AL RRLLE! SOt snci

code. Yaoleit azidsrand yintlbetidecscqudngesthatdnicotie prayeitdemsy imglude ditrons.
doubl e stranded and represent the sense or antisense
strand. The sequence may be a non-codi hg sequence, a
The AR S HHLNE scdlin@r dhIddbR Wikh RAD acid RSid tei
© iﬁ% n%@l ot i es“%#ntﬂe ﬁ%ve tiong@ncﬁﬁle nhg‘g?%wgg?émpn)mn
and referg tooprdy mbis rod iamiranaidsr o frany denptid dibs sehtanmes deemchuep lpagteids that are

by their syn ...The nucl eic gcid sequences of the .
post-gfalagiialy n PIHHEd, twaHEhreps s, Bt JeRRGSS PARduF rot Timited to,
glycosty%ﬁﬁi SH488at TR, bh@ﬁ&@la&i@n% %r&@inﬁjfd')delssiﬁ% Nib&ifiddtions BRE changes,

term "encodi ng” or "coding" refers to the inherent '
for expmyperfvgions tepubdérf potgeyguaminesand ssgednsot subststutipnsg deletions or

: nucleic acid .suych as, a ne_in_chr.ongs or .an nRNA, . .
imsert S, G et iR B8P BTt oMU TR R PhosBy Fithains e
biologadddl filfREi6AATRICEGHY. EforicRamp Rl R@hHAdmIAb QR RIS SRBertd\Wubgitations can be
defi ned sequence of nucleotides (i.e. rRNA tRNA )
made df gerolyRptidhPeituadyrlang auslpis astd erding sequpecchingl dgratein can be
: i Jdting therefrom T
oI SRY HESSERALL 0FbM A ELAMTINS oy SENGp BRI e
perforpting siceshebifict hataggens q@rpotiucesset dhairpreattdommediaedaalithgenesis on
: r other_ bhiological system Both the coding strand,
its unqogly g ICkH UGS Ence of which is identical to the
MRNA sequence and is usually provided in
sequencel i stings, and non-codi ng strand, used as the
The teenpfaxpesfion” tdseusadahsem pticon to offamcgeme and/oDNAnshfion of a

e referred tp as encodjng th otein o ther . .
heteralEgt CE B A PERE BELNIE ASludhe ke kel ision of a desired
produ&g Qdigsst @elpfn@? e Nctdtmindden BEBagl6k Sitlerakd SRolihtalf DAY onding

di fferent nucleoti de sequences but encode the sane

mRNA th#ios aedsantsiaheseld @fthe hmognoekihs degised polypeptide encoded by the

degeneracyof the genet ode... Nucl ei c_acj ds and
seleoFAFEREC PR stlfeBs ThiR BRRSHESLeThy n S Ratengg o be
quantitddéd BBorti&e bl@Mmybrigiehtyde Pbbileleas& RMSEprotection, in situ hybridization

interchangggQé¥ with am no acid residue sequences or .

to cellybastRANA oarhy PR ePotains prsoges by agrlesipidigquice sap e gygntitated by
. le Theset e I i e i .

Vm“n%og%%@¥§h§T'tPgngﬁﬁ§Rhn ifﬁ@g%?hﬁgﬁghgrg)cﬁggég tﬁgﬁawy& by

immunaeyeteipiestiobptbyarasayirig | fom thedbiobogigil y e@sytlyatboif othe protein, or by

: acetyl atign, phosphoryl at i or protein processing.
immupgSfing & ﬁ@&ggfaw&%gﬁ\gﬁ@& F%ané&éﬁﬁ fusions to

ot her proteins, amno acid sequence substitutions,
del etions or ' o '
An “expression cassette” defines a region within a construct that contains one or more genes

to be transcribed, wherein the genes contained within the segment are operatively linked to
cach other and transcribed from a single promoter, and as result, the different genes are at
least transcriptionally linked. More than one protein or product can be transcribed and

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



insertions, can be made in the structure of a
pol ypeptide while the nolecule maintains its

whrabogiceml functional activity. For exanpl e CBCT/BPI008/066430
am no acid sequence substititati ons can be made in a

ctomefg NERRY e M b SR BRI R G B RIS sequence

are copfagReantittes thcAmitno aci d nodifications can be prepared

for exanple by perform ng site-specific nutagenesis or

polynerase chain reaction nedi ated nmutagenesis on its

s e T

The téﬂe}lx rﬂgg&gﬁgﬁﬂ&eﬁ Qn%‘ﬁ%] gl}azl%ﬁ'g rdg?[g?rse T{hglezlf gﬁlsicsrequen.c%snor sequence
elements dl:f@podltﬁ(aﬁ:ﬂllﬂtal voay thht perhéds ehich agustion @l et 1ﬁtendied manner. For

sequence within a host cell, The |evel of expressi .
examplf, bprERBIcF ae/Br GHRseT ionerfbisty linkerl torgodjag geuenss gets in cis
t | b0 AR $hOfrarRb i e 4 t il
o co Bt Iyt e AR B SRR i
the DNésssdqeehqos Itlyqb ept opteatevetyo Hekkdoyretdoatigelue anédwbaquenssary to join

For. ex MRNA .tr nscrl d from ected sequence
two PRI e EIcPA BN BOF ROFLHer RBOD e CHyponand i reading
frame! 1 bonucl ease RNA protectlon, in situ hybrldlzatlon to
cellular RNA or by PCR Proteins encoded by a sel ected
sequence can be quantitated by various methods, e.g.
Vst er,n Iott nmunoa
he it el P SRR Tofir oy AN AR O T RIR A3 SR eene o
be spewtdauytsmea%d tfbveorigatnst i tho pré¥ndeBRUNEStRhEHdIgy ga‘ledtiaa agent. By
protein foll owed by FACS anal ysis PCR An "expression
way Oé adudratien, aetiRidic ey EANERIRE AR RC Asebas @ POEVE pelectable marker
s 0 rei
gene t?lgpél?dé{]ketgg glgrs'ltt %ﬁ}llﬁ%ﬁéﬁ%? §V1Phtehl% S%G‘éjlgﬁgﬁt%g A)rog?g% fed%d%r in the
preserice I@Kﬁﬂb dooreepumidingt dneibicticfa hodnansfolned Hdsomlhwsmldg]loebe capable of
ronoter, and as result, the differen re at
growt} B SyrvivahHa st 1edelPP Fultyrs icapditippy S¢ Seterdleanu 6‘15(961% bR positive,
negati9€ oR "RAHEGRRNPRRIVC" &ML R AR 2 BHRT RREEGH ff&ogélﬁa&al?rymg the
transcription unit. Each transcription unit w
markec bypoiSaitgresiseyed @tadryebeoenpsisate fessaciabdlor 011 chaeabohc defect in
t|o and transl ation  of of .the sel ected
the hshGRE AoeRaT: At SRR A Eeln Pt hdis Beper o be
SeleCtIV@E’eélﬁﬁth@hyF drl SBlc, WBRPIhd PEN -HWRn8Tas MDMErkBH Ghil@ infake the cells
aci'd sequences or sequence el enents are positioned in
sensitiyevigyagehtst suskrasi acyclovamindo gingyelovsn The seleetablei mpket egnes used

herein 1ncr]%@1n% etﬁé/ afn)fo LEp {ale se?ecpa oegl'étﬁnegss quﬁ/en%lg e? Peac%%n atn%ly %nglneered
mutan@d hdt @riaeR] fredmeits, I’f@ﬁhﬂioﬁﬁlecqhh@lehfsaﬁéﬁ‘fdtﬁbi, oBniodshad fusions of
i nked sequence CGeneral ly, but not necessarily,

the natyya W}F‘Cg@r}gqﬁagengr@ m@rgﬁ FhﬁePl%POIqu’l psefugt éetalns the selectable
O LRHSHS, B JRELS, PERSSBRINGH AR ARGRFERELR i
level) o dgi @isaursloatathsi of the acled¢table marker associated with the selectable property.
A variety of marker genes have been described, including bifunctional (i.e. positive/negative)
markers (see e.g. WO 92/08796 and WO 94/28143), incorporated by reference herein. For
example, selectable genes commonly used with eukaryotic cells include the genes for
aminoglycoside phosphotransferase (APH), hygromycin phosphotransferase (HYQ),
dihydrofolate reductase (DHFR), thymidine kinase (TK), glutamine synthetase, asparagine

synthetase, and genes encoding resistance to neomycin (G418), puromycin, histidinol D,

bleomycin and phleomycin.



frame. The term "sel ection marker gene" refers to a
gene that only allows cells carrying the gene to be
W@ p@eiotscemnl | y sel ected for or against in the pPEEFEPDBS/066430
of a correspondi ng sel ecti ah agent. By way of
illustration, an antibiotic resistance gene can be
used as a positive selectable nmarker gene that all ows
Selectidtembpstso ©8 |n'1ad%"t@"ﬁfd%sﬁ@1€be%cf19at&@ EelDSdteing OF DES) using for example
positively selected for in the presence of the
a cell é@f@cégwh@n hepteri | bgaﬁ@'t@&d%er@é FeapRdf Brateias ffos terecal fluorescent
Le d
prowifSROERT o B BRERLC RS AUl Khd Rea BRI or other
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biolurpiggscyy sFich (e 8 oRFEPIN Mg e &P IR &t Ql%wéwgsporZOam us sp.) to
sekmt%ﬁqgﬁﬂﬁ &ntfc@fig @ nmetabolic or catabolic defect in the
host I'n contrast, negative selection markers
aIIom;ceIIs carrying the mar ker to be selectlvely

The 1ot REROUT feeHoe e b albrEneatel Per gl Bt o gl gt sygvival of
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used herein, including the anplif able sel ectabl e

presengepégn amlbllotlp mesistase oo ke ARt (ayme@@ymeieqdlomhoannéerase) n a
nd varj ant nt s ctiopal equival ents,
trans 064 S5 h gyl G Ao ISR The et 1 ve

selectable mar ker gene so |l ong as the encoded product
retains the sel ectable propertﬁéﬁuseful derivatives

The injegiavca(usyalyatnd desispetsatticetin ge f the hwtalri@nlvgf dmidgebelongs
like @I@ ﬁmit %‘tl‘;(% gtol frue n)aeg're%er B egf \(/)[\nh? gﬁéﬂ& %'Qgroenservative DNA
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recomﬂ)m(amr IIyltS Aatuat ifi@tcyion Intnoatdkyics g&nﬁﬁagfme r&l@ﬁ{blnanon between two

descri hed, . i ncl udi ng bi functio

differeg geqo; %@aaseﬂleﬁély%ﬂ%Y §up féﬂ’ 'Af%cwmﬂ@@r g4 nyplgotides and
was oﬁ\ga%y ZBLAR) frorh REOE, pébrlzaée%gmké}’Mlﬁfu%ﬁle e, eana %ﬁhﬁ‘chl F@r(1980) Proc.

sel ect abl e genes commonly used
Natl. AuddalSjbbtUS:A,C"éﬂ Ipp. B2 @Etht:h)ehegéuaa@ afthlaamgr%QIIylcbstldm is much

e QSSRGS UL B MR AR s . o o
W. (19PHFRlonct.hyom 915 NeL4ki MRS ﬁlt(r&@mblﬂéslé%%Mn&ﬂﬂﬂ1ﬂ§§1@e§%ltogether in

aspar agi ne synt hetase, and genes encodi ng resi Stance
attP atl@twwuh@@ nl l(e@qlsglcalpﬁm@mm@frﬂnt i the paljugnde specibic antagiatipn of the
hl eo ect| made by
circul g Poe SRR B AR ETh BT e 20T ReEr i gedpg protein co-
factorethanipl@llad ¢eédratsot hewt Eadi®d K tiallyoagtt wsigﬁhlated herein as ”IHF”) for the
- gal act osi dase _or quorescentdﬁrote

intearaGoPRBRB Brtichb S PRt (87§ | B anbans S 7149, IHE s
needeé\?(qucﬁé g?sel\ﬁ'bg; (?lf a! ﬁn@%aﬁ%&bﬁlbﬂla{lgﬁ Eé@{)l@( %\Jlf?lratﬂi rAegecond co-factor

ecl es | uorescent pr ot el ns uor escent
for tth attegrato@ndadtivai fis he i BNAS fepativenonpirodiling neS et Finally, the

ecies (e. D scosona s nia.sp.,. Clavularia
recomg atIOIZ§§§W6ﬁ% at, di 1P lea%s to thengrrnatlon of two new recombination
s4iE) andy
sequences, namely a#flL. and a#R, which serve as substrate and recognition sequence for a
further recombination reaction, the excision reaction. A comprehensive summary of the
bacteriophage lambda integration is given ¢.g. in Landy, A. (1989) Annu. Rev. Biochem., 58,
pp. 913.



select for reconbinant cells. The term "sel ection

agent" refers to a substance that interferes with the
w@eawnbseas survival of a host cell that is defPCI/E8P1008/066430

a particular sel ectabl e gene For exanple, to select
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nee or The asse unc
attP. br(SEQnIm N@t?o)omtEar@EQxIDmOM)a&ME* (SLEQ;HDGNT(OI 69,Qetflac{SHQ ID NO:7),

e rati n reac ne
attR* g.ﬂ%@ IIQ(}\I ,gc9 gt.a é EQ IDr_Néal%Fﬁn(f iR %r(gN@nIQ ﬁg)( ]ér?r a derivative or
homogghg\ﬁl%fboattB and attP leads to the formation of two
new reconbi nati on sequences, nanely attL and attR
The pwherghnemtive speieilytelates tarduckangnd modecukesplenciefréorthe group

consisfgh i @E@Fﬁﬁ SRehePR SASHAEM NI RERELID 1DoNgg. art o

(SEQ hl@'}m'ag AMREGSELY BN %)guiﬂea (SEQ 1D NOL@d¥d aAR. b((SE@EJD NO:11).
eVv.

Annu Bi oc 13. The exci si on of

The prﬂsagen‘g?@ﬂonéu@wn@te ltel?éesﬁa@trewclean acg@ sneculscaapraing el b (SEQ
1D NG i Ok ARG A 3R bR -2 IR e (sEQ

ID NO'8),enR08 eSEQUDINO : 196k @iRAP(BEIE IDa0bda) of hidérivaivieh® homologue
exci sionase (usually and designated herein as "X S")

theredhayi ng two binding sites in attR Cottesman, M and

ter da,
mhe HRLATEL o sp I TR RGP R IR LS e e
ID NO:8},egiPat (SEQ 1D NO:4), arL* (SEQ ID NO:6), attL.a (SEQ ID NO:7), a#tR* (SEQ

ID NO:8), attR.a (SEQ ID NO:10) or atfR.b (SEQ ID NO:11).

In a further embodiment the present invention relates to a nucleic acid molecule, whereby said
nucleic acid sequence mediates sequence-specific recombination of DNA in eukaryotic cells
and whereby sequence specific recombination is performed by a bacteriophage lambda
integrase Int. In a preferred embodiment said integrase Int is modified Int, preferably the Int-

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



reconbi nati on, DNA negative supercoiling of the
reconbi nati on sequences i s not necessary for the
WE@ 20868685 r econbi nati on. However, DNA negati VEPCT/EP2008/066430
supercoi ling increases thei1efficiency of the
reconbi nation reaction. A further inprovenent of the
efficiency of the excision reaction may be achi eved
The pHéstit AvERBANRrEOTARE relhtchadTRI Yectr Lobdpasin@ranfyOéne of the described
i nversion stinulation which acts in conjunctron Wi th
nucleiyagid g}@,@y es A, Ing q_gggal 1Mﬁ\§)od1|qmt s@idovgstan 1S &gy a@ptg]_@(pressmn
The_exc e 0
Vector eIPh?’é iiiun%rgtnr%eftﬁgc %%boﬁ@lén%f sg g%(tgf tcgﬁlZ)\l@ésS% érr%grfotéé& Bnd/or a
heteroaxgg@um gene obmreshemer/va & stfeaioy mérkthendAot an icapdiege In another
| .anmbd Landy, A. (1989
embO(}jHWa it aﬁgc Csle Ip‘rgrgrhle%a%%gqs eB%IF@gg Gl%%g%{%r SyB tase) or Neomycin
PhosphOV-ERkd-Qa relates to a nucleic acid nolecule sel ected
(mp?ronrtﬁe group consisting of attP.b (SEQ ID NG 3),
attP a (SEQID NO4), attL* (SEQ ID NG 6), attL a (SEQ
att | D NO 8 att R.a (SEQ 10), . :
The péﬁs&n fl:t\)ﬁn‘ﬂo éé%lq(r %@sltol)a & [ gowgwlg%ta}n\yeo%q, o%'ct)he nu)clelc acid
molecOREAERGBE hﬂﬁé SR%sent THNnPb £ SeRdretly VMl RAc 8A8MJIEGR 1sYntegrated
relates to a nucleic acid nolecule selected fromthe
into tl@r gﬂmmmvrsmsfm rtrzgﬁolfal alipmosorSEQin B m@yomeiqnm or (nSE’erlsomal

ctemel o $eef i Yoela) O M AT et bR o g oct i o

eukarodicQell Bu¥sla ﬂzéast -ﬁhﬁt BYSSE M scbt) wEah, i fvh, fepfltertﬂrrﬁﬁﬁﬁlahan cell. In
relates to a nucleic acid npl ecul e conpr|5|ng att P

b
a furtl(reg;Eerl cmlk@dlmgttt qaldaelqlgggtqc[yquome) rnaértrp@an( @@qulqgted from the

sroup S ip et i Ry Gl B R ARy Vi ety moriey

kidneg€OSvadli rema lche opitiadiuen PRRIGEAM cdlheupraasettirydmiy eidnep IEK293
specifically rEIates to a nuc |d nol| ecul e

cell, hugtpranayiegytGeel, masgeygl en&reeh)? baby fpney iery el lican green
rnonkéSI f{lldnq( éﬁ@h{ﬂ:ﬂaﬁ@e@loal @érEﬁioﬁla(c%ﬁQén%el\QdK%y e‘ﬂt Bﬁ‘?falg $§leer cell,

or attR
hurnall)ungl cwllahﬁmam Iheer @Mbomulsr@ ntantrm-:ry mueeemt mynkoemt credinsuch as NSO a

relates to a | eic cul e said . .
dog, iU oDl /ei et fathi Al e 3F S iR LSRR said CHO cell i
CHO MaROfHNaH® K 10f CIIYAD A4 RS YUK K-8 €] l@H@nPlrdA@eﬁI%mfably CHO
sequence specific recombination is perfornmed by

DG44pact eri ophage | anbda integrase Int. In a preferred
enbodi nent said integrase Int is nodified Int,
preferably the Inth or Int-h/218. In a further

The pRE&ft eiveatos fina@t pRnts ®2d thethol @FsefRndddpebidis r&fbiRitNe of DNA
15. The present invention furthernore relates to a

in a cykgptodie CelbridPIEISHg any one of the described nucleic

a) ?‘ﬁl'n%dﬂahg%rulbﬁ% c&d?% S@S%fsﬂ GenSTRRS! IR, S 8 YACIHAL*, anl.a,,
is a eukaryotic e I on

attR, attR*, atR .a or attR.b sequence into a cell;

b) introducing a DNA comprising a second attP.b, atfP.a, attL*, attL.a,, attR*, atfR.a or

attR.b sequence into a cell, or vice versa, and

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

In a specific embodiment of said method said first DNA sequence comprises attB sequence
said second sequence comprises attP.b, attP.a, atflL*, attL.a,, attR*, attR.a or attR.b or vice

versa.



vector. In a further specific enbodi nent said vector
conprises a pronoter and/or a heterol ogous gene of
WO ndoenessts and / or a selection marker and / or PEIYEP2008/066430
enhancer I n anot her enbodi2zrent the sel ecti on nmarker
am n_ Synt e, or. [ n .
in o g bpro ety S il dh gy Sia BRRPEA Repmepes capprises an b
sequefi®l li®Scdoad %e@ft(ﬁnbe @@ﬂigﬁséil f0a@PY, OR aOhi Neunug| eiR*, arR a or
acid nol ecul es described in the present i nvention,
atiR bigeewessg: sai d nucl eic acid nolecule is integrated into
In a ﬁrgﬁngg ne%d%eﬂtnofa&lcfl%étﬁdcf kﬁ!i fﬁgtrﬁ ?&1@856 cgmﬁﬂses an attP.b
m ni chronos I soma efren
sequetideaand e@licbi@omd sdqhende rwamhsesran duP Bsesjpendefas evedlrbodi ment

said cell is a eukaryaotic cell such as_a yeast, pla ,
In a §RecHic F%@@menwwnmefh@hofc PEPENe SB?C%WWW& pDNA is

perforkfdd inf é”etuﬁ LofiP&E lfﬂaglrﬁ'ﬂm%éﬁ?@tthé ré (%'ks@%&’ ks %c§&h ng to the

I'S anamm an ce romt € group consistin
invent@dn ia aGhirnigel-/HanshemoSuae pr (HeHOhome loff saidenkayotid aleyin a further

preferi R GHATIRTPRA iRt OBy B PR gy ©) accoring (o

method&2A23in6&ltlon. human ami ocyte cell, human nyel oma
cell,, baby hanster kidney cell, African green nonkey
In a ﬂmﬂmﬁ@mbeélment h@udanetbed w daractaized m@thalt ¢lesf first gdequence naturally

| |1
occurfiy et ls of sl RS GE eIl b Rlbes PRI Do ol |

such as NSO a dog, p| g, macaque, rat, rabbit, cat and
oat cel I In a preferred enbodi nent said CHO cell is
A furtheyaspgat tly@ese@q@qqﬂon@.@r@@mi 0 @mewtgeasr one ggyoof interest

encodglrl% n%’or B{o?% %o@?%éﬁé@ro@%t(g &ﬁéﬁegﬁéa gt\écg@e%lf g&nprlsmg

a) rmmdimm@wfmt DNADN#mplnsmg amlaa‘ByatthaszbJ attR.emull, sdrAg, arrl.a,,
J ntroduc:| nnga DNA conpri ?I ng a first attB, attP,

atiR, %{fl% papR-agrqsRad segupnce o oell at't L a,, attR attRx,
b) 1ntﬁ")td{18n§‘ DOfechd DA SBAHERE dnn&z‘?P B, 68bL; o) *, '&%Lr QdHFtngattR a or

DNA”conpri sing a second attP.Db, attp. a,
attRbasqulmnae, attR*, attR a or attR b sequence |nto a cel |,
or vice versa, and c) perform ng the sequence specific
or vieg ¥er§h#idhat i on by a bact eri ophage | anbda i nt egrase Int.

¢) intrbucnSRaEIst bife gmBdiMTERYt iRh aSRlId Met hod said first DNA
sequence conprises attB sequence sai d second sequence

d)  cempratisg saidiceib with %bm&raphwetl@mbdcatnttqgr@se Intat t R,
attR. b or vi £ er

at t S
O St PR RS SRR By L BER TR mcums
Int, wEﬁQBthhéS g0 DAA R.ibtegrated into the first DNA; and
) cultivating said cell under conditions, wherein the gene(s) of interest is/are being

expressed.

In a preferred embodiment said method is characterized in that the first DNA has been
integrated into the host cell genome, an artificial-/minichromosome or an episomal element of

the host cell, before said second DNA is introduced into said cell.

The invention further relates to a method of expressing at least one gene of interest encoding

one or more desired polypeptide(s)/product(s) in a eukaryotic cell, having at least one



sequence sai d second sequence conprises an attP.Db,

attP.a, attlL*, attlL.a,, attR*, attR a or attR b
weewumssses | n a preferred enbodi ment of said ne¢haP2008/066430

said first DNA sequence conprises an attP.b sequence

nMumi sai d secong ence co Sgs .an att P.
QB R E R RO GGt isbn Pa s bk SaSgRY FFnbination
mediaSRMByeRCErcRP0phde Jam BEOMP bNaty RActafna DNtans thefkof, Gopeising

a eukaryotic cell havin ntegrated the first att
1ntf0d§‘é9%|éhé%‘“é0%ﬂdﬂﬁ$ i) th&)eb,l ng peh*i atha, anR*, anR.a or arR.b
sequef?J a'nﬁ'ag Al Jng‘gﬁhec{ﬁ‘hﬁ{&’%%{?%é’&d tde genome of said

uKar cel er préferred enbodi ment
contacing dalﬂ&‘hh @ﬁtlﬂﬂbhctermphdlgeyla@lbd@ itgessetlhe steps b) and c)

according to nmethad of the inventi In_a further,

perforgipg dhGraTHuCREE- WCREC HEEO N RINAHXY gﬁtaeg?cf@éf)ﬂ hagg k‘(&@h@tegrase Int,

betwe&'lf tre bin& &R ﬁ tn%?a{li yocgﬁﬁgﬁsin g dtclaﬁ_agg @l%nEN%f introduced
ce sly. A

sal ukaryotic Is’intro previ ou
hnosﬁmcﬂhandaspect of the present |nvention s a method of

cultivqﬂ_tP ﬁgceﬂg@gere@%ag{oyg%qg &% G&l Biltngeg?s? sz rglbel%g%ggressed

eukaryotic cell, conprising a) |ntroduC|ng a first DNA
conprising an attB attP, attP.b, attP.a, attlL, attlL*,
The manloe furthernRre a¢latRs to at trrRtla)doof amdacmgs@ql@enc@lel pelgpeptide of

1nteres% 1{1I§ %1@11319? olquléatv%r%ta% lg%s Bn% nemgatl%F?c%utér{nlgd%go%l?matlon sequence

whichadltosttseq@ame@pmm ratofBINAEIbSE andtile & l)?f laﬁttra@eﬁ@pme dbimbda Int or
| east onelafne of interest into a ce d) contacting

any fuggiiepat gufanfthereod, goamrBiZophage Ianbda |ntegrase I nt;
introdﬁémg & ﬁﬂ&n Ifrﬂﬁjf%glq UGS - e &' h‘f* ﬁ]?qblﬂ 4 %ﬂ?% cg attR.b

eri ophage a intégrase 1 At é sec
sequetidAnid ait leastege gtedof intepest fneo fdid séll; DNA and f )
cultlvathng sajd cel under Condltlons wherein the

contacpgspid)ced Wil MesgoPagedrwb e itgeraeghessed. In a
perfor?ﬁ ®hd € ﬁ@%oﬁieei?i@tre%}hgmﬁ‘f%tp 8d 4 %a&%p‘ﬁﬁ%ee rldn?&ﬁiz in'ﬂegrase Int,

hat the |rst has been integrated Into the host
betweerthe Igmmlvmatmmmequd:ncé inefuad1ly/ ovicniroigrioseigared aod tleEnDNA introduced
%Kﬁﬁfna el ement of the host cell, before said second
into s Ol nt r oduced into said cell. The invention

cultivitifpt RS cll@indbeSontiRiods, 'Wﬁéﬂélﬁ' t1ef o @ RY 85 MkdIekt &Y/ark BBHE QPRssed.
gene of interest encoding

In a preferred embodiment said method is characterized in that the naturally occurring

sequence is attH. In a further preferred embodiment said method is characterized in that the

naturally occurring sequence is SEQ ID NO: 14.

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

introducing a DNA comprising an a#P.b, attP.a, atfL*, atflL.a, attR*, attR.a or attR.b
sequence and at least one gene of interest into said cell;

contacting said cell with a bacteriophage /lambda integrase Int;



one or nore desired polypeptide(s)/product(s) in a
eukaryotic cell, having at | east onenaturally

wWo@e@munssery reconbi nati on sequence whi ch al | oOWSPCT/EP2008/066430
sequence- specific reconbi nati on nediated by an

bac h ti
perfortids St SRUBRGAPERES TenDbBuifigy o B R L Rl eaposrase 1,
betwodh HR. eorabihich scglidrle? natukdlly. ca:icurrﬂigtlﬁ"sald&feﬂ RBna tiy DNA introduced

att R b sequence and at | east one gene of interest into
into sgeell:@efll ; contacting said cell wth a bacteriophage

cultlvirtg’iggs il cncg:u?lg&a%o%d ti&ik; s, Pk ee?rlﬁlg“c %& {Zﬁ{,@?&&?ﬁbﬁ? z)ggigle&tﬂ%ssed

bet ween the reconbination sequence naturally occurring
[ said ce the DNA i ntroduced into saj
In a prgherred gk P ﬁ'% gicthods of theiawtion Res Qiaa%%eﬂziﬁiﬂiéti giahsald desired

poiypgﬂg@ggf@ %59 Métré’({l&é& fib & € BoReLNY: AXRERSSRG pro Bm.

ernDre relates to a net
at | east one polypeptide of interest in a eukaryotic

In & PG EMREITOA BEGERES eI B0Ar SEREEEd Jo e seid arP
attP.al ROl | foR"m%‘z?tRaé @Idatm{ b a8 Lﬁﬁ%secrdnﬁﬂﬁ@%ﬁc lcapPeRmbRY copies of

or any functional nutant thereof conpri si ng
the armnbm@dg csrtr:(g) ﬁor [INAoc @rinprems san@ serruea@ets Rompria¢ lOFPG 49Pyae1t Indre copies
of thed Cﬁée In%ryén(? ng imltﬁ(%)l’ 8r whcr%ub salglsaq%cgf:es uo?x%%%esgiot i gotrnbénaglon of one
copy (ﬁﬁhd)rc\b!opllés af aetartishhage:($)aoboa ahd bRgE@eor nfidre copies of the core
performng the sequence-specific reconbination by a

In”“&%ﬁﬁ%ﬁi%phage | anbda integrase Int, between the
reconbi nati on sequence naturally occurring in said
cell and the DNA introduced into said cell; and
In ancﬁhd:ﬁ ¢ndddimgntsthie dnetedds ofhther ine@nidint arorcharaveerel im thae said arP.b,
ne(s) of interest |s/are bei ng expressed In a

attp. apﬁ“élf e b0 d P B it OTsHIRID AEAUBEFSi NN AT AE SPPY BHMPOFE copics of

theaﬁ@ﬁ&bﬁﬁﬁ1%ﬁ%§?a||y occurring sequence is attR In a
further preferred enbodi nent said nethod is

In a ptﬁferre;iccrebochmdnti the tfeditods loé thmainueridnyare chametemzpdsiedbrg e atP.b,

SE A4, The | ntion furthernore relates to

i I R o o U BRSO BN vt a8 Bf more Sopies of

the chrdt Bit€SihdinB Gtc@Pkar Ytk &Gn CRIrvatiNAY bNGarlt ol8B§kenBEE consist of a
recombi nat ron sequence which all ows sequence-specific

combipgdambf e Perty ereatpist eapidsyofdhe baptberdiegphisefe) foarttidend ere copy or

or_.an funct nal t hereof, conpri sing
more ?‘ii’t“iso Ore iﬁﬂ%&‘% rr(‘%)& ng an att P.b, attP.a, attL*,

attL.a,, attR*, attK aor attR b
In a specific embodiment the methods of the invention are characterized in that the core
binding site consists of nine contiguous base pairs and relates to DNA sequences consisting of
the B-sequence of the nucleotide sequence 5'-CTGCTTTTT-3", of the B’-sequence of the
nucleotide sequence 5-CAAGTTAGT-3" (reverse complementary strand), of the C-sequence
of the nucleotide sequence 5-CAGCTTTTT-3’, and of the C’-sequence of the nucleotide
sequence 5'-CAACTTAGT-3" (reverse complementary strand) in wild-type a#t sites or said
sequences having functional nucleotide substitutions.
In a preferred embodiment the methods of the invention are characterized in that said

sequence-specific recombination is performed by Int and one or more cofactors selected from

XIS, FIS and/or IHF.



sequence and at | east one gene of interest into said

cell; contacting said cell wth a bacteriophage | anbda
w0 nioegsss3® | nt; perform ng the sequence-speci f i BCT/EP2008/066430

reconbi nati on by a bacteriaphage | anbda i ntegrase Int,

bet ween. t he reconbi nation, s ce naturally occurrin
In a fiiel prered prBadMERE Regihor bl dlie T dvigt, e ghaticliyized ifhat dhe
sequedecpetikit irvainhiigatoai il pefbimddnsheh reaiéd I Nsrefardtey @idint-h or Int-

the gene(s) of interest is/are being expressed. In a
W218pref erred enbodi ment the methods of the invention are

r i i t i i . .

tn anciiR CAEAIEE the Mohlft oA SRR &Y characterized in thatlat, Tnt-h or -
h/218 K, FE® hhd/or IHthare aglidd ouhé celeinrredifigdfor) ag niR¢As Eheding for the

) enbodi nt the nethods of the jpvention ar .
mtegr%%aqraf@gzwﬁtzéatqr% Of hafe %"a‘?x@r%?ftdpgb saidi hast gell, jphqrein the sequence-

specifltbborfbinat®in & perflhfg.a or attK. b sequences conprise
one copy or re copies of the armbinding site(s) for

Int, or wherein said sequences conprise one copy or

re copies the core. |l nt bindin ite(s),,or .
In o iHleF SRDUETRA DSTHOeS BB F A BRI it Poffeppddiconally o
third QNEtHHARMTOURP DN L QB RAcOorhMesid B PitNRh8 b rSint B( §dnd 81d one or
Int and one copy or nore copies of the core Int

more pofactipngensstselested flom Xdbiekee, Miigsde pedior thile gams, Mespsctofely, is/are

ﬁmbdth%fjp%ﬁntHEn are characterized in that said attP. b,
PR Mattlr, attL.a,, attR+, attK. a or attK b

In a pRESHRINGRS0JEAOERI thE mefhodsef SR plvationafechatRteBe®in thBeneither XIS,
core Int binding site(s). In_a preferred_enbodi nent )
FIS nemBkyis 1guiseds fvhcRescflyppen sPsHflaresomhmatien éy parédmied bynmmodified

tnt, bR ToPy oPhE Biflg ALELY attl e, attke, attKa or

sequences consi st of one copy or nore copies of
the core Int binding site(s) or wherein derivatives of

sai d a’-sequences cQnsi s f canbi nati on of one caopy .
In ancfferrhsBrieg gmbedigrent He B ki gryintigp €y° ?laraqtqﬁzegﬁla that said
polypésﬂi?fﬁig GP RSt iR EntfRRY 8 rbnd Qlen%lﬁ%l?falcfbtr. bi ndi ng

(s). I'n a specific embodi nent the nethods of the
invention are characterized in that the core binding

ite cgnsists of nine contiguo ba ai r. n .
In sy G Rosta i SR GRERUSH 15 <Be P e B dichostcell s
a man@thalldd&cNUGh @ Pré e S 8ABENERNOthe Glddkolil bF Th3invefont #€ characterized
B' - sequence of the nucl eotide sequence 5 - CAAGITAGT- 3

in that tiie eviemsdiagorphl snemedany cellr piefyablpfa mewsaCos aghpemée ¢fil. In a
A he nucleotid equence 5 - TTTT-3' . and of  the, .
spocitclfy BHTa Rt FoRBTTRE Fubodrdr ot i hadon, A kR i e he

hamster dollel¥ QIISIEK GR TRt taid YheSthb@elliis a Widrthetiigor@h tells, preferably
sites or said sequences having functional nucleotide

NSO agg§eLi0cgtli ons.

Another aspect of the present invention relates to a method of sequence specific
recombination of DNA in a cukaryotic cell, comprising

a) introducing a first a#B, attP, attP.b, attP.a, atfL, attL*, attL.a,, atfR, attR*, attR.a or
attR.b sequence or a derivative or homologue thereof into a cell,

b) introducing a second attP.b, attP.a, atfL*, atfl.a,, attR*, atR .a or atfR.b sequence or a
derivative or homologue thereof into a cell, wherein if said first DNA sequence comprises an
attB sequence or a derivative or homologue thereof said second sequence comprises an atfP.b,

attP.a, attL*, atfl.a,, attR*, atfR .a or attR.b sequence or a derivative or homologue thereof, or



In a preferred enbodi nent the nethods of the invention
are characterized in that said sequence-specific

w0 emomtsorat i on i s perforned by Int and one or POT/EP2008/066430
cofactors selected from Xl 8 FIS and/ or IHF In a

Where nm} I,?fuld o ﬁrsz @N@h getilge?lgeq Icgegg)tr]]s%]s AR aqt‘iﬁﬁ sequence or a derivative or

homo BEGY ENEETHARL bdcbhd kefRAB) bahpOdtsian @Y. b,04mes Y 8 arl a, anR*,
nodified Int, preferably the Int-h or I'nth/ 218. In

atR agiatReh Sevsnes oreh tetivisiveer hemelogae theseqf oy avheren ifsasd first DNA

conof SRR S50 S0haL Ty RGB! AT g s

seques Odthifisses nrddb,ng.ar atrh®, knl agr@set, oaR heorh@sR.b sequence or a
factors or are co-expressed d host cell, wherein
derivatiyg of AgnemEns pereof.corr BhaHBi i é%lﬁg‘lﬁsia RN eFqI8FRREFONFIsISGS an atR

sequelflcher J,Ihsrdeﬁoagg $1B8u arg{e%@%agf scbO&d hﬂ\agﬂ%er SR an anP.b,

characterized in t at ti onal ly at
attP aandiffourk h,, DMR* seRie ot er’R brspquescagr ader[wativg enhaqmazin gl&nthereof

c) pe%&énﬁ%ﬁﬁe gq%ﬁggcggsa?g&gp%cgp%ﬁ%% g)ﬁ élgoearp]tgglgél&g la 1ntegrase Int.

is/are introduced into the cell. In a preferred
enbodi nent the nethods of the invention are =
Prefereddlais dlog method dvlianein hastep e tlhveseqtBe-spe@fin oecontfination is performed

oy Yy SRS SR S S BORE R g v v

sequelhdetspbélﬁl Becohibimtivh e persrafearyead: enbodit apdt XIBefadtst, BeU$ Int and
the invention are characterized in that said

IHF, %oby Py I fand HiHE: @é{ﬁhieg PegcrEath isphgymethed yieeiprin step c) the
e RO ol By BRI PR o DEFRATHEYPh or

h/218i s thisrmuat, vatof e iadifical Tat preefher wittl XISH O amdior IHl%ls also within
nmet hods, of the. invention are characterized in that the
thenﬁ%ﬁﬁ&ﬂ‘t%p@ngHP§mé“¥odent cell, preferably a nmouse or
a hanster cell. In a speC|f|caIIy preferred enbodi nent
the nmet hods of the invention are characterized in that
Ina ntokmpﬂe&mwtl@mbodinhenit sf ‘ehisBiﬁchhod CHi@nce bpecdmdretdrebimaturseof DNA in a

IS a oma cel]s, preferably NSO and o
cuargis) 15 T DO T A e s b HUBARY Srpombination
sites. Tﬁer@fo?es thOprasdie ihetif reRGUERCROEREGE(UcRcd §ReifRirB@nmRation as

DNA in a eukaryotic cell, conprising a) introducing

descrlbed pbeve, ather;in af s@Ed frst PWA setiugca, coatprises am ;b sequence or a
derlvaglgel %Ptn\e t%l?’tﬁea}t t{\» cbgec:oﬁg rsgtgéeng%]%%ngn%egqﬁlfs oG B sequence or a
derivative or homologue thereof, or wherein if said first DNA sequence comprises an attP.a
sequence or a derivative or homologue thereof said second sequence comprises an attP.a
sequence or a derivative or homologue thereof, or wherein if said first DNA sequence
comprises an attL* sequence or a derivative or homologue thereof said second sequence
comprises an attL.* sequence or a derivative or homologue thereof, or wherein if said first
DNA sequence comprises an atfl.a sequence or a derivative or homologue thercof said
second sequence comprises an atfl..a sequence or a derivative or homologue thereof, or
wherein if said first DNA sequence comprises an atfR* sequence or a derivative or
homologue thereof said second sequence comprises an a#fR* sequence or a derivative or
homologue thereof, or wherein if said first DNA sequence comprises an affR.a sequence or a

derivative or homologue thereof said second sequence comprises an a#fR.a sequence or a



b) introducing a second attP.b, attP.a, attlL*,

attL.a,, attR*, attR a or attR b sequence or a
walesovwesoitve or honol ogue thereof into a cell, PIEPER2008/066430

if said fi rst DNA sequence 280npri ses an attB sequence

v Do B0 LG Rl JEBY2BE IS ST Sl e s o

sequedet &F a d@hbﬂw@ & hethd Bgle SREMENGR] Sdcord dequcvad c¥@p@ses an arR.b
honol ogue t her eof, orvvhere| nif said first DNA

seqUeRGEH ArfiCE VP | é@%ﬂeéhqf‘@b sequence or a derivative
or honol ogue thereof said second sequence conprises an
attP.b, attP.a, attL*, attL.a,, attR*, attR a or

The nathidd. df the grsaténvontian dety eadarniel Ollit o alyogite thicwesteafly occuring

or wherein if said fir e conprises a
attB, %(fl% Laf@ea@fg%@f% PeICRRSP ‘395% ﬁ‘?/@’“g ﬁ%ﬂ %gﬂ@bﬁ%wé&r@ attP, attL,
and/ orszﬁ‘ﬂg 5&1%8&%9 }Stﬁ'%%ﬁﬂgl% aﬁ%ﬁ@ﬁr’aﬁ@ére@&&&n@tm@&f {Re BactBlidghage lambda

a or attR Sequence or a
and E:i ecolu eb:etw&no ntthonol agbe home logoﬁs soquonhesr €inntanfs sfitble wild-type
Uen rises an att R seguence
sequepgst T ERoe GreR ol SR E RGF ehMots s ARU T cat st H. (1981)

Annu.CRém.rG&ﬁt%, @5‘, 11R3b Nbih&y, 3. and@Wdisher AR L(1886) AtBiRmol. Struct.
attR a or attR b sequence or a derivative or honvol ogue

Dynarmisereb,1184) auefclr on mirh (NasheHs 698&hbens Rewi Geet., 15, pp.143).
reconbi nati on by a bacteriophage | anbda i ntegrase Int.
Preferred is the nmethod wherein in step c) the

Thus, S&q HRRER -iB1R8E0h I rélates A0 MR AU Ofhdrsin ABE fuQsdTRAB by P, Nds10b, arP a,

Int and XIS, FIS, and/or IHF. Mst preferred is t he
atL, @Lﬁodﬂ%r SR, | 4R e BIRY, t%@/@eqﬁﬁxrbcée%ee%f |héve one or more

substl{ugl‘c‘sﬁm &%ﬂagﬂm} T aL &ﬂ{ aéfjopc)ﬁr%g a{t%r agﬁ,dlz an éa}zltﬁps.%quences.

Prefer’r_edirltsl'lﬁﬂhethbéfvﬂfereﬁd thsatBeanfetda®, \ma@rae ity utﬂsf,ecmlca,, thR, arR*,
sequence- speci fic reconbi nation | s perforned by a
atR an R/ en @eR-P REQUBF AV aong HRe thireR: fpHroHVe.iihsCyetigeighty nine, ten or

more §Lﬁ)'s§tu99ﬁ’st S8 su%ﬁitﬂls halfRAbdr Both 1 the HOS é;k%%low fth&bote region,

S and/or ITHF is also Wthin the neanin
n thepinsdHS omXé&ntfaador. binding sere pr ticelnt @edn énbdidg veet. Tdfe complete

overlag rgawgfc‘;pg&(%@mcge? %EIQ \%%Fl's gtg(iels];tlgw Eﬁsgl thlgtt%aeais[? ?\/Iore pretLerred is a
methold A@tdif 3LbsYitRlonS @R o ddRAtit6 AkABY R CAM NAPI LB/ B] 4EASt, arl a,,
Therefore, the present invention relates a nethod of

atiR, ¢éjliemBes, apdler B br ssquenseneithcom the e wgidveet iateseverlap region.
Preferr e{le n 1 {r acltlgel;o:f\r/az %?Q%gﬁltﬁ%gﬂlomggog%r Lel‘égﬁgﬁc’ Tarall% tﬁ‘e snnutitaneous

introdﬁamrtff cﬁletwews Subsdiitions 6 tial ®ee adgidn. [The @wemclﬁv@ftloa also relates
derivative or honol ogue thereof, or wherein if said

to a method pwhopean iejises éteBc@ffant@’és AR aae P, e a{ﬂeﬁe @118y afR*, atR a,
and/o %H{V@tssg nPls Ql%nHEI(P\gllﬂl%e.% 'B?rt?&ﬁolégﬁcfgr sﬁ?&l?(ﬂ %Sﬁﬂ&%gﬁ fragments

an attP.a sequence or a
thereolﬁ,mfcdamgmeombma‘@@f sitegrin \ehep &iigoni to tsanatufally ccidNAg arrB, attP, atfL,
uence conprises an attL* sequence or a derivative
and/oro‘ftﬁ%ﬁ?ﬁfﬂlf@ﬁre t hereof said second sequence

A modification in the form of one or more substitution(s) into recombination sequences is to
be chosen such that the recombination can be carried out in spite of the modification(s).
Examples for such substitutions are listed e.g. in the publications of Nash, H. (1981), supra

and Nussinov, R. and Weisberg, R. (1986), supra and are not considered to be limiting.



conprises an attL* sequence or a derivative or
honol ogue thereof, or wherein if said first DNA

WG euassses conpri ses an attlL.a sequence or a dePCTBEPI00£066430
or honvol ogue thereof said gecond sequence conprises an

Purth i B RO RS Bs sl PEPUERA A LSRR RS AR AT bnd may be

tested @bt th&ir SQOBEREEcOSmBng@svat i ve or honol ogue t her eof
sai d second sequence conprises an attR* sequence or a
derivative or honol ogue thereof, or wherein if said
Furthdl %?e A e%@&“%(l&ﬁ o%%?itﬁ %ﬁeﬂ%& h%re%?‘ﬁ&‘eﬂ&e% %B SattP, atrl,
Ve or [Ogue ther &o secon
and/orC anﬁr seann(ﬂEl aat iharadae/qumcer domatheuey abm‘pﬁswronly of one of the
honol ogue thg reof, or wherein if said first

respecling fOFc MLCRIABINE SHES BPWHER BoSehaR e e énfdg indipg; yifes are also

prefer&rd h?g%&gﬁsd ERBL&Ricnd 3hd pREGR qﬂvéﬁ‘aﬁ' S0GRs $@ TRhARES wiBrein the
uence or a del‘l Bat ive or honp ogue ereo

uxﬁwﬁﬂbaﬂﬁthﬁdzmﬁktheRpRewﬂmmsmﬂhenﬂmmnnwaprbeﬂobgneedmnMﬁoMyof

onI W th atural .y occurin ttB, attP, a
one of i rEpediveieosu bl Bindate Wide. e dhebnica ey B, G, ant.
and/oS IR tdelitin@eh 8t 1Bir @rvRiiv@bl homd0Ts @nkik 8?%‘@"&)@%&6 core Int
For exanple an integrative reconbination of the
bindingsséteer i ophage | anmbda and E. coli between attP and attB
honol ogous sequences (nutants of the wld-type
sequences) have been observed whi ch have one or nore
The pﬁdsl@t&hh&éﬂt{bﬁ nslated faitidB t6 Nagfthodwhed28ihe ABAW/BREYP, arP.b, atP.a,

Cenet . 143; Nussinov, R_and Wi sber R
attL, g{ﬂ;@@ytﬂg a,, gﬂgn@qtR*,S@qﬂ&@t an@jyﬁ HRely sequenges Qggb;)lr derivatives or

homol%ggé g ngn% %&g e&c{\ﬁtﬂpto fe cfog'eq %)blﬁpﬁg 51t5‘8 oL preigeisably two,

present i nven n re 4PV 4
three, et dige Wi eri@t nhimh évelsepicatdf Bhe atrh-Bindaid RHtdofordht. Baéd binding site

attL, attL*, attlL,a,, attR attR* att and/ or
compriyep @ NILHLMOEES HAVRE difeSHefS e %ﬁﬁ CAFT s (5EQ 1D NO:s
and 9? 81“9 FHdER Eéﬁu@l‘i‘@e fAaleHf ﬁ!l\LlM% ‘i’iﬁgl%ﬂl({bgsﬁgttlﬁtlo@st LR bﬁﬁ% lfunctional

/or attR sequences. Prefeéerred a net hod where
with rbgmfd ao the; IntbiRin@the. dym-andiag a;;tte(&sl) lf(tr Ingntaly*be jasitlonag at various

att R* /or at R, b sequences have one,
distanfpglPiiirb oy O SR eoR b bina G BT ne. t en
or nore substitutions. The substitutions may occur
both in the overlap region, in the core region, in the
In ordpHe, porfogndhe Kol of thsr prssand irrygntaan e é‘trsturncqmienatwm sgflyance may

comprésee\';@rtﬂgruﬁc#l equeglhcgﬁéz laeffou &% 11%‘['8?1% dﬁ/gl@(f tla%ée? gocus, e.g.

in thePge@bgier &ttht SuRarf®Bid @éil vheh Qtlrtﬁﬁ(ﬁalbﬁﬁﬂublhibh@@@mar "Bhis recombination
i nt roduced |nto attB, attP attP,b, attP.a, attlL

occurs 1. *via gthe | hgmo og@qurech p:@atloat W]:gch isa At dEstcds by Ringernal  cellular
recom:ég%ﬁgﬁql%% §Iﬂ§r rﬁaltdhlﬁc&rﬁf)ﬁaﬁ oD ﬁﬂ{hei; HNA %e(?t}/e%esai?ave to be

erre eintr uctlon o]
homobgbsd fotthit DNA iofi tHehtergey ichapnd kgatod bathd3' tahe 5' of the atrB, attL, attP,
neous i nt.r oduct |on of on substltutlons

si mul t
atiR. g Dot BL effllof, e AR R 06 B aps el Gty thereo,
respectively. The person skilled in the art knows how great the degree of the homology and

how long the respective 3' and 5' sequences have to be such that the homologous
recombination occurs with a sufficient probability; see review of Capecchi, M. (1989)

Science, 244, pp. 1288.



to a nethod wherein the used attB, attP, attP.Db,
attP.a, attlL, attL*, attL.a,, attR attR*, attR a,
wa@nahosseat t R. b sequences are derivatives or hopOl/BB26F066430
including functional fragnent s thereof of said
reco t i on to th nat ur al

HowekGE TR AROLRRsBI T oI RLHSP Bl timtioBatrdhies by any other

mechdiihh frit€ edel @Aoind of fR duRkiioaE caiNSr ahy mﬁ'elal /minichromosome, €.g. via
substitution(s) into recombi nat i on sequences is to be

rando@h g egratiQic vitigiatis t Heo raedigidd it itetsmeh reellag degqrabingign cvents.
t (
Integrétfh;ls{?f %8%1 ﬁ%%tsgg?lggﬂh&?f g'ltté R ?e?qurF%angélﬁﬁlr%éa%t I‘t%%ﬁsﬁgf using sites
differdda$iom tHosd BBl Integated, &.caibe uNh:lngvaFRT Beqtﬂﬁcbs,\%lai‘sb&bgcelvable.
R (1986), supra and are not considered to be
limting. Further nodifications my be easily

L

&ranﬁuwghmmnnmﬁ21&nee@uﬂgﬁdbmmnmembmobgnmiamembm@nmlﬁﬁnhbdnmﬂmd
wherei n.the.us tB attP, a a

tL, /o
of - thes RHENC By °Btion FBity tear andiase i SosambIee YSE;‘H% n%,imp Fiaygnee may
compr@e! the FhrtRFEDRA §e|21§er[c%§ PEGE\E i§ A BethBd viticRdh @S DNSS sequences
however, nore than two core Int binding sites are al so
Commmmﬁh@ﬁnﬁ@rDthampm@ﬁerred enbodi ment, the present
invention relates to a method wherein the used attB,
attP, attL, and/or attR sequences or their derivative
IntrodQétidhOODHRISt and QE®ING tre@@thdin@ionoggueicet Wigh lo@ siaaiut Vigrther DNA
core Int binding sites. In a further enbodi nent the
sequeR@ss dnat OB, Pealorped hoth_ congsertaicha phR 18 g erifeeyoRationeyherein the
t
recom Bl SPEFRGPUR (o ARRALIIA bty ERUGHEPES method
wherefrutht st dnd sacdiﬁtrb@ﬂn‘mhﬁ[cﬁll eqiidrec wsthdoratitiBut &irther DNA sequences

attP.b,. attP. a,. attL*, attL.a,, att att R*,
are preyepizangl infRAucs; Hatptt sulgaém}@rfé § OB sinple PI@% majeguis, yrthermore,

the firSf reB&HRhQWS&%QMﬁ r%gﬁe in@roa{iié@dtlhf?)rh £ Q1 $REME b&nl Mecombination

bi nding site one or preferably two, three, four,
sequefigevimay be ntraglutérhimtd lan@herc@fﬂl wheroin thhecly aneHfiiswdi su@sesjut:etly. The

term fS0n Ui, TP O LB S TR H o R Ya0S Semes |

NGO 5 and 9) or a nodified sequence thereof having
nucl eoti de substitutions and being functional wth
The megyarad thaopreseat inventigtmahn§e uses- rtenityicridi Ihb]Asﬂeg@em) lyfn@rbetween
the 1n(ﬂr t1 y0 1enta|? odS 1rt | %1 enq tat Vea ruI 1? ues 1d I St a?n ramo ?c Ear rec mbination
andror Yowristr eam ot "tiE &orE" T Ht Mhi*dihg e ¥ PR -
Furth@hded, th® nﬁﬂfoﬂodﬂ’thé ecsoit inochtdh hixe bprueskett délseans IDNA segment
the first reconbination sequence may conprise further

lying Crghwessqubs cesechlbii erenipicewachabingtiasr saIuefees nito &4 intramolecular
recomgﬁ%h&?dlft ﬁlregr%f:?ﬁlgﬁlgﬁon Se ! P&& 51%6 agﬁnﬂgﬁp&fatetdhﬁl 5-3|_h(|)rsln 3'-5

ar yOtI Cc ce or an ar I cial- m ni onosone.
orientat@@othby agtpresent in direct orientation. The recombination sequences are in indirect

orientation if e.g. the a#/B sequence is integrated in 5'-3' and the a#fP sequence is integrated in
3'-5' orientation. If the recombination sequences are each incorporated ¢.g. via homologous
recombination into intron sequences 5' and 3' of an exon and the recombination is performed
by an integrase, the exon would be inverted in case of indirectly orientated recombination
sequences and deleted in case of directly orientated recombination sequences, respectively.
With this procedure the polypeptide encoded by the respective gene may lose its activity or

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



occurs e.g. via the honol ogous reconbi nation which is
nmedi ated by internal cellular reconbination

wore@mbacsedss. For said reconbi nation, the furtheeT/DRA08/066430
sequences have to be honolagous to the DNA of the

(compi%{:)ﬁterarglfﬁg;ulss a?e{t‘%raltegf ?rpﬁgls bvg'%y{q BEy! S ﬁ]{)fqglcai‘tfkntc%gn ofB[he encoded
polyp@itidgkrnayﬂbé Rastddatat MoBowst, Betisivat drvdl@lonhes®icag lﬂﬁaysbe used to
hereof, respectively. The’ person skilled in the art
actwat@rfbe«sxmm@r @z sangeneciinee dofired ineliveptiflco gy bnfingbonal linkage of
v e
the ok il FERESE e eddcE B pep B RS ARG A b e which allow
transcﬁpiﬁcﬁﬂ aidecsﬁtrqnsl@baxb of ﬁhb )encdiieé pb@pbﬁ%@ﬁh@p@@ﬂﬂbw &kments include
glence 244, 1288. ver, % 5

but arﬁaefs Hmte {2 PRMBYPRE %Iémm%og{e %ﬁﬁh@ﬁ@?ﬁsow K8z Med known
in the B BMVarRhOElFRARBPRMbALAAE genone of the

eukaryotic cell, or any arti ci al -/ mi ni chr onosone,

e.g. V|a randon1|ntegrat|on mhlch is al so nedi ated by

|nt | ul ar eco ination events. |Integration of
HOW@%%& ef “P%‘im %fcsﬁﬁ‘b“r LEPBRIMAIPIL SYANEN S e ﬁ%@Pg%eﬁ‘F'#‘Frcnudelc acid

sequehi®§ QERIdIRE bAN oﬂﬁioﬂegp&'yf)&ﬁld@k/f)fdﬁﬁ@t@tof finersst Fes %xeﬁﬁlblegi structural
integrated, e.g. by uSing | oxP/FRT sequences, is also

protel@,onm:ennvmatec oT e ragabadarol ll’fetﬁmrblll?h’abﬁ ontredusaé nde thfayecomblnatlon

sequenc g MRE ! &5, LINA Sy nnce%l St %59' ABESead % rn Wirdiblecular

q“ir??e QPO TRl 3RS ?’ébe%gr&etﬁ cudPUP R hanvl JHEUE

recombﬁﬁﬁﬂﬂi) I THtih@dducE® boﬁyb@tf&lﬂﬂ@@c@ fnat/ e aprea8etholywesbg&idus one.
both the first and/or the second reconbi nation

Furthegegire dcBatkel Dot PT BOPhHEIZPLHICRBY rehRyRns Efirnstds polypeptides may

be 1nt§cga% L&, rﬂ% h&S(?]ur H %eg‘ﬁ ll&ogzgttﬂat t L Ogt%e{)]f: gﬁphc]gtlons of the

rise t sequences.
methotil’lnﬁcdrdfngtto ﬂt@r@ﬁéﬁﬁiﬁdeﬂt&ﬁlﬂﬂbhl@&kb@pla@eﬂmﬁm emmmg] o r
wi t hout further DNA sequences, nay perforq&g
Furthqrgree ¢ inehsd ghdhs ﬁreéelz%omwrgwefeﬁ viRefE¢tR qrhléwert DNA
segm&lecméaa@l&'bgméﬁ%ﬁeeeﬁla@&&oﬁ{b%%h oRALpfi Wl i GERQL A deletion
DNA [ ecul Preferred is a nethod ereln

reactidni mgy banded eigottddafletccm:bkafmtg mqumslénwesw:alteddrelper viruses. This

hout, furt he uenc a ent and
methofhbitod Lot | PUCHE B JoTRE L PORERN o gl acqipn for wene
thmagm&@ﬁﬁh@mKEMrthernnre the first reconbination
sequence may be introduced into a cell and the second

reconbi nati on sequence may be introduced i nto anot her

The uf[eérmr%l?c ?a{r%kﬁporrtltl)}gatgo%l llgs’dssI Re[h%#!u edn Stu Rﬁc’ eﬁﬁent {/%?ﬁuleggeach having a

SI on nmeans Cr n| S as

copy 6R4AB.faiP, @vLi BrRherMbdesr a sense attﬂh@ afRtheeR @fortda® b or various
present i nventi on may be used e.g. to invert a DNA

combigaiitsr§ a4 paigenses s theie detesedt hgmelpgiegst Hereexample, a#B or a
denvaglgg gﬁjglbﬁlg%olggﬁ t&ﬁ%ﬂ#ﬁﬂ%pmirngroa{@%édnﬁtrs@ﬁg&%ﬁﬁl ous rercgmgrl]r%atlon in a
known,nveilt claradtayzede gesatict wedel @t @ tdie doNdn Sz&gﬁalat-/mmchromosome.
Subsequently an atfB, attP, atfL, attR, attP.b, attP.a, attlL.*, atfL.a, attR*, atfR.a or attR.b
carrying vector or DNA-segment may be integrated into said genomic a#fB sequence via
intermolecular recombination. Preferred in this method is the co-expression of the mutant
integrase, ¢.g. Int-h or Int-h/218 within the eukaryotic cell, wherein the recombination occurs.
Most preferred is the co-expression of the mutant integrase Int-h/218. Genes encoding for any
of those mutant integrases may be located on a second DNA vector being transfected,

preferably co-transfected, or on the vector or DNA-segment carrying the attP, attL, attR, atB,



| ying between the directly orientated reconbination
sequences in an intranol ecul ar reconbination. If the

WO e@omticrat i on sequences are each incor por at edPCTER2008066430
or in 3 -5 orientation they are present in direct

origntation. The reconmbinati on sequ es are in o
e op (e Loy B TRy B SRR SRgfRecth an derivaiive or
homo logti€ Hedd FAFinthe?' sequendfimal ebcalotHe® @UBOCABL 1P, attL, attR, a#P.b,

integrated in 3' -5 orientation. If the reconbination
atP as@ff et bs, aiR™ cddha Phe/dr popayiag vectyr o/ PN ArsgBIcal Guis a gene for a

- ' ' i i L r ' d.3 -
perticfEENIMATHRR, (b B 0L FRE BG R on WA, oo it may be
achieviedttRgr agein &dimpaeatdnre aprdssiohanalpvsrdfatiffemencgses od a cell type, said

indirectly orientated reconbinati.o sequegc s and . .
genes (i ot ginflHencsd ebyoﬂ’?ﬂle%cqu ’9’3&’8]”1?’% _r’r{l PG 8¢ JRDITRERSFYE genomic
: e v,
integri ¥ BOGE Purth FRREL o YF e thileic ALORRAURS b0fed o fuse DNA
segmantssomotiteist jy en ifitarmesleanarorecombinttiam sordppbimah suesyrates. A fusion

.Ssto d by .the inversion or.deletian such that .
reactiof, PR | BEA)° 4 18RI bE P IIOgERE PIRISS Of i¥levi dgmyping, i order to
screert fb@_phabﬁ&tg@sc ThisfHARSd ayHe (L8 ifMEORRH t%hgﬂlﬁgtah@l@siw protein

be investigated. Mreover, inversion or deletion
functiprsaio tebarsotnagellsend setius of eowsidorable inteecsexpr essi on of a

gene encodi ng a desired pol ypeptide, e.g. by
functional |inkage of the open reading frame of the
As m&hipadedbea), yinepid e feborhsiguiad ahy 1Rl eBnb Sntbduebd one or more
allow transcription and/or translation of the encoded
gene(P o yipeisst deodimg g8e of BYIG dessey pelyppriiies)iprrdugi® Bigs ¢ & apisomal
: or - I 0 n gy
substr 3, el Ao PR QRS op AR MR ZBA RIS Meiaining o fir
recom®inlaaioy ofetjgenex.p ire 3kis 0Otonsaks t £ Fcontod®d e rcontphiged ibesdde at least one
mgndﬁor second reconbi natign sequenge nay conprise "
recompipatigis SCHIGREe P &- %?d“’é%dﬁ%ﬂ CHR. @il d‘i‘tFPga’o‘ﬁ’EL ofithgy @/R*, aliR.a,
attR .bP&H Bilvdasé BE q{ghﬁ%io}ugf tHeRlof! SR or FiBfe BRIo% @ssette(s) for the
structural protein, an enzymatic or a redulatory
expregsiont ef nnermy e i desirat poeeinds)/aradnet(s) e dbatbexpaesson cassette may be

. sequences |jnto,the nonme bejng transiently or stabl.

inrod gl BUE et dePiEl HRET TGP oYal L RCBRBIEHAR | $AereRe Mhith allows

sequehddtdposific adcRRbMRGIH bE/cBh QRYTIN B riist}y RdQIBAPYScoMbination
exogenous one. Furthernore, a marker protein or

sequeeogridtherasprassiaratdsyetice bd, thet firstigeeiplintien prejugpesphdimiestroduced
may be i ntroduced. The r.son.skjilled in th rt ., knows .

beforg'hlg ¥ PHORLY e Sp EALVERLOBPPHE WelpB el Lnome. This

embodifRaf eafithel 6f hidh PfRSEHbr EIMEBRhin@MMiLIS cQpleYsi®@X @BIPlliALY which are
and not limtin Furt hernore, the nethod of the

suitablsyfa Bigtprpdiigtipn pghwﬁwn@ée%@élopm@%| ete or invert DNA

segnments on vectors by an intranol ecul ar reconbi nation
on epi somal substrates. A deletion reaction nmay be
In thissedtert,n fira DOdlAetcempasikggit Ngass egerceabihadon Sequeatd @ds to be

inrodfrg i, Y RO TGP B TR (05 (ATOVEIoHE POY Glnan arificia
/minichromosomes or episomal substrates contained within the host cell. Alternatively, host
cell may be transformed with an artificial-/minichromosome or episomal substrate comprising
a corresponding at least one recombination site(s). Another way to integrate recombination
sequence(s) into a desired target locus, recognized by a bacteriophage lambda integrase Int, is

to use homologous recombination techniques as mentioned above.



t herapeutic applications. The internol ecul ar

reconbi nation leads to the fusion of two DNA nol ecul es
weamb/obsses ng a copy of attB, attP, attL, attR Pet/EP2008/066430

attP. a, attL* attL.a, attR®%, attR a or attR b or

To B GaReEIBR Pl kPl EIAHHE el  BoghUg” recombination
sequeste(d) itb laV(%s@dEd a0l RRgse dhefie®maRy gbe: isRblinEsdiRed into the same

first via honol ogous reconmbi nation in a known, well
target JReusaglt i e GERomht Mex e athievedefr evample.aif tthe recombination

oINS U FEUSELG AME 4B A o B fcamen,
whichai tilRrdalucat inyo tg tuget cugre. O mggnethdd mayitideed above (homologous

I ntegrated into said mc attB se via .
recombiyEi hg PRI AN BRBIak? OIF, CPFSHER RS pHbERFSCtiRs Hader gene
t n h S
correljiSs (iR Ry AR ST A", S A pla b P NS Kol owing o high
expressioa leed anbitanaf integradion ueesl. roMespraaﬂ@oné d@ravghtcheracteristics, e.g. in

) ex ssi,on. of the nt e ra e Int-h/ . nes
o biorgiet R R i STBEET T EOIAT Sy iiall Rl saRchoR marker
gene tACHE BteRRindd %?Qﬁ&ﬁoc@%el\l &abRh RehOGrit taNDhant @dsis of cither the
preferably co-transfected, or on the vector or
amounNA- Wﬂdll@nﬂv}lﬁqqh@m@ p{tssept i thel cellator Rhe amount of polypeptide
encodgcﬁ é% the ngeg? kf’ﬁr alﬁe%gg% tratéslginé%q %015135% gltlgldu%]etg?ﬁ)epg aiﬂélence can

be qllalﬁﬁﬁe@f by Hﬂél&lﬁtﬁﬁ BlRY Ul%ﬂﬁﬁSzaf[&ly bivoh@géise dRDIA tfo’r@te@ﬁth in situ
attL, attR attP.b, attP.a, attlL*, attlL.

hybnda%atthh to gellidan RIA g R BER-aPiofainigereeded by 6r selested sequence can be

s ST SSOTE B, 24 S50 1, SO B,

by 1rﬁppﬁcgﬁ@dﬁpltattlonayoybelsm[ﬂge\feﬂ thhabiplogiq@l aduivite rrpﬁrtat:i p®tein, by
expr.essi qn anal ys i fferent genes in a cell

1mmu§°a%tadm§g fedhSpepiol ﬁ&)@&%@g BYIBYsi A emFsuRRg i rescence

mgnalk _ELURRE&3ATprikf. ‘B%Isﬁl%ﬁta' YEth8 8RNI ni Eﬁnﬁﬁfa?ets'&rh production cell

[ ocus. Furthernore, "'the nethod of the present
line fqrmvmlngrbwmlymbmeum@dis may basbtaldid segments on vectors
by an internol ecul ar reconbi nati on on epi sonal
substrates. A fusion reaction my be used e.g. to
The iR&dthted %JOMYQ@iOH@B&ueBE&Eﬁ%ﬂ?ﬁ r@éonﬁ@hzﬁi@%qgé?ﬁ?ﬂsﬂsallbﬂf integration
order to screen for phenotypes. This nethod nay
of a fygher PNA meolpgudh ¢ bir ©gbiputor ddNyssigment cpinongiat least one further
recomg)glﬁlst hgps%gl{ler}lclg g:f ?egt I Clﬁggl{lrlé Ilf’l?%d é%%l%el?llé C)fVla sequence-spemﬁc

recombHa€io i dlyes %h@érldﬁﬁ@mm Difcgiy 1€ int6 thrﬁlﬁsci’iptﬁdh&d ue@ve locus.
or nore ene{&d i nterest. encodi ng one or nore
@("é?

Proforgly; e prthgh QU GETPEISIER #indegst eng. scepnds gprgmbination
sequelaééb%'ﬁﬁ%? ecsdéne@{steé fan e%éreés%tplcﬁ&r ?émtﬁp NS ex es&@ﬁ' &U%t least one

ost ce nones contal Nl n I rst reconnl nati
biophsaguaneally relctdnt Fenobf axtrest. For dhig chilsnwhn@eeomprlse the first

integr%gi Iggc?oolge tig%t?o%f %qg%glgcte: ?pcl:’%fg;oag a&rlltggqa‘% ? 1lé§0n %@t heost acell genorne at a

transcAptidhal a@lit&1bus, are tranfected with a DNA molecule comprising the second
recombination sequence for a bacteriophage /ambda integrase Int, and are cultivated under
conditions that allow sequence-specific recombination between the first and the second
recombination sequence, preferably the integration of the DNA molecule comprising the
second recombination sequence into the host cell genome comprising the first recombination

sequence. First and second recombination sequences can be either a#fP, at#B, attL, atfR,



attR b or any derivative or honol ogue thereof, one or

nore expression cassette(s) for the expression of one
worommsss4slesi red protein(s)/product(s). That eRQI/EBBIO®066430

cassette may be introduced3into a desired target | ocus

attP. bsggﬂéggt ;cgt? ﬁ: gsﬁr\/ghglyc egﬁza‘ﬂ(]e orDR&{nologue thereof,

whichGOIGIE lseqdeﬁcetmcﬁmemnwlﬁawﬁboyn@bao@éno@ﬁwm@d@ ffledrii® Int or any
expression cassette, and the first reconbination

functiewpsh maries thrspeigFonevesmlc abithe dfrgrecanhivatioa S@qeqyncg epv@prises arP or
host
a derléalmf% Eﬁ&%ﬂlogﬁe n‘EergetagecéﬂH o y39 E&ﬁgﬁsse% %ﬁ ea?zgg taﬁgblrzttP.b, attP .a,
attL* esﬂad; larrBH] dveR Bj IR BYpawsddroaticedl hdnnoieglev\khefdmf.ar e
sui table for the production of biopharmaceutica
products. In this context, a first DNA conprising at
Preferke%ai%tt%@ﬁl%tﬂogwgf biRahd ueridt @aﬁcrﬂ Iﬁ‘tgnam%n 1Q%E@W%y Int, or
e.g. by randomintegration, into t e genone o0
by InthamdtXISe FIS alatHOIaIHH.ﬂ\/Icstquefelfrvd i tbb netoslowkseiorthe pegenad-specific

trates.contai ned thint st cel
recomBTR B QR EFoY Ao Jtt Qb Iyl RIS, Piles et it ik gr by Int and
XIS afd VHE. Eirfer fn‘@féﬂre‘ahﬁ HDAORBd WheRM BRMBIuBHRS B Erecombination is
conprising a correspondi ng at | east one reconbi nation

perforgictielfys p. mpgidict dnt, wagfetably ﬁteegrtfht er deselgAth. nlat thgncontext, use of a
t. |
modlfse“acbiggt?g?e[ﬁ% Vﬁlé Se(% thgg(aerI—IfPﬁlts & gSIO avglgnnil ﬁl?ecnl{gdnltigigfqgnpgegent n¥vent10n

honol ogous reconblnatlon techni ques as nenti oned
above. To facilitate selection for stable transfectants
By thigippmasiaary PNy saueitca(s).<onmisnatd saoxbiptembapgon pequencg for the
g n. ene. |
bacter{EbEE ok OtoerRE it (Pl ThRERI LIS ol Saracterized and
definediloaus of heshozayelb&oaclactefoecklsfwiterex asqukece-dpkcifib erecombination has

conbi nati on sequence(s) and a sel ection marker gene. .
000““35 ONE 521 BLIQAREF- S0F THRIPL AP RS IonRl CXDREASIQR ARt Comprising the

selectl‘r(;fg't %grgbﬁgbﬁbt rOH UG Reh ?r&nﬁkﬁett af %mét@ﬁéfﬁlan@er Gbr MMy 3% of the

ntioned above (honol ogous reconbi nation,
coding sagcbonof tht gglneat()tdy] if setygenke- spenﬁheacembme&en bas b@ueied of complete

t he sel ecti on marker gen rel ate
and Sy orB FRIERG SRETOTY S SCERbE RSO at B sUrien mgkprgeene will
be gerRRAYd, MBsaulIdnGR: f¥ RESdceiBn be¥als abink ihRgRked the gene of interest via
integration, cell robustness, and good grow h

ﬁmum@Wépavﬁenﬁgﬂwal e.g. in a bloreactor, can be
identified very effectively. The | evel of expression
of the selection marker gene can be determ ned by

By théeidiadisomelk | préseammvemidmprodiétionteedl. 1R drbioblaambk differ from the
ei ther the anpunt of corresponding nNRNA that is

host cg,lil axgsly by dhe Hientiy of DYA qeﬁ@e@%gmgr@ﬁd pbt gﬁ@mdl sife of integration,
%gﬁ(ﬂgﬁylo{:&e %QS lesg%ren&f&%aﬁon BERWAH ARG E! c% Cpngs a more

In sequence can be quantl
generlkslqucbdeesr forbho tiexl%}d;ﬂmaﬂnt péprodoction ddinliireds @as dc RNAL, thus reducmg time

ection, sjtu |d|zat| to cellular RNA or
and C&? t%) PPt é&?féw@ﬁe@o&del@ymgnfs @%9@@%@3@@%@“&%@%88 The

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

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

cell, comprising



quantified by various nethods, e.g. by ELISA, by
Western blotting, by radi oi munoassays, by

WO pomasessreci pi tati on, by assaying for the bi ol pgi/EPL008/066430
activity of the protein, by2i nmunostaining of the

protein follo by FACS anal ysj s, or suring e
o Piffofdue f PGBt AR B QB B o PR B i i v .
atR, @RELARK @XAR b edtfuce@ngtiadrtiestivaf ordoplolsiie th@ebfietola cell;

I'ine for produci ng bi opharnmaceuticals may be obtai ned.

introduigg prieeidaRNG Gosensivienn ¢ahd sefeméd(syirk i @eR*, anR.a or atR.b
C : r . .

e AT AT SRR (oSO L GO0 o o

contactidag syidrgll atith eesteriopradeUnthéd intggariihnat i on sequence

(second reconbi nation seguence) via sequence-specific
perforpdpg, ths; ﬁ%ﬁw-wmgwaaeqr@\m@mé@ 3 ﬁ%%on%ﬁgee Infggrase Int,

where';mﬁle s@cohﬁ@ﬁ&ri% eg&ﬁa@d inf the R st! mu,s?noPr eferably, that

urther DNA no e conprising at |east one second
cultivateposatl eeditinder ®@aduens evifaneih tier ganofspof mescsams/ax priag skpmessed.
cassette for the expression of at |east one
bi ophar maceutically rel evant gene of interest. For
Preferkdd i§ thdd @fdhdde WhSreiMFisefll HONDNASR qhiR clcbhplisdsrineBire §uence or
reconbi nati on sequence, preferably integrated into the
a derijafste oehpmglogoadherofasaid sagmdi grquenval comprisge ahogdds, aitP, atP.b,

are tranfected wth no| | e conprising the
o 24 R B IR Ds RRRH SRR G or romtosuc

thereolf g rdin i BAIBHBE DMNA scieh@I@nfuilséd anadrdda sh@etice or a derivative or
conditions that allow sequence-specific reconbination .
homolggpeusiegicafhwid second aauanse coBweines @B ortsdnet-bnatP.a, artl, aul*,

attL.aS SHHE nﬁ‘ftﬁ{* 5tﬁ{§rcﬁ*blzt¥thsee§[{1&{c%g&agld% 'VQtfivet Hte h%lo uc thercof, or
u e ce

frol'ecul’'e conprising t econd reconbl nat ron sequen
whereimtid shide fin@SDNeelseq@pane nengeispy iagi aglt heqlidncstor a derivative or
econbi nati on sequence. First and second recaonbi nation

homogéa% 04 spidrsepndetcreice gopprisey 3R By ¢, aiiPily agPrep agL, anl®,
atfL a8t 3R Bar®h LhaR 2 83t i@y @qhBice @A b Rickiva®d Br BoRolRRY thereof, or

derivati vé or honol ogue thereof, which allows
wherege qliesnide fispeONA sequencerizsionptison abyard..bactjeericopiragederivative or

anbda i ntegrase I nt or any functional t ant, t her eof
homoleGHe HiEsiah oG RO T CoVBE T AP oS e P o . anL,
atfL.aS YR, | §A%* a#Ca Ar &8I ioqaéckorol RENIHRILE hbﬁi%[c%@% thereof, or
second may conprises attP, attB, attlL, attR attP.b,

wheregt tiP sald rst | PNAatsequeace gonRriscatan Re@R™ afcginige o9t angerivative or
erivativwe ar honpl ogue thereof. Preferred j5 t "
nomo g, HEkoat S Qs T RE QB e B e VG R B s

attL.aRedtfRQr etk byrR Btor @R BYseljiéncanst Xl dRrivitive antbaioldgiE. thereof, or
Most preferred is the nethod wherein the o
wheregp df) spide 155 PN SCUSBSISPRREPSN 21 se/fop f WARYYCHY Rnecrppative or

; f L d d F I %

ool Y %50 S LEEHGe BouPie! BonBS S EaR 0

attL apherRei avRhearsequenaeR dpequérice ¢reeatvhiviaxatd on homologue thereof, or
i fi I f he Int-h

whereftﬁ{i{ %frlig grs??llal%ﬁhngg&@égg &{q}pﬁégsre g%fegtglpjb ysetqueence ngr a Serrivative or

homologue thereof said second sequence comprises an atfB, atfP, atfP.b, attP.a, atfL, atfL*,

attL.a,, attR, attR*, attR.a or atfR.b sequence or a derivative or homologue thereof.

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

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



nodified Int together wwth XIS and/or IHF is al so
within the neaning of the present invention. By this
wa@p@ooesshs any DNA sequence(s), conprising a SeeOndEP2008/066430
reconbi nati on sequence for 38he bacteri ophage | anbda
integrase Int is/are integrated into a known, well
characterized and defined | ocus of the host cell. To
The pﬁ@blﬁcﬁwétﬁfoncﬂid felabetoea m&mu@m§@ré‘s@ﬁglaftllé‘ast on¢ or more genes of
reconbi nati on has occurred one can introduce, for
intereggxarphest call.nwhereignietd besiccl qorpsis¢sopnecais geb peatP.a, anll*, arl..a,
e SO 1 R bIVEQSEIET! ORHB 8o AR 0 ficTHhbF i into the
oot er“or ancer or on
gmmn&ﬂﬁsa@lmegmﬁmc@&pﬁhﬁggene Only if sequence-specific
recombination has occurred, a conplete and functiona
introduqing e N CoRTisinge athi 44 -Rof ¢l e EEL exfileds G o e/t or anR.b
| ect N
e g e e o e R ont O e ot .
contaaihgisatlech stithvd bacsemppbaxcdampée intégraserihegr ati on. By t he
net h of the ent inventio duct i Il lines
perforfiae i STHBICETaRTE Ao PRT o Dh g P tanTes iryPd Megese Int
wherclfi@Bkbdond UNNAnS@EHEN GRS theHrgapRped at a defined site
of integration, e.g. into a genomc |ocus. Due to |less
cultivagingesidecollamidat qooditioas.weereit thief ganetw ofistdrest lisgare beingwiprgssed.
generic process for the devel opnment of production cel
lines can be used, thus reducing tine and capacity for
The ni@hidemagbechirRd cubdodeMe vapmenk:Bf aaP, AR, idRZ @EP.b, arP.a, atrl*,
productlon process. The production cel | Iines na% be
attL.ay &tdy* fayR -2 ﬁreatﬂﬁh@f:q;@p% Pihgy degsivatine of bane legue thereof being integrated
YRAR Qi i
into a@l?])\glten? %e'ng‘?]%ﬁ%r e%eé?t]ééj§ﬁ E&{erlﬁgg)g%gld rgfg 1 ﬂg a@%o eﬁfgtrn%tggalwgoccurrmg
recombinatieastquenec @€rke @kbnomt,e¢.gsthcenddditagicsnribedrinnWIdH1/16345 (5'-

desired i de(s C eukaroytic
GAA%ETFTTEEW@%@ ﬁﬁ‘ﬁﬁéﬁ‘éﬁ 2’1” %Eé Ib Ir\@t DA 283 r%hlqrg?wglbmatlon
sequel"i’& %&c@all@% (%léh&é:) sﬂ%mfﬁtrggorﬁ‘bm@ﬁ&nl-me(ﬁﬁt%&% afihttorBny functional
att R*, a or attR b sequence or 2 derlvatV
nnummﬂmhmﬁnlogue thereof into a cell; introducing a second
DNA conprising an attP. Db, attP.a, attL*, attlL.a,
attR*, attK a or attR b sequence or a derivative or

Those"‘rﬁ@fﬁb&)@zﬁ@ préerre®fwheadifl saild sieg@@fce-@ﬁ&lﬂ@f&ofhfmﬂaﬂbﬁ ﬁsegérforrned by
into a cell, contacting sai bact eri opha

Int or bz hschad iank Sgfeetos or IntwdeHFm)lh@y It end B ent HHE pfelefihﬁr preferred
is the V%(ﬁ% wﬂat | i %ﬂ%n%%%%%q g etcgl%s nta?lg;? (%%Pér? 1% %IE% {mnotdiﬁed Int,

ere e

preferEhi, th@llﬁk € 'eblr HhM@’QlSlg[nSt&isdccﬁﬁéﬂt &Héd@ﬂ’ a @M&Lﬂﬂiéd D1Sogether with XIS
wherein the gene(s) of interest is/are

and/orpliHf Esdeq) Withiethe rpesgingsot qhatpr%@m@aentmem ﬁ‘ﬁhf orglat-§/218, XIS,
and/orgfﬁfsﬁlal{jl}}A aﬁ&&&’ﬁ)&ﬁrg lc%lpggﬁl% wcd | Em%rrtb g cﬁ-eeg(gleegge% safdl host cell,

erivati ve or Sal econd sequence
where@othp Be@x&&e@@eﬂiﬁe&eeaﬂb@aﬂ@tiﬁ Beilag performed.

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

the culture medium.



attP.a, attL, attL*, attlL.a,, attR attR*, attR a or
att R b sequence or a derivative or honol ogue thereof,

woromescas n i f said first DNA sequence conpri SBST/BP2008/066430
attP. a sequence or a deriva#ive or honol ogue thereof

Said pi?ih?gtlég Cc%[i% prc %{Lff Ka&ed regt%a?ls a]?l: ﬁtsmrg?%eﬁghe(g{u%lging’ i8r suspension
cultur@tubferbeon@fidRR GEhieH a ﬁ%ﬂaﬁﬁt fo¥ éhD Expressinogugictdeeir&Phenc(s) and
or wherein if said first DNA sequence conprises

an
isolatigg tthe progeyiy eh ddergpt frordhe geltsi and/arthp sefbrraliure spprspeant. Preferably

the prof} IbQQ%Qeg?stq S FERIVRIEE fioRITHe o i %&h&ﬁs@‘s&f ?t{e%%@ggptlde or it

can badct&idbeds fromeivs ecddlr lyeateheilfiey@essw wathoboardcogoiy sidret.dofs,necessary
{ V\{Qereln i f_said flrst equence conprises an
to puriy |the; PEQlefnl e Btepst A repar othett re\9 Maph RS BUhsh&fle drroteins and

contarﬁf?l'a sSft %ox%iy fifafl Q@J&@a@ltlﬁﬁfﬂBh@g&oﬁg %pta%tloiﬁ bP the%SIIgPeg? of interest
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cultur%tqle\g; S el "gllg dglfroldirélgtf 9 P}te}rgs gl%% Cogﬁ{ﬁfs Zfr(grgf contaminant

solubl@%n%t&ﬁ@o Ql §@1ﬂ%§‘cﬁn&0ﬁﬂﬂél§e§cl@§‘ frt BrarAplb P byatftRtibnation on
attP. a atl_ attL*, attL.a,, attR attR*, attR a or

immupeaffRnity suq inereehatzea cablmmatqthamb rprmmtﬂtlogu agctdisr ebpse HPLC,

serhaffy G5 Sl Bticy e PRI DEHPE sERTB " B gy n eoncra
method@it€hchi@ganskisaipatioa TR pﬁr@fy @Reteiol dhoud tpidteinadxiphsksd by host

attP.a, attlL, attlL*, attlL. attR,  attR*, attRaor
cells, gierwelbkaevguanibe ar Thef@@f? \ﬁh@ ?fpéereﬁentweﬁ%m?&l%i firzpresping at least
one gé’l{ gqgﬁ&'ea thd %@'aﬂdéd t‘f‘o%%l" ﬁca‘f%ﬁpsccé $dn the desired
attR b sSequernce or a I've o orm oguep t'her eof

polypgnaidd is eaeafidd fﬁmuelimhosﬁ: @ﬁhg IoB gonanclaictiByre af k& retad tiltolthe culture
attP.a, attL, attlL*, attL.a,, attR attR*, attR a or
mediugy.¢ R b sequence or a derivative or honol ogue thereof.
In a nore preferred enbodi nent of that nethod, the
first DNA has been integrated into the genone,
The nathtadf afchalpresent nivodmtiomosynte pnrfwmeepn gld mfa]kargd)tmmhls O¢llsaand cell

tines %% he SRSt T Tt ool Y Mo RiR SR S8 abh iRt gukaryotic cells,

such é@}réé@;ﬂ%ﬁﬁ ife& Srhfnm®dllan ThEs PF&S 8HmplaVERtdcBB @hSBe oocytes,
ates to a nethod of expressing at |east one or nore

embrygetfve%erofcehlmthememomﬁc atao sellscarany tw@ﬁe@aﬁ@teﬁ @‘glﬂs A method

s prefefea TIPS P Trofl S nBb Gy sefipipfRegfs o method

whereltofRe! ﬁ@ﬂﬂﬁlahﬁ]@ b@l@ﬁs h Mue@h atigdar, Hﬁlﬁldeh eatgﬁibbffﬁhaﬁﬁstaﬂlgdat bovine,
host cell rising int r oduci nfg DNA conpri sing an

sheep gf pre ¢l Bfﬁtf@‘regj cehklines or ghest cglls” fax thefprocatovm &f biopharmaceuticals

are h%%%iﬁat ﬁ%gggt?r}gﬁ%l& dr dr%péﬁ{a%llv?in?sr ; MoL &gﬁe& I&FJ EPlglfn’stelr cells,

preferaldptBI¢KR hgBHK WKQ££8@OKIS$@¥D@W@{®££!EX B1, and CHO-
DG44I cne lggogr %ﬁee derlxgatlves/progemes of any of such cell lines. Particularly preferred are
CHO-DG44, CHO-DUKX, CHO-K1 and BHK21, and even more preferred CHO-DG44 and
CHO-DUKX cells. Furthermore, murine myeloma cells, preferably NSO and Sp2/0 cells or

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

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

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



perform ng the sequence-specific reconbination by a
bact eri ophage | anbda i ntegrase Int, wherein the second
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cell under conditions, mheBein the gene(s) of interest
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Soltigiindpy Ch LB N O S BANEHER S TERC Sy i & VArity of Sompounds

exam;ﬁ&qu %‘?chsﬁ% | frinBndse | fiati GRWIRGhELE @%Sig}dsﬂlﬁn Qfansferrin,

any unctlon mut ant ereof © Those net
epiderpra¢ fzeowtb dactowh) exsalinm hkalgdoxsthcfaetnr)esaéqse(mo&n as sodium chloride, calcium,
reconbi nati o erfor y l.nt and.a XIS
magndGER o PHOGIAB). [t d B 25 OHEBY S} UEE S (4 pheodenosine
thymifie}, BRitarRmef 8LERE ot SththequIRlEREnWRe s8hed, B@tlblotlcs trace clements.
sequence-specific reconmbl nation is perforned by a
Any qtb@in macesﬁialtynsupptﬂﬂeern@& ol yalschbe limgludedoat 4pm0m1a23180nqentratlons that

cont d | nt. toget
Would ed}%%?vvrf thge }%“?188 1n%}ﬁ? nlqt# r?e%ﬁ?ellllg 17% n %Iéthe %sg e?)? serum-free
rnedlulrrn fe@rrd, bitt mediBtsupplomentBd With2d Suita¥leSamaidl/ dIrsehulr can also be
e added to the cell in purified formor bei

used @511@)(@;1@3@@@ ¢yhashicallndor theprowthysad splgctigneof genetlgally modified
s STRATEF RSB FPRLTSELOR P LA PREAEER ri.

rel ates to a nmet hod, wherein the
. pal y ept (s)/ r dugt(s) i ch i.s/are encqd by the
Dem@érpé?tgl)ns o bpRbsoe arﬁatewé?%hﬁ §rERyfsed SIS Sy Hpstion are for
exarnﬁ@l 1t;u’t b {iAitd 1S Hstfif dnfI Ao GRl kel hGhe t}‘:@l d oklnes such as
ture supernatant, 1f secretfed into the cultu
mterlermkmw(ihLSaa g Iprlodiuct Heﬁ ded|1§-ade-UL17, Uateld -9, IL- 10 IL-11,1L-12,

-1 P B b b7 G el 2% 0t ABNGHFETPR o, 1PN

omeg£¥PMENS{aQN tffort AR rEl@FAdied (”Q@P)e (s8¢h ARANS %'lp'Ha' & TN@ beta, TNF

protein of interest fromthe cells and/or the cel
gammay [TRxld.; s@&?ﬁaa@%ﬂSFPer@FabWH heangsi MF@E] biso lncluded is the
produétgogn?ore t rghfoéoi/e otf%ég %tﬂce{r %ﬁnlintlolgnge ng%%\g{hufagt&r/rsg dﬂdgartr]]pl?%ﬁgrrpg g{peptldes
that c@@lsbrdeyﬁsahgcﬁnsti oemta@smd Md/drondveathsReE@icobY didg@bglc use. The
is necessary to purify the protein of interest from
methoet prepTding doiiha st esiont €4 §lso hess pdyartaceprdy gispd fan @roductlon of
t n
oo SRS TRk, SRS ARIACLY JOTEORIR o, or
fragméﬁits athbicost egt ePatnf Felm cBlab92.arid/ and pBe tiragthaite aedvly and light

are. remved from the
1rnrnun0g Oblﬁln chains an(T{) their constant, variable or hypervariable region as well as Fv- and

Fd-fragments

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

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



culture nediumor |ysate. The product of interest
thereafter is purified fromcontam nant sol ubl e

w@r@vesssss pol ypepti des and nucl ei ¢ aci ds, forPerREPPOE066430
by fractionation on i munoaéfinity or ion-exchange

Y -
include Wiﬁﬂ)’ﬂgﬁ adrBitd) wihishhmass bOpRparcl Tby@)@cﬁ@(ﬁlﬁilc claBtih@dsth pepsin.

teaching a skilled persion howto purify a
het er ol ogous protein expressed by host cells, are well

Usmgz%}:(ﬂ%\ch GH%IL&?ln%rl%eﬁhI&]se !t gﬁ{éo?mblte he ﬁ&&k%%%{;r?é&%t@%&? %gments

nteres
Whlchadﬂheﬂt bylyast tﬂd diatintde abgipny bf thedidaon (YHe mndvdfethellnght bieain (VL).

desired pol ypeptide is purified fron1t e host ¢ .or
Thesef%ﬁ?fegﬁq? Q@b Fﬁr%agmenése&r@gr@ﬁﬂ iviariable pe fragmenfy of fg%dfaﬂﬁl?le part).

t t r
Since Iﬁ%ﬁg ot fﬁ%g]egtys g%@gthgegéaeﬁt Bo[m}{gl@ adn Re Y ¢ @ﬁny@r fre c'}Etgmes of the
constqnt ebeny, the v fiapmantsekd ofted stabidsahdt srdvardazdous tQahﬁk thet variable
. dtoe c.cells, such a east, pla .
rogiors (L URe A HEHAGY JMCRIRRS0Y foRorERsge Secrvat. Ba PG (g, 30 amino
acids, PEBABK BSamRBRICIRNICthALRLY £8hbR. pcpaaR LRI 1§Bb§11n%ﬂ %Hhsmtmg of
cells or any type of dlfferentlated cells. Anmethod is

VH arp%iehml@d bmepe@itlde fihkeredR angzmdyopr@@m ofj this&indaisrkabwaras a single-
chain %gl lscFvgb% ul?rﬁ § %C%Slﬁ aélglbo%Proﬁeéns V\Pfhls 4;136*3 arg | kn \rgntg,%og} the prior

art. goat, bovine, sheep or pig cell. Preferred ceII l'ines

or "host cells" for the production of
bi ophar maceuti cal s are human, mce, rat, nonkey, or

f ter Ll s, o
In mc%r o ée%séb?h&g'_ﬁ{%?égleétﬁ{ %&% of %I&%ﬁoﬁlp{?% m’ag %’ multimeric
deriva@GvE> ThikXs Bitenchddo W@aﬁﬁhlaﬁ torre¢dmgbinant antibodies with improved
deri vatives/ progeni.es of any of such cell lin
pharmpgekingtig afd O?alﬁ‘é‘géP%Bmé’F’éle@ﬁé} % W ‘Eﬁ%‘(g Dindinacvidity. Tn
order %“ACQHIK@ i!nult?rﬁgrls%ﬁgﬁl oTRhE sBfef Ry %r%ﬁ%‘la@ﬁglon proteins with
el | onma

I's.” Furthernore, nurine cel
multlrparre;h‘amaldbmaﬁdSOT b dmﬂﬂpﬁ/:]ﬁ)sauehldsynmnst mey be, e¢.g. the CH3 region of an
derivativ 0 cell lines e
18G o g R BB G U PGS LER o e i RRgs ignever,thers
are aumiatégﬁ@flﬁrmah thehiartrReioh beBodealthd SMPYL RERRAL 86 thedRey are used
etely cultivated under serum free conditions, and

for thﬁbtpng mmlsatyon (- gré@r,drlmm(tpemﬂ@dqu}; gBy(;flalmﬁiy the skilled person means a

tei ofal
oivaiel S FABERSRCO BT ne o R SRR s gt to >
10 anfz86 NRMY) lcad?P tlﬂeGP(Qm@ﬁblg mi) honﬁbdulﬁeﬁSCm shiMpdiof ii@6r-chain VH/VL-
Eagl e' s Medi um ( b%ﬂ M ni mal Essential Medium
superlmvemlosﬁﬁq%plaw slelé ies 1Y ?d@l@@n@m Dsedelised\pydthe fcorporation of

T

(Slgna) and protein-free C}K)Nbdlunl(Signa) are
By rmm o ther 3&11?&0 Ige%)ornl rgga%sg tlxrfallleenr]ct homodimeric scFv derivative. It consists of
a fusion protein which contains the CH3 region of an immunoglobulin, preferably IgG, most
preferably IgG1 as the dimerisation region which is connected to the scFv via a Hinge region
(c.g. also from IgGl) and a Linker region. Examples of minibody-antibody proteins are

known from the prior art.



solutions. Any of the nedia may be suppl enented as
necessary with a variety of conpounds exanpl es of

wobkioelessre hor nones and/ or ot her growt h fact or BCT/EPmNS/066430
as insulin, transferrin, eprdermal growh factor,

pasulipn |1j grow h factor) ch as
By tr gﬁp%{ .t@eé skﬁ%ﬁ Cpﬁl’qﬂn ﬁ%egaH% & %V&%H{ ztﬁﬁtg rgiterlcb SEEY. erds'lerlvatlve ScFv
derivatis e Wh@8inHERER), ard fusé EASIcE SvilHUED linler3dQasE *@d to the formation
thym di ne), glutam ne, glucose or other equival ent
of triggi®r gy sources, antibiotics, trace el ements. Any other
necessary supplenents may also be included at
appropriate concentrations that would be known to
The skilled persdi Wilkalsé be fdnaliar &ith ko-chliel pireseidbdics V»ét[dhi IaRe tlbe-, tri- or
of serumfree neq%untls preferred,. but nmed

tetra%iarﬁpﬁtr@ﬁt@m Y Hr dariedstiomasie Eﬁdﬂﬂltlnt?rls%té}ndﬁ%%ﬁd&% By di-, tri-
or tettgﬁleﬂé %911&9 Eoﬂ F@u&ﬁ'{leg i wa BI%@erfgd Jﬁﬁ’?otduﬁgﬁ | & thE ‘ﬁ'fesFIIkt’tgnventlon, the

grow h and tiron of genetic fied ce
gene cefxmee:ssls wgcwedéblemyatﬂ thogatesiral pnlyp@blda wehtéoted @hove, preferably

the cuI ure di u Desi red
forarﬁ‘?’tﬂcgnﬁé?%&og GryauLve gy agﬁteat i ?]pol ypepti des of
interest” of the invention are for exanple, but not

limted to insulin, insulin-like growmh factor, hGH,
In ordepPm p@ﬁqutnye@nbcghu@hntasf thmoeesmetum/m@@n( tm)ntewa@ hals LO lagt on the

1O
recom#)ElaFlbtil seunEcei;T hel‘ it ejg_gasé lor_‘.’hf zﬂhtelgffsi gene a]?%/fé CIOLfa(f?r or a to-factor

gene, blg h XISTh&of @’f tﬁél X(1$ FdroredepBand/bF NP6t the THFN cB@ R, be present in
N onega or N tau, tunor necrosisfactor (TNF), such

the euts&t‘ym: call ﬁHﬁadé’n‘%meFmB@t‘%mgﬁhF firsinidl scrra Fecogbmion sequence.
They @Xg gﬁg bel\{lil%cfuce v&;eeﬁ‘ Qﬁie %ﬁ‘gﬁuetﬂns F th%1 Etslﬂ Qﬁ&i séc%nh rilgcombmatlon

tion o eryt ropoi etin or an
sequegcremMalﬁef the timr&luatich afityie ﬁtsh end paloy eembmh&amtlbh aéqueacn:. Purification
serve as 51 oni ts or ant i sts an

of recppibingse g toagm%tgtlﬁ aa en ﬁﬁ@ﬂ??é@ H%&h%gladt\t&ﬁmngAo (1983)
Meth&d@%f'E?&?r‘ﬂBlo% Fop. | $90; bt%l@&'&éﬁEtﬁQ%9uﬁ|Y9942Q§’enfe0t47 pp.149). In

pr oduct odi €s, such as nonocl
cases p\chley chgnaie, nanldnt)wslpedl fktracandars begbal ohticncramineboah bs ,partially

puriig,using dirariss RSO AR St Phrtigh SoUFP RO e purified

proteif@art BB ntr6 QRS afto, a VRII BPk@N@Ird NYARTNRSL) &R &ah®® 89 means of
as well as Fv- and Fd-fragnents Fab fragrrents

injectippr @igmeeTpingaetipy - by mang of &d@pfqy@ﬂ@,u@t d@‘ﬁnberde in example 3 of

1 regiong, of both chai
w02 Oglédeélt%ﬁgé? f%r ﬂ—tl[]ﬁ glt %t(l:ve tl%:eOHlS A en (nn for elg%egﬁge %d r the host

factor§ Qanesk bt)’trcmh@&cﬁaf‘nﬁtodﬂ]@eédll. OThe @ntl raw hbbdoaiﬁﬂltﬁh séq’u@fﬁe specific
conventional antibodies, but sim Fab fragnment sma

recombingonés HeBHmbhe e<Nressedhan the g8l in W@lo@yth@ £596t9p 1s carried ou% For that
purpo%!wg],%gﬁ{lﬂgse(ﬂmelﬁ%s B&{l {-1é Qr?gﬁf?grﬁs%%%ﬁgtrs‘;igﬁ@cgﬁj fito the cells. If the

fra nt
sequemeoﬂpealfytre@mlblﬂaldnmg canteld qepy. withUsvlngrBenElS$ dactor gene (fourth

DNA §g(%‘£p%$rélag§gﬁgﬁt ‘g%%c,pqi é]@tﬁethg ﬁsl ?Il gd(‘iltlon r1(\:)/1%5t preferred is a method
wherein the third and/or fourth DNA sequence is integrated into the eukaryotic genome of the
cell or an artificial-/minichromosome via homologous recombination or randomly. Further
preferred is a method wherein the third and/or fourth DNA sequence comprises regulatory
sequences resulting in a spatial and/or temporal expression of the integrase gene and/or XIS

factor gene.



whi ch consist only of the variable regions of the
heavy (VH) and of the light chain (VL). These are

w0 edoensssds t 0 as Fv fragnments (Fragment vari abl BCHEP2008/066430
fragnent of the vari abl e past). Since these

| ack the ¢ l.ent. bondi
tn thif 150 AR GBS Rus W R SRR B i LS Wiy pqor the
IHF fddt@grespdcsivally eis@ikprBscltoahy Inl zﬁﬁﬁhcdlhr dedl t@ﬁé’@ﬁhmﬂ tyfe specific
link the variable regions of the heavy and of th
promqterggpd epalyAchijre aecwdmatpe;wlbd@ thessFeBhte; 8. én QVefderS:dﬂ‘ﬂ@y cells,
i Y C
nerve gglésa{r;]@ Pe(flsaocf t?eS &Iel ﬁé § In]‘tgf: eg]lpeglo%odnfgcﬁg tu%t%@rﬁ%{)?{ﬁﬁ@étor/IHF
expres}ivgh é\/temﬂoral le&plrekbyonanﬁg [bbladble{/d:dﬂk}emeaﬂmofqnbmbﬂﬂs/ being active from

protein of this kind is known as a si.ngl echain- Fv
or in weﬁwﬂw BQUHPITBEN ) StagerRy 2 iy P%Beglarpmﬁﬂe?ﬂe]%mefm @Aiagult organism.

I nar
Futh it KON S0P L BB SEREIER bt o5 by
interfegadror @gracychod tepeadédprdeniorat i ve. ThIS is |ntended to

| ead, in particular, to reconbinant anti bodies wth

i mproved pharmacokinetic and bi odistribution

The iREQRR Esb@$n B HBhbd 85 th¥ gr&schNik SR RAMMEY BEbBG BY Wiidttype and the
In order to achieve multinerisation of° the scFv, scFv

modlfwér(mumt@banfeeraae of tl|1§|b@ntepophaer: henhda. Asrthé wﬂdelypemmgme is only

able (£ BB o RO R AT Rl 5P R TP R s ot ffhery e
it is p&‘fért&ittuﬁﬁé)a rﬁ(btﬁﬁecﬁﬁltégew‘éllﬁ tiZd PRBod TR MissentHmWeNESn. If the wild-
there are also strategies in which the interaction

type infegiagsels uspinAle wrethedyploths pegserthavakpy, Hilt maydy megded; lﬁé‘ddltlon

o s 5 8B ol o Lo R R CEPURRSHhERle Wonairid
such thmdi mirgrasesady cater omahe vecombireatishaedoeioh vgtholit 1HE or other host
nker jin an sgﬁv nDIecuGe to 5- .10. am no. aci ds | eads

Ractory guins KEF e FEh st chomblss e ombimaiion R tetsenchid: fnd arR
sequenfids VhSUBE LIRS bR hokESd AhAGEthold MRCRIURDNNEYa host factor (see

addltlonally be stabilised by the I ncorporation of
WO24d4i8pd)de bri dges. Exanpl es of di abody- anti body

proteins are known fromthe prior art. By m ni body the

skill ed person neans a bival ent, honodi meric scFv

The g@%éﬁb@l%f"tﬁ@dlﬁ%_@@l@ﬁé}ﬁl&s ahd %rg&ﬁﬁgfbrﬁﬁ@ﬁ@én@d WhiiGH is state of the
contai ns the regi on of an imunogl obulin,

art andr @perbgbpgrfarged ensdy. Poreexanztie.ya Ingcieicageiel higquence encoding for a
rnodlfded Iélg’a%% I1solr1]1t r ?%?0 11%“@1}&26 a I S C rllcn %ﬁgi%g%ltg%gé rhe SCF\{)e transcrlbed

and trﬁﬁs@it&fhntcEX@ [mégﬁse(hﬁthﬁi 0| ‘kiﬁﬁ)br apbh boathdupiat ef t|h§ eﬁ&cﬁimg sequence
known fromthe prlor art. fy triabody the skilled
into bpeteEbAr Aot cells. rT%meﬁt IeddRsErsRrqtein s@mding sequences can be

naturaﬁ?{éc\é?{r' \gM(btys o}&jﬁtagl% JedR% Vgllelre% ghtw' eﬁ%ﬁeérgc‘f Sflutants and

er se uence
variants) Itnitatatﬂhvejﬁlbns et ﬁragments functional equlvalents, derivatives, homologs and

fusions of the naturally occurring or wild-type proteins as long as the biological functional
activity, meaning the recombinase activity, of the encoded polypeptide is maintained.
Recombinase activity is maintained, when the modified recombinase has at least 50%,
preferably at least 70%, more preferred at least 90%, most preferred at least 100% of the
activity of the wild-type integrase Int, measured in a co-transfection assay with substrate
vectors and expression vectors as described in the examples of the present invention or in

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



The skilled person will also be famliar with

so-call ed m ni anti bodi es which have a bi-, tri- or
wWo edwavshent structure and are derived from scPOT/EFIves8/066430
mul timerisation is carried3gput by di-, trior

tetraneric, coiled.coil structyres..|In .a preferred .
can b T P e e 15 ey AUHE i e R5idiegAnd a protein can
be obtaitt€ et likcHrepease Antins acl ¥ulstinitlvas enad Ffﬂvﬁc&cﬁmctionally equivalent
pol ypepti des nmenti oned above, preferably for a

integrassiedinspiades tuspofithe hydeppathiaindgeo bammpagids fKytehb céak (1982) J.
3 0r 0 f ' . t .
Mol. ﬁo\}énﬁe}g r#p. aﬁﬁp n%égbg@éelﬁag%f) ;%gngé}?org{llné Egeﬂﬁ&%%] mutagenesis or
polynicesokhainatdcobn SM%?Mﬁﬁltagﬁn}ﬁié o g uadelydig ?ﬁtﬂieic acid sequence. In
M T A T AT A -
14 I : b i n: [ |
to o idBfc! pIAFIIRCFRRBTEN JthiPRaRifiRRh SRRy or an
recombaroom actatiiyondgeqden of ond heyonalyosafatorhe Widd-+tyydyretdin”® means a
bet ween the introd i,on of the first and.second. .
complp e Biib{THERH 9 GRHHISE . BHUlY GFCYTHBE AL Y0t R ngrpolypeptide.

Two Thbeukdts prefidebdSH6 BREHERRBD NI LMt SLALE BESenated as Int-h and Int-
Purification of reconbinase and host factor proteins

h/218 niklidreasral. ddQ80)i GEH 20n pp hE2 larGhrishids randHdwige( BoE399) J. Mol. Biol,

288, oy 2 3R jne BB TR vy R (A b BB il 174

compdHbn k& o¥a-tyseeinl. 1axh2a8 tisclGRR alfarthadsif rdshite @ZAARS a glutamate
can be partially purified usin rocedures descri bed

residup it ROgHIOE| 21L& and vyps ganeiated pe iTpeagenesih ofpthe j Inf-Bggene. Said
i ' ' I
SISO N LT GEE BT 0uB G8L Bl T ERIA o
and alnothicoi pojseblei cmbnations,neansg Pl witpatecultbands or attR/attB or the
. described in exanple 3 of WX2004/048584 for | HF. .
derivapive oF RATPPLS Sttﬁ%re?ﬁ:zmh% dbd P(h-gacr%? _IHHeXiﬁta@&@ésFéS @pd negative
superc_tolﬂﬁlghﬁlsE fcé‘l?,t ar &Jl{%%tf@ece'llg,t 51@%9%0‘, N0 V&Iiﬁlleplﬁﬁjié_d' subifates in a
I nt egrase used for the sequence-specific reconbination
reactigrstupe.efe mafpbycras o€ swaedfitiantyhef thelkdcombinahipe matythe achieved with a

react | I s.,.carrjed. out or that rpose a.third DNA
co-facifh et S dHr LI A HE G PR THor e iy B Flyze the
recombMafloh RQcH&] With iddredsbEcFRAMENCE specific reconbination

is carried out e.g. with attlL/attR a XIS factor gene

(fourth DNA sequence) nmay be introduced into the cells
If the! firs dgal i ea th%t reef'erorrleacrjl ' el ttQVOdre\mr% all Itlhse uences are
t Bi°r 3°&A 87 of d1‘Sour'i1 15\ seq&enge S Rt eﬁ?a ed P heo
identi¢dnee gUKAP YIPOh, 0RO @ERItAfg Eddemblatio® se@idnces after the recombination
artificial-/mnichrono sone via honol ogous

will be eenties! hathos ob the aRefee-ye. 8- MGFa er 4t Fesucaersi § hgwever, the two
partnegg%(ﬁ.r@gc%% Sfffélrénl?,ee. .Mt{ﬂo/ﬁng{qucofn%f&t{bn%tﬁ)ﬁ%ﬁg‘eﬁgﬁate hybrid

I'ses regul at’'ory sequehces resulting in a sp
recombindfion s¢@irpasalhigx psrepsdcamedindtioaal indl Effomsmegeqence (c.g. arrP.b)

o o000 e MG Rl 4GRS FuBrSEE: i maeotnc s
sequeh@di@Er 5'RY REimithEoverlap, whereby the overlap is considered, in each case, as a
part of a funtional half-site. If the respective overlap region of the used recombination
sequences 1s identical the excision reaction may be performed with any recombination
sequence according to the invention. Additionally, the overlap region designates the
orientation of the recombination sequences to cach other also, i.e. inverted or direct. The

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



| HF factor, respectively, is expressed only in a

particul ar cell type by use of cell type specific
w@eauntssrs and catal yzes the reconbi nati on onl RCT/EP2008/066430

these cells, e.g. in Iiver4cells ki dney cells, nerve

of IHESH i éﬁr%kfsga%ea%@ﬁf GRS ETORS PP SRyl b Ml Bhisf the core

bindin@XJe &Sisiutiicd @ Bercasdlithy effiddncHEBSrcattidl @EpherpRrioghdUwithout
active fromor in a particular devel opnental stage or

any cofpcter byag tmodificdrdntoi nt of time in an adult organi sm
Furthernore, the tenporal expression may be achi eved
by use of inducible pronmotors, e.g. by interferon or
Furthdrebregayndthokisdependé dvhpredm tfartiser DA skqicdge as@ptiseglaiXis factor
t he nmet hod. of the present t.ion be both th
gene w }H&Ofiwé Qﬁmt@%éelfﬁod\ﬂ?%teme{%ﬁﬁﬁ i ead)mr%%}ﬂde&h%@ g fyither DNA
c e,
sequelli’é% hﬁf e %Séegra?g’l%%ulaeﬁ’yr eco cﬂlg%lélleg ldﬁ%gagtglé gﬁ sﬁatlal and/or
tempoml@hpleﬁsimmoﬁmcyhmfatctmrgemfo factor, nanmely IHF, it |s
preferred to use a nodified integrase in the nmethod of
the present invention. If the wildtype integrase is
For ex$@fle, | dfict B cBREN QfteBfatil O gntRINRI &AM ar rBMARSIhATdn (IIIH%I‘M by means

be needed in addition to achieve a stinulation of
of Int leadimgiid thatdctimatiadioadtontiompea godiif jagdrtiqulas gﬁlésseoeussld gene may be

oacELALE S 00k FOA ] CHETLENT DS g it s
tempok £ Gk PrieSsiGISNX BSwith thei@ufrdnRoudtp Ex@¥ a0 & Inf

reconbi nation reaction between attL and attR sequences

may be prefornmed by a nndified Int without the

Furthqulgiret 'tlfenin%nt nqglg{eﬁ ﬁg’t I\é\%{ggﬁé gozhsée%ﬁgnce; Hre ¢ derlvatlve

generation o screeni n
or horhhlegﬁi@ﬁiereﬁﬁ agtovtht yiematszbair&loﬁfoldigue cHrdrPan ds ﬂwlm in SEQ ID

perforned eaS|Iy For, .exanpl e nucl ei c. aci d sequence
NO: SeROHME LY 1%%%%@“%@5&1&3@ icukqryetimerdly. Tl cukaryotic cell

may Beng t¥de gy c&y%hgﬂr at@fthrS BRURRAL et%mg miinlrhal B8 {)lants havmg no

nscri bed and nslated imto an 1 ntegrase ei
integraset 010 Xoy faqtmnlnl 14 rcoldu Rdid rgdnisnnengndbodised) fereueeding w1th other

i nto bacte kar otic The nodi f.i ed.
organisiis SarRE o el H Bt S B8 ouin sl S TP o it s preygenerated
wherc@f Sl selitahcé ByccRORaMBRM oMY ?érfd?ﬂlkd @ cEIRCOMRINSMHshdngs. Thus,
engi neered nutants and vari an truncated versi ons

the inggngion rrdgwé atsg to theneseiod palintegabs el aningcerasergicpaend @ <Xis factor or a
Xis fa%%?%lert? anéi F{Pufc’a o?é A II!IF %%cst a: Whe |k1J1:1 Olsgaél%urae{ slpgglf 1¢ recombination

in eukﬁtyﬂclb celna Fuﬁﬁérm()lré Yhe pre@m ﬁ@eﬁtﬁtﬁl TeREQD it fotaCddllV ahd cell lines
t he encoded polypeptlde i s mai ntai ned. Reconbi nase

in Whgétth@meghquofﬁm RECSPH é@venm@ ﬁvaﬁ werfapesd Mdwreiesygisehngecell lines
are oot inet BT P A e PG Y rbahIFRRUOE" | Cast o0
of the

The practice of the present invention will employ, unless otherwise indicated, conventional
techniques of cell biology, molecular biology, cell culture, immunology and the like which
are in the skill of one in the art. These techniques are fully disclosed in the current literature.
All publications and patent applications mentioned in this specification are indicative of the
level of skill of those skilled in the art to which this invention pertains. All publications and

patent applications cited herein are hereby incorporated by reference in their entirety in order

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



activity of the wild-type integrase Int, neasured in a

co-transfection assay with substrate vectors and
We2@assiHdNn vectors as described in the exanpl esT/@P200$1666430

present invention or in Example 3 of WD 01/16345 and

[pr ‘Results 5 2 .Certain am.no acid sequenge .
sencrl i 40T BrdieaibBt il AT uRiodafERY BRFneg to e following
exampled@mich 1Y Heedlyeikhalet dmeRdy NBr SthEURNHEscAnd HMufflodi Bf certain

can be obtained with |like properties. Amno acid
embodiplestsiof tha ANt Maentnapddengtupiendasiiallingt thgunveatienin any way.

i nt egrase pol ypeptides by use of the hydropathic index

of amino acids (Kyte, J . et al. (1982) J . MIl. Biol,

157, pp. 105) can be prepared by performng

site-specific nmutagenesis or polynmerase chain reaction

medi at ed nut agenesis on its underlying nucleic acid
sequence. In the present invention nmutants or nodified

i ntegrases are preferred, which show in conparison to

a wld-type protein inproved reconbi nase

activity/reconbination efficiency or an reconbi nation

activity independent of one or nore host factors.

"Wl d-type protein" nmeans a conplete, non truncated,

non nodi fied, naturally occurring gene of the encoding

pol ypeptide. Two Int nutants preferred are
bact eri ophage | anbda i ntegrases designated as Int-h

and Inth/ 218; MIller et al. (1980) Cell, 20, pp. 721,

Christ, N. and Drge, P. (1999) J . Mdl. Biol, 288, pp.

825. Int-h includes a |ysine residue instead of a

glutanate residue at position 174 in conparison to

wild-type Int. Int-h/218 includes a further |ysine

resi due instead of a glutamate residue at position 218

and was generated by PCR nutagenesis of the Int-h

gene. Said nmutants may catal yze the reconbi nati on
between attB/attB, attP/attP, attL/attL or attR/attR
and all other possible conbinations, e.g. attP/attR,
attL/attP, attL/attB, or attR/attB or the derivative
or honol ogue s thereof wi thout the co-factors | HF

XI'S, and/or FI'S and negative supercoiling in E. coli

in eukaryotic cells, and in vitro, i.e. with purified

substrates in a reaction tube. An inprovenent of the

ef ficiency of the reconbi nation may be achieved with a

co-factor, e.g. FIS. The nutant Int-h/218 is

preferred, because this nmutant catalyze the

reconbi nation reaction with increased efficiency. If

the first reaction | eads to an excision and the used

two reconbi nati on sequences are identical, e.g.

attP.b/attP.b, the resulting reconbi nati on sequences

after the reconbination will be identical to those on
the substrate, e.g. here two attP.b sequences. If

however, the two partner sequences are different, e.g.

attP. b/ K, the reconbination reaction will generate

hybri d reconbi nati on sequences which conprise one
functional half from one sequence (e.g. attP.Db)



and one half fromthe other (attK). A functional half
reconbi nation site can be defined as the sequence
weRakessess or 3' formthe overlap, whereby thePOWEP1089066430
is considered, in each casd? as a part of a funtiona
hal f-site. If the respective overlap region of the
S reconbi nati on sequences is identical the excision
Exaff'é’jg?i on may be perforned with any reconbi nation
sequence according to the invention. Additionally, the
rlap region designates the orientation of the
Me thQﬁi?nblnatlon sequences to each other also, i.e.
inverted or direct. The reaction nay be performed with
wi|t-type, Int with | ow efficiency only, however, the
Cell ﬁﬂhpfgﬁmtﬁw\q@&FPm the absence of |HF the presence
of armbinding site(s) in addition to the core binding
site stinmulates and i ncreases the efficiency. The
CHO-DRRCIHPA- AN bﬁlaﬂ@réoétrﬁ@d(WSBy%gll @@}’pﬁ%égta% Mnaperrnanently
modi fied Int. Furthernmore, a nmethod i's pre err%d
in suspérsraai m the fsarunkérce Mlmql}é@{SeSEMmbﬁnsltmgeme@{ flémsmmhe DE)

ene js. ntrodu ed in Mbst ferr
suppI§hFed Rt BVSRRE: bt PP TR RHIL b ARUORES i GhF Cultdie hasks a
37°C &PAuNSEFicd at@OiPhatc0tohtdMgSBYURI)C Theickil BEinTbes @s WRlldas the cell
spatial and/or tenporal expression of the Xis factor

Vlablh@gh@ depe(ljmlt@yia/maqu@dexa(mr@watgq)c Esls ﬁr@|se¢d¢gi@ga genogatration of 1-3x10°
Cells/ril f!r dI%&Hu]t% ovk two Lngt, | D (i nversion) by neans of

e activat i of/i nacti vation of a gene

s GRS LA EF P 3, 5SS TR B OE e

(Invmefgeﬂ)he PeRduf@gfcsias | @k 1GNdEHonkRTNRT abroRiRg eselion iRf 0,8 mL
XIS with the sinultaneously expression of Int.

hypoxguihire&hymidine ¢HB-sunplemenisd G -SEMibmedigm are seided fya well of a
-wel{ (ﬁl;al?ng)gllf rAa}nllx ure og“%ilja%ﬂﬁ;cg ?rl\%vsa,té{] %L (igéofﬁ a1 I \{% a?lé 6 &%WP{uP %eagent Ina

volum@So fSTEC utllg@eheﬁatgﬂf(ibﬂ BudNQrandfdctom aﬁ@&d@é’&&) ﬁﬂée&lﬂﬁl fllowing the
reconbi nation of DNA in eukaryotic cells.

protocel|Rbihg gransfacaier. Adigt Beubntioadet 3 hours 2gel pf H&g&u@@@p@n@ﬁ CHO-S-

SFMI?HIG&’I{IQPI@I 23§34 €-9- a mammal or plants, having no
grase or Xis factor inits cell's. Said or gani sm

rmy be used for breedi ng W th ot her or gani sns havi ng

Isolagﬁrf §? %gﬁi éﬁ%ﬂg‘:ﬁé’ﬁé Fl IDS%éggnegLs so t hat
Cells ?o?? {sbﬁtl&? 89 ﬁﬁﬁkrﬂﬁt fﬁ% ér§ th%regtgcﬁ 0 ogt &%sifescg% gﬁ?lﬁgls (1.5 mL

e 1 nventron rzﬂ ates a

cell susp@lsﬁfn) afb pdhlfe%@r‘tﬁlsc%nﬁfﬁl@ﬁlohﬁﬁ aghiafchefigcal 7000 Xirs for 1 minute.
factor or a Xi s actorégene and an | HF factor. or an

For wlhﬁysﬂ%mapér@@@ﬁféor} 9f dhe giieHe eDYpe dher (LAPEPorpnMERIBFFP is used
accorclhﬂ%em | g}’c%éoq o?ﬁlelrﬁanu[fé&rtﬁrgre{)@gé&g Tffégpl aPNA i eluted in 100 uL

nrelates to eukary cell |nes
EB bufferwhi ch the nethod of the present invention was
performed, wherein said cells or cell lines

PCR

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

1.0 uL plasmid DNA

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

0.5 uL primer ZsGrev1 (10 uM; SEQ NO: 16)



are obtained after perform ng the nethod of the
present invention. The practice of the present
w0 nooenssean Wil 1 enpl oy, unless otherw se i ndi CBCEEP2008/066430
conventional techniques of 48ell bi ol ogy, nol ecul ar
10.5 Mgircgglcbgy, cell culture, imunology and the |ike which
in the skill of one in the art. These techni ques

12.5 145 B GUhyGedet it hit (Profmegourrent |iterature. Al
publ i cati ons and patent appl ications nentioned in this

specification are indicative of the Ievel of skill of
Inltlalt&%?ﬁlr?ﬁlﬁhl %&leﬂl C f)régc How & w”ﬁh:tygg ¥f 'd%ﬁﬁﬂ%a‘tﬁﬁ (94°C, 10 sec),
ai ns ic ons I cat

anneahmg e@d°aereias) Mcﬁeﬂﬁﬁfsﬁhly(m?@ di()meb)amelch ﬁ)l)lal reen‘eﬁslem s@pian72°C for 5
their entirety in order to re fully describe t
min. g alueogfeaﬁlh ePéa(l%t sl ma@@?q" i Averit rEHOe rgtela.aﬁg seppgated by

Jongeneral |y described above will be nore
eleCtrdrﬂ%gégfy understood by reference to the follow ng
exanpl e, which is hereby included nerely for the
purpose of illustration of certain enbodi nents of the
v tsresegt i nvention and is not intended to limt the
ECPRPARTT® i n any way. Exanpl es Methods Cell culture and

f ect / dh /
pB1-2p/585 ecc'e?&m%@&fﬁ‘% gt aig ciestisly R ah ofufie sEQ D

suspenS| on Ng: Hhe serum free nedi um CHO S- SFM |
I nvitrogen GrbH, Karlsruhe, DE) supplenmented with
pBI-26#BRant hi neonsaies € Mripgometey #m) conageatively thrardltivarint ed?.b (SEQ

culture fl 37Cin a humdified atnosphere
cont ai ni nga@fﬁﬁcﬁg) The cell nunber as well as the cell

pBI-2@/kaPRial i ty atontdded €MV Resmytchakeatscdutinglg\ad /8D var{aat L8P .a (SEQ
are seeded at_a concentration of 1-3x1 05 cells/nL in
fresh medi R B9etly two to three days. Transient

pBI-2kALANST €Cti 0fg, agxlﬁ ) e?%etnt f'lahc?c&{s@c&%@%gé SHL Y e (SEQ ID

¥
I pof ect am ne Pl us nvi trogen)
transfecti oNo6K) 05 exponentially growng cells in 0,8

ypoxant hi ne/ t 1. di ne Hr) - Su I enment ed
pBr-20ed & S | R o B ) EOTRERIVED thogul yariant airL.a
chanber. A @p¢§ 15 Rpof) P! asmd DNAs , 4 nL
Li pof ect am ne and 6 m_ Plus reagent in a volunme of 200
pZsGretn/atBgener @nédng promeéarHessriuvsdseartti aneengrrdtcanddell anaudBagequence

cells, foll r ot.ocol t.h nuf act urer.

Aft er mcub@ﬁdgﬂ)i\@f R%{?Pgloﬁ tgx% {)—Tﬁonsuppl enent ed
pZsGiekiESbM | é’ﬂh@dlﬁ’d"’%*?‘ibno%@idl@@- fllsredcaht e@fprdlélﬁ&mtl‘ii thdNAYP variant

fromtransfected D&XA4 cell s Cel for the

i sol ation of/hb 65HR dD DA @r@sﬁmegmdtaﬂgoﬁmﬁ)ost
szG%ér?’Pt%]% ggt 'bo&gﬁ? ? n110§ rl(%%ssfh%reé‘tghé %%g% ﬁf&&ko\g&h "E‘iﬁ ¢ attP variant
7000 rpm f O&ttPla ('SEQHIIB NO:4) upstream of the start codon
pZsGreen/attR: contains promoter-less fluorescent green protein with an atfR-sequence
(SEQ ID NO: 13) upstream of the start codon
pZsGreen/attR.a: contains promoter-less fluorescent green protein with the a#R variant
atfR.a (SEQ ID NO: 10) upstream of the start codon
pZsGreen/attR.b: contains promoter-less fluorescent green protein with the a#R variant
attR.b (SEQ ID NO: 11) upstream of the start codon
pBI-26/ZsGreen: positive control and for determination of transfection efficiency;

expresses fluorescent green protein under the control of a CMV

promoter



For cell lysis and extraction of the plasm d DNA the

Q Aprep Spin Mniprep is used according to the
w@eapoesshs of the manufacturer (Q agen). The plPSTER20DR66430

is eluted in 100 nL EB buf ##ér. PCR Isol ated plasm d

pOMP RS I [ SR diR RS LR, Bl BOGhy SRE BR8P of & cvm

reconbi nat i @@mofdte reaction set-up is as follows: 1.0
nmL plasmid DNA 0.5 nL priner CENfor2 (10 mM SEQ NO
pIHF:15) 0.5 ni goresees BEGwath Cetamnipah Hseaanmder ghg gomrelof a CMV

(IH20 12.5 ad.: X (Pronega)
Initial dena Slr%ea%tr%{r%aa%l%ﬁo%bt%éé@%g@ol | oned by 30
pBIUTEX:| es of dempadssesatXIon (62dGon 1fceer)yndanneal icogrdl6@FCa CMV

10 sec) and extension (72C, 30 sec) and a final

ext ensi on s¥ERN MHBWHB”?H(H?mSteﬁL of each PCR

sanple is | oaded on a 2% agarose gel and separated by

el ectrophoresis. Vector systens pBl-26/attP: contains

CW pronoter and consecutively an att? sequence (SEQ

I D No: 2) pBlI-26/attP.b: contains CW pronoter and

ExarfG 5% ek BGuBbi o SatibibhfoR., Eiadhout: al-yarian
the att? \éﬁ\é}tp% irlcHO?2 cesNo: 4) pBI-26/attL:

cont ai ns pronoter and consecutively the attL

The aét? QUEBECAPEKED ﬁ@rNol.@l @%ﬁ%ﬁg ?%leﬁuﬂiong qlrﬂtcefnpﬁr_isgwo the attP

ronoter and consecut | L variant at
wildtypSEQUADCNOSEQ ) IDpROG 20 e hat isB:qutadnaitn s seroamot domobmy of 96.3%
. fluorescent green protein with an a#B-sequence (SEQ ID
(Figurgh)* 1) upstream of the start codon pZsGreen/attP .b :

contains pronoter-|less fluorescent green protein with

the att? variant
getgttacaggtcactaataccatctacgtagttgattcatattgtctgeatatcttgtgttttacagtattatctagtctgttttttatccaaaatct

aatttattatattgatatttatatcattttacgtttctcgttcagcttttttatactaagttggceattataaaaaagcattgcettatcaatttgttgcaac

gaacaggtcactatcagtcaaaatataatcattatttgatttc

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

integrase, is used.

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

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

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

fluorescence)



attP.b (SEQ ID NO 3) upstream of the start codon
pZsGeen/attP.a: contains pronoter-less fluorescent

w@e@encgsrdtein with the att? variant att?.a (SEQ/EE2008/066430
NO 4) upstream of the star#Scodon pZsGeen/attR

nt ai ns l.ess fluorescent gree
Anter 2" KBRS IR Fraatiite iR 5" MpaPrEE bR "t dine ehe
followeRdeImPIES @ e i katistritcaicco) i dhScopfaIRiceMmbIn@E6n sequences:
fluorescent green protein with the attK variant attR a

(SEQ ID NO 10) upstream of the start codon

a) pBﬁgﬁl%%eeg/(ats&l%e?a%%&?weaéopﬁ%%arI a%ir -l ess fl uorescent

reen protern w t attR b (SEQ I D NO

b) pBElé/aﬂﬂlpsiOOe@mequsGIn@nmtm(tsoe adpn pBI - 26/ ZsG een:
and for_ determ nation of trans

It I
c) PBﬁgé/ﬂﬁt%ﬁ?%ﬁﬁ? uoé?wre%%%gg%ng)l uorescent green
%Ifi@%) t CW SS
d)pBIIO%(?Et%g( exp é@ggéﬁlegpn{)gj ﬁ?togl& aseplrﬂ{r?h?.rZQS under

the control of a CYM pronoter plHF: expresses IHF with
t.rol

Every G PP BE U By TP GhBtro! (i ERE N eap pinssions of ransfected

cell pBYRS RHERBy M FodI§XEES aRNtrhRFE A w@&ﬁblha%xporsbfew f&f thR mock-
CW enhancer UbS27a pronot er (harrster) Exanpl e

transf¢qtedegatts [seryingeas nee@tmonm)l f@rm@a@umdoa@k@omd ﬂmraweacrﬁt only 2 pools
attP variant attP.b (SEQ
per Suﬁ%raﬁﬁecg}r wotel %tugggﬁn abetra getcle utions in conparison to
the attP wildtype sequence (SEQID NO 2). This is
equi valent to a aréisguence honol ogy of 96. 3% (Fi gure

After g¢ th@t“fsa‘@ébsge?@%tr artiont be st aigtanglysed wying @&tfﬁ&f@ab@ﬁ (Becton

ickifgh P 31y aPRHaPho fr AP S Rrichgt N SRt gy (Becn

Dickisohpagt t ggcat t at aaaaaagcattgcttatcaatttgttgcaac
gaacaggt cact at cagt caaaat ataatcattatttgatttc It is
bei ng tested whether the att? variant attP.b can still

The trﬁﬁscf&qghré@ﬁé%ﬁég @&@ltnlﬁﬁéd b %nglrﬁﬁtthé’ Nt dffluorescent cells in cell

suspensi on adapt ed ['s under serumfree
pools crahdfented wahdhda pcomtsvebma‘uheedtdrepm Kibhrieenut isdrsweane20% and 25%

n suS]!)ensmn agia ted 1'Ctﬂlfi) B& o S%I{ ge?usmfﬁ?ere l’Ille il’lrnXI S, FI'S and

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

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

a pair of attP.b (see Figure 2).

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

recombinations between a#fP and a#B substrate vectors. For those experimental set ups,



Int. For catalysis of the reconbination reaction

| anbda i ntegrase, specifically Int-h/218 integrase, is
waois@d/ocdeits st, the CHO DXA4 cel | s are transf ectBd/mpP1o0s/066430

| anbda i ntegrase Int-h/2184and | HF encodi ng pl asm ds.

Three,different types of transfected cell pools are .
where it BRI e ShR AréRERy Rt MRS Fh S epR88h e ghe portion
of flueagkenpekliSalds ReRr. 1t Waansf ekd@n03%i Y #EQeNg MCMMeB®Dlccular

I nt h218 and 600 ng pl HF each per cell poal - o
recompieiions BHypa ¢/@yb @afl jarBonibstraip tveerats, Addd fy raegmpinatéans dpetween
atP.b %&18 ra‘lt%.baéu[b%@&‘e [REtofLdn dPREKIELP %%Al&%a? %?c%%?%é%fotnﬁ freRiben arP

ours pos I st transfection, ose cellpool's are
and at/Basbitenté edctagai In aisicags tdescribet labwva theClourkipoahd dhsrestence was
substyate vectors, _which contajn recaonbi nation )
Substr%%aié{ﬁ@e@sei)onp@m%/ﬁ%c&r@ 15( & §%¢W§hl% WEs itknyfgcted using the
corresFNEElhybieib Rl Qs Pl AL labbds integrase and IHF.
Surprisifiglyr the mitRtlt Bar{dn0Ovap gill chiplepBl m@Batatsittspeoi O cnpinations with an

/sGreenfattP. 500 n Ever | asm d mbinatian i s
B SPEREFC SN 4o wiLh haPok 1B B Sbet s G ER g ruran B0 e located
in the birANSS €t & 168 KipFakand Wrer eby 6 pools each are
transtfected per conbination. Solely for the

nocktransfected cells serving as negative control to
nmeasur e background fl uorescence only 2 pools per

Exaniffife’ 0oor "BbERSTBFUIT ke Rifalioh B5RE0 P Ydfint P 2
using a FAGeg@ldtbRib éﬁ@l‘-‘ét‘iP,ﬂlagﬁéQﬁ)cH@-Bm@éﬂss
of the data is perfornmed using I I Quest - Sof t war e

The at/Begtan BrEki9sOND NDentdoaksdses kiin@iohl ¢h @8fparison to the arP
determ ned by nmeasuring the fraction of fluorescent

wildtype|seguanpe €REQ 1PoVOs 20 r aliss scequivaldnt o vreqpast hpmelogy of 96.3%
(Figur%%l;]'t rol vector pBlI-26/ZsGreen, is between 20% and 25%
I'n“'suspensi on adapted CHO D344 cells in serumfree
medium As a result of a successful internolecular
i ntegrative reconbi nati on between attP and attB,

geigtiprepicrizinecalcimtentizatteaniteaertyeiigpeiitacagsiyraaicrasi ttatccaaaatet
aatttatﬁaﬁ%t%%gl@tgagat%{tﬁﬁegﬁgﬂﬁ%t%a%ctitﬁtpa?acftelaggé §c§?t§tjta%aeaﬁ%ﬁé&tatc aatttgttgcaac

ace er "t he cont
gaacagatorondterptcadimeata @sdttattigagtoexpr essi on of the fl uorescent

protein serves_as reporter for reconbi nati on event.
The “*Fﬁe"apﬂ@%a’épn]él(g@ I, NG condi SubBEar 18 aRerENeR the arP

wildtype! s§uPBOWSED NP N &) € B €isStBESk W a sequence homology of 96.3%
(Figure 1):

getgttacaggtcactaataccatctacgtagttgattcatattgtctgeatatcttgtgttttacagtattatctagtctgttttttatccaaaatct
aatttattatattgatatttatatcattttacgtttctcgttcagcttttttatactaagttggcattataaaaaagcattgcttatcaatttgttgcaac

gaacaggtcactatcagtcaaaatataatcattatttgatttc

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

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



i nternol ecul ar reconbi nati on events between attP and

attB, attP.b and attB but al so between a pair of
W@raroksegsee Figure 2). The fraction of fl uor eBCERP2008/066430

cells in those experimentaK7set ups, where the cells

were first ted using a conbj nation of . :
Suspef o HafiEt HIBIPETE, G o8FE o rEnE R, TP sk g apsgjum with the
followdng 86rhBihatidHs &T¥RbBGt Vctdre eI fald aurs), bativieedhtah tr&obination

and attB substrate vectors, 1.5 % for reconbi nati ons
sequeEtween attP. b and attP.b substrate vectors and 1. 7%

for internol ecul ar reconbi nati ons between attP and

attB substrate vectors. For those experinental set
a) pBlup&atdhe (200119 +oed dBeomatP 1E06Ing) pre-transfected with

the integrase expression vector, the portion of
b) PBII“?@%“F%%Z%}QHESQ R%%ﬂ"rt@v\%&)o pg) was on average 0.3% of
¢) pBILAa tgﬁékgﬁggggﬁﬁgghgqg@ﬁﬁ%geconblnatlons bet ween

attP. strate vecttors, 0.4% for
reconbi nati ons between attP.b and attP.b substrate

vectors and 1.1% for ,internolecular.,r [ i ons
In ol §8E0 8 SR o Eeion Sl UE ) SEMY S AL, WG gacodes for
the lafiB&Lhtd2ede 2ROV e1 ¢ (300R@ekground fl uorescence was

substracted first based on the FACS anal ysis of cells,

whi ch were transfected using the correspondi ng

lasmi ds, but without addi he pl ds .encodin —

72 nofs b ey bach® IR prteBled Do soF SR PReh pickinson)
The anvAydiooit thwvdsta $$ pdrfor@mbdl @sih@ O¥EPuadteSoftiviage @RE®InfDiekinson).

reconmbi nations with an attB sequence and also with

anot her attP.b sequence even though the substitutions
As a I%glﬁt &%%c%%shglﬁtp ALad rrlgtegf‘attigé réc%m‘g)!hﬂlt:lon ReSvech Ia?tPﬁ:)lj d4P a or

I'nt. anpl'e 2. Tnternol ecuFar reconbi natl on usi ng
attP ragdnkbingionasdqacadct paid, asspeatvicR, bhardthoadstdat wirbwiny pleoulld be placed

CHO- DA4 cells The attP variant attP.a (SEQ | D NO 4) i
under dioh pofiEd tag, BAY PramesRs T revHag PEBSs 9%45@ uprsscdnt protein
serves}’ﬂslrgﬁdﬁ%?f&%%@&ﬁﬁn&t%%v‘eﬁ)c. NO. 2). This is equival ent

0 a sequence honol ogy of 96.3% (Figure 3):
The Fg¢iyenadraggf tdectuasirac vattot ahgtfenytd galst hatvatthagttbergcat atccessful

) ctt ttttacagtattatctaqgtc tttttat.ccaaaatct .
internlecflld rec o oo O R OAY PESHECR Y LD Uit DYt gl between
1P haGY 3Lt AGS At F@anaanageat t get tat caat tt gt t goaac
aacaggtCaCtatcaggcaaaatataatcattatt%gatttc The attP
ot fluercrzept ¢

gaa :
The frpgioma Qcr@utioen Jycregh et s of thepeltsi foutintermsolecular

. 1 d ‘
recomk%aﬁgr)%e%ﬁlg’é;nn?té}p%t%%trg%eé%;tvom{ Baﬁrs),/ RS f&%gf‘ ﬁg rcr:éﬁsgg)l; Ingf:rmolecular

I'va a’seque

recomBhaBbay FeBidcd 4YP.a substrate vector pairs and for 1.9% of the cells for
gctgttacaggtcactaataccatctacgtagttgattcatattgtctgcatat

intermodqcylagt ieeQraiagian tbatrecageidl giubsifate atcssapatsc{mean value from 3

transfected cell pools each).

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

lambda integrase.

Surprisingly all atfP variants were still able to mediate site-specific recombinations even

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



aatttattatattgatatttatatcattttacgtttctcgttcagcttttttat
act aagttggcatt at aaaaaagcattgcttatcaatttgttgcaac
w@ameAaggiTact at cagt caaaat at aat cattatttgatttc |PCI/EP2008/066430
bei ng tested whether the au8P variants can stil
recopbine wth an,identical second attP variant i
Exari§ledns on TipRRIe Bt BRI StiaR AFriBr He et and arR
culture co il THOS stitutions are
| ocat ed i nn‘?%ﬁh@ dﬁng Si tgg‘ht%e EHIQHF XI'S, FI'S and/or
The a)tﬂtvaruﬁﬁ g 3t @WII*}N@( 7? E‘I?O\%?Géw@'ceﬁttain@q sup@fthii@in cornparlson to
da integrase, specifically Int-h/218 integrase,
the atﬂs‘edd@ps p@manm(%m &NO:CRD- DGdis cgliivalentetoa sequence hornology of
999,@;ansficted in serumfree nmediumw th the foll ow ng
°¢dHBFRati ons of substrate vectors (3 cell pools each),
whi ch contain reconbi nati on sequences: a)
pBl -26/attP.b (200 ng) + pZsGreen/attP.b (200 ng) b)
ctgctttpgtacg@/ggggqattatag@@@gqqggcttatqu@@tg@qqpmap@@ca@@@@gﬁggaa@)taatcattattt
pBl - 26/ attP (200 ng) + pZsGeen/attP (200 ng) In al
cases cells were co-transfected with the plasmd pCwW
SS I nth218 whi ch encodes for the | anbda integrase
Int-h/218 (300 ng% 72 hours post transfection the
The a@%l@@“ﬁr"é’%%ﬁ% NEi WQ] shovep| ‘éiICPB‘i?rIfnS(SEﬁéléﬁté?HtlonS in comparison
fiat h r
to the ?gﬁﬁ%ﬁ%ﬁﬁ Tl@t?cegg?:qgjr 2\1 (5(] e3 i g}]lggg %ﬂ]%uﬁ%lg‘%gt_g% Aésgﬁlgence homology
of951éﬁahgme%)a successful internol ecular integrative
reconbi nati on between attP.b, attP.a or attP
reconbi nati on sequence pairs, respectively, the
gctgttédaﬁ?ﬂ’c@c‘i&a@iﬂcaﬂéfa@gt%tfgaﬁ@a@é&gﬂctg@atzpcb@é%g@ttééﬁgﬁftatt:ﬁgtcfg@t@&tﬁfekaaaatct
rondbter. The TeSulting expression of
aatttaﬁdtutga@@@émat‘maogtécwg%@lgvfetsttaa@tmb@r ter for a
reconbi nati on event. The FACS anal ysis of the
substrate vector transfected cells shows that there

The a8R &aSMACRRSS GSE(? b &I 1§ Gk vk b6 HQURIaNRLY RBst@UEBEHsSn B&fparison
only between wi pe attP pairs but als between

to the gyRpyildtapel seﬂifmea(s 53 M NG d8)-Fil§isrie eqyivalgnido far sggegnsp homology
B cent cells accounts on average for 2% of the

0f95?/?p£&$e%§|nternnlecular reconbi nati ons between attP.b
substrate vector pairs, for 1.9 %of the cells for

i nternol ecul ar reconbi nati ons between attP.a substrate
gctgttqp@ggt@@ct%@chtc%gtagt@att@tg%t@?gc@tﬁ@ttg‘r@mtgcag@lttatctagtctgttttttatccaaaatct

tttatt Mt R RA L A  HECRIRLBR i BR.PELUEEN attP substrate
o avecg%r pd%rs fﬁ%an gg%%e‘#ro%13 transfected cell pools
each). In all cases described above the background

. fluor.escence was substracted first based, on the
It 1is testeg F the various attf recombination sites can recombine Wlth the various a#ftR

gatttc

recombination sites in suspension adapted CHO-DG44 cells under serum free culture
conditions. For catalysis of the recombination reaction lambda integrase, specifically Int-

h/218 integrase, is used.

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

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

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

per cell pool



FACS anal ysis of cells, which were transfected using

the correspondi ng plasm d conbi nati on, but addi ng an
wenpoyessett or (300 ng) as a nock plasm d rat hepCT/BPIVOR066430

pl asm d expressing the | amdgla i ntegrase. Surprisingly

al | t P var re eto di
03P LBAt s RLE ol rulihiits «B06f AfodGRrhdserve as control for
SyRkkidunt ifeBsesédn@e) ocated in the binding sites for
IHF, XIS, FIS and/or Int.Exanple 3: |nternol ecul ar
reconbi nati on between the attL and attR variants in
4 cel ( 7).
After bS8 g B8, 8 P @hbh, YR PR, PAN; o mileriBd e sing the
followtite catriblinatiohd tof peibstedel e\FHc&)ré Sﬁﬁ_bli RoN@in ]:&)omb'ﬁliﬁt&ni Scquences in
. equivalent to a sequence honol ogy of 99 % (Figure 5):
cquIMPag AMPPRIBt at act aagt t ggcat t at aaaaaagcattgettatcaatttgtt
gcaacgaacaggt cact at cagt caaaat ataatcattattt gatttc The
attR variant attR a (SEQ ID NO 10) shown bel ow
a) pBle2wEsbresn 8= sarbsstastpositivasontol c@ipag) son to the attR

il d seque S | 1. 13). This is equival ent
b) pB%é/ﬁt%%E@éngg%ﬁ% eé‘é%%@s@ggi % (Figure 6):
¢) pBIOZ4 /S ACAMOLL acs At-aGEARCE b S Agt t gat t cat at t gt ct gcat at
cttgtgttttacagtattatctagtctgttt tt at ccaaaat ct

d) pBla¢/ettlae i @ddng) gapZsGree/atRh(310e@gt t t ct cgt t caget ttttt at
actaacttg The attR variant attR b (SEQ ID NGO 11)
shown bel ow contains 8 substitutions in conparison to

Everytph@nfd t&mBinkdéry Bense@t e efh(oPike h@v%@fstell%bmb?ﬁﬁ&né §f transfected

CiUI valent to a sequence honol ogy of 95.1 % (Figu
cell peyls whereby 3 pools each are transfected per combination. For the rnock-transfected

tac c t c ta
ol Sk DO SB L PS5 AT AP L LA oot e
substratatvettat tahlaihhtgat 1ahtahﬂ‘e<aé¢ attttacgtttctcgttcagecttttttat

actaacttg It is tested if the various attlL
reconbi nati on sites can reconbine with the vari ous

After 88 thBl.[l)er‘eI[gfg{TpéCBﬁ& I QRsfStidRS hhlf oFYBPEAR! R 2RI ing 2 FACScalibur

I's under sefum free culture conditions.
(BectdroDickatsah )y Jhe andlysihef theatarris patfooned eact ColiQhestASdEware (Becton
Di k.i nt egrase, specifically Inth/ 218 integrase, is used.
ICKIEORLt  the CHO D344 cells are transfected with | anmbda
i ntegrase Int-h/218, |IHF encoding and XIS encodi ng
plasm ds. Two different types of transfected cell
The trp@ﬁt@loareéﬁ@emm detedmingd by mpasiragt the nfr@;éiong)f Ayorasecnp Calls in cell

pools T?fans ctec? with tﬁg%ogl Y contran\%cﬁog%ﬂfgm%l reen )1(5 S8 %Qerage 23.8 % in

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

As a result of a successful intermolecular integrative recombination between a#tL and affR,
attL.a and attR.a or atfL.a and a#fR.b recombination sequences, respectively, the fluorescent
protein should be placed under the control of the CMV promoter. The resulting expression of
the fluorescent protein serves as reporter for a recombination event.

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

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

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

between atflL and a#tR substrate vectors, 2.3 % for intermolecular recombinations between



per cell pool b) nock-transfected cell pools w thout
addi ng any plasmd (serve as control for background

wo basonesseence) After 24 hours post first transPEEPDNG066430
those cell pools are transfected again using the

foIIo ng i nations of spbstra vect ors whi.ch .
an.o it G SuBITY NA oG e LY PN 2 hiithtions betveen
attL. a&}ld RBR-R&[bEs4K @6ktofs= 18 %[l\tﬁ&sdﬁscﬁﬂ)%dtabéf\% he lbbél@rauddﬁfﬁfbrescence
b) pBl-26/attL (600 ng) + pZsGreen/attR (350 n
was S@t)strsgpd f16$t613ta§¢_d an (he00A R §)analypE obicelin vdtietRwarq gwfwgé)d using the

corresgé%cﬁg’é B‘l%glélﬁl{st lgut v n%h%% %&9&# the %Za%%(?s é?llag(ﬁlhgia{?nl{]d%SEteg%)se IHF and

Is’inserte I NTeacC
XIS. Bhgdeon iaat a@rag@nﬂmng&tctlom&fﬁéleﬁcryaaﬁﬁe@t ed bewleen ool $3 % of the

pool s ea h.are t ransf ected per conbination
tranSf?fé?‘{ %ﬁﬁ% %ﬁew BYcsens uéém@anq,l@w Y f%?f{}‘?l%mé’sn‘ﬁéﬁlé% E@t@feen wildtype
attL 0@ %fko%)ubtsﬁatg%%?sebﬁaaﬁi‘cgng&%gn Eﬁﬁé%{%%%{b?f c&ﬁ!ném% Lpf«Lo bnd anR

per substrate vector conbination I's transfecte
variands3 iﬂmumsatpmslati\&:eZﬁEudeﬁ flanskence ¢X;mbal)fis ebndithegalelgl ihereased and

rangesal%%wan a{)%//gqegl pa&{g‘ ?pgjecl‘&g(f %ti‘r%gﬁts (ég §%&§genvsecto}s (Figure 7).

In corffBdriseHendgaioé fc@@tﬁﬂs QI%S@E fndRGdd BERNho plfdhids added) have a mean
transf ect| on efficienc det erm ned by neasuring the

relativier Zs6iasn  Bfoesagoesdeht andl pesifine aehiropgells transtected with pBI-

sfected wi I
202N SRR b LIRS 53t of Bepensi on
adapted CHO-DA4 cells in serumfree nmedium As a

result of a successful internolecular integrativ
For verfication Rasiwasshetinsanoseylpr emeamaineonsaR¢R op ﬂﬁﬂméthNAalsolated

from tPAnsfkleh: il 8915 %é&qhmeg GS 'tl%%ﬁrﬁ “ﬁag‘éﬁ?l:beo ID NO:

resp eCtlve oresc pro ern s
15) andﬁﬂwretthSEinD ™NO:of6)t He cﬁ%/oﬁla@llmcteeﬁul ﬂﬂﬁtﬁfnfoéa:ulat Iréng)rnbination

ressio f the fluarescent prot erve S
betwe?% rRag © Q%‘gs%iat? SEI 4Pt PP AU O*FH ﬁéfeﬁwaﬂ?@i:@“ comes

under Qlfle LhRrod Whsitd ehey \éﬁ'ﬁatn%r/ﬁtﬁ%%fr qga?éél &ﬂﬂe SIS B88rs with the

there are successful internolecular recorbination
correspyghns aliathnean set |betorri themi dvssa icondekeericest R |pe®duct with the
ion of fluorescent. cells. i

Fi 7).. The f
sbove Tpufigned Shined; gl Pk in b B R hRicT events. And

indeed @t YR BE AéJIS pROGLMBELASISHBSHCNESY BRHDTSS , pIAFInHOpBUTI-X followed
i'ntermol ecul ar reconbi nati ons betweenattlL.a and attK. a

by a ssesydttratastioe stitbriniraed subsrato viegtors e expestescRCRproduct of 380 bp is
etectecgclg tplrg auls’c bet alnegi :&Slf:r}li?(b aredtgan& K‘ ﬁ R g@%(ogrg? E[)rlﬁl%scfected in a

second lrbhwf&fel@ﬁ R eh pairs of substrate vectors.

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

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

ctgcttttttatactaagttggcattataaaaaagcattgettatcaatttgttgcaacgaacaggtcactatcagtcaaaatataatcattattt
gatttc



was substracted first based on the FACS anal ysis of

cells, which were transfected using the correspondi ng
w@b@snssdss but wi t hout addi ng the pl asni ds encedi/EB2008/066430

| anbda-i ntegrase, IHF and XIS. Based on an average

transfection efficiency of 23.8 % between 5 - 13 % of

the transfected cells show a successful internol ecul ar

The a#fRGRAMItNAR. O(SBPID NO:Y1 0h shiovaebelvdycdhinis Saubstitafiéhsah témparison
substrate vectors but al so between substrate vectors

to the wgRt wildfiypgy seguence vl Qatl) RQiald) adhis. is vhe vleaiforagicguinge homology
K fluorescence (X-nmean) is considerably
0f95?ﬁ§?§%§8 5'and ranges between 96 to 216 for cell pools
transfected with pairs of substrate vectors (Figure
I n conparison, negative controls (nock-transfecte

7).
gctgtt%féggféact%?éa%Pta?ﬁﬁt%&,“gé%@é%ﬁgtﬁa%éata“%%WC@%%%W@C%@%@ﬁ%aawt
ntrol cells
s BAGLEAERACA AR RSAIERREN (00 28
relative ZsG een fluorescence of 733. For verification

succes fu conbi nation R 0N .
The aflk SSHT RA {367 30 D1 [ A1 s S BB s Oy ERa i comparison
to the Qz?tRf\Qﬂ juBscet (ISE(%ID RS lgzgq"hﬁ% Qv AIEN 18 TaZscREQ: hBmology
NO. and sGevl (SEQID NO 16). In case of a
0f95é&@6ﬁ@$ﬁ@D i nternol ecul ar reconbi nati on between the
pair of substrate vectors ZsGreen positioned on the
pZsG een/ att-vectors cones under the control of the

gctgtt%gt@ﬁﬂi@dﬁ&@ﬁﬂc&b@tﬁ@&@#tcht@ﬁ% gdatemtthidBttacagtattatctagtctgttttttatccaaaatct
Bl -26/att-vectors with the correspondi ng attachnent

aatttat%ﬁit%t@a@étt%éﬁtt&aﬁ@ﬁptcgtécaacféfétﬁﬁé%kﬁ%?éﬁ%e a PCR product
with the above nentioned prinmers should only occur in
case of successful reconbination events. And indeed,
It is teisfedaf in suepdnsipaabsptpd EHO-BiiBHaete dnddr tsbrupCivde (Sﬂiture conditions affP
218, plHF and pBI/TI-X foll owed by a secon
can f? RCtYilh 4R Hapane st @ifbhsyitadrly serians tFH% catalysis of the

recorn%ﬁﬁﬁ&tl R4 cFsRapad lﬁﬁ&%rgge ﬁ%glfRQll $ntdes ﬁ%cﬁlﬁigrasyqs RS,

product is obtained Tn nock pre-transfected cell pools
transfected in a second transfectlon with palrs of

| 4 | | .
pirst, e OHEPRGAIGRID et it o BhE BRSBNTAP-4A8. AR cncoding
and X8 tRoad Ashifdy arwé Eﬂﬁ%rélﬂ tﬁé@o%f&%d &R 1s3dré benerated:

variant attlL.a (SEQ ID 7) shown bel ow contains 1
substltutlon in conparlson to the attL w | dtype

a):gra use?]c%gn S |4§§ ng é)fC]\ég)S% |23§|r 20@%& ipYﬁ# %Iqa 466’ ng pBI/TI-X each

Ch@Cdetitpobl at act aagt t ggcat t at aaaaaagcattgcttatcaatttgtt
caaggaacaggtcactatcagtcaaaatataatcattattt gatttcThe
b)amorc-Vigpsfesied aellrpacl Sedheuy réing ognys REwRIb e as control for

CBM{,&ﬁd%ugi.ggé&fcg)utl ons in conparison

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

equimolar amounts:

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



to the attR wi |l dtype sequence (SEQ ID NO 13). This is
equi val ent to a sequence honol ogy of 95.1 % (Figure
WO 2009/068645 PCT/EP2008/066430
gct gttacaggt cact aat accat ct &2gt agtt gattcat att gt ct gcat at
{a talt at g tfttttat ccaaaat ct
d) pBﬁ%é/%{ﬂg 4@ %%5%@?{?@%@\ gﬁog’{%t)acgt ttctcgttcagetttttt at
¢) pBIaEG/@tﬁC(GOQ nghe pEisGRoatRaN358hgR b (SEQ ID NO 11)
shown bel ow contains 8 substitutions in conparison to

f) pBIt3¢éattl} (000 wiz) diryperose@tiB @50 80 ID NO 13). This is
equi val ent to a sequence honol ogy of 95.1 % (Figure
6):

Everygtdsgtill acabmhtiac tsaatcaed ai ei@@t@iﬁmﬂﬂs&étwhﬁ@hﬁbgﬁ@ﬁ t@dnsfected
cttgtgtttt ca tattatctagt tgttttttafccaaaatct

cell popls, twlaftr%talt gléteaffl} RISt tEANS &efitpg& @?@{9@%‘2}} t Ealgthe rpqaketagnsfected

3d S IO
cells %{7&%64 ge%{tvg Cun queélga}%h ree (fh%gr gu@%%%?lt@?gﬁl 1 pool per
substratetvectoaromlaoatndi inramsfedtedait t R vari ants and attB with
attL variants. For catalysis of the reconbination
reaction | anbda i ntegrase, specifically Int-h/218

After 148t B985t §cSokP @dnsEéticht ecllshstc GretyRH 4151%%' d $ATRalibur (Becton
transfected with | anbda integrase I'nt-h/218, |HF

DickinsaobdiThy amatysix| 8f ¢he obfitngs pheafoningd . using GillQuesteSmftware (Becton
Dicki S&gﬁs of transfected cell pooI s are generated: a)

? sfection using 400 ng pCW SS Inth218, 400 ng pl HF

and 400 ng pBI/TI-X each per cell pool b)

nock-transfected cell pools w thout adding any plasm
The trangdpcion pdficienays é?telf%lﬂe‘ghﬁ REpRSTHE the ubrionen éhlpr%ﬁftné rcells in cell

pools %r%ngfg}f%é vﬂ%s{he aIIBJsﬂvet A %gétbllo EBI Eg%ér%gi s P %Lfec‘rageg 82 % in

transfecte n using t OW Ng CO i ons
suspeissitsidapted &e@mm vhlisdh saont facamediaoirbi nat i on

sequences in equinolar anmounts: a) pBl-26/ZsGeen (=

serves as positive control) (650 ng) b) pBl-26/attL

As a I(eélgpoﬁ DsudccRGaTRER ML Br gﬁ-’tg%rap@ r&%m@ﬁi‘aﬁg@/b@ttvye'cn zZEzttL and atB,
ng) + pZsGeen/attB pBl - 26/ att P (

attL. arag)i aﬁBp ZstEraaé it RY t R aﬁbatﬁg)a oe) atplBIaan B1R bt I@cc(rﬁblﬁatntgb sequences,

respedi5 e DETRIdans pioigs el &b alfed ot el bk sy romoter.

The rédafifigt %résﬁloﬁa&ﬁth@fﬂﬁd?@sc@ﬁ%tehﬂ $¢96s aOMYoRE fFONS r&fombination
transfected cell pools, whereby 3 pools each are

eventt r ansf ect ed per conbination. For the nock-transfected
Surprisingly, the FACS analysis of the substrate vector transfected cells shows that there are

successful intermolecular recombination events between the non-classical cross-combinations

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

The fraction of fluorescent cells is on average 2.3 % for intermolecular recombinations
between atfL and atB substrate vectors, 2 % for recombinations between a#fL.a and atB
substrate vectors, 2.3 % for recombinations between affP and a#tR substrate vectors, 1.5 % for
recombinations between a#P and attR.a substrate vectors and 1.1 % for recombinations
between attP and affR.b substrate vectors. In all cases described above the background
fluorescence was substracted first based on the FACS analysis of cells, which were
transfected using the corresponding plasmids, but without adding the plasmids encoding

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



cells serving as negative control to neasure
background fl uorescence only 1 pool per substrate

WO e@posscedNbi nation is transfected. After 48 hedT/EPPO&066430
second transfection cells &e anal ysed using a

5 - 10, S7R6F e PR s MG iRt PGBy Et esBlnpbiion notonty

betwebh GIHASOMF. aiheantdr amSf @Gtt08 wblorebanako B@iveEdTisiBdraky vectors
nmeasuring the fraction of fluorescent cells in cel

contaiphg| &R raaf s & tvatiantp+ hhe mecaporslativgeZ¥aren dluotaseense (X-mean) is

: ' i i : :
cons QI BGPAEET Bl SRR 895, 47 Oy SUPRAALEOA winpuies of
substritesidctorof(Figusu 8 da sdoumhpatindre reghtiveu battraln(@gekatransgected cells, no
o A Rt B G S PRI ol e
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pronoter. The resulting expression of the fluorescent
protein serves as reporter for a reconbination event.

Su i si ngl the FACS anal ysis,of the substrate.

ExargBld’B; ° [ arYertitinan; of "Btginoiecylat, sefomtiation between
successful L er. e r i pat ¢ € S
t he non-cl a%@!'cﬂ:rgtstgc‘éérﬁlaﬂg?i grﬁscg'fb g??ﬁuan%q!ﬁl\fgp PCR
vari ants anghethod and attP variants in the test series
(Figure 8). The fraction of fluorescent cells is on

average 2.3 % for internolecul ar reconbinations

between attL and attB substrate vectors, 2 % for ]
CHO-DLdntsills s Sigasipetedwdth pbda dntsggsaintgylibs i c@coding and XIS

encodiff tcﬂle'hﬁ 5. 2Two W @Ent rtf}fe? '6? ittgﬁ%%é?&{scérﬂ:%oo e g&ﬁe?at@@.d

attR substrate vectors for I nati ons
between attP and attR a substrate vectors and 1.1 %

o)y Beagedon RpingP0 B SR IRLG. 2008 PHG Sb3 ARG P aRYTI-X cach

fhaaiaspence was substracted first based on the FACS
anal ysi's of cells, which were transfected using the
d)coocksposfditnd) qellagadldsyithout addihguinyagbismid t(serve as control for

pha m ds ngOdi&g | anbda-i ntegrase, IHF and XI'S. Based
oRAKETLDE FHGESe SRS ect i on efficiency of 22 % bet weens
- 10.5 % of the transfected cells show a successf ul
i nternol ecul ar reconbi nati on not only between variants

After g hows postl fhst Barddestionatleosg eeallopeolp are drapsfegtedwegsim using the

oo AR PSR SBUBLR. IR0 Bt A

consi derably i ncreased and ranges between 65 to 403
cell pools transfected with pairs of substrate

;
a) PB%?Z@@@F ©00mey g sGycen(aiBGARAR) son, negative control s
b) pBl(-f@%L.ta r(@(fbsné)qclgfs‘é}r‘é&l/ét% (3% ng)

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

per substrate vector combination is transfected.

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

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



pl asm ds added) have a nean rel ative ZsG een
fluorescence of 15 and positive control cells

wo c@nstsset ed with pBl-26/ ZsG een on average a PEBEP2008/066430
relative ZsG een fluorescentce of 640. Exanple 5:

Verificati f internmpl ecul ar . nbi nat i.on het wee .
substrd; i oy Pt B EF BBus TR ROl BB g primer
combieidDCENEE) (SEQI® NOANE)egideds@iel h (SBObI NOt @?”. asge case of a

Int-h/218, | HF encoding and XIS encodin% pl asm ds. Two

successfiyl f iasmp lacylgr geesmbipativar betwean BF | PaFoOF substeate vectors ZsGreen

e erat eg: ect i ' n
posit A 38 o 7 MRS il Sl ey P MpRE of g MV
enhanp@@irodptembadatedrantik gBIeXb/aehtct@oatith tict doogtpaddigngtaghient site
plasm d (serve as control faor background fl uorescence)

betwegg %m 2% P GORSAPISE: 3 PEEt prp%ﬂs"rl&%e 0V [RygEoRgd primers should

i s Usi t f i )
oy B St bl AR Sl SFe AR oHe s Pl P ETARN el pools pre
transfeatabwish p&M 88 Istd U@ npBH: am) pRBTHX6bHowed $6006caugyl tranfection with

pairs 3860 B0y R 380-415) Peb P T Sk oy Rae Gl giaure 90 o

PCR IpRsRIct 88 dbRaif@F in OhoblheyradaM ettt st U ?Q@I@it@zﬁ{sf&fbﬁ & a second
ransfected cell pools, whereby 3 pools each are

transfeatian s¥ithcpagny of eubstretebicatats. primesol el y for the
nocktransfected cells serving as negative control to
measur e background fluorescence only 1 pool per
substrate vector conbination is transfected. After 48
hours post second transfection plasmd DNA is isolated
fromthe transfected cell pools. For verification of
successful internol ecul ar reconbi nati on between attlL
and attBsubstrate vectors a PCR on the isol ated
plasm d DNA is perforned using the prinmer conbination
CENfor2 (SEQ ID NO 15) and ZsGevl (SEQ ID NO 16).
In case of a successful internolecular reconbination
between the pair of substrate vectors ZsG een
positioned on the pZsG een/att-vectors conmes under the
control of the CW enhancer/pronoter |ocated on the
pBl - 26/ att-vectors with the correspondi ng attachnent
site between them As a consequence, a PCR product
Wi th the above nentioned priners should only occur in
case of successful reconbination events. And indeed,
in all cell pools pretransfected with pCM SS | nt h218,
pl HF and pBI/TI-X foll owed by a second tranfection
with



pairs of substrate vectors the expected PCR product of
about 400 bp is detected (Figure 9). No PCR product is
wWo@bdogiosssds i n mock pre-transfected cell pools PCI/EP2008/066430
transfected in a second tramsfection wth pairs of
substrate vectors prinerSequence table: SEQ 1D NO 1

coli) SEQID NGO 2 attP (bacterio phage
Seq‘fé;!f-u‘g%g ) SEQIDNO 3 attP.b (artificial) SEQ ID

AttP.a ifi.cial) SEQID NOS5 binding site
SEQ RO ACLE Sl (R L) 7D O it L (artificial) SEQID
SEQ IBON®: at t L. aat{Paybdctdrioiphhye GEHBILDNYG 8 att R
artificial) SEQ ID NO9 binding site consensus notive
SEleé&Or@ NO At bfartigal)artificial) SEQ ID NO 11 attR b
Ah{ i cial B-NO 12 attL (E. coli) SEQ ID NG 13
SEQ attg'{ E. co%q ) @Eﬁf II%S)NO 14 att H (honb sapi ens DNA)
SEQ IBEQOLD NO: 1&nging siee cadisblisos 2oBEQ | D NO. 16 pri mer
sG eyl A ai 1 nycl eic acid nol ecul e selected from
SEQ Iﬁﬁog‘%/oup c%ﬁs*i @ft?%alfbf attP.b (SEQ ID NO 3), attP.a
SEQ IDFR:7 D NO 4, iﬁci@ll)_:( SEQID NGO 7), attRa (SEQID
NO 10) and attR b (SEQ ID NO 11) or a derivative or

SEQ IhoNOLgue tdtRe@ftifical) The nucl ei ¢ aci d nol ecul e
rding to c¢laim1, whereby. said nucleic acid
SEQ @ﬁ@eﬁce ne'%}P@P%&%%‘H}?SW&é- '8€i fi c reconbination of
SEQ IPNKO: 1) eukaqtyol (4tifehl)s and wher eby sequence specific
reconbi nation is perfornmed by a bacteriophage | anbda

SEQ IDnN@gklase |4itR.bgartiicigbct or conprising a nucleic acid
QM%C? e acaﬁ&r{ﬂ %ghto claiml or 2. 4. The vector
ai m

according to c )3 whereby said vector is a
SEQ Ieukex \ot i ¢ aprBs&Ign
SEQ ID NO:14 att H (homo sapiens DNA)
SEQ ID NO:15 primer CENfor2

SEQ ID NO:16 primer ZsGrevl



vector. 5. The vector according to claim3 or 4,
wher eby said vector conprises a pronoter and/or a

whedoeneicagous gene of interest and / or a sel eECT/BP2008/066430

marker and / or an enhancers¢ 6. The vector according
to claim5, whereby the selection marker i s DHFR,

Clailﬁ utam n Synthetase or Neonycin Phosphotransferase. 7.

el | conprising a nucleic acid nolecule according to
claiml or 2 integrated into the genone or in an
artificial chronmposonme or in a mnichronosone or in an

eQl R aﬁh %éﬂul@&elédﬂedafré(rﬁ%@gro% %Bﬁﬁét[h% Q! @{S@) D NO:3),
to 6. 8. The cell according to claim?7, whereby

ceitP.ai(SEQ Hﬁm_\ﬂﬁxt qrd-. @éSEQsﬂQ NGig), altleea@EQriDaNlO 10) and a#R.b
| I1.
o R Lo it 8 arleiRes FoRhr Tov om0 O

eukaryotic cell is a mammalian cell selected fromthe
group consi sting of a Chinese Hanster OQvary (CHO
c@lw nuetpislesid mpipgaly acwerdag) to, claynleeyhacplihedyd apeeigeicid sequence

PR SRS R R ERIY  hn DATROREIELROLRG where
ny@lluemm spetific, loadnyibinatiori &r pdefodmey byed bactéfisphags /@ghkknintegrase

nonkey ki dney cell, human cervical carcinoma cell
cHi ne ki dney cell, buffalo rat liver cell, human |ung
cell, human liver cell, nouse mamrmary tunor or nyel oma

cell such as NSO, a dog, pig, macaque, rat, rabbit,
c atveatvd cgoatisiog b nuclg®. acifhmokeelle aamedingitnglaino 1 ok di m 9,
whereby said CHO cell is CHOw ld type, CHO KI, CHO
DA4, CHO DUKX-BI 1, CHO Pro-5, preferably CHO DX4.

1%he At heebrafngSRALIERE S, SRREETY Gaill eI iDL bﬂ&rﬁtlc%ressmn
in a eukaryotic cell, conprising a) introducing a DNA

cuHeRiel sing a first attB(SEQIDNOl) attP (SEQ ID
NO 2), attV.b (SEQ ID NO 3), attV.a (SEQ I D NO: 4),
attL (SEQ ID NO 12), attL.a (SEQID NO:7), attR (SEQ

| DhdNQectdBlaccaliinR 8 d18EQ3! & Nowh&&))y Ghidatédocdn®izidel [@ promoter
NO 1 1) sequence into a cell; i ntroduci ng a DNA

c BRI ShHeFopLeBTEING oA iRFICH a(néFéQr p pelrgbiony marker qudy or gEenhancer.
ID NO 4), attL.a (SEQIDNO7), attR a (SEQ ID NO 10)

or attR b (SEQ ID NGO 11) sequence into a cell, or

vifae veebs accoadidg to claim 5, whereby the selection marker is DHFR, Glutamin

Synthetase or Neomycin Phosphotransferase.

A cell comprising a nucleic acid molecule according to claim 1 or 2 integrated into the
genome or in an artificial chromosome or in a minichromosome or in an episomal

element or in a vector according to claims 3 to 6.

The cell according to claim 7, whereby the cell is a cukaryotic cell such as a yeast,

plant, worm, insect, avian, fish, reptile or mammalian cell.

The cell according to claim 8, whereby said eukaryotic cell is a mammalian cell
selected from the group consisting of a Chinese Hamster Ovary (CHO) cell, monkey
kidney CV1 cell, monkey kidney COS cell, human lens epithelium PER.C6TM cell,

human embryonic kidney HEK293 cell, human amniocyte cell, human myeloma cell,,



10.

11.

12.

13.

14.

c) performng the sequence specific reconbination by a
bact eri ophage | anbda integrase Int. 12. The net hod

w@ewmoneiony to claim1ll, wherein if said first BINXEP2008/066430

sequence conprises attB (SEQ I D NO 1) sequence said

second seguence conpri,ses attP.b (SEQ I.D, NO 3 ttP.a .
S R 6 AR 8 LR RO G Rl g i
NEircihBna@ell adanfRetkidyQelIPol¥Rilo #ak)liver call, Gemue N§R: cell3human liver
The nmet hod according to claim1l, wherein if said

f Pell tmaDNA RpEyEE dBmeb A Piyslesagsellatuck ap NSSE@ dop W@ mayaque, rat,

S n ' ond sequence conprises an attP.b (SEQ
I%%H%; ??&g%%ﬁ.%gﬁ(SEQ ID NO4), attL.a (SEQ ID NG 7),

attRa (SEQID NO 10) or attR b (SEQID NO 11) or
vice versa. . 14. The nethod according to.claim 13,
w’#ﬁ? @fﬂi agqordigg do Fra.lrgt% “‘sbé(q‘@é‘{wgélcg aﬁtgﬁ GEY gﬁdét/wcﬂio K1,

( : I j oS mpri ses
R A S R el e S

met hod of sequence specific reconbination of DNA in a

eykaryotic cell havi. i nt egr at ed first att. ..
S Aietind obbrtseged B0 seAERon Af BN At fikefitic coll, comprising
I B NhsSI RSO O bothPEsiBERTIR LB &HE 18 Qk@ny,%'tpp(smjlm NO:2),
conprising the steps b) and c¢) according to claim1l.

16. arieb crdith §a N3 d radiPreg(SES) HP At i 1LV ERERIDANNOIE), atrL.a (SEQ

L 90, SE87 PR TEL 7L (ORSHIRA o 59 BORT s o

The N®thpsebn@Xpoas&ilng at | east one gene of interest
encaodi ng one or nore desired pol ypegti de(fﬁ;/ roduct (s

i B) dnteedugingor DNA epmprigigasr espiey il -bi (RERoHA N Qg). 1P -2 %SEQ ID

P L R e G S R
at t lseqBBEe Info Nex11,12), attL* (SEQ ID NO.6), attlL.a (SEQ

IDNO'7), attR (SEQ ID NO 13), attR a (SEQ ID NO 10)

ofT WEE KB@BEQ | D NO 1 1) sequence into a cell: b)

[ ge L S C Y tV.

N SRR et SRS NI RGO BB | ) RETPPAL famb
at t RntagiaSEQtI D NO 10) or attR b (SEQ ID NO 11)

sequence or vice versa and

The method according to claim 11, wherein if said first DNA sequence comprises attB
(SEQ ID NO:1) sequence said second sequence comprises atfP.b (SEQ ID NO:3),
attP.a (SEQ ID NO:4), atfL..a (SEQ ID NO:7), atfR.a (SEQ ID NO:10) or attR.b (SEQ
ID NO:11) or vice versa.

The method according to claim 11, wherein if said first DNA sequence comprises an
attP.b (SEQ ID NO: 3) sequence said second sequence comprises an a#/P.b (SEQ ID
NO:3), attP.a (SEQ ID NO:4), attL.a (SEQ ID NO:7), attR.a (SEQ ID NO:10) or
attR.b (SEQ ID NO:11) or vice versa.

The method according to claim 13, wherein if said first DNA sequence comprises an
attP.b (SEQ ID NO: 3) sequence said second sequence comprises an a#P.b (SEQ ID

NO: 3) sequence as well.



15.

16.

17.

18.

19.

c) introducing at |east one gene of interest into a
cell; d) contacting said cell wth a bacteriophage

wo aovbaescitnt egrase Int; e) performng the PCT/EP2008/066430

sequence-speci fic reconbi n&i on by a bacteri ophage

I da . ntegrase Int, .wherein.the s DNA I.s . .

| AP e R SRR b PE FEBighinelin W AR T bR ig el having
C gtdgrato@ekheC oM t i@NSequeh@s edddotdie; g@Nedisil Of 1 | it esreSirtificial-
i s/are being expressed. 18. The nmethod according to
cirainighiomosgmer ot the gemang pf said prlmryelic ¢sdle fomptiEpg dreeteps b) and

| B RbIENBRaifiell genone, an

Icia -/ mnichronosome or an epi sonal el enent of
the host cell, before said second DNA is introduced

into said cell, 19. A nethod of expressing at |east .
oﬁée darccpiding f@sﬂtlalahmﬁbdivlﬁf‘gelaﬁ@e st @ e edsE magyrally oceurs in

PRIYREANE PR CALAAI LR or finfofiEApIRNdSLCE! |, having
at I'east one naturally occurring reconbination
sequence which all ows sequence-specific reconbi nation

[T PreBiog O PeRine LB e B Sty nb iR S or mapre, desired
{59 ttP.a (SEQ I D
AT B L SRR g 1 £ (5

, , /), attR a (SEQ I D NO 10) or
att RiouSE 4 TrsNONA ¢ymprasine ae ¢//BAFEQUD Nash), o (FeddD NO:2),

£ ot . ) : j .

o R Sl PR e PhoSamh B REOB UG s csmo

per flor RO, L#E.aSSEQEMCROsPeaiR i(SEQEICON: Bt i@R.aA$EQ 1D NO:10)
| anbda i ntegrase Int, between the

bacteriophagg}eq2
r ec oW RaR {310 HR dliehbescaugnge #tp ¢ cebicurring in said

c - I L4720 oy [ ; dyd

o8] g s S OB R B LS5 0 a csma
gena{O M) ol Ii.n{SH@3ID NO/7ar&Rae(SEQ epnpYesdedr «ZR.b (FRE ID NO:11)
nmet hod of claim 19, wherein the naturally occurring
seqUEREEYs attR (SEQ ID NO 14). 21. The nethod
ageerdifg, 1,y anyone of clainms 17 to 20, wherein said
desired pol ypeptide(s)/product(s) is/are isolated from

t be ihtweducow 4t last drleezcoe bf intarbst urte aeldj um  22. The

thod, according, t o, anyone qf the ecedi ng, cl ai s,
wh < ous i ecfL it adpeieTeaeer doplgi oIS
Pey FRHIBAINRY tHeNkeARACQR AT MRomEREBARL By Sa SRLREb ¢ lambda
ff%é?XIS, IS and?%r Iﬁg. o b
integrase Int, wherein the second DNA is integrated into the first DNA; and
f) cultivating said cell under conditions, wherein the gene(s) of interest is/are being

expressed.

The method according to claim 17, wherein, the first DNA has been integrated into the
host cell genome, an artificial-/minichromosome or an episomal element of the host

cell, before said second DNA is introduced into said cell.

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

a) introducing a DNA comprising an attP.b (SEQ ID NO:3), a#P.a (SEQ ID NO:4),



20.

21.

22.

23.

24.

25.

23. The nethod according to anyone of the preceding
cl ai ns, wherein the sequencespecific reconbination is

w@edbosssrsl by a nodified Int, preferably the |PCHEPNG066430

Inth/ 218. 24. The nethod &gcording to anyone of the

precedi n Qa' wﬁgr LN '@ LyR i de é{ [ t ]
0 G RO EAEH 9 BENEERL bl S5 5o
et hegucaee aidlhtgast OnagsneRe iMreithatopariced] ng cl ai ns,
wherein the host cell is a mamualian 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.

The method of claim 19, wherein the naturally occurring sequence is a#fH (SEQ ID

NO: 14).

The method according to anyone of claims 17 to 20, wherein said desired

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

The method according to anyone of the preceding claims, wherein said sequence-
specific recombination is performed by Int and one or more cofactors selected from

XIS, FIS and/or IHF.

The method according to anyone of the preceding claims, wherein the sequence-
specific recombination is performed by a modified Int, preferably the Int-h or Int-

h/218.

The method according to anyone of the preceding claims, wherein said polypeptide of

interest is an antibody, hormone or growth factor.

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

mammalian cell.



