WO 2006/ 048459 PCT/ EP2005/ 055794 Title: Selection of host cells expressing
protein at high levels The invention relates to the field of nol ecul ar

bi ol ogy 5 and bi otechnol ogy. Mrre specifically the present invention

rel ates tow@ajsoaesd met hods for inproving the selectiegrab20e9sisise! | s that
express proteins at high levels. 10 Proteins can be produced in various
host cells for a wide range of applications in biology and bi ot echnol ogy,

f or instaﬁE%t%%ztﬁQﬁﬂﬁ%iﬁ§c€§tP@éESQeEb%aﬁﬁRﬁqﬁ§%§ﬁdPrﬁé?ﬁﬂcﬁFaF%?hnannalian
host cells are prefigitgd for this purpose for expression of nmany proteins,
for instance 15 when such proteins have certain posttranslational
nodi fi cations such as gl ycosyl ation. Methods for such production are well
est abl i she rall it r j [ ogt of a

nucl ei ¢ ac?%h%aqgggnﬁg e%%éﬁ@%g %8 p??aﬁé%%ﬁzﬁaggﬁggagﬁg ?nggégtein of 20
i nterestd |andenertadchrdiegyr.aNsgeneptéopetderl witthle presehéct abl e mar ker gene

is introduced into a precursor cell, cells . are selected for the expression
of the  sel SYSHIPHHRA Tene, TABS oS FETHIES oG dTBERYL I kE oss t he

protein of sot&sesdn Af Mogh kevekstRse &pprdantdddtednsand Hsgd for the

expression of the protein of interest. e problem associated with the
expressi on dvVelFansgenes is that it is unpredictable, stemming fromthe

hi gh |ikelihood that the transgene will becone inactive 30 due to gene
silencing (McBurney et al., 2002), and therefore many host cell clones have

to be tEsteBréorintigpn deppesdiondoint herioundyeite celBishéds eowsee ect
reconbi nant st $EId RUNSRRENdn LEbASY Sl i doRHB P! desired
instance as biopharmaceuticals. Eukaryotic and
particularly mammalian host cells are preferred for this
purpose for expression of many proteins, for instance
16 when such proteins have certain posttranslational
modifications such as glycosylation. Methods for such
production are well established, and generally entail the
expression in a host cell of a nucleic acid (also
referred to as ‘transgene’) encoding the protein of
20 interest. In general, the transgene together with a
selectable marker gene is introduced into a precursor
cell, cells are selected for the expression of the
selectable marker gene, and one or more clones that
express the protein of interest at high levels are
26 identified, and used for the expression of the protein of
interest.

One problem associated with the expression of
transgenes is that it is unpredictable, stemming from the
high likelihood that the transgene will become inactive

30 due to gene silencing (McBurney et al., 2002), and
therefore many host cell clones have to be tested for
high expression of the transgene.

Methods to select recombinant host cells expressing

relatively high levels of desired proteins are known.



WD 2006/ 048459 2 PCT/ EP2005/ 055794 One net hod descri bes the use of
sel ectabl e marker proteins with nutations in their codi ng sequence that
di m ni sh, but not destroy the function of the marker (e.g. WO 01/32901).

The rati ong{@adosodshdt hi gher levels 5 8f the nutant narlpeq/EP¥ieEeS5940N are
requi red when selection conditions are enployed and therefore sel ection

for high expression of the marker is achieved, therewith concomtantly
sel ecting host X9 fathed Jes6rakps ethe thee YerfE16CtARIEr BREKEF high | evel s.

10 Anot her prSNOthITRKES W@ a®fioAsSehechd 0N JBRIikRY sgaﬁéncengﬁatcontrol of a
pronot er sequence that has been nutated such that the pronoter has an

activity | edEniniiibstbarkt ingitl gdepbrow thatfwiction odr thepBadKkAg wild type (US
patent 5,627, 0 ?’)vfo 1 ABelRsT, 'i‘ﬁ%hQQtf'&%%fé hes die ﬁﬁ%h@% §ovkpaired

dom nant sel ectabl e marker sequence, such as neonycin” phosphotransferase

W th an & npaf rgte contserss s rkezakxpsegsiemt g rd aedpdreds@ghthe nunber of
colonies to bﬁ ts.creened .%nd to increaie t he ecg%rhessi on Ie%gl s, of a gene 20
of interest SRR ENGREG St 8 EhET RO FAM S HEEFABrE SHEPREFOT US pat ent s
5, 648, 267 apglr Sh i3 .ekfHesslidbnpbefl ene eflariesbod myHisvelder eharetrbehgene of
interest is placed w_thin_an (artificial)_ intron in the dom nant sel ectable
mar ker. TheCoRFRNGIaNHYeSedEchRAdt Restorhahtthedl 8dSRor8P2SSaintR@r are in

different tganscy+ pifQilsicassalifRs1apdiseach contains its own eukaryotic
pronoter in"this nmethod (US paténts 5,648,267 and 5,733,779). Another

met hod UWes t he atipimetyodamgkkactapl @f amdactjonemeskesi 68ng an i ntron
fﬂf‘? Oﬁofz ggrt;d%?tégrfé el o%oaoﬁggEa%Ehé&}{lﬁg}Fcese%q%%t 3hl.epgepe, wherein the
pabl e" of 'being splficed rn a host cell to provide nRNA encodi ng
a sel ect abl supitod@isuandhatetdienptrbeot @t rloas ian activity level
substantially below that of its corresponding wild type
(US patent 5,627,033).
15 Another method describes the use of an impaired
dominant selectable marker sequence, such as neomycin
phosphotransferase with an impaired consensus Kozak
sequence, to decrease the number of colonies to be
screened and to increase the expression levels of a gene
20 of interest that is co-linked to the dominant selectable
marker (US patents 5,648,267 and 5,733,779). In preferred
embodiments therein, the gene of interest is placed
within an (artificial) intron in the dominant selectable
marker. The gene of interest and the dominant selectable
20 marker are in different transcriptional cassettes and
each contains its own eukaryotic promoter in this method
(US patents 5,648,267 and 5,733,779).
Another method uses the principle of a selectable
marker gene containing an intron that does not naturally
30 occur within the selectable gene, wherein the intron is
capable of being spliced in a host cell to provide mRNA
encoding a selectable protein and wherein the intron in

the selectable gene reduces the level of selectable



the sel ectabl e gene reduces the | evel of selectable WO 2006/ 048459 3
PCT/ EP2005/ 055794 protein produced fromthe sel ectable gene in the host
cell (European Patent 0724639 Bl). In yet another nethod, DNA constructs are

used conpkiyGhddgoamsse! ect abl e gene posBtioned w thin anpcifEbsyisordief i ned by
a 5 splice donor site conprising an efficient splice donor sequence such

that the efficiency of splicing an nRNA having said splice donor site is
bet ween abRiAtHR Pondugrd Ar3Mm theitRlert@ddogespt én A8 B°Shroduct gene

encodi ng a @PduGhQfpdant eheshtdewsssean)of 10 3' splice acceptor site, the
sel ect abl e gene and the product gene being controlled by the sanme

transcriptional In egH anetherefebhoqUPNatconst3usss, 858) Used certain
hods, i S . f Lyci i i A . A
met hods, us odﬁrl{%gmegog s%ge%éﬁhﬁiéogéﬁe F;F&%%&g%ﬂe “w‘i%ﬁ&ﬁrﬁgg?rzﬁ&?.ts n

early repor s prrnciple scribes a po ronic
expressidn detirord byonrt &' nispdiseqdencess todiauypirdsibgt nt hEfilesemted protein

and a sel ectapl e protein, which coding sequences.. are governed by the sane
pronot er antPseEgarsted ﬁfggenF?aﬁEF%tg%ﬂhﬂHE%éﬁﬁﬁﬁ&eEFgrP?signal codons (US
patent 20 459bfsikflan WRNAr 86O h§ds L1 Osh INRIY Hond rUSi4e968, BE&6wedhe

selectable marker 1s the anplifiable DHFR gene. In a particularly preferred
enbodi nent OHhS & PXemPdeser BhedPlice ISEPIET, 462/t RBIsBquence coding for

the seleptapf&auégu eié%c@%&ﬂétEeﬁﬂbéﬁéﬁnéﬂ“ﬂnﬂ€¥gs@gdBQBsEPSaHeéfred 25
pol ypepti de, such that procedures designed to select for the cells

t r ansf otthed3 bysphieces @lcsepdbire siiekethei $¢ledtadlesgieaet ahdr tharticul arly
coanced PrgBSLLE il Hidng BEbLER PLELSL T M LIS LRERYSPEI S DIced
have been desguldethy aredtibbe r(dpi gagent ef fi&l @®3)creati on
In certain methods, use is made of polycistronic
expression vector constructs. An early report of use of
15 this principle describes a polycistronic expression
vector, containing sequences coding for both the desired
protein and a selectable protein, which coding sequences
are governed by the same promoter and separated by a
translational stop and start signal codons (US patent
20 4,965,196). In preferred embodiments in US 4,965,196, the
selectable marker is the amplifiable DHFR gene. In a
particularly preferred embodiment of the system described
in US 4,965,196, the sequence coding for the selectable
marker is downstream from that coding for the desired
20 polypeptide, such that procedures designed to select for
the cells transformed by the selectable marker will also
select for particularly enhanced production of the
desired protein.
In further improvements based on the concept of
30 multicistronic expression vectors, bicistronic vectors
have been described for the rapid and efficient creation
of stable mammalian cell lines that express recombinant
protein. These vectors contain an internal ribosome entry

site (IRES) between the upstream coding sequence for the



of stable manmalian cell |ines that express reconbinant protein. These
vectors contain an internal ribosone entry site (IRES) between the upstream
codi ng sequence for the WO 2006/ 048459 4 PCT/ EP2005/ 055794 protein of

i nterest ardh bddgoddenst ream codi ng seqdence of the sel petiepivosieskar ( Rees
et al, 1996). Such vectors are commercially available, for instance the

pl RES1 vectors from Cl ontech (CLONTECHNnIi ques, COctaober 1996). Using such 5
vectors forPEMigH@dt ioherRes ABdtthe|dWnsddiean coA1BE SSHPEPEE et

expressi on ofe tha LOWRS! RARNLPRIKEEs PEOLAI,N 1ddkeN aubamBbEealsyasel ects for
high transcription levels of the nulticistronic mRNA, and hence a strongly
i ncreased peowedndiiallyofvhidabéspr £esi vrstmachdaher sIBERl10eeforfiterest is
envi saged j ct Yy A h ods.:Lhe S used is
an | RES mz?% éﬁ3§§é§%ré?%?ﬁ3§?§£f%§§%bé% c%%%tggﬁgFét?Sﬁﬁgfsé e selection
mar ker denevedtmddrfidrerinitmpdoceidheintarices: afellsel seflengibonrofiost cells
with a high qépression | evel ,of 1 %he rotein of interest Eg.selecting for
expressi on T HE We SXBECER TRBr REr TIF R (EEE Bag X nPEPHhEIT onal

publ i cati ont V6 31t HxR84h11Theepeesentor MiejH itGAnIcHE ptioAr D¥vEi®g | nproved
20 means and _net hods for selection of host cells expressing high |evels of
protei ns of Of nthg dtLtisdFirgrpi6f MRNR i A RGNGE PhEEEPBIENt i nvention uses a

novel and uphgue, ey gﬁ%%@tn&@k sel Redh NekdiRslsi¢Rl b exBrgsstogn high levels
of pol ypeptides of interest, the concept referred to herein as "reciprocal

i nt er deffendehtintenesitatiisoenviseged usknguaick Mecategsect to the prior art
approaches in ”ﬁ{efe%bel L ES%E%Q%&&P,”!@%& GRplsS 4880 Lo, L i‘?ﬁé””e the 30
anount of translation products Troma nulticistronic transcript, whereby
the | evel ofhiclangplwdd @ reflagively low level of translation of the

selection marker gene, to further improve the chances of

selecting for host cells with a high expression level of

15 the protein of interest by selecting for expression of
the selection marker protein (see e.g. international

publication WO 03/106684).
The present invention aims at providing improved
20 means and methods for selection of host cells expressing

high levels of proteins of interest.

Summary of the invention

The present invention uses a novel and unique

25 concept for selecting host cells expressing high levels
of polypeptides of interest, the concept referred to
herein as ‘reciprocal interdependent translation’. It is
unique with respect to the prior art approaches in that
an extra level of regulation is used to fine-tune the

30 amount of translation products from a multicistronic
transcript, whereby the level of translation of a
selectable marker polypeptide is lowered, thereby
increasing the level of translation of the polypeptide of

interest coded on the same multicistronic transcription



sel ect abl e marker polypeptide is |owered, thereby increasing the |evel of
transl ation of the polypeptide of interest coded on the sane nulticistronic
transcription WO 2006/ 048459 5 PCT/ EP2005/ 055794 unit, i.e. the expression

| evel of tReopRévaepti de of interest bs directly and npegEpiook/eE54
reciprocally dependent fromthe expression |evel of the selectable marker

pol ypeptide (see Fig. 13 for a schematic weg%}1e In_5 contrast, approaches
usi ng an | RES thethwsen thfe cXBAPAGLOR et & PR&YBBPYbERt PEe of interest

and the se|gclanle 1rgardﬁ%cegz§,y9§@tw% (&Sr g_es%e%c@; ral:ali 96) , Invol ve
i ndependent translation of pol ypept i des, in those approaches

there i s nodehersdanteffirom toe eher@.@swrarﬂgmh @rf é‘hﬁ éﬁéﬁ@t}ablet he sel ectabl e
mar ker  pol of e q cQdi h | ypepti de of
PSR 48, g;sp t}:ﬁ".ﬁhe fisbl gf@ UG L s’&ﬂsh%"tlk 9le§9 ]%g

interest. I'n one € inven h ‘provides a
conpri siing eomuddstgi sppanbchbsanstngxﬁncﬁREﬂnuetmeémnghéocodnyga sel ectabl e

mar ker poly tide f ctl a _ eukaryatic host cel and for ii) a
polypeptidegﬂf UenGfit%e hBOEXP?BB %%cﬁf&ﬁnq%ﬁﬁg egpghngng a translation
initiation §@gyﬂﬂgﬂj(ag&kggapbggggpﬁlégpaggieR%%sf@thuhanggt);he sel ect abl e

mar ker pol ypeptide, characterized in that the coding sequence for the
pol ypept i del®fokr drgiependeauiksenebat 19t o tbodioagrertidences? or t he

sel ectabl e pRyker, igh3Ql Q g&h&bﬁé§tE9@£& 1§'h%ﬂ%ﬁ&b%%‘@@féettofa@ﬂb'n t hat
the nucleic acid sequence 25 coding for the sel ectabl e marker polypeptide

conpri stk atranglatiiom teifdticdeorpasésthdesalemisibdiel omrékti ci ency of the

sel ect abl e ke ukar. otlc Pref.er abl he transl ation
initiation %?#Y%ﬁ%ﬁ%%?(ﬁi %ﬁa¥ F % &%éﬁ (ﬁpdlngd§8¥e5§ed In a preferred
enbodi nent pérypéﬁtmmmkﬁasadeteaﬁslatlon initiation efficiency is brought

In one aspect, the invention provides a DNA molecule
156 comprising a multicistronic transcription unit coding for
i) a selectable marker polypeptide functional in a
eukaryotic host cell, and for ii) a polypeptide of
interest, the polypeptide of interest having a
translation initiation sequence (and startcodon) separate
20 from that of the selectable marker polypeptide,
characterized in that the coding sequence for the
polypeptide of interest is downstream from the coding
sequence for the selectable marker in said multicistronic
transcription unit, and in that the nucleic acid sequence
25 coding for the selectable marker polypeptide comprises a
mutation that decreases the translation efficiency of the
selectable marker in a eukaryotic host cell. Preferably
the translation initiation efficiency of the selectable
marker is decreased. In a preferred embodiment, the
30 decreased translation initiation efficiency is brought
about by having a non-optimal translation start sequence
of the selectable marker polypeptide.
In preferred embodiments thereof, the translation

start sequence in the coding strand for the selectable



about by having a non-optimal translation start sequence of the selectable
mar ker pol ypeptide. In preferred enbodi nents thereof, the translation start
sequence in the coding strand for the sel ectable WO 2006/ 048459 6

PCT/ EP20058p66asq480r ker pol ypepti de eonprises an ATG spquehiegodefi ning a
startcodon, salc{ ATG sequence being in a non-optinmal context for

translation initiation. This results in a_ decreased use of this ATG as
st ar t codon,magtkar eodpy@eedids SomRr NG AmiGodeAuEACandepinked ontext. In a

more pref er%ﬁ%gg&%ﬂ ab?&d hhe Eé&u +@é 'k%l LArL SEAUEPEeLLY the coding

strand for mar ker ypepti e conprises a startcodon

di fferent fecamexan fAFGtshasfiedilon, 1131Jtciata133rnne‘hofs &EenlTsGin@G ATT, or 10
ACG sequen the fjrst t her bei t he nost referred uch non- ATG
A sequencesc sl L5k LYo ST 606 Dol 10 the ipst  Brelent edea Such, non 4
good rerogin tATHN safarithedeaniATén septimelescoaagexttar t codons, such that at

| east sone ribosones start translation fromthese 15 startcodons, i.e. the

translation stark? Sed@&kcETeHPEFER aBMRPLRMRING s&her hEABE4BELRR ACC] non- ATG

startcodon] & oF¢ d&@x’&eAI%” %hé%é@?ﬁi]&rérﬂi Roef eheedeeaboghnents, the
sequence encoding t sel ect abl e marker pol ypeptide has no ATG sequence in

the 20 codhamgken rmidfpfe@Itlldm AgMPhése® fu et teodiong disferpet sfvem codon of
e oot Ot At BN/ ROLYRCPLLAR 4P 4 (P oS auRRee RREOfRO She Stopcoden

t her eof sequences Tn the sane strahd befween’ sald stopcodon
and the stace c:m:tpremfe t hdepaliypeptwdetidraatt dedslyy thki mbs25 startcodon

preferably |S€F£ef|rhedgb pan ATg n the sa codin rand In certain
enbodi ment sPIHETES ﬁ%}/: ATE"S aheﬁ‘{:%rt%ch'bsmpreﬁe%pgﬁrg "coding for
met hi oni ne frad¥ed by sequences providing for relatively good

recognition of the non-ATG sequences as startcodons, such

that at least some ribosomes start translation from these

15 startcodons, i.e. the translation start sequence

preferably comprises the sequence ACC[non-ATG

startcodon]G or GCC[non-ATG startcodon]G.

In preferred embodiments, the sequence encoding the
selectable marker polypeptide has no ATG sequence in the

20 coding strand following the sequence coding for the
startcodon of the selectable marker polypeptide up to the
sequence encoding the stopcodon thereof, and not in any
sequences in the same strand between said stopcodon and
the startcodon of the polypeptide of interest (which

25 startcodon preferably is defined by an ATG in the same
coding strand).

In certain embodiments thereof, any ATG sequence
present in frame and coding for methionine in the
sequence coding for the wild-type selectable marker

30 polypeptide has been mutated to code for valine,
threonine, isoleucine or leucine.

In preferred embodiments, the selectable marker

protein provides resistance against lethal and/or growth-



sequence coding for the wld-type sel ectable marker 30 pol ypeptide has been
nmutated to code for valine, threonine, isoleucine or leucine. In preferred
enbodi ments, the selectable marker protein provides resistance agai nst

| et hal andias 209608kd9 WO 2006/ 048459 7 PCTI EP2005/ 055794 pet/bidaspaigd ef fects
of a selection agent, such as an antibiotic. Preferably, the coding
sequence of the polypeptide of interest conprises an optinmal translation
start 5 seqtiHdtonye SfAGEREI BA FUFTIRTTISFORIEBS  eSPFBSSF oM casset t es
conprising &,{ONAJmlecul e according to the invention, which expression
cassettes further conprise a pronoter upstream of the mul ticistronic
expressi on unit kneferabAy, 10htunedinnaedquenseegaichet Poliipeptietd| for

LAt on o FANSGIIRL LRt SLBC MULLGLA! Qe gXRERSSLop UNT L, and  said

expressi on %as S er conpri ranscrlp ion térm nation
sequenc&idomm$kﬂﬁan1of t he nult|C|stron|c expression unit. 15 In preferred

enbodi nents ther, such .expr.es cassettes further se at | east
one_chr omat i n Ot dm e RBnE SERBSE P T B S X6 B35 LOBNEREPPHEEDT o matr i x
or scaff ol gor$diacHeE Rl DNagneNe VAR SAR)rdialy ithsthat ehveseOULNCE, A

ubi qui t ous chronatln opener elenment (UCCE), 20 and an anti-repressor

sequence. Aftich gxreessiosegasnebies af e tha qor@rdseed PROPAFST aspect, and

in preferr i e n from the
oo vonnr Sy SERfIIES eGSRk SR S SBIeter Gia S0pRST [TO |

fragnent& ofumeticree din 8EQukaBybDic N@stl adirdodghr SEQtlBD,loNO 66, wherein

said fragments hav ant i ress act V|ty seqguences.t hat are at
aast 70% HERTEAP YR odl SOF R hGien s FprERYipR ERt Nnd

said expression cassettes further comprlslng a
transcription termination sequence downstream of the
multicistronic expression unit.

16 In preferred embodiments thereof, such expression
cassettes further comprise at least one chromatin control
element chosen from the group consisting of a matrix or
scaffold attachment region (MAR/SAR), an insulator
sequence, a ubiquitous chromatin opener element (UCOE),

20 and an anti-repressor sequence. Anti-repressor sequences
are most preferred in this aspect, and in preferred
embodiments said anti-repressor sequences are chosen from
the group consisting of: a) any one SEQ. ID. NO. 1
through SEQ. ID. NO. 66; b) fragments of any one of SEQ.

25 ID. NO. 1 through SEQ. ID. NO. 66, wherein said fragments
have anti-repressor activity; c¢) sequences that are at
least 70% identical in nucleotide sequence to a) or b)
wherein said sequences have anti-repressor activity; and
d) the complement to any one of a) to c). In certain

30 preferred embodiments, said anti-repressor sequences are
chosen from the group consisting of: STAR67 (SEQ. ID. NO.
66), STAR7 (SEQ. ID. NO. 7), STAR9 (SEQ. ID. NO. 9),
STAR17 (SEQ. ID. NO. 17), STAR27 (SEQ. ID. NO. 27),
STAR29 (SEQ. ID. NO. 29), STAR43 (SEQ. ID. NO. 43),



wherein said sequences have anti-repressor activity; and d) the conpl enent
to any one of a) toc). In certain 30 preferred enbodi nents, said
anti-repressor sequences are chosen fromthe group consisting of: STARG67

(SEQ 1D. R 20086459START (SEQ ID. NGB 7), STAR9 (SEQ ptPepNebioles STARL7
(SEQ ID. NO 17), STAR27 (SEQ ID. NO. 27), STAR29 (SEQ ID. NO. 29),
STAR4A3 (SEQ |D. NO_ 43), WD 2006/ 048459 8 PCT/ EP2005/ 055794 STAR44 ( SEQ
ID. NO. 44)STARAARASEQSEED | O - NEA) 45 TARPARSEQ- SEB: NB: AR/ 47), STARG1

(SEQ ID. Nsafyh) ,(saied 1huUngbl ongy , femgimnt &rey. 9eri wati yep, ofnpdhese STAR
sequences. In certain enbodiments, the expression 5 cassette conprises
STAR67, or Burgicnadndiragmggiener oderieatiivasi o theseofTABosi ti oned upstream

of the pro i Vi-hg Sj Lt ¢l kc.gene. In certain
enbodinentg%g %?é%ﬁ'tﬁ%igg?géﬁé %@ﬁ%ﬁ%@gﬁﬁﬁigEgg %hﬁ%%gﬁiggides by at |east
one antib r epaessdre seqpences BRABET! aon d(Fyncefienséd feapoenteat s, expression

cassettes are pr mide% accarding.to the invention nprising in 5 to 3
order: ant‘ii?‘?]e‘fﬁ% s'So _hs%_aﬁghcgégl%l%ﬁ‘fﬂ"@&r@?@ofﬁsgﬁﬁeﬁﬁ_%m% S*[promoter -
nul ticistroditvidARprieRlsion bai th@ceeIlidigtdonikthgenBvenhi esrf&neodi ng the
functional selectable 15 marker protein and downstream thereof the
pol ypept i deepodinandSesithe. MLihsesF peRth I8enilfatilaRkedqBBnkef- anti -
repressor Seouenasy Gt Wagke Bnd Bt A0AL G JBh he R SR IR0 Fidfgrent. In
certain enbodi nent’'s, the pol ypeptide of interest “ 20 is a part of a
mul ti nell c prefeined fepbogiagple, ackpressiom dasgiet tefapneopravided
| mmunogl obul | rdTi'h? AV AL %véh%?oﬁroéﬁrg% s%l@ T8 geulgs;eogpglsing a
sequence encodi ng functional selecta mar ker = pol ypepti dé, characterized
in that suchnﬁl#kenﬁeaadreseaﬁeooephiseamtiﬂﬁ&ﬂﬁe@mo&h&quenceaBes t he
tranSIatlon[promoter - multicistronic transcription unit according
to the invention (encoding the functional selectable
15 marker protein and downstream thereof the polypeptide of
interest) - transcription termination sequence] - anti-
repressor sequence C, wherein A, B and C may be the same
or different.
In certain embodiments, the polypeptide of interest
20 1is a part of a multimeric protein, for example a heavy or
light chain of an immunoglobulin.
The invention also provides DNA molecules comprising
a sequence encoding a functional selectable marker
polypeptide, characterized in that such DNA molecules
25 comprise a mutation that decreases the translation
efficiency of the functional selectable marker
polypeptide in a eukaryotic host cell. Preferably, such a
DNA molecule: i) has a non-optimal translation start
sequence followed by an otherwise functional selectable
30 marker coding sequence, and ii) in the coding strand of
the sequence defining the selectable marker polypeptide
downstream of the non-optimal startcodon is devoid of ATG

sequences.



efficiency of the functional sel ectable marker polypeptide in a eukaryotic
host cell. Preferably, such a DNA nolecule: i) has a non-optinal
transl ation start sequence followed by an otherw se functional selectable

30 marker gggﬁﬁﬁmaﬁgpence, and ii) in Bhe coding strandpefppidigosesauence
defining the selectabl e marker polypeptide downstream of the non-optinmal

startcodon is devoid of ATG sequences. WO 2006/048459 9 PCTl EP2005/ 055794
The invention alBe gmyenddonhadsocerPeidemprdssi wglbRACABPEEELRS according to

the inventiggs ngééd%ggﬂgdggéﬁghghgg PEOVS fRs, y1efhods for generating host
tide o [

cell s expressing a polypep interest, the nethod conprising the
steps of: introdile nghwventtionafprthat i pyowfdeyr ecthodis iost cells an

i tt di to the i tion, L turi th | d
condi t1 ons SEVEEATH PP e XBLeSsPBRECTSHIG = SSHUBEREIE T ker pol ypepti de,

and sel egt i Dgt@tedtSaiheORR th@dheshpeet inPriiEuegst be :pahy peght deg of
interest. In a further aspect, the invention provides nethods for producing
a pol ypept i #atofa imkiaddtty CfePHBEHBHRC ROHPradilivg 3@uPKRERA§LI@  host cel |,

sai d host cgllqe QMY ndN tBXPHES ShPEL CASP LA tRG4A6dkRE Lo1ihe 15

i nvention, and expressing the polypeptide of interest “fromthe expression
cassette. |nngereferndidionsodiedentingt her efprassd opolofpspei de of interest is

further isolated _.from.t has el nd/ or fram.t. ) I | ture
medi um 20 %%i?%ﬁ% %ﬁrﬂﬁgkégtgPayﬁgp%%gghté%élﬁﬁ%%ﬁt gg E%A&e%§¥e%§%es havi ng
t he sequencrostf @l grsciuginigoghpr pdugpeptoidea dNAntelrestil.e according to the

i nvention. In another_aspect, the inventionIPnovides functional . sel ectable
mar ker pol ypept i e | % MEPRCGni hRsjpvention provides methods

for producing a polypeptide of interest, the methods
comprising culturing a host cell, said host cell
comprising an expression cassette according to the

15 invention, and expressing the polypeptide of interest
from the expression cassette. In preferred embodiments
thereof, the polypeptide of interest is further isolated
from the host cells and/or from the host cell culture
medium,

20 In further aspects, the invention provides RNA
molecules having the sequence of a transcription product
of a DNA molecule according to the invention.

In another aspect, the invention provides functional
selectable marker polypeptides lacking methionine in

25 their amino acid sequence, which polypeptides are
obtainable by expression from certain DNA molecules

according to the invention.

30 Detailed description of the invention

In one aspect, the invention provides a DNA molecule
comprising a multicistronic transcription unit coding for
i) a selectable marker polypeptide functional in a

eukaryotic host cell, and for ii) a polypeptide of



25 their am no acid sequence, which pol ypeptides are obtainable by
expression fromcertain DNA nol ecules according to the invention. 30
Det ai |l ed description of the invention In one aspect, the invention provides

a DNA nnlegﬂg?mw@gmgrising a mul ticistyonic transcripti earipbdoseadsng for
i) a selectable marker pol ypeptide functional in a eukaryotic host cell,

and for ii) a polypeptide of WO 2006/ 048459 10 PCT/ EP2005/055794 interest,
t he pol ypepitlrRrasft i riher @otl YRePLhde aof r I r@StohavAngi ati on sequence

separate fromtdhal qf, %‘it'%‘%hSﬁt QQ%H‘?eH@é k&S, aﬂ%'ft%P%E%Bind'EhaEhégaEdﬁée” zed in
that the coding sequence %or the polypeptide of interest Is ownst r eam
fromt he coskhectsdiiee maekiear pphgpspt £d¢ abtha rardekdizedn isakcbdatuthe ci st roni ¢

t i pti it dth i id.s; di £ th | ect ab
mar Kor  pol yREHTHC SIS 6655 et B SFPRTAE Flcr@ieseott AE (ransi alion

efficiempy @widterssl etloablt@emabliengi Sequadtceiear ki eechestabeé! . Such a DNA
nol ecul e can be used according.to the inventiagn for obtaining eukaryotic

host cel | s"@xfR%esdt gl g ltdFépsrorie Heramgrd@sticde Bt i nt erest, by

sel ecting forqgtfife eRIRIY QRiAM sbhBense! &5d:R & mLher sRoLypepidde.
Subsequently or 15 sinultaneously, one or nore host cell(s) expressing the

pol ypept i demafkéntrrlageptddebgondehses | @dnutatd dnurthiagr deggedsesr expressi on
of high | e"ﬁr'lé Of s 4% Ry %%%"cqgm‘%% of R &lye l@%lteeh%‘ﬁkg?“%' tronic
0 | e" o d

gene" is defined as ‘a gene capa providing a nol ecul e t hat
encodesi®necukot yareipt idast Aellul Bliehsa roNA andleander icahi bs used”, al so

referred to as nujticistroni.c %ene, is defined as a gene c¢apable of

provi di ng aﬂc?$ﬁg%ﬂﬂeﬁﬂﬂ§§etﬁﬁy BhiBRetCRtoP MG G KASYPh&Ft NA8E. The term
"bicistroni gefPefekpressing high levels of the polypeptide of

interest, by selecting for the expression of the
selectable marker polypeptide. Subsequently or

15 simultaneously, one or more host cell(s) expressing the
polypeptide of interest can be identified, and further
used for expression of high levels of the polypeptide of
interest.

The term "monocistronic gene" is defined as a gene

20 capable of providing a RNA molecule that encodes one
polypeptide. A “multicistronic transcription unit”, also
referred to as multicistronic gene, is defined as a gene
capable of providing an RNA molecule that encodes at
least two polypeptides. The term "bicistronic gene” is

25 defined as a gene capable of providing a RNA molecule
that encodes two polypeptides. A bicistronic gene is
therefore encompassed within the definition of a
multicistronic gene. A “polypeptide” as used herein
comprises at least five amino acids linked by peptide

30 bonds, and can for instance be a protein or a part, such
as a subunit, thereof. Mostly, the terms polypeptide and
protein are used interchangeably herein. A “gene” or a
“transcription unit” as used in the present invention can

comprise chromosomal DNA, cDNA, artificial DNA,



25 defined as a gene capable of providing a RNA nolecule that encodes two
pol ypeptides. A bicistronic gene is therefore enconpassed within the
definition of a multicistronic gene. A "pol ypeptide" as used herein

conpri ses ive am no acids |inked by peptide 3 can for
i nst ance bg&%hggg g?n or a part, such as a subunit, thgﬁgngﬁﬂggﬂﬁy, t he

ternms pol ypeptide and protein are used interchangeably herein. A "gene" or
a "transcregibiorations” theraséd amdttie pridsenTrangentipbhogamnitonpri se
chronmosomal _ DNA,, GDNA, arti;iclak DNA, WO 2006/04%4 9 11 PCT/EF2005/055794
conbi nat i oS TS, SENG FetieCF P REOD A HPPTCoAPaRi B8 2c3MMYTSi ng severa
Ci strons argrNA.aANSCOopREads BoShpgtSacheNasdd igorheapkidbe appj oaches used
in the prior art, in_the nmulticistronic transcription units of the

i nvention, B¢ MHAILiSEAOBE Ct hEARBEHIRE LU iU tPe§ifohnei 1BVEREIRNfor  t he
protein pf {nfaresidoPbeseRk 98c6H&Fc£§¥%df%éa¥bn qependent+ 0fct he use of
translation reinitiation sites or internal ribosone entry sites for

transl ati onthenipmdteinofof théesegbhdpreriiniy oneghen, R¥At isander it is
dependent ogp_ 10 fficie iqn_of t krst i ng.region
(i.e. that ?%P}erf%egecsénelgﬁgbpggng%k{é%%gﬁo eJiO(I’?l.l) ri%r}n%%rrgicggﬁo?fﬂgéés% eci procal
manner . t heimtegirer]l tdidosparskatronsiteyeforfrrahelaelhieat ahli et bem kef , t he

| ower the transcription.level of the protein of interest and vice 15
versa. A mutR$ cF&GI6hic %PP§n§89F8?idHP{Lﬁﬁt cdtditigIeBeRHBR | Ment i on

preferaf) y {ife adfiditncQNo¢ tHaRSEaE DA V¥ WHd ric@di Beaingmegide 3 for a
sel ect abl e marker polypeptide and a pol ypeptide of interest. Hence, the
pol ypept i de(bfe 2(Hatt doasthes seheotrlll @l didiaredrotedm t ha 208PHY sequence

for the sel gx?tfé@.sgn{é‘%{i‘fﬁfocﬁ‘i' ¥REREE decnd thighed $RePRE8hBLELE0n1 NCl ude more

codi ng sequences
level of the selectable marker, the lower the

transcription level of the protein of interest and vice
15 versa.

A multicistronic transcription unit according to the
invention preferably is a bicistronic transcription unit
coding from 5’ to 3’ for a selectable marker polypeptide
and a polypeptide of interest. Hence, the polypeptide of

20 interest is encoded downstream from the coding sequence
for the selectable marker polypeptide.
It is also possible to include more coding sequences on
the same transcription unit, downstream of the (first)
polypeptide of interest, e.g. coding for a second

25 selectable marker polypeptide or for a second polypeptide
of interest. Such an extra coding sequence downstream of
the coding sequence for the first polypeptide of interest
then preferably is preceded by a sequence encoding a
translation reinitiation site or internal ribosome entry

30 site (IRES), such that also the second polypeptide of
interest or the second selection marker polypeptide is
translated, in this case independently from the earlier
two coding sequences. In such an embodiment, it is for

instance possible to have the coding sequences for



the same transcription unit, downstreamof the (first) polypeptide of
interest, e.g. coding for a second 25 sel ectabl e marker pol ypeptide or for a
second pol ypeptide of interest. Such an extra coding sequence downstream of

t he codi ngﬁ%g,g&gsgf or the first polyjeptide of interesprpphREoRiaferably
is preceded by a sequence encoding a translation reinitiation site or

internal ribosone entry 30 site (IRES), such that also the second
pol ypept i desepunitn exfest myl tiRers e chRRLSE] 2@ i%n amheREY Béfiyﬁeptl de is

transl at ed, Jriéjhé 1% GRS s gld%ﬁ{]%?iwui{x?met&%d%%r blseh £

sequences. In’such an enbodi ment I nstance poss?gFe to have t he
codi ng sequeac@mdfpuly@@pZG@&/648459eﬁesPCHwEEQQOEk@55T94tosqbde|ts of a

mul timeric protein eayy.and. a ht chain ,of _an nogl obul i n,
encoded as ?I?QﬁdQ$%éJ éaéoﬁﬁxééFﬁﬁéﬁt? T S Es £ fﬁﬂgg%y order), to
code fog subudsstiford onelxpirgBslienpasie] MMidhindwaveirnglerérauditi ci stronic

expression unit. It is however preferred to use separate transcription
units for the %&ﬂn%ﬁﬂﬁﬁﬂ¥eoﬁra&FFFéPEh?np%ﬂ?%%ﬁ?ﬁhé@eoﬁxPﬁ?éFégP °§| so when

these form dPPféréHt p%?f‘i'&i'e% BEO £t &rd SEE A% w‘??é%”@h@ség"fohhe heavy
and |ight chain of a ant dy each are encoded by 10 a separate

transcriptipartunet aemuﬂtuméruhePQOéﬁpneés&ene aunicxanmpdiendg3a bhei stronic

expression ynit. accor.di t t he i nye The DA I | Sy, of the
i nvention cgna%% prelﬁﬁgi A%alHeOFo$ﬁ1% 33 ran e n%&%,ghaxlng with

respectioo a15ep$maﬁéﬂﬁﬂﬁnﬂdnapmabheﬁnpﬂjy¢&¢ﬁ|dﬁeuumietbappebypeptlde of
interest a coding strand_gnd a non-coding strand,, the codlng strand being
the strand WPTHS (PRI fe ROEGEEROBISsSXPHES 3 Uh AHite FSRRRAIBICERt for the
presence of tHei N§¢&Adiopf. U. Hence, an AUG startcodon is coded for in the

coding 20 strand by an ATG sequence, and the strand containing this
The DNA molecules of the invention can be present in

the form of double stranded DNA, having with respect to
15 the selectable marker polypeptide and the polypeptide of
interest a coding strand and a non-coding strand, the
coding strand being the strand with the same sequence as
the translated RNA, except for the presence of T instead
of U. Hence, an AUG startcodon is coded for in the coding
20 strand by an ATG sequence, and the strand containing this
ATG sequence corresponding to the AUG startcodon in the
RNA is referred to as the coding strand of the DNA. It
will be clear that startcodons or translation initiation
sequences are in fact present in an RNA molecule, but
25 that these can be considered equally embodied in a DNA
molecule coding for such an RNA molecule; hence, wherever
the present invention refers to a startcodon or
translation initation sequence, the corresponding DNA
molecule having the same sequence as the RNA sequence but
30 for the presence of a T instead of a U in the coding
strand of said DNA molecule is meant to be included, and
vice versa, except where explicitly specified otherwise.
In other words, a startcodon is for instance an AUG

sequence in RNA, but the corresponding ATG sequence in



ATG sequence corresponding to the AUG startcodon in the RNAis referred to
as the coding strand of the DNA. It wll be clear that startcodons or
translation initiation sequences are in fact present in an RNA nol ecul e,

but 25 thatyd hRehstan be considered edual |y embodi ed i npar/ghheshashqacul e
coding for such an RNA nol ecul e; hence, wherever the present Invention

refers to a startcodon or translation initation sequence, the correspondi ng

DNA ol ecutke trading sheasdnefsbhachlih ks nefemRd §eqasnsbapueode for t he
presence ofja 11”§§e%ﬂe05r@sgnhnlﬁ@§n€% NeneSishand; of §QH?F@'A mol ecul e is

meant to be inc Vi ce versa, except wher e exp icitly specified
ot herwi se. tmelmﬁﬂﬁaenm@raé ‘ansfaanebdordirng fsequenseancweani®G sequence in

RNA, but the caorrespaon ATG S W0D.20061048459 13
PCT/EPZOOSIEEﬁé%ﬁfst¢$ % f %§£§§’?4¥ %% ?e?é?red to as startcodon

as well gn tf@ns)lraemtmt@vent ammnoTa@us,armm %wbedof be tiheerptetemce of "in
frame' codi ng sequences, neanin triplets (3 bases) in the RNA nol ecul e
that are 5 ¥ a8 AUFSISRCHIARTIahF HBUGESRL 1R SeAIEHES BB ERerpreted as the

correspondlE@hfﬁqrggyéﬁg|OQet§quQQC§§lé6hjgma codi ng strand of the DNA
nol ecul e. The sel ectabl e marker pol ypeptide and the polypeptide of interest

encoded by the rile isslsiatebile maokgeneo kyrdrtiadee ankeitheown transl ati on

nitation SEOHANGR. ANdANGtelare sRclulRus AR mauacsLathepdon (as vel| as

st opcodon), ey are encode e open ranes The term
"sel ecti®n @améeéachnhaveekeeﬁabbennﬂrkmsratﬂdh|rhﬂt¢muoalbquSEdexo refer to
resence, can be detected direct indirectly

a gene and/or rotei n whose
M oa el Sror BRI 2o DAUE: FRELE T Siatcdns (25 SeHLefF on agent
and prOtECt§té$@deH¥5 Geld. fhe the encoded by separate open

reading frames.
The term "selection marker” or “selectable marker"

15 is typically used to refer to a gene and/or protein whose
presence can be detected directly or indirectly in a
cell, for example a polypeptide that inactivates a
selection agent and protects the host cell from the
agent's lethal or growth-inhibitory effects (e.g. an

20 antibiotic resistance gene and/or protein). Another
possibility is that said selection marker induces
fluorescence or a color deposit (e.g. green fluorescent
protein (GFP) and derivatives (e.g d2EGFP), luciferase,
lacZ, alkaline phosphatase, etc.), which can be used for

25 selecting cells expressing the polypeptide inducing the
color deposit, e.g. using a fluorescence activated cell
sorter (FACS) for selecting cells that express GFP.
Preferably, the selectable marker polypeptide according
to the invention provides resistance against lethal

30 and/or growth-inhibitory effects of a selection agent.
The selectable marker polypeptide is encoded by the DNA
of the invention. The selectable marker polypeptide
according to the invention must be functional in a

eukaryotic host cell, and hence being capable of being



agent's lethal or growth-inhibitory effects (e.g. an 20 antibiotic
resi stance gene and/or protein). Another possibility is that said selection
mar ker induces fluorescence or a color deposit (e.g. green fluorescent

protein (G:\Féz(ﬁ)@/ggsgﬁ” vatives (e.g d2E&FP), luciferase, PC}[‘/%?%OS/@JS@' i ne

phosphat ase, etc.), which can be used for 25 selecting cells expressing the
pol ypeptide inducing the color deposit, e.%: using a fluorescence activated
cel | sortepelFncs) fayr igelevkarrgteel hest mallexpPays seipctapteferably, the

sel ect abl e I Jdde i t i ti ovi des

resi stance @g%#éﬁnéqiﬁﬁﬁﬁyi?% §§§?g¥g%$%vﬁﬁé%r1u ﬁe?§§3 ggpegﬁs of a selection
agent. Thepseheplable nselkdeacporypept tadethes poreceanded ibyehhéo®DNA of the

i nvention. The sel ectabl.e marker po eptjde according to the jnvention
et b T unttey s e arap S, Rrel, BRLYBSR Ids e getandatel hE Eibanl o
bei ng WG 2096¢ Oghddt 5 ultd nRGT/ BB2A0RHER 54 Iar v ieC @ tf @e1lnceykasyoti ¢ host

cells. Any selectable nmarker polypeptide fulfilling this criterion can in

princi pl e beresd ke chtdiingdr oapAespyesehtesanrdasi fe BreKidefect abl e marker
pol ypepti dege AL £, Wei | JIQWN o BrbB8imandd ! @rg%fe%ltﬁti'o@,elnxrué@dug«@&n eukar yotic

host cell clones are to be obtained, and several exanples are provided
herein. | n €ertiia evsodiipantis, zgoséhecin orchenr lemboddegntier the invention
is zeocin. ln_other,emhaodi nents bl asticidi.n.s, use The, petson skilled in
the art w1 PRa8t R R Ry Toe REFR B St Y ey AFF AR I 0ng can® be

used, el@. ReOGWYEthdt duHaaMseilecthbaomytkders i GRadilapleetad tanot her
enbodi nents, kananycin is used. In yet ofher enbodinents, the DHFR gene is
used as a sBfebtedy & - FraMEANY SR c RUEFAY B s M EFWE iPar hYgTRABY RGP exat e, 15

especi al |y Byci nex eas{dg dridedasrBaest r phh &y Ofn MBLRRL eXat getel | s can be
sel ected for increased copy
other embodiments, the DHFR gene is used as a selectable
marker, which can be selected for by methotrexate,

16 especially by increasing the concentration of
methotrexate cells can be selected for increased copy
numbers of the DHFR gene. Similarly, the glutamine
synthetase (GS) gene can be used, for which selection is
possible in cells having insufficient GS (e.g. NS-0

20 cells) by culturing in media without glutamine, or
alternatively in cells having sufficient GS (e.g. CHO
cells) by adding an inhibitor of GS, methionine
sulphoximine (MSX). Other selectable marker genes that
could be used, and their selection agents, are for

26 instance described in table 1 of US patent 5,561,053; see
also Kaufman, Methods in Enzymology, 185:537-566 (1990),
for a review of these.

When two multicistronic transcription units are to
be selected for according to the invention in a single

30 host cell, each one preferably contains the coding
sequence for a different selectable marker, to allow
selection for both multicistronic transcription units. Of
course, both multicistronic transcription units may be

present on a single nucleic acid molecule or



nunbers of the DHFR gene. Simlarly, the glutam ne synthetase (GS) gene can
be used, for which selection is possible in cells having insufficient GS
(e.g. NS-0 20 cells) by culturing in media w thout glutam ne, or

al ternati velydobossgid S having sufficier8 GS (e.g. CHO eel/eploob¥ssasidi ng an
inhibitor o (258 met hi oni ne sul phoxi mne (MSX). O her sel ectable marker

genes that could be used, and their selection agents, are for 25 instance
descri bed i altemnativedly §8chapeat M8y 5ed MEFBede®n & $6PREAERABN, Met hods in

Enzynol ogy,  18b: £3 G ARP 1820k e, foOr a review of these. Wen two
multicistronic transcription units are to be selected for according to the

i nvention iTha temyl'seld@thios!' del typrexhlyre ffimefderabkiecpnbaess t he codi ng
sequence for_a djfferent sel.ectabl r ker al |l o sel ection for both

nul ticistr o?lfcuﬁjr’bgnsacrsier}telc%ﬁoﬂnf“f‘geg‘s’eﬁ%c{ﬁ%&e B‘Str\#er’f‘uﬁfl cfstronic
transcripti ga14dtidn HRYRE tophiasanl fprestSidlles nueheispeasirdcenol ecul e or WO
2006/ 048459 15 PCT/ EP2005/ 055794 alternatively each one may be present on a
separate ngereiic RYPaFHESuI(8 - IThEN2erihe fasEctGedd” cpatayprcal |y defi ned

as the procesgnsMnd!Sidi®fateliesht 8N PRI ketd 8l eqtalllse crppket,apd a 5
sel ection agent to identify host cells with specific genetic properties
(e.g. that pées¢stikiddldd donthensrh thatmurerousnicogbinedipnsoofts genone).

L 15 clear Lo a; AR S Lhedpblcihee ardnd Nal ARG QUERgRMPLNALT ons of
sel ection narkers are possible. BR&®antT bi oti ¢ at 1s 10 particularly
advant ageoupatienntly; direatagebhe zeorédein,edckiamzee theokebaifzeoci n-R)
acts by bi ndigrg the drug and renderilgg it harm ess. Therefqre it is easy to

titrate theTSRABEFANYY RAAUGhdZeRFINSRERFSS iY PIGAn9l &Pl §78F zeoci n- R

expressi on, a\@i +&ndd+ W NG 1hRemlkdl. Therefore it is easy to

titrate the amount of drug that kills cells with low
levels of zeocin-R expression, while allowing the high-

15 expressors to survive. All other antibiotic-resistance
proteins in common use are enzymes, and thus act
catalytically (not 1:1 with the drug). Hence, the
antibiotic zeocin is a preferred selection marker.
However, the invention also works with other selection

20 markers.

A selectable marker polypeptide according to the
invention is the protein that is encoded by the nucleic
acid of the invention, which polypeptide can be detected,
for instance because it provides resistance to a

25 selection agent such as an antibiotic. Hence, when an
antibiotic is used as a selection agent, the DNA encodes
a polypeptide that confers resistance to the selection
agent, which polypeptide is the selectable marker
polypeptide. DNA sequences coding for such selectable

30 marker polypeptides are known, and several examples of
wild-type sequences of DNA encoding selectable marker
proteins are provided herein (Figs. 26-32). It will be
clear that mutants or derivatives of selectable markers

can also be suitably used according to the invention, and



15 expressors to survive. Al other antibiotic-resistance proteins in
commopn use are enzynes, and thus act catalytically (not 1:1 with the drug).
Hence, the antibiotic zeocin is a preferred selection narker. However, the

invention §g%odeisis W th other selectieon 20 markers. Pcgppsfkadaha narker
pol ypeptide according to the invention is the protein that is encoded by

the nucleic acid of the invention, which polypeptide can be detected, for
i nst ance beeriseheneinreyiiged udedi ¥ithte the HcPpeseifeheoficafent such as an

antibiotic. ‘%%e%%pat%grﬁa%&eragh?gbgﬁfdé,s, uasseqoq]g; gSghection agent, the DNA

encodes a p at ¢ S resistance to the selection agent,
whi ch pol ypepiecablse maerkeel pecbablie narkerll goingpephiade. DNA sequences

coding for such sel ectable 30 marker po eptides are known, ,and, several
exampl es of * % ‘F?f}‘fesﬂ:}ee@gq&é‘%cgg 8?“?)%\1%20%&% eQeF’@cFEBI 8kﬁg$?<%r pr ot ei ns
are provi degehese M Ma@S. paB132htibhs Vad lwdla a6l @@kretiRat ofUEANtSe OF

derivatives of selectable markers can also be suitably used according to
t he i nventi 880 AR RS AGO6Y 62629919 6L RETTEPAIESYG55P92 SqLECERR R ef Or e

included wi thLfe the SeNeQf thhgst BhE 'sSRIEHAN gguaiker pol ypeptide', as
|l ong as the Selectable marker protein is still functional. For convenience

and as genefa¢$isanegt agnlgy vhe ‘skilecedon Rgstsdiresilstaang) publ i cations as

well as herein, often the ene.and ot el n.,encadi.n he resistance to a
sel ection 86%% Wy FSFEES Vtegyésa%ﬁéoueﬁe&ehc a%écgﬁténpamﬁ'erg%&ance) gene'
or “sel e@tibs apefdrdrteSicsiganedl gphet €bding rieapetid yebyeial t hough t he
official nanes_may, 10 be different, e.g ene coding for the protein

, the
conferring FeRteNcHY orer?éi?r’r‘;‘?@l O BSOMBFIN al2§ 31 85ak® CRAAaAPLi n) is often
referred toxagaR@OIWCIiy (JREnSkaREe8red to as neomycin (resistance)

(or neo”) gene, while the official name is aminoglycoside
3’ -phosphotransferase gene.

15 For the present invention, it is beneficial to have
low levels of expression of the selectable marker
polypeptide, so that stringent selection is possible. In
the present invention this is brought about by using a
selectable marker coding sequence with a non-optimal

20 translation efficiency. Upon selection, only cells that
have nevertheless sufficient levels of selectable marker
polypeptide will be selected, meaning that such cells
must have sufficient transcription of the multicistronic
transcription unit and sufficient translation of the

26 selectable marker polypeptide, which provides a selection
for cells where the multicistronic transcription unit has
been integrated or otherwise present in the host cells at
a place where expression levels from this transcription
unit are high. According to the invention the (more or

30 1less) reciprocally interdependent nature of the
translation of the polypeptide of interest from that of
the translation efficiency of the marker, ensures high
translation levels of the polypeptide of interest. This

high level of translation is superimposed on the high



(or neon) gene, while the official name is am nogl ycosi de
3' - phosphot ransferase gene. 15 For the present invention, it is beneficial
to have |low |levels of expression of the sel ectable nmarker polypeptide, so

that stringehhboosisaseti on is possible. 1 the present i pe@iipbdakiodshdeS 1S
brought about by using a selectable marker coding sequence with a

non-optinmal 20 translation efficiency. Upon selection, onl g cells that have
never t hel essrangeiigteipn |levells srlsefed el vmdhieestrpsPgpEpti de will be

sel ect ed, NEaL 6, diAlorAE o8 (9na Ustulalgy ST €hensbr aBSgr i ption of the

mul ticistronic transcription unit and s Icient translation of the 25
sel ect abl e strdmy poingiept iide thehhoht peeld e ardsleettraoncripticrl | s where
the nmultici s%r%i C tlrtansl%rti ti.ontunli,lt pastiobneeun iitnt egrated or otherw se
present in Phe-Nost cel ' $ar 4 pF%c%cvdﬁ%re exrflr egs:i on levels fromthis
transcripti on urtd mNZe nulgltulAececdonditi® tdeHendertentiohhtayeore or 30

| ess) reciprocally, interdependent nature of the translation of the

pol ypept i deth? FHEIEICHIETTE HRE bRe $REPTTHS MarERTePPL¥PEREYID! t he

mar ker, ensypesrdi@hhr tHNSoalihgNsk§¥ehSe Of ot %eoeJon%aE?t_d;aeo&fi nterest.
This high l'evel of translation’is superinposed on the high WO 2006/ 048459
17 PCT/ EP2005t@55594 ta maeyddepfioonal Bykt kst nantiad tiransbyiphewsthi ngent
selection ¢ P L ( r i r f strong pronoter in
t he host ce Egl%%gﬁlll\}gr]ﬁtaeﬁ:?%&:%%??g% Qg%ﬁ{hﬁae&sr?ﬁ]l %lfci%gter oni c transcription
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transcribed RNA) the coding sequence for the selectable
15 marker polypeptide and the sequence encoding the
polypeptide of interest.

According to the invention, the coding regions of
the multicistronic gene are preferably translated from
the cap-dependent ORF, and therefore the selectable

20 marker polypeptide would in principle also be produced in
abundance. To prevent such high translation of the
selectable marker cistron, according to the invention the
nucleic acid sequence coding for the selectable marker
polypeptide comprises a mutation (within the open reading

25 frame (ORF) or in the translation initiation sequences
preceding the ORF, or in both) that decreases the
translation efficiency of the selectable marker
polypeptide in a eukaryotic host cell. The translation
efficiency should be lower than that of the corresponding

30 wild-type sequence in the same cell, i.e. the mutation
should result in less polypeptide per cell per time unit,
and hence less selectable marker polypeptide. This can be
detected using routine methods known to the person

skilled in the art. For instance in the case of



pol ypeptide. Hence, the multicistronic transcription unit conprises in the
5" to 3" direction (both in the transcribed strand of the DNA and in the
resulting transcribed RNA) the coding sequence for the sel ectable 15 marker

pol ypept i dgy@hfshsesesequence encodi ng tthe pol ypepti de @LrjpPidsBahos,
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growth speed (doubling time) of the cells in the presence
of selection agent, combinations of the above, and the
15 1like.

In a particularly preferred embodiment, the mutation
that decreases the translation efficiency, is a mutation
that decreases the translation initiation efficiency.

This can for example be established according to the

20 invention by providing the selectable marker polypeptide
coding sequence with a non-optimal translation start
sequence.

For example, the translation initiation efficiency
of the selectable marker gene in eukaryotic cells can be

26 suitably decreased according to the invention by mutating
the startcodon and/or the nucleotides in positions -3 to
-1 and +4 (where the A of the ATG startcodon is nt +1),
for instance in the coding strand of the corresponding
DNA sequence, to provide a non-optimal translation start

30 sequence. A translation start sequence is often referred
to in the field as ‘Kozak sequence’, and an optimal Kozak
sequence is RCCATGG, the startcodon underlined, R being a
purine, i.e. A or G (see Kozak M, 1986, 1987, 1989,
1990, 1997, 2002). Hence, besides the startcodon itself,



paranmeters that indicate the expression |evel marker 10 pol ypeptide such as,
t he maxi mum concentration of selection agent to which cells are still
resistant, nunber of surviving colonies at a given concentration, growh

speed (douR{dbfehisi® ©Of the cells in 1he presence of sehgeido9issagent .,
conbi nati ons of the above, and the 15 like. In a particularly preferred

enbodi nent, the nutation that decreases the translation efficiency, is a
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efficiency ,of the selectable marker gene jn eukaryotic cells.can be 25

sui tably de?:?e%&e‘%?talé‘@; FORGSES {heSt n&%té% dé\feﬁ%?éft PRGCEREYsP%r t codon
and/ or tfie Roc! &M idiesedtlypFsillibeea by ¢p. x hoardptdmgdhere the A of the ATG
startcodon is nt_+1), for instance in the coding strand of the
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" Kozak sequen , and an “opti mal Kozak sequence iIs t he startcodon
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optimal startcodon (i.e. A!G) .Ln _an opti mal context éi . e, tpe ATG directly
preceded byl B2RRX2GRM AY% F1PEPPBGR IS R § PTRIFFAPIHt BfmF St r ansl ati on

start sequepgst SsefiRbNaeleAcBEnBBYs when scanning from the 5'-
cap of the mRNA (scanning mechanism), and is most
efficient when an optimal Kozak sequence is present (see

15 Kozak M, 1986, 1987, 1989, 1990, 1997, 2002). However, in
a small percentage of events, non-optimal translation
initiation sequences are recognized and used by the
ribosome to start translation. The present invention
makes use of this principle, and allows for decreasing

20 and even fine-tuning of the amount of translation and
hence expression of the selectable marker polypeptide,
which can therefore be used to increase the stringency of
the selection system.

In a first embodiment of the invention, the ATG

26 startcodon of the selectable marker polypeptide (in the
coding strand of the DNA, coding for the corresponding
AUG startcodon in the RNA transcription product) is left
intact, but the positions at -3 to -1 and +4 are mutated
such that they do not fulfill the optimal Kozak sequence

30 any more, e.g. by providing the sequence TTTATGT as the
translation start site (ATG startcodon underlined). It
will be clear that other mutations around the startcodon
at positions -3 to -1 and/or +4 could be used with

similar results using the teaching of the present



sequence that gives at |east sonme detectable translation in a eukaryotic
cell (detectable because the selection marker polypeptide is detectable),
and not having the 10 consensus sequence RCCATGG (startcodon underlined).
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transcriptign-profucty)id sihef in §BhaLEL1 Ry the RS 1bRBS 8bveBsto -1 and +4
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PCT/ EP2005/ 055794 _ i nvent.i qn, can be routin ested by the
person ski | FERRFHARIRD dr”tltlﬂrréoflde OBt LRHFAGS etsC{ GTg;r'rbg‘%f% ﬁ?éf s that the

ATG start cofien, i sr Pl eddinetiva®y- oot Rl tePHexlinf @k tRBASI ation
'nitiation. optimal start codons’). In preferred embodiments, the ATG
startcodon is mutated into a GTG startcodon. This
15 provides still lower expression levels (lower
translation) than with the ATG startcodon intact but in a
non-optimal context. More preferably, the ATG startcodon
is mutated to a TTG startcodon, which provides even lower
expression levels of the selectable marker polypeptide
20 than with the GTG startcodon (Kozak M, 1986, 1987, 1989,
1990, 1997, 2002; see also examples 9-13 herein).

For the second embodiment, i.e. where a non-ATG
startcodon is used, it is strongly preferred to provide
an optimal context for such a startcodon, i.e. the non-

256 optimal startcodons are preferably directly preceded by
nucleotides RCC in positions -3 to -1 and directly
followed by a G nucleotide (position +4). However, it has
been reported that using the sequence TTTGTGG (startcodon
underlined), some initiation is observed at least in

30 wvitro, so although strongly preferred it may not be
absolutely required to provide an optimal context for the

non-optimal startcodons.



5 1n a second and preferred enbodi nent, the ATG startcodon itself of the
sel ect abl e marker pol ypeptide is mnutated. This will in general lead to even
| ower levels of translation initiation than the first enbodi nent. The ATG
st art codon y &, dobeszfcond embodi ment is2imutated into 10 pppfePsiosfR%AN, Whi ch
has been reported to provide sone translation initiation, Tor instance to
GIG TTG CTG ATT, or ACG (collectively referred to hereln as non-
optimal start cAfshgeduenges: ¥ishipdtemnilimsnseaueneeafar atart codon is

nmut at ed i nfﬂﬁrfyééﬁ ﬁear [Xe dggcﬂgmgﬁ%e AT% r'gcloldl3 I | oyer expr ession
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PCT/ EP2005/ 055794 ATG sequences within the codi sequence for a

pol ypept i deSTHAD lcItiifi APy h&PAFe §PAF tRUdImC ngr)ngfered to as “internal

ATtGE and b{:#t‘f@&orﬁr&f ithef PRTGpeptibictde R rnd tRevebaseycodees for
net hi oni ne, e
startcodon of the polypeptide of interest may be, and in

fact preferably is, an ATG startcodon). This can be

15 established by mutating any such ATG sequence within the
coding sequence of the selectable marker polypeptide,
following the startcodon thereof (as is clear from the
teaching above, the startcodon of the selectable marker
polypeptide itself may be an ATG sequence, but not

20 necessarily so). To this purpose preferably, the
degeneracy of the genetic code is used to avoid mutating
amino acids in the selectable marker polypeptide wherever
possible. Hence, wherever an ATG is present in the coding
strand of the DNA sequence encoding the selectable marker

26 polypeptide, which ATG is not in frame with the
selectable marker polypeptide ORF, and therefore does not
code for an internal methionine in the selectable marker
polypeptide, the ATG can be mutated such that the
resulting polypeptide has no mutations in its internal

30 amino acid sequence. Where the ATG is an in-frame codon
coding for an internal methionine, the codon can be
mutated, and the resulting mutated polypeptide can be
routinely checked for activity of the selectable marker

polypeptide. In this way a mutation can be chosen which



5 resulting nethionine in the polypeptide is referred to as an "internal
nmethionine'. It is strongly preferred according to the invention that the
coding region (followi ng the startcodon, not necessarily including the

st art codon)y & ofdkofade0r the sel ectabl e 2earker pol ypept i dgcrhB20856ds@qably is
devoi d of any ATG sequence in the coding strand of the DNA, up to (but not
including) the startcodon of the polypeptide of interest (obviously, the
start codon bfadhedpd ypwaptiedeselerhrelegtanigyr molyaratide thet peferably
is, an ATG co . - Ehi a f.ablq. i g such ATC
sequence w }['nflinf t%%q%og;gngﬁggqEgﬁgrégg‘fg%h\gebgé%g%?&%ggun%? egghg?gpepti de,
fol |l owi ng tiwet stlarde aden lelser eefle(ast j samd ear facemitheoul daehemgbabove, t he
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sequence.  BRETHICT g 28E: TG oyt e FateriG S63c tOPePLFREFS . ¢ he
degeneragy of tHe HRNRINLC i6QEALHESNHSEHe N mMAInd rddfuatreRgntalneh&ei ds in the
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t he sel ect abselengker ansbllgpepnedaret er MG edd yosimitlaretdosuch that the
resul ting polypeptide has, no nutations.in its.internal 30 am.no acid
sequence. VHEF B EH e i TR P aneddbaari & Gey 1Pgr 08 Pt er nal

met hi onite, thése catioto Gavidze arsuyabeads tauh ide-anedatiesg tsubat ed pol ypepti de
can be routinely checked faor activity of the sel ectable marker
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PCT/ EP2005/ 99BdP4:hd eads-H@RnMTUbzt Bdussd eaiahl £ vy kehcAehyBepti de that is
still active as such (quantitative differences may exist,
the present invention, the skilled person may test other

amino acids as well in place of internal methionines,

16 using routine molecular biology techniques for mutating
the coding DNA, and routine testing for functionality of
the selectable marker polypeptide. Besides routine
molecular biology techniques for mutating DNA, it is at
present also possible to synthesise at will (if required

20 using subcloning steps) DNA sequences that have
sufficient length for an ORF of a selectable marker
polypeptide, and such synthetic DNA sequences can
nowadays be ordered commercially from various companies.
Hence, using the teachings of the present invention, the

25 person skilled in the art may design appropriate
sequences according to the invention encoding a
selectable marker polypeptide (with a mutation decreasing
translation initiation, and preferably having no internal
ATGs), have this sequence synthesized, and test the DNA

30 molecule for functionality of the encoded selectable
marker by introducing the DNA molecule in eukaryotic host
cells and test for expression of functional selectable
marker polypeptide. The commercial availability of such

sequences also makes feasible to provide without undue



but those are less relevant, and in fact it could even be beneficial to
have | ess active variants for the purpose 6 of the present invention; the
m nimumrequirenent is that the sel ectabl e nmarker pol ypeptide can still be

sel ected fy4 éJ“F’O&Wr yotic cells). Am@3no acids valine, pbpEBsaikiRre4

i sol euci ne an eucine are structurally simlar to nmethionine, and therefore
codons that code for one of 10 these am no acids are good starting
candi dat es berdsn fiaastsed eictiphanerkér neadiinghseduehicast hackdiyng sequence

after the startcodon..Of [ usy t.he hi .1 he present
i nvention, % eérg a|q1 Ir}\gg Sgﬁggﬁérgr% '?lcllaé;]?e ok}heeﬁ'&elgjm!t&ggaglggé}lgs well in place
of i nternal sempidricaniafeshelselischdon avd ke mulgpepai dbi obogyiseshni ques for

mutating the coq!n ngA, and iouiéne testing for functionality of the
sel ectabl e Haf%et §%1_ eptrda2gesries routine nolecular biology techniques
for nutasing DNy igrdwidahg R 868Dhg asSQudIRESiflilre at @esyBtABSESe at will (if

requi red 20 using subcl oning steps) DNA sequences that have sufficient
| engt h for BHIF RFLyPePEieet ABFSLIAGr koY 1‘g’<ﬂr>’7‘ﬁ‘épﬁ'r§e§eaﬁﬁn§%cht}$‘§/nt hetic

DNA sequenceg, fasl, Jiovadas Bendr deasdh FOMEIPGI Ak  brogyvari ous corpani es.

Hence, using the teachings of the present 1 nvention, the 25 person skilled
in the art ndlyostestgtha@iprapssedt Ehe s éffisicencacoptdmag)t o t he i nvention

di | ect abl K I t ] i t-h tati d i
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encoded sel ectable pmarker by introducing the DNA nolecule in eukaryotic
host cel | sduRHPIQds G0 EhgteS8RoRIBPSIMRT tH1dHalCOREBEEabP S ARr ker

pol ypepti dego Thign & oRSCio iawal Labhbidyi s SUGR s3eduaReesiabso makes
feasible to provide wthout undue WO 2006/ 048459 23 PCTI EP2005/ 055794
that of the polypeptide of interest.
It will be clear that it is not necessarily strictly

16 required to remove all internal ATG sequences from the
coding sequence of the selectable marker, as long as the
vast majority of ribosomes will not use such internal ATG
sequences as a translation initiation start site, for
instance because such internal ATGs usually are not in an

20 optimal context for translation initiation. However, also
in view of the fact that even an ATG sequence in a non-
optimal context gives rise to significant translation
initiation events (in general much higher than from a
non-ATG startcodon in an optimal context), it will also

25 be clear that if several internal ATG sequences are
present in the coding region of the selectable marker,
each of these might subtract a fraction of ribosomes that
start translation at those ATGs, preventing them from
reaching the downstream translation unit encoding the

30 polypeptide of interest, and hence result in less
expression of the polypeptide of interest. This is the
reason why it is preferred to have a sequence encoding
the selectable marker polypeptide, which sequence is free

of internal ATG sequences. Possibly, if desired, the



burden for sel ection marker codi ng sequences | acking internal ATG
sequences, where the wild-type coding sequence of the selection marker
pol ypeptide conprises several such internal ATGs. 5 By providing a coding

sequence f‘iﬁo@oo%ls?@t abl e marker pol ypeptide |acking apyrjgpsds/habeATG
sequence, t chances of inadvertent translation initiation by ribosones

that passed the (first, non-optimal) translation start sequence of the
sel ect abl e patkeroflrifyisppepst tdanal abingbhdwykrediypertddaaPfATG tri nucl eoti de

is dimnishe t i pas I n the first
opti mal trans? |ont"h["[artt%S'éa;]ue%cgﬂ?t?l}g\ﬂir 4n<gyyé %?hégtgﬁ gp% e of
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to renmove a)J] internal ATG.seguenc fro codi ng _sequence of the
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such i ntgrngbl ydéptisRquences as a translation initiation start site, for

i nstance because such internal ATGs usually are not in an 20 opti mal context
for translation $¥failati GRY S6AEGBFS BIRRLNYG AnyitéR 6PdiRE FREEMEhat even an

ATG sequenchet fodn NGy sctl%tdc%ﬁ'onceﬂt ext Qéilé'étarﬂl%emta‘}k@rgﬁha' gaot translation
initiation events (1 n general nuch higher than froma non-ATG startcodon in
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of these ni%ﬁ? ubt ratt” a actl R8Pt bos SEEPECEPandt ati on at
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i i nt erest, and hence result in Iess

encodi ng the 30 po tide of
expression of th %%ﬁvgeﬂﬁidé SHTPRELY eBTeIofHied [aCcOREingek8ohGhy it is
preferred tgrBayg: ai sRAHENGE enaedind tidessalient aklaetmaekaenbel ypepti de,
whi ch sequence is free
the polypeptide of interest comprises an optimal
translation start sequence, i.e. having the consensus
15 sequence RCCATGG (startcodon underlined). This will
result in a very efficient translation of the polypeptide
of interest.
As a consequence of these measures, the reciprocally
interdependent translation mechanism of the invention is
20 provided: ribosomes scan from the cap of the mRNA
containing the multicistronic transcription unit, and a
small percentage of ribosomes will translate the first
open reading frame, i.e. the selectable marker protein,
because this is provided with a mutation decreasing the
26 translation efficiency, while the great majority of the
ribosomes will pass this open reading frame and start
translation at the optimal translation initiation site of
the polypeptide of interest, resulting in low levels of
selectable marker protein and high levels of polypeptide
30 of interest. By providing the coding sequence of the
marker with different mutations leading to several levels
of decreased translation efficiency, the stringency of
selection is increased and reciprocally the expression

levels of the polypeptide of interest go up, so that



of internal ATG sequences. Possibly, if desired, the WO 2006/ 048459 24
PCT/ EP2005/ 055794 ratio of ribosones translating the pol ypeptide of
interest m ght even be further enhanced by nmutating any non-opti mal

potential ty@ghskaldn initiation sites2BMthin the sequepgRpsRSHaGsf OF the
sel ect abl e marker é pol ypeptide. Cearly, any sequence present in the coding

strand between the stopcodon of the sel ectable nmarker and the startcodon
of the pol ypepetdenislg iist @osstibdan €axsilgstrncedasiigged TEh that it does not

compri se ATG SeAURNGe o 07 rk0 SR1BSE; BN 0NN HloRakenta) bhaslation start

codons. d earfy, iI's stron preferre to (he resent

i nvention, tvéay fdwe titarsometsi eildt arénskbaiuenomnmofthishetpokypdphi de of
interest conprises an optimal. translation start sequence, i.e. having the
consensus  15°SBH R & TRUCAYGE L' LBV EEORh TTATAEd " FREs wi i1 result in
a very effigrendin/ aifd aldnee af nibe porimeidyer elliektebast andsat
consequence of these neasures, the reciprocally _interdependent translation
nmechani sm ofhe heaMhvieiftg gimost 2dlprébeeees Middsdressd@éas £R8m the cap of

t he MRNA cog%g%}%&gi&@%mqttie%guoni c transcription unit, and a small
i Wi

per cent age osones translate the first open reading frane, i.e.
t he sel ect abl e nBt ks deminsitratedebeaunsént that ithipr caindbe wsed annat ati on

decreasing the 25 trans|ation efficiency ile.the great ,nmgjority of the
bosones wEFY SRAIAN Rt o LhELERT 1 AMAS «d'S, W8] 1HEPEL i on ot the
opti mal 10 r apsteénitage i idiones thhe ekpréde o wedpidee ide bt er est,
resulting in low levels of selectable narker protejn and higgh | evel s of

pol ypept i de1BECEESE leda 18yehfovPli AgStHRA cddt R§92EdGBNcEDSf the marker
with differepbroasadd onsyd18adivhdihedSeyer e |8/geptide of

interest appear to be significantly higher than those
obtained when an even larger number of colonies are
15 screened using selection systems hitherto known.

In addition to a decreased translation initiation
efficiency, it could be beneficial to also provide for
decreased translation elongation efficiency of the
selectable marker polypeptide, e.g. by mutating the

20 coding sequence thereof so that it comprises several non-
preferred codons of the host cell, in order to further
decrease the translation levels of the marker polypeptide
and allow still more stringent selection conditions, if
desired. In certain embodiments, besides the mutation(s)

26 that decrease the translation efficiency according to the
invention, the selectable marker polypeptide further
comprises a mutation that reduces the activity of the
selectable marker polypeptide compared to its wild-type
counterpart. This may be used to increase the stringency

30 of selection even further. As non-limiting examples,
proline at position 9 in the zeocin resistance
polypeptide may be mutated, e.g. to Thr or Phe, and for

the neomycin resistance polypeptide, amino acid residue



of decreased translation efficiency, the stringency of selectionis
i ncreased and reciprocally the expression |evels of the pol ypeptide of
interest go up, so that WD 2006/ 048459 26 PCT/ EP2005/ 055794 fine-tuning is

possi bl e: fv%zdo?/ﬁls@gbce using a TTG stzgtcodon for the s$elReldoShsshar ker
pol ypeptide, only very few ribosonmes will translate fromthis startcodon,

resulting in very |low |l evels of selectable marker 5 protein, and hence a

hi gh stri ngt®eyonf2éle|axcbogh, makdiurthehds ot atiede (ggoSt 9al WOri bosones
will transl 31?3%%31 pol ypeptide of interest. It is denonstrated herein that
this can be use |r?'a very robust selection system l|eading to a very |arge
10 percent age ofIrc|smes denibadierpktesstt tiee piolygeaptonde aoko-caldedst at hi gh

| evel s, as desired. |n additi o?a tge expressi (a)#tl vel s obtai ned for the

pol ypept i deSBFCCT ML agfe - 2F 5O Hri§ St (N *hSGABFFRan t hose

obt ai neds Whencdi iy &dhd ¥t@et cadehesf ofhs i @smie mb2keer eened using

sel ection systens hitherto known. In addition to a decreased translation

initiation PRIYPREIAs,, WHcBoSPACRE BRENRS Araferalbdy pEodi de for
decr eased t&@g&%ﬁé%% & QAL R %fz%' §t§P€é/ocan e e%%ba%gbgefé@f ker

pol ypepti de, y nmutating the codi ng sequence thereof so that it
conpri ses senenalacgicls, @ref ¢haéddocedonst ofontied rhastseceindariyn order to

further decreasge. the, transl gt | evel s of the marker | ypepti de and
al l ow still SHbPE-&LF | %%oez Q(’sg}gé)@?i’oﬁngo%%‘ﬁ inoonhcs ,anftalaeglgsed. In certain
enbodi NnEMt SseheshcleATdhe Juthatal 8pasrr 26ediricalearedre ukslbd tbansl ati on

efficiency accordi ncge to the _invention, the selectable marker polypeptide

further co‘rcrﬁFF}_é%’é TRASSS dhet !’i&?nﬁéﬂﬁ%%% T L3R tffeSPePﬁ_?é 1€el ect abl e
mar ker pol ypeptieea£amaieltilel 18 prbsedyyPeh (FRUBNAN RROEakThi§90RY be used
to increase the stringency
of the selectable marker polypeptide (e.g. for zeocin,
possibly for blasticidin), and hence increase the
15 stringency of the selection system according to the

invention.

The invention also provides a DNA molecule

comprising the sequence encoding a selectable marker

20 protein according to the invention, which DNA molecule
has been provided with a mutation that decreases the
translation efficiency of the functional selectable
marker polypeptide in a eukarytic host cell. In preferred
embodiments hereof, said DNA molecule in the coding

25 strand: i) has been mutated compared to the wild-type
sequence encoding said selectable marker polypeptide,
such that the sequence ATG is absent from the coding
region following the startcodon of the functional
selectable marker protein up till the stopcodon of said

30 functional selectable marker protein open reading frame;
and ii) has a non-optimal translation start sequence of
the functional selectable marker polypeptide. Features i)
and ii) can again be provided according to the

description above. Such DNA molecules encompass a useful



30 of selection even further. As non-limting exanples, proline at position
9 in the zeocin resistance polypeptide nay be nutated, e.g. to Thr or Phe,
and for the neonycin resistance pol ypeptide, anmino acid residue WO

2006/ 048458y 8 SookleddssP2005/ 055794 182 ¥ 261 or bot h maycipbddshssha Nut at ed
(see e.g. WO 01/32901). In sone enbodi nents of the invention, a so-called
spacer sequence is placed downstream of the sequence 5 encoding the

start codon dhteHeedidter PaodacaprREPTABRY e ptiadd nVigRitéRNspdeeFesequence

preferably b1 8oy RRAUSNES BrLpATBAEL Pl NoyRAIH£Rd00 1280 encoding a f ew

am no acids, and that does not contain a secondary structure (Kozak, 1990),
and does noeukaryatiic thrstlCeddguendetdT@&d Sirh fansytdoerldsyudhfice can be used
to further decrease the.translation_initiati.on _frequen i% secondary
structure i SO dEEREETT THE RRACTRBZBRS 180y &ofAs Vbt cPasFe mar ker

pol ypepts decéelg), fif daddied inpasssbhy-f cfuditastatdivédl mhnnaagd B€nce i ncrease
the 15 stringency of the selection_systemaccording to the invention. The

i nvention aF8% $R1RG RIS MakeroPal YPePt E it h §evhéhe8gh&nce encoding a

sel ectabl e pREkREr 2PN §rRpATEOLIDRN hd1dNAd MRRIARg WBi ehe DNA nol ecul e
has been provided wth a nutaplon t hat decreases the translation efficiency

of the funcipveatieel campslisingatker mpbt ypegfinaid d rransgkapyipe host cell .
In preferregni nbodi ments hereof, said DNA nolecule in the coding 25 strand:
i) has been nutated conpared to the wild-type sequence encoding said

sel ectabb e mar ker pol ypeptide, such that the sequence ATG is absent from

t he codi ng regign follow th startcodgn of .the functiona sglectable
oviae

|
marker protein uptt1yI? HESESF0ASREGE Qhjfie 1nvention to pr

an expression cassette comprising the DNA molecule
according to the invention, having the multicistronic
transcription unit. Such an expression cassette is useful

15 to express sequences of interest, for instance in host
cells. An ‘expression cassette’ as used herein is a
nucleic acid sequence comprising at least a promoter
functionally linked to a sequence of which expression is
desired. Preferably, an expression cassette further

20 contains transcription termination and polyadenylation
sequences. Other regulatory sequences such as enhancers
may also be included. Hence, the invention provides an
expression cassette comprising in the following order:
5’~- promoter — multicistronic transcription unit

256 according to the invention, coding for a selectable
marker polypeptide and downstream thereof a polypeptide
of interest - transcription termination sequence -3’. The
promoter must be capable of functioning in a eukaryotic
host cell, i.e. it must be capable of driving

30 transcription of the multicistronic transcription unit.
The expression cassette may optionally further contain
other elements known in the art, e.g. splice sites to

comprise introns, and the like. In some embodiments, an



30 functional selectable marker protein open reading frane; and ii) has a
non-optimal translation start sequence of the functional sel ectable marker
pol ypeptide. Features i) and ii) can again be provided according to the

descriptio fRusqsdiCh DNA nol ecul es Z&iconpass a usef U \Rp2fdfdsRA8459 27
PCT/ EP2005%§2@§4 ?gﬁt ernedi at e product according to the ?A?\l/)ent?{)n. These

nmol ecul es can be prepared first, introduced into eukaryotic host cells and
tested for iwpeen odrldnepenitobehindet heirkearptay andsbefenepbBsi bl e in

prokaryotic tom esl i {3800, LtaLti ve manner, of
t he sel ect a%?@n%%%?éﬁﬁly efﬁplgdgéi%ﬁ%%/&né;y then %ggg}?gﬂ_'%g%'used to prepare
a DNA nol ecul e dbxarbdiarigy eaptrbkesionveftmorleicompridsisegueheesul tici stronic

transcription unit. 10 It is a.preferred aspect of the.invention to provide
an- expr eos GReRSE R ador Lt 18 PREL CROCHD o Feead ks iF g Po t he
invention, PRy the tnddqueinsbi0Bhfabld s (riRtiingn sught . Such an expression
cassette is useful 15 to express sequences of interest, for instance in host
cel|'s. An " exXPressigh cadsdet dungsipaall hekidthed $oathguereleiaci d sequence

conprising gtikhe LR HinfURRL T 9RGd M | I cliggaigequence of which
expression ?sl dsgés(%l%eég Pr ef eréBIBy, anlgexpressi on cassgt tle further 20
cont ai ns t r aasenhindrgn nuelgiicagicdd notepolgamdmpddinigon pgegeéncés. O her

regul atory seguences Sucll.as cHARer s, Ihy: Alsapednckyged. Fence, the
invention p Ides an ‘expression casketie conprising’in the foll ow ng
order: 10' - eppoeddBdn -caiddtitel gbmpnises ramactiptiisaroniict 25 according to the

i nvention, coding for, a selectable marker polypeptide and downstream

thereof a pbFyPRPIiRfeObfift-ef8sgereTdhnsdts U LeEr SEAREPER 38quence - 3' .
The placed upstream of the sequences that should be

expressed. Much used expression vectors are available in
the art, e.g. the pcDNA and pEF vector series of

15 Invitrogen, pMSCV and pTK-Hyg from BD Sciences, pCMV-
Script from Stratagene, etc, which can be used to obtain
suitable promoters and/or transcription terminator
sequences, polyA sequences, and the like.

Where the sequence encoding the polypeptide of

20 interest is properly inserted with reference to sequences
governing the transcription and translation of the
encoded polypeptide, the resulting expression cassette is
useful to produce the polypeptide of interest, referred
to as expression. Sequences driving expression may

26 include promoters, enhancers and the like, and
combinations thereof. These should be capable of
functioning in the host cell, thereby driving expression
of the nucleic acid sequences that are functionally
linked to them. The person skilled in the art is aware

30 that various promoters can be used to obtain expression
of a gene in host cells. Promoters can be constitutive or
regulated, and can be obtained from various sources,
including viruses, prokaryotic, or eukaryotic sources, or

artificially designed. Expression of nucleic acids of



pronoter nust be capable of functioning in a eukaryotic host cell, i.e. it
nmust be capable of driving 30 transcription of the nmulticistronic
transcription unit. The expression cassette nmay optionally further contain

other el engibSockipaMky in the art, e.g. 2plice sites to GeFRPhREdsHs ONS, and
the like. I'n some enbodi nents, an WO 2006/ 048459 28 PCT/ EP2005/ 055794

intron is present behind the pronoter and before the sequence encoding the
sel ect abl e hBErkEgsthEapH&st ifgem Fhe obt binrelexgfiodwdiegn osf dagéveteveaci d

sequences _efoadl NG DIOLE n bhel Sl he IR Johot BOSRSKE! I ed in 5 the art

t hat sequences cap riving suth expression, can be functionally
i nked to tkkawfredrel 200401.d Seegueat bskerwodiny much msetepmpmoegusti ng in
reconbi nant _nucl ei ¢ aci d nol ecul es ﬁncodi rot.ein_in gégressible

format. In fhe PRAEH I hVEnEPSRTYPhEC 158 ?Cé‘?lrdr?ec%%f’ Bonprises a

mul tici sgropkgivdd afsdil alrueRsynshich | &s e At irdshe epgQmeher Esgquence s
pl aced upstream of the sequences that should be expressed. Mich used
expr essi on DECTRFRL arRF ergbPerinedt feom gy tamegalond rgepilEM4ihd pEF vect or

series of 1g,Lpvid rtqgeercmpmdaa@ep&fg/g(%ﬂgggl%ao%%&e%@%erpw- Scri pt

from Stratagene, etc, which can be used to ain suitable promoters and/or
transcri pti ba hergimaorthes §fiieprenotenl yiobiwjuaides fogndnshantéke. \Were

t he sequence_encodi t-he .pal ti interest 4.s p y inserted
W th refere%ﬁ%mf%gggguenggggoégngngﬁaﬁ$$é¥%réh%%%%b?ﬁ%ﬁ g%ﬁ?%banslation of
the ent@dedipesypeptswd) t(pasr esublj NYI&XPr esri amecdd&et.t Guisablseful to

produce the pol ypeptide of interest, referred to as . expression. Sequences

driving expPESBPERF iR R liSec PGdEeprBRDt BFYY SHIREYOHS SRA1EneSPFRe, and
ConbinatiOngstQgﬁﬁgiloéﬂﬁ%ﬂ%i%hQM&g B?oﬁé%@ggﬁééyongation factor 1la

(EF-1a) promoter (Gill et al., 2001), ubiquitin C or UB6
promoter (Gill et al., 2001; Schorpp et al, 1996), actin

16 promoter, an immunoglobulin promoter, heat shock
promoters, and the like. Some preferred promoters for
obtaining expression in eukaryotic cells, which are
suitable promoters in the present invention, are the CMV-
promoter, a mammalian EFl-alpha promoter, a mammalian

20 ubiquitin promoter such as a ubiquitin C promoter, or a
SV40 promoter (e.g. obtainable from pIRES, cat.no.
631605, BD Sciences). Testing for promoter function and
strength of a promoter is a matter of routine for a
person skilled in the art, and in general may for

25 instance encompass cloning a test gene such as lac?Z,
luciferase, GFP, etc. behind the promoter sequence, and
test for expression of the test gene. Of course,
promoters may be altered by deletion, addition, mutation
of sequences therein, and tested for functionality, to

30 find new, attenuated, or improved promoter sequences.
According to the present invention, strong promoters that
give high transcription levels in the eukaryotic cells of

choice are preferred.



functioning in the host cell, thereby driving expression of the nucleic
aci d sequences that are functionally Ilinked to them The person skilled in
the art is aware 30 that various pronpoters can be used to obtain expression

of a gene iyWohRehi® | S- Pronoters candde constitutive gprppa@sibatad, and
can be obtained fromvarious sources, including viruses, prokaryotic, or

eukaryotic sources, or artificially designed. Expression of nucleic acids
of WO 2006/ 048450 ZRHEiNERPYOILNSEYD, a |fNfemedecd$ BECPEEENYhEC nat ur al

t ' YA : tiyel el t
pr onbt er Ortégzg;iﬁ’ dtion H@e%%% 8k %r\‘r?r%%ctﬁ&,e% g ely SRSLRE Gl 0gQUs Promot er

(Kauf man, 2 . Some well-known an used “pronbters for expression in
eukaryoti c vettersagr iessijyolet masipubered dyy fmedimodisr wséd, ksoeh as

adenovirus, . e.g. the E1A I ter, , pronoters derived from cytonegal ovirus
(W), sucho a81% RETARP 1hiddCa 6P eEPF AT TR GRSt 6PF( FBPEFPER DY her ei n
as the GW geordied )tdoledingalbpablé 6AStapICieatfildmipc PNAkakpyticogen),

pronoters derived from Siman 10 Virus 40 (Sv40) (Das et al, 1985), and the
like. SuitaPPd/ OproHRBEICasealso bR 3P f MeMYe YREEPEE €2Rel | s, such

as net hal | oghj-00€i p {Mh)n RHRMLSRSor el 9onatd PudAckr rlragmbkE-12a) pronoter
(Gl et al., 200T), ubiquitin Cor UB6 pronoter (GIIl ét al., 2001

Schorpp et therdaHos) beacrsed fo¥ pranpfermatyirn mfusdhsakin pebdhdter, heat
shock promotegs,; pnd Lhe rja't:éle'insg 1%&?%( gada;tpcf %%%toeft%ef LnoRBL NI Ng
expression Irn eu aryd{lg'ce S, Irch are ur'tabl e promotfers in the present
i nventi o, auehtdel BW-rguudniner inastaibial hast Hellal pbappieimgethe a

manmmal i an 2Q ubi quitin pronoter ,such as a ubiquitin C pronbter, or a SV40
pr onot er (egﬁglfﬁﬁeﬂqéhﬂ¥§'ﬁFﬁﬁmﬁPRE%?lEaQ?QRﬂe' 631605, BD Sci ences). Testing

for pronoter funeddwuhtBnthalskkerathioh Syl pNAAmBREERIeSTih0uUtine for
a person skilled in the art, and in general may for

the form of a recombinant plasmid or a recombinant viral
genome. The plasmid or the viral genome is introduced

16 into (eukaryotic host) cells and preferably integrated
into their genomes by methods known in the art. In
preferred embodiments, the present invention also uses
these types of DNA molecules to deliver its improved
transgene expression system. A preferred embodiment of

20 the invention is the use of plasmid DNA for delivery of
the expression system. A plasmid contains a number of
components: conventional components, known in the art,
are an origin of replication and a selectable marker for
propagation of the plasmid in bacterial cells; a

25 selectable marker that functions in eukaryotic cells to
identify and isolate host cells that carry an integrated
transgene expression system; the protein of interest,
whose high-level transcription is brought about by a
promoter that is functional in eukaryotic cells (e.g. the

30 human cytomegalovirus major immediate early
promoter/enhancer, pCMV (Boshart et al., 1985); and viral
transcriptional terminators (e.g. the SV40
polyadenylation site (Kaufman & Sharp, 1982) for the

transgene of interest and the selectable marker.



25 instance enconpass cloning a test gene such as lacZ, |uciferase, G-P,
etc. behind the pronoter sequence, and test for expression of the test
gene. O course, pronoters may be altered by deletion, addition, nutation

of sequencgpgbfsghRssy and tested for fainctionality, to 3Erfgebis a4
attenuated, or inproved pronoter sequences. According to the present

invention, strong pronoters that give high transcription |evels in the
eukaryotic cel | sSThe vasi@irc &@sgdecpheberary. vagboxotbat48559udbable

PCT/ EP2005/ 055790 1} il 3k EAROILERTYS w b PYALTRLERUL s BEegrdipg to the
e.g. ap )

invention is part of Ja vector, asm uch vectors can easily be
mani pul at eda byueletiwassivelolf Kntoenest o When perssorcedlisl bed medlihetart, and can

f i nst be 5. desi d,f bei bl e .of | i,cat i ' k ti
and/ or _eukaF JRTELCAE TRF Qi PPOROT niy? deX6PSCARS JFFERELy or in the

form of § sohateehdleisidlgd fthagkentorthey edd e kpiseadlfigr transformation of
eukaryotic cells and wll integrate in whole or in part into the genone of
10 such cel FePli@akiRg V¢S Tst abl e host cells conprising the desired
nucleic acid in their genone. Conventional expression systens are DNA

nol ecules in the formof a reconbinant plasm d or a reconbinant viral
genone. The pl asHi diowided wiepakegeaved that mhrodaddd ssSriatvréeukaryotic

host) cells_and preferahly integrated,. int.o t.heir _gen ods known
in the art.a?% Opr%ﬁef §%§%§§68dgﬁﬁnf%} %%é?ﬁﬂ%ﬁggn %ﬁngg%?Pgﬁcgfégeuses

t hese t ypeserpr&EMNA ol Wrasisyendel inesukdsydtiy @edds t(eagsgene expression
system A preferred enb digg%t of éo the jnventign is the yse of plasm d DNA
for deli vethb'Feli“’héateﬁﬁT'e 0 - s 7 8¢ AP LI i SEHAT S 6%PEPRS 18 nunber  of

conponent s: uk PY e ¢ BN C AP RAENE Bve KLY Fdirnt MAA bf adke18Bt96h gi N Of
replication and a sel ectabl e marker for

system with a rather rigourous selection regime. This
generally requires high transcription levels in the host

16 cells of choice. To increase the chance of finding clones
of host cells that survive the rigorous selection regime,
and possibly to increase the stability of expression in
obtained clones, it will generally be preferable to
increase the predictability of transcription. Therefore,

20 in preferred embodiments, an expression cassette
according to the invention further comprises at least one
chromatin control element. A ‘chromatin control element’
as used herein is a collective term for DNA sequences
that may somehow have an effect on the chromatin

25 structure and therewith on the expression level and/or
stability of expression of transgenes in their vicinity
(they function ‘in cis’, and hence are placed preferably
within 5 kb, more preferably within 2 kb, still more
preferably within 1 kb from the transgene) within

30 eukaryotic cells. Such elements have sometimes been used
to increase the number of clones having desired levels of
transgene expression. The mechanisms by which these
elements work may differ for and even within different

classes of such elements, and are not completely known



propagation of the plasmd in bacterial cells; a 25 sel ectable marker that
functions in eukaryotic cells to identify and isolate host cells that carry
an integrated transgene expression system the protein of interest, whose

hi gh-1 evel Wé%%/ﬁzfshﬁtion i's brought abgaut by a pronot epcihpiookfsshd4nct i onal
I n eukaryotic cells (e.g. the 30 human cytonegal ovirus major I nmediate early

pronot er/ enhancer, pCW (Boshart et al., 1985); and viral transcriptional
t er m nat or sf¢e. @l thwwesved spehyadengntg i dlowsves, ( gaghnahereSharp, 1982) for

t he ”ansglg%ge?g%eérgt&’ers%srtib%? BH@ §8J:etgr§a@34uerp’5%k%ﬁf- ttﬁ\gt 6706048459 31

PCT/ EP2005/ he vector "used can ny “vect or 'S surtable for
cl oni ng DNAiavehtirat cdeomaeinsednfool tebemsartisptaren chbsea fiuchetice aci d of
interest. Wen host cell.s are used,it is ferr tgat Ehe vector is an
|t o0 at | ngTCRE GRONESKIDGT a: POBFYY PheS VAR Ay hUNERE P ELTAT | y
replicatg ng(MBRé AR (es g kiyvappeeca Bt exbdthatweclngoaibeost woct ure and
ot her epigenetic control nechanisns may influence the 10 expression of
transgenes R0 Rirc ioslateesg (Wept (ot S ret?082) s60%) 2sThee

mul ti Ci St r 0Pk Ly EYIBIETS iR u1uRblS c2EROAEI Y tifsd G iAKeRhigRehOr M part of a
selection systemwth a rather rigourous selection reginme. This generally
requi res hipatarabszin gidcors)l,eeebs Bast hearntbdthelFikel [(s.gf €henge. To

i ncrease the_chan figadin Qne of .host l,S a hve the
ri gorous se?%c?fbﬁf%ggi r%eg%q’aﬁgi%bné‘&%?ygcfhoec}slrfc?@agslé %“Eebé?gé?‘?%{ty of
expressi®n wWo 96h14390%ed wd ang92568, wid | 2@enaalda2)he apubliquabbaest o i ncrease

the predictability of transcription. Therefaore, 20 in _preferred enbodi nents,

an expr essi SAT B (PG ~ARAG E o (PHREY nEW QR BIPr hBP conpri ses at
| east one ghyongdo N WP /l990BETERD. 02Y 0 ST WIBL idh L ARkACkeBLE5EHE

sequences (also referred to as ‘STAR’ sequences) (Kwaks et
al, 2003; WO 03/004704). Non-limiting examples of MAR/SAR
15 sequences that could be used in the current invention are
the chicken lysosyme 5’ MAR (Phi-Van et al, 1990) or
fragments thereof, e.g. the B, K and F regions as
described in WO 02/074969); DNA sequences comprising at
least one bent DNA element and at least one binding site
20 for a DNA binding protein, preferably containing at least
10% of dinucleotide TA, and/or at least 12% of
dinucleotide AT on a stretch of 100 contiguous base
pairs, such as a sequence selected from the group of
comprising the sequences SEQ ID Nos 1 to 27 in WO
25 2005/040377, fragments of any one of SEQ ID Nos 1 to 27
in WO 2005/040377 being at least 100 nucleotides in
length and having MAR activity, sequences that are at
least 70% identical in nucleotide sequence to any one of
SEQ ID Nos 1 to 27 in WO 2005/040377 or fragments thereof
30 and having MAR activity, wherein MAR activity is defined
as being capable of binding to nuclear matrices/scaffolds
in vitro and/or of altering the expression of coding
sequences operably linked to a promoter; sequences chosen

from any one of SEQ ID NO: 1 to 5 in WO 02/074969,



as used herein is a collective termfor DNA sequences that may sonehow have
an effect on the chromatin 25 structure and therewith on the expression
| evel and/or stability of expression of transgenes in their vicinity (they

function iy and hence are placesB preferably w tBq/g zdﬁgossmre
pr ef er abl ywv&)t 0§/048§ still nore preferably within 1 kg ?rom

transgene) within 30 eukaryotl c cells. Such el enents have soneti rres been
used to inEragmanttshe hamyeensf o€l amgsormvdih$EQedDr ¥8:1 évebsSoin transgene

expression. It}ﬁmap@sry %]rﬁ plgvmggcmﬁhg(‘sﬁel apn%gégg\qggg gfil%tdég er for and

even W thi n d erent asses of such e are no letely
known WO 2086/ D859 032 iBERLER2 00 5h 0o Beb t ifder saalqbeh;zpe‘sooangucﬂre el errent S.

b esent § nobrt ST Ao h Sontr B G4 e Bt cengbaRch BRFERRE or oup
consi stigsg ghd Mving MARSGathioldyat s aghvmids r@@sens f2onVBRS/ BARM: (e. g.

Phi -Van et al, 1990; V\002/074969 WO 2005/ 040377), insulators (Wst et al,
2002) such hs2RhSEDSHNY:0Bi Ani NOUEAR M0 Wfenttupstingalof the chi cken

bet a- gl obi ngl ts $ored®S and@8dqhdscdd k& i %t ¢hung g4 al, 1993, 1997;
Kel  um and Schedl, 1991; WO 94 23026, 10 WO 96/ 04390, V\D 01/ 02553, WO

2004/ 027072} dexmt its lquitegeso. chr onat 1 imbiplrg reg<aeipel|eentf (LEDERtO MO 00/ 05393,

WO 02/24930, WO 02/ Q%HR:?C %2/ 099(2703 and anti - Rressor. .
sequences(af%% T r s SFTARC §3re(sl‘3\7\1/§k ETEAPT 2903; wWo

03/ 004708) . a Nodqbd g Iﬁ]@temﬂikaSleS%R'lﬁAR) 115 oS:'EWEDEDQ¢S2BBat coul d be used
in the current jnvention are_ the _chicken |ysosyne (Phi-Van et al,

1990) or f YR gk c&mPlesg ot HeCks ti@%{:nd:olﬁlt‘je&ieo%egslnd%]%%rl bed in WO
02/ 074969) ; %&@Wﬁ&oﬁgé'§ HeRtes | &35l tRe 1hert gPMNAsebegrat and at

| east one blndlng site 20 for a bi ndi ng 'protein, préferably containing
at | east 7 of WO 02/24930, functional fragments thereof and
sequences being at least 70% identical thereto while
16 still retaining activity; sequences comprising SEQ ID NO:
28 of US 2005/181428, functional fragments thereof and
sequences being at least 70% identical thereto while
still retaining activity.
Preferably, said chromatin control element is an
20 anti-repressor sequence, preferably chosen from the group
consisting of: a) any one SEQ. ID. NO. 1 through SEQ. ID.
NO. 66; b) fragments of any one of SEQ. ID. NO. 1 through
SEQ. ID. NO. 66, wherein said fragments have anti-
repressor activity (‘functional fragments’); c) sequences
260 that are at least 70% identical in nucleotide sequence to
a) or b) wherein said sequences have anti-repressor
activity (‘functional derivatives’); and d) the
complement to any one of a) to c). Preferably, said
chromatin control element is chosen from the group
30 consisting of STAR67 (SEQ. ID. NO. 66), STAR7 (SEQ. ID.
NO. 7), STARY (SEQ. ID. NO. 9), STAR17 (SEQ. ID. NO. 17),
STAR27 (SEQ. ID. NO. 27), STAR29 (SEQ. ID. NO. 29),
STAR43 (SEQ. ID. NO. 43), STAR44 (SEQ. ID. NO. 44),
STAR45 (SEQ. ID. NO. 45), STAR47 (SEQ. ID. NO. 47),



10% of di nucl eotide TA, and/or at |east 12% of dinucleotide AT on a stretch
of 100 contiguous base pairs, such as a sequence selected fromthe group of
conprising the sequences SEQ ID Nos 1 to 27 in WD 25 2005/040377, fragnents

of any one ya yoakpdshds Nos 1 to 27 in V¥a 2005/ 040377 bei pgraprdosasshosl00
nucl eotides 1n length and having MAR activity, sequences that are at | east

70% identical in nucleotide sequence to any one of SEQID Nos 1 to 27 in WO
2005/ 040377SBARG¥ a@ifsht SDt-h&PeoflBO @nde HawiaidomarR feappeny, Ofherein MAR

activity is [ i.ng a | ndi n
matri ces/ sc%?f{o E[J’Esiq’el ns‘:v:%te"lrlc'z)l g?\%?orpé%f&gﬁ%e'r icyr?g%t %grggg#gggll%n of coding
sequences opesfdined ienbedimens, ppahdt FTAR ssuemces ich8%5a8R 6 r ¢8E@nNny one of

SEQ I D NGO tﬁ$§ ié%QND 02/%749%9 %é;f006/0%§459 33.PCILEP2005/055794
fragments ofPamy orf®)ofTafy TORESPBET 139" £1t S5 RS WF 02/ 074969 and
havi ng MAR ekéiant y, IrseRueRcasprbatraé@ emtfodiersits]/0%¥radenti 6alain

nucl eoti de sequence to any one of SEQID NO. 1 to 5 in W 02/074969 or
fragment s tBergetomnly fragagntg ornieatY#vivs theggedndesPeRdsaANedom SEQ I D

NO 1 and +NG s 2 ipr}OmQt_gQOééngrlq)gﬁ]xegrltgg%tiiognglf theagments thereof and

sequences belng at |east 70% identica eto. Anon-limting exanple of
i nsul at or wselukricesrartiat teenlsdrbptigedunit + He ptésenpreficenedon is 10 a

sequence that, ¢ ri.ses . SEQ ID of /02553, _ Nan-Linpijng exanples
of UCCES th%?b%%ﬁedltbsé t}s%éedef{ﬁrg%}o%r%%esn%ensvgﬁgﬁogrqlgge 8215]%éences depi ct ed
in Figures 2nadtkioh ofra®102k24930, bbtincs idarlbyf magreaks vher entiand
sequences bei ng at least 70%identical thereto while 15 still retaining

activity; sEERENTEY HP"S™g SEQ ID NO 28 of US 2005/ 181428, functional
fragments ther eofeqiithc 3 H40N6QS aReh NBepled S lactA¥iitgerki aakdt hereto while

still retaining activity.
herein are sequences that are capable of at least in part
counteracting the repressive effect of HPl1 or HPC2

15 proteins when these proteins are tethered to DNA.
Sequences having anti-repressor activity (sometimes also
referred to as anti-repressor sequences or anti-repressor
elements herein) suitable for the present invention, have
been disclosed in WO 03/004704, incorporated herein by

20 reference, and were coined “STAR” sequences therein
(wherever a sequence is referred to as a STAR sequence
herein, this sequence has anti-repressor activity
according to the invention). As a non-limiting example,
the sequences of 66 anti-repressor elements, named STAR1-

25 65 (see WO 03/004704) and STAR67, are presented herein as
SEQ. ID. NOs. 1-65 and 66, respectively.

According to the invention, a functional fragment or
derivative of a given anti-repressor element is
considered equivalent to said anti-repressor element,

30 when it still has anti-repressor activity. The presence
of such anti-repressor activity can easily be checked by
the person skilled in the art, for instance by the assay
described below. Functional fragments or derivatives can

easily be obtained by a person skilled in the art of



Preferably, said chromatin control elenent is an 20 anti-repressor sequence,
preferably chosen fromthe group consisting of: a) any one SEQ ID. NO 1
through SEQ ID. NO 66; b) fragments of any one of SEQ ID. NO 1 through

SEQ I D. NQoSeowhey €i n said fragmentd have anti represg@fpafabhishdsy
('functional fragnents'); c) sequences 25 that are at least 70% i denti cal

in nucleotide sequence to a) or b) wherein said sequences have

anti - r epr esBeleqetady iniplogunbyi shart ey i With vegiyvenaaatdy the conpl enent
to any one refer y i in d el enent is
chosen fromg(tg%gg%%%u;s}e?ﬁ)ugggﬁs'i gg ihngagfﬂ%ﬁ\%%q@tédz a?%.@tt%l%bs%), STAR7 ( SEQ
ID. NO 7)sulSTARUYISER, [iDvek©iod}, aSTARIY I(i3EQ (skeb. eN@. WP), STAR27 (SEQ
ID. NO 27) (SEQ,. 1D, .NO, .2 STARA3 ( SEQ_.I.D, . _43), STAR44
(SEQ 10 NI T R el o @G0T SEART P LSRR TPD, NO. A7) WO
2006/ 0483159 c3sp P(Fé £RAM10057 F4omSIAREE {Qed, DwhiGh G64h, ber a functi onal

fragment or derivative of said STAR sequences. In a particul arlé preferred
embodi ment , £QBRY WA JddfudmON N @NEFARERTS I SeqUSNCRS, PE6eblods f unct i onal

fragment orygderh Viah i MR Sdheneekilhadces taid el @led .gnbpdi ments, STAR 67
or a functional fragment or derivative thereof is positioned upstreamof a
pronot er dr P97 %@t B edisinme,othehpreaant i thantginc encgneasspsi on unit. In

ot her prefe odd t .h i tt rdiag to the 10
i nvention a%‘tég &N eﬁo%ot%ﬁltéi gg?‘g)&/gg’[s ?%Eget%scze%é g’?lltegféggeg%ggsor
sequenc®¥0 Ségagmemeiss hehdldg haviel anepressoes st iadttiwiay .ugéd herein are

sequences that are capable of at |east in%rgart countera tillggﬁ he repressive

ef fect of HF’?LY%?t Z4B STECEPAS SRR RS TRESE Hrioti 7S ®af red to DNA.
Sequences haggngdamticd AL TSR caeiHYi s¥qiSFRIHdITRS id $S@quences

having anti-repressor activity or to functional fragments
thereof having anti-repressor activity, as long as these
15 sequences that are at least 70% identical still have the
anti-repressor activity according to the invention.
Preferably, said sequences are at least 80% identical,
more preferably at least 90% identical and still more
preferably at least 95% identical to the reference native
20 sequence or functional fragment thereof. For fragments of
a given sequence, percent identity refers to that portion
of the reference native sequence that is found in the
fragment.
Sequences having anti-repressor activity according
25 to the invention can be obtained by various methods,
including but not limited to the cloning from the human
genome or from the genome of another organism, or by for
instance amplifying known anti-repressor sequences
directly from such a genome by using the knowledge of the
30 sequences, e.g. by PCR, or can in part or wholly be
chemically synthesized.
Sequences having anti-repressor activity, and
functional fragments or derivatives thereof, are

structurally defined herein by their sequence and in



referred to as anti-repressor sequences or anti-repressor elenents herein)
suitable for the present invention, have been disclosed in W 03/004704,
i ncorporated herein by 20 reference, and were coi ned "STAR' sequences

therein (Wi§hfypissd Sequence is refer3ékd to as a STAR spgiRSosshar ei n,
this sequence has anti-repressor activity according to the invention). As a

non-limting exanple, the sequences of 66 anti-repressor elenents, naned
STARL 25 652ddblelapay®y doarGdpnahly STRRERd &% Sss8rEEd ABLBIN as SEQ | D.

NCB. 165 agh B0:cd eaaRal LRl ¢ O CRE NG dh Gl BYRIhEAN: n tiicti onal
fragnment or erivative of a given anti-repressor elenent 1s considered
equi val ent &ssanidksuntibedepedswor el enent, 30 when it still has

anti-repressor algr'gi Vity. '(I':rée Rresence .pfe sruch arnti Lhepressor activity can
easily be checke %yse perh SAREKAT T B TRF TS art, #8FYi nst ance by the
assay descatbeting aw thengtregsak inegneidrs souder atalle¥es ban easily be
obt ai ned by a person skilled in the art of WO 2006/ 048459 35

PCTI EP2005/ 82BF0ke Mol RaYyingi 5R8g¥OL B % iuned iRned a5§PVehsafit i -

repressor SREUENLSH4 AN NBleiRd ), eﬁhé&gpo@é@é iH%in BYbstitutions,
inversions and the like (see"e.g. WO 03/004704). A funcCtional fragnment or
derivative atSerénanpri ses orthol ogs from ot her species, which can be

found using the I!ﬂ]? ANt i~of €K 8SS 1( known by the

person skilled in e U;‘% o(ssgglggg%%é gg; %627%63%}5%%?2 t he present

i nventi bh ehcanpfesses] Wirtdgrmbet pTet-0he plHiridpCdsntecheyliéftes) wherein
nts still have a fessor ac}%_i Vi t The _ invention al so

cnconpassee BU LR THIE 2FaTaEnFaaLEs 5 0HoT AT o HACPBot | de
sequence t Opsatéli s eEBIAGes nghdheNde AR DNA SPIRESQY dRelalivi Bdoehto functi onal
fragments thereof having anti-repressor activity, as | on% as these
coding region of either HP1 or HPC2 (Drosophila Polycomb
group proteins that repress gene expression when tethered
15 to DNA; the assay works with either fusion protein) under
control of the Tet-0ff transcriptional regulatory system
(Gossen and Bujard, 1992). These cells are referred to
below as the reporter cells for the anti-repressor
activity assay. A reporter plasmid, which provides
20 hygromycin resistance, contains a polylinker sequence
positioned between four LexA operator sites and the §V40
promoter that controls the zeocin resistance gene. The
sequence to be tested for anti-repressor activity can be
cloned in said polylinker. Construction of a suitable
25 reporter plasmid, such as pSelect, is described in
example 1 and Fig. 1 of WO 00/004704. The reporter
plasmid is transfected into the reporter cells, and the
cells are cultured under hygromycin selection (25 pg/ml;
selection for presence of the reporter plasmid) and
30 tetracycline repression (doxycycline, 10 ng/ml; prevents
expression of the lLexA-repressor fusion protein). After 1
week of growth under these conditions, the doxycycline

concentration is reduced to 0.1 ng/ml to induce the LexA-

repressor gene, and after 2 days zeocin is added to 250



15 sequences that are at |east 70%identical still have the anti-repressor
activity according to the invention. Preferably, said sequences are at
| east 80% i dentical, nore preferably at |east 90%identical and still nore

preferably vab 2408884500 °% i dentical to t3r reference nati yerg@rpepssesce or
functional tragnent thereof. For fragnents of a given sequence, percent

identity refers to that portion of the reference native sequence that is
found in thed/m}agientceldsqgaerceslhnyedgiemtd WeeksessoitidcEnity according

25 to the ig(}f'r?@fc%frhﬂ S C{Qﬁghﬁ?gc?&d"@{ﬂﬁjﬁn ?%%%rtegcnd udi ng but not

limted to the cloning fromt uman genone Or °f t he genone of anot her
organi sm opladsmidyr i.enstlackéngnpl clgned droiwmreprieissogpsegsencseifmences

directly from su a genqne by.using the know edge of e _30 sequences, e.g.
by PR " or B POty i Ky ThEY BRI By eRe St S8 o RetvEnces
havi ng amt i pl&§hiassahaacvidl pyromabdr fsintdpanaled bygkBBt Se@A-derivatives

thereof, are structurally defined herein by their sequence and in WO
2006/ 048459F 8B I EFISI0PSPE21na8b2E | bh et emasciticohirl e88f i ned as

sequences ha%épgti@@tgi-ﬁe%er%%gﬁtilﬁgi ¥h tins e r@N JRecdgt ermined with the
assay described below. Any sequence having anti-repressor activity 5

accordi ng t exphesprasdm supheseilda Shosheviie |zepstinhselegpabhe. ok surviving

the foll ow ional S 470 i ncor por at ed
her ei n by rgg‘ﬁlfééjlg(%e é]s'a t?%a%nQé—p%gﬁogg%g%ﬁ%ﬁﬁg%ggpggeég?abI y 10
transf et® edpwesdnt hinyeredi-oof fifpl ahahds4 T ssdeind€l 620-cApnedndnwithd nucl ei ¢

aci 4 encodi ng, & Lex LSpTGRsULolUsLon; RLOLE! LEOUALDNY Lhe, LexA DNA

survive the 5 weeks selection under zeocin. Cells from
such colonies can still be propagated onto new medium
containing zeocin after the 5 weeks zeocin selection,

156 whereas cells transfected with reporter plasmids lacking
anti-repressor sequences cannot be propagated onto new
medium containing zeocin. Any sequence not capable of
conferring such growth after 5 weeks on zeocin in this
assay, does not qualify as a sequence having anti-

20 repressor activity, or functional fragment or functional
derivative thereof according to the present invention. As
an example, other known chromatin control elements such
as those tested by Van der Vlag et al (2000), including
Drosophila scs (Kellum and Schedl, 1991), 5’-HS4 of the

25 chicken P-globin locus (Chung et al, 1993, 1997) or
Matrix Attachment Regions (MARs) (Phi-Van et al., 1990),
do not survive this assay.

In addition, it is preferred that the anti-repressor
sequence or functional fragment or derivative thereof

30 confers a higher proportion of reporter over-expressing
clones when flanking a reporter gene (e.g. luciferase,
GFP) which is integrated into the genome of U-2 0OS or CHO
cells, compared to when said reporter gene is not flanked

by anti-repressor sequences, or flanked by weaker



codi ng region of either HP1 or HPC2 (Drosophila Polyconb group proteins
that repress gene expression when tethered 15 to DNA, the assay works with
ei ther fusion protein) under control of the Tet-Of transcriptional

regul at ory oy $do6iilssdeCossen and Buj ard,381992). These cel bgrapyokdseyr €d to
bel ow as the reporter cells for the anti-repressor activity assay.

reporter plasmd, which provides 20 hygromycin resistance, contains a
pol yl i nker BeRXRSEEN pdeickiogedcHaeneeh Futlr aseProsperalar s§ftes and the

SVA0_ PrOMbRLs L EONKLAlES o EROCHS, TANALAACErdePaDy ThECL seduence Lo be

tested for anti-repressor activity tan be <cloned In po I nker.
Constructi oor ofirel lsan tvalsiter2s mepdeserifpgdisin ¢éxaspdk dsap8eFigt,2i s
described in nd Fig. 1 of WD 00/004704. The reporter plasmd is
transf ect edofn"f%a({?eoeoréﬁgr't er cells, and the cells are cultured under

hygronycs n set ectdiredsdr RJkfibntsSehcha v Ht0n plsesenecodf thheer eporter
pl asm d) and 30 tetracycline repression_(doxycycline, 10 ng/m; prevents
expressi on SPNEPFANSEL- FO5r 8SOFRCELURR off RGN (At EheY 1REER® growth

under theseygOndiddQNSbiihe yABXY e¥Eht Dy i FPHSYH 1R110R 1 hasr edyeed to 0.1
ng/mM to induce the LexA- reépressor gene, and after 2 days zeocin is added
to 250 WO 26RpBY OB 45 PrItePATAEP20064 0559 anpaptablre lewels &Fkeyul tured

for 5 “Beksimﬁ‘{l‘ié'tﬁeheabi‘i]‘le g% 8@558&?@ HdL A EeHad 1 18 ?g?&%% eporter
plasm d, i.e.”Tacking a clorded antr-repressor sequence in e polylinker)
are kill@ed byettwsrrapmia) (sonthhitsthenpositidn plfadmitegrabhéobVi@s paonoter i s

repressed by the LexA repressor fusion protein that is tethered to the LexA
operating 5¥?%§,P¥%§3{}}f{qeﬁ% St SChs APt PRPERTS Ci rﬁ)e%greé(sﬁﬁﬁf]: n*Buch cells

to survive gg9€i de el 1BGIdOR) +hAinSLENEEE S RS idNtjie1 @R a8y oRCBYI LY
according to the 10 present invention if, when said sequence is cloned in
t he they result in host cell lines that exhibit more stable

protein production during prolonged cultivation.

156 Any STAR sequence can be used in the expression cassettes
according to the present invention, but the following
STAR sequences are particularly useful: STAR67 (SEQ. ID.
NO. 66), STAR7 (SEQ. ID. NO. 7), STARS (SEQ. ID. NO. 9),
STAR17 (SEQ. ID. NO. 17), STAR27 (SEQ. ID. NO. 27),

20 STAR29 (SEQ. ID. NO. 29), STAR43 (SEQ. ID. NO. 43),
STAR44 (SEQ. ID. NO. 44), STAR45 (SEQ. ID. NO. 45),
STAR47 (SEQ. ID. NO. 47), STAR61l (SEQ. ID, NO. 6l1), or
functional fragments or derivatives of these STAR
sequences.

26 In certain embodiments said anti-repressor sequence,
preferably STAR67, is placed upstream of said promoter,
preferably such that less than 2kb are present between
the 3’ end of the anti-repressor sequence and the start
of the promoter sequence. In preferred embodiments, less

30 than 1 kb, more preferably less than 500 nucleotides
(nt), still more preferably less than about 200, 100, 50,
or 30 nt are present between the 3’ end of the anti-
repressor sequence and the start of the promoter

sequence. In certain preferred embodiments, the anti-



pol yl i nker of the reporter plasmd, the reporter cells survive the 5 weeks
sel ection under zeocin. Cells from such colonies can still be propagated
onto new medi um contai ning zeocin after the 5 weeks zeocin selection, 15
wher eas cely g 2doka4zséscct ed with reportedd pl asm ds | acki ngcrapidospgpsessor
sequences cannot be propagated onto new nedi um containing zeocin. Any
sequence not capable of conferring such growh after 5 weeks on zeocin in
this assaylCRERIS HotSSEREMCPy 185 CA0R_E UHES HW URG tEREM 26 FRPressor
actrvity, Oﬁréﬁﬁﬁéﬂ})_ sulltag@enh gh1{unsdionalro der balb¥s thersof according
to the present invention. As™ an exanple, other known chromatin control

el ements suehd & thesaticrepdebyoVaseaegnod apdetthgl s¢20009f thel udi ng

Dr osophi | a el | Schedl, 1991), 5'-HS4 of the 25 chicken (3-globin
| ocus (Chun%géwéé%% %%ﬁﬁ%yzf997) or Matrix Attachnment Regi ons ( MARS)
(Phi-Vanset al., 1990), do not survive this assay. In addition, it is

preferred that the anti-repressor equence or functional fragnent or
Ber i vative ther T 30 BFEEREEION; GheRU b RIS & O6F PapoFer OF

OVer - expr esgbRd okp S oM@ skedRkENgaR BEPYdEr raeFera81y, byehferase,
GFP) which is integrated into the genone of U2 OS or CHO cells, conpared

to when sai EXPEQUTIRT GERetitesnaref Mahkiel styiPrdist iexP&psed8Br sequences, or
flanked b 4 P / 94, _ & i on bl ocki
anked by &Eﬁéﬁ%gtéga%%@_fq%% 8 %fgﬁ_ géé?%b% %%%}LI ‘eégd&ﬁar e5§! @n Dbl ocki ng

sequences suc osophila’scs. is can be 'veri usrng for instance
t he pSDH vedibferemr siludtablecoboksr psotteigyr isvedhiat eedrpkéonr and Fig. 2
of WO 03/004704. Anti -repressor eggnents can .have &gjleast one of three
consequence5OF o?O it SHtRAS S o8 CBPSEEFRT t1)PFey iecrdaSe  t he

predi ct abi | biyodimdlemdd Yridgehosb gelé dodesrddialcs, exnpessoa pretein at
industrially acceptable | evels (they ] ) ) )

expression of the heavy and light chain of antibodies. It
will be clear that both expression cassettes may be

15 placed on one nucleic acid molecule or both may be
present on a separate nucleic acid molecule, before they
are introduced into host cells. An advantage of placing
them on one nucleic acid molecule is that the two
expression cassettes are present in a single

20 predetermined ratio (e.g. 1:1) when introduced into host
cells. On the other hand, when present on two different
nucleic acid molecules, this allows the possibility to
vary the molar ratio of the two expression cassettes when
introducing them into host cells, which may be an

256 advantage if the preferred molar ratio is different from
1:1 or when it is unknown beforehand what is the
preferred molar ratio, so that variation thereof and
empirically finding the optimum can easily be performed
by the skilled person. According to the invention,

30 preferably at least one of the expression cassettes, but
more preferably each of them, comprises a chromatin
control element, more preferably an anti-repressor

sequence.



inpair the ability of adjacent heterochromatin to silence 10 the transgene,
so that the position of integration has a |ess pronounced effect on
expression); (2) they result in host cell lines with increased protein

yi el ds; and{@hookddssset N€y result in hos4o cell |ines that pgxliphjokoddsyse st abl e
protein production during prolonged cultivation. 15 Any STAR sequence can be

used in the_expression cassettes according to the present invention, but

the fol | owi by asTAre s @fhoddasnsy etpar diEtgzanty subendts STARBYEESED) ID.  NO

66), STAR? IR NOL Dhei ST o B NO< 19k e s . ID. NO
17%, STAR27£( EQ HF%D. NﬁB @2t7),§ %gg sﬁ%ﬁﬁ% tl([se’EQI.\apl Df%&lo. %é)% Zsir(i‘gz% (SEQ I D.

NO 43), SIasEetysSEQ ID. NO 44), STAR4A5 (SEQ ID. NO 45), STAR47 (SEQ
I D. NO. 47), ST ( - | D .NO._ .Q1 or. functional fragnen r
derivatives of fm%‘ée%% 056&{}6%8@%_%1% % t31eer 4 8 Fodi rr%n%'gmgai d

anti - r epj essequsecpigficRed pipsteeahl ¥yf S ARGOhotisr Anaeadentpstssasnhof said
pronoter, preferably such that |ess than 2kb are present between the 3

end of the SASFehier eids P Ss@go¥RReN AR Y iRengtiiqialoftor REOPEBRoRer sequence.

I'n preferregrerbadifBMes o 833n331H88N0A &b eV e @h8BLYtkess than 500
nucl eotides (nt), still nore preferably | ess than about 200, 100, 50, or

30 nt are pfeskenthdfetarmresstion3cagaato eorepPmiming fther 6580698BGuUERice and t he

start of th t e C t aln. fer odi nents, the anti
w0 20061048558 B8% Bl B0 RS Se it 8L B S e EtadR0 O Toned i rect 'y
upst r eab® of enbedinsmonotaare asesenlttibhdyi idemt calbdit e@cBO0onhelbet ween the 3'

end of the anti-fepressor sequence and the start of, the_ pranoter sequence.
5 For the productt ol il f“i r’F@rlinctS?BtB}l“ﬁs‘?O“?t?/Ha&lon o & #1%st

anti-repressor element upstream of a promoter and
flanking the expression cassette by two other anti-
repressor sequences provides superior results,

15 As at least some anti-repressor sequences can be
directional (WO 00/004704), the anti-repressor sequences
flanking the expression cassette (anti-repressor A and B)
may beneficially placed in opposite direction with
respect to each other, such that the 3’ end of each of

20 these anti-repressor sequences is facing inwards to the
expression cassette (and to each other). Hence, in
preferred embodiments, the 5’ side of an anti-repressor
element faces the DNA/chromatin of which the influence on
the transgene is to be diminished by said anti-repressor

25 element. For an anti-repressor sequence upstream of a
promoter in an expression cassette, the 3’ end faces the
promoter. The sequences of the anti-repressor elements in
the sequence listing (SEQ. ID. NOs. 1-66) are given in 5’
to 37’ direction, unless otherwise indicated.

30
In certain embodiments, transcription units or expression
cassettes according to the invention are provided,
further comprising: a) a transcription pause (TRAP)

sequence upstream of the promoter that drives



nore expression cassettes can be used. Preferably, both expression
cassettes are nulticistronic expression cassettes according to the
i nvention, each coding for a 10 different sel ectable narker protein, so that

sel ection f@hoobRisisseXpPressi on cassettsss is possible. Thigppoyghpdhsent has
proven to give good results, e.g. for the expression of the heavy and |ight

chain of antibodies. It w II be clear that both expression cassettes nmay be
15 pl aced ohramECHRY idinc ofcitdenBPréeieEsorobict Wrﬁ@y‘ﬁcb‘éptﬁpésémton a separate

nucl ei c amg {?gﬁﬁ?g%el%?m re tgeyto e dﬂg&g uged ol 9 hoskagell's. An

advant age o on one nuc ei ¢ ‘acid nol ecu Is t at the two
expr essi on saqmatdeesica\rrstmeementf paid cperylmea ngr éatemermanUeratl o (e.qg.

1: 1) when int{oduced i nt (% el Ié On_th ot\%g gnd vvhg ﬁresent on
two differ eRPIYRRRG S OfcidTREraEUPRE PTHI Y SR RO PRE“58%sPhi Fify to vary
the nol ag rataws®figtior We réXpaes$sh0se §RasEES oFs s\e{ri@nmuma&b@sugmgcthem into
host cells, which may be an 25 advantage if the preferred molar ratio is

di fferent fEBRSQEHPIGONMEA tirt S?édu'ﬁ%gvﬂew drelfadd WRaP'is the preferred

mol ar rati Oor§9néé1@£onv~ardzatd)OBoftHeElf«‘Oén@r}S*) IAdigakl ¥rabNdi ng the optinum
can easily be perforrred by the skilled person According to the invention,

30 pref erabbgauendedst fometdbnehdyedpfined BF Gaseauease wWhichnwhen preferabl y

each of the es ol erably an
onti - epr ocobrECTRHAES A OTBE, Dan o R 085 R0k BT B5E,  ontt her
enbodi nemt , léhel dcbfftﬁn*aerstcrs;@lminht $nothpatiisleifc aximliptriesentcoprohein are
present on g, ,sin eoéx ression _cassette. $nstead addition to the

f or
presence of a s J&REe "BFAC EAMRHERF in e &nﬂtrtle in an

expressi on transcription observed in the nucleic acid on the 5’ side
of the TRAP. Non-limiting examples of TRAP sequences are
transcription termination and/or polyadenylation signals.
15 One non-limiting example of a TRAP sequence is given in
SEQ. ID. NO. 142. Examples of other TRAP sequences,
methods to find these, and uses thereof have been

described in WO 2004/055215.

20 DNA molecules comprising multicistronic
transcription units and/or expression cassettes according
to the present invention can be used for improving
expression of nucleic acid, preferably in host cells. The
terms "cell"/"host cell” and "cell line"/"host cell line"

25 are respectively typically defined as a cell and
homogeneous populations thereof that can be maintained in
cell culture by methods known in the art, and that have
the ability to express heterologous or homologous
proteins.

30 Prokaryotic host cells can be used to propagate
and/or perform genetic engineering with the DNA molecules
of the invention, especially when present on plasmids
capable of replicating in prokaryotic host cells such as

bacteria.



cassette, it has proven highly beneficial to provide a STAR sequence on
both sides of an expression cassette, such that expression cassette
conprising the transgene is flanked by two STAR sequences, which in certain

10 enbodi n&g%%o%&@ssenti ally identicel to each other. pii/mEpSyoshave herein
that the compination of a first anti-repressor elenment upstream of a

pronmoter and flanking the expression cassette by two other anti- repressor
sequences provi deiefip&sldr aceeuping 16 e fraseadt 19yrRLAARI - r epressor

sequences oape Bl 8 LORMLYBL 00 00A Odlo-d i B ragPLessor sequences

fl anki ng the expression cassett anti-represso may beneficially
pl aced i n opaosalimrdiaeddt,i smch bR aespéeit taeldacir at hemansaehltbdat the 3

end of each_of, 2Q these anti.-repress sequences .is facing.inhwards to the
oxpr osst on Eaaiel e EED B0 eRERRh e ferhs T Hh GRSt pPar i P TRRE ot mant o
the 5 s§dee@bo@imaéttd,- IiEHSLE celenesta fraeod e tENAsGehbmapt cHo of whi ch
the influence on the transgene is to be dimnished by said _anti-repressor

25 el enent . (Fbinese dRnstespryesyy - sBERemtd JpitSdamysiona: pFkbter in an

expressi on ggspetd € ndiig stonNdBhRCEFelbE ndH-URL Qi nEhRoa8guences of the
anti-repressor elenents in the sequence listing (SEQ™ ID. NCs. 1-66) are

given in 5 myeborga $#2/dcthigon 4, unbasseotdieivl swusedinvgtleda 880in certain
embod et syctLAISH(| LIS L EXPISES QUL LIpCLEeS.aeP0rding Lo Lhe

i nvention aré provid ur ther “conpri si ng: a transcription pause (TRAP)
sequence upshreantain tddqarimenter of hahe di hwearst \4A,2Q0H0B4846%9141s a

PCT/ EP2005/ 055794 transcri ption of ﬁhe rru#ti cistronic transiri ption unit,
sai d TRAP bEPRY $FPLEH NG 3% 1gasEcE!bn; 2RF BeTeTPRAY 2d&QuBhBe Qbwnstream

of said opegnrgadhddi FdAMAOhohReimiting examples, such a cell can
be derived from for instance human cells, for instance
from a kidney (example: HEK 293 cells, see Graham et al,
15 1977), lung (e.g. A549, see e.g. WO 98/39411) or retina
(example: HER cells marketed under the trade mark PER.C6%,
see US patent 5,994,128), or from amniocytes (e.q.
N52.E6, described in US patent 6,558,948), and similarly
from other cells. Methods for obtaining such cells are
20 described for instance in US patents 5,994,128 and US
6,558,948, PER.C6 cells for the purpose of the present
invention means cells from an upstream or downstream
passage or a descendent of an upstream or downstream
passage of cells as deposited under ECACC no. 96022940,
25 i.e. having the characteristics of those cells. It has
been previously shown that such cells are capable of
expression of proteins at high levels (e.g. WO 00/63403,
and Jones et al, 2003). In other preferred embodiments,
the host cells are CHO cells, for instance CHO-K1, CHO-S,
30 CHO-DG44, CHO-DUKXB1ll, and the like. In certain
embodiments, said CHO cells have a dhfr™ phenotype.
Such eukaryotic host cells can express desired
polypeptides, and are often used for that purpose. They

can be obtained by introduction of a DNA molecule of the



pol ypeptide of interest and preferably downstreamof the 5 transcription
term nation sequence of said nulticistronic transcription unit, said TRAP
being in a3 to 5 orientation; or c) both a) and b); wherein a TRAP

sequence i Sydyuhchisagrl |y defined as a 4®quence whi ch wheprRlpafSfsshdit 0 a
transcription unit, results in a reduced 10 |l evel of transcription in the

nucleic acid present on the 3' side of the TRAP when conpared to the |evel
of transcripVemnidbs@nederaplivhénnbilee efermcifd agn erEessisnde of the TRAP.

Non-limtin e f P en r criptiQn:Lerm nation
and/ or pol yg?:lgny at'i gerllcEs?i g%I ggg%g Gﬁlgé%%%\a%lﬁ}di %@%gléggglﬁ%%z)gf a TRAP
sequence i scgssenta nis SEQeqgirBreNOinldlRe deramE ef aheohbet T&®APs sequences,

thods to fj th , d th f.h h d {bed in WO
2004/ 05521555 LR 18 QeFUL FEBRAT | SO TS AA SEFARLE PBEAnscri ption units

and/ or expressi®N Lab RillerT idaCaLdl Ngrovdd e 1praesahel GMeREI BRe Can be used
for inproving expression of nucleic acid, preferably in host cells. The
terms "cel | EFapERNG g indgdrager] 1pj aedyitisie eositipRe 195d4Re

respectivel yotym&l loedefdingd @sca &@éir@d‘%rmg_%@egﬂstgﬁ?ﬂé'l gkl ons
thereof that can be maintained in cell culture by nmethods known in the art,
and t hat haerpressicbildavel sto strpidity heyervtilo ghesastedmbiogeusnd pr ot ei ns.

30 Prokaryotjc st Il s u t 0,.pr opagat d/qr._pe m genetic
engi neeri ngH\}\?tgﬂf 'ecpg\tﬁrrrr%l%g(\:’%‘ligs%ggfm‘f%tgl(flns\%grr?tnﬁgn,%@ 3585?8 ;é);ﬁwhen
present1®n phasmas be apafjee cdl oiephhdahl ysdleqyeok &Foyotineeoaticeel | s such
as bacteria. W 2006/048459 42 PCT/ EP2005/ 055794 A host _cell according to

the present PR ehtFHPIRSM@lafegire Bhatikks VRGNS TPt IoRBLdYpreferably a

active, e.g. behind a promoter present in the genome.
Selection for cells containing the DNA of the invention
can be performed by selecting for the selectable marker
15 polypeptide, using routine methods known by the person
skilled in the art. When such a multicistronic
transcription unit is integrated behind a promoter in the
genome, an expression cassette according to the invention
can be generated in situ, i.e. within the genome of the
20 host cells.

Preferably the host cells are from a stable clone
that can be selected and propagated according to standard
procedures known to the person skilled in the art. A
culture of such a clone is capable of producing

25 polypeptide of interest, if the cells comprise the
multicistronic transcription unit of the invention. Cells
according to the invention preferably are able to grow in
suspension culture in serum-free medium.

In preferred embodiments, the DNA molecule

30 comprising the multicistronic transcription unit of the
invention, preferably in the form of an expression
cassette, is integrated into the genome of the eukaryotic

host cell according to the invention. This will provide



manmal i an cell, such as a rodent cell or a human cell or fusion between
different cells. In certain non-limting 5 enbodi nents, said host cell is a
U-2 OS osteosarcoma, CHO (Chinese hanster ovary), HEK 293, HuNS-1 nyel ong,

VEERI - Rb- 1 w&hdobpRist oma, BHK, Vero, 4on-secreting nmouserepyileheSp2/ 0- Ag
14, non-secreting nouse nyel oma NSO, NCl - H295R adrenal gl and carci nonmal or

a PER C6(r) cell. 10 In certain enbodi nents of the invention, a host cell is
a cell expf‘é%sﬁh@%ﬁ inbgsd tEnge aRdthe SFEktHiNiEtaoedCcEIB, of an adenovirus.
As non-limt %gs(ejg& |l &S nﬁ%ﬂ‘?h a cell can be derived fromfor instance

human cell s, for stance rom a kidney (exanple: HEK 293 cells, see G aham
et al, 15 1977) Sélfmg;J(oex dorA5i8, psesercyg.ofiNDI@B8/s834ttpbde matkem (exanpl e:

HER cel | s narket e ucg%e]r th?ltrad mar k. PER..C6(r), g)e U] %gment
5,994, 128) , PBrY¥R B PELFe gm NBETH, “eSAM BEIPFATUE Pat ent
6, 558, 948) , dafth§itHd amiyxiaflr @EtaihEﬁgC@fH‘éhe I\&tm@dSahar celbtaipéng such

cells are 20 described for instance in US patents 5,994,128 and US
6, 558, 048. PEYexs 1 |sLopprd RAEREPERRE BFtathe tabdSefloneivBAYEon neans

cells from go.MRSEH LHBL! I@O%S%@é%rp@fﬁgﬁ:ﬁlhﬁed%%c%ﬁwt tRE an upstream
or downstream passage of cells as deposite nder ECACC no. 96022940, 25

i . e. havi ngsehectirar agearti sirdésgolatapsetagdd sontinygyslyeenrpeelyously
shown that suche £eld i A1 8028l 011 SXT NI GLPLALERDS ot i oh | evel s

(e.g. WD 00 onés e I ot er preferred enbodi nents,
t he hos10 ceihstbir 3@ qtdldns off @hei hes*an@eel](a-lc} K1, CHO S, 30 CHO D344,

CHO DUKXB11, and the like. In certain enbodinents, said CHO cells have a
dhfr- phenotype Such eukaryotic host cells can express desired

pol ypepti des, m}/;@cﬁt@_@eu%gdlfleéréé‘@tadﬁﬁm tohe¥e ¢APchEiORt ai ned by
i ntroduction of a nol ecul e of the WO 2006/ 04 459 43 PCT/ EP2005/ 055794
can be any protein, and may be a monomeric protein or a
(part of a) multimeric protein. A multimeric protein

15 comprises at least two polypeptide chains. Non-limiting
examples of a protein of interest according to the
invention are enzymes, hormones, immunoglobulin chains,
therapeutic proteins like anti-cancer proteins, blood
coagulation proteins such as Factor VIII, multi-

20 functional proteins, such as erythropoietin, diagnostic
proteins, or proteins or fragments thereof useful for
vaccination purposes, all known to the person skilled in
the art.

In certain embodiments, an expression cassette of

25 the invention encodes an immunoglobulin heavy or light
chain or an antigen binding part, derivative and/or
analogue thereof. In a preferred embodiment a protein
expression unit according to the invention is provided,
wherein said protein of interest is an immunoglobulin

30 heavy chain. In yet another preferred embodiment a
protein expression unit according to the invention is
provided, wherein said protein of interest is an
immunoglobulin light chain. When these two protein

expression units are present within the same (host) cell



invention, preferably in the formof an expression cassette, into the
cells. Preferably, the expression cassette is integrated in the genone of
the host cells, which can be in different positions in various host 5

cells, and \?65(%%18959 wi Il provide for 46 cl one where thepcl/ping6aSosl S
|ntegrated In suitable position, leading to a host cell clone with

desired propert| es in terns of expression |evels, stability, growth
char act eri sgimgltimaria maaoteka. aAﬁt@@?@tm&qlﬁlﬂﬁ’élﬁuIﬁPi cistronic

Fransoripti ondO i, ey B8 LAGRESd oM Aonly cagliggpied for i nt egrati on

into a chronosonal regi ol tha ranscri |ona 'y~ "active, e.g. behind a
pr onot er premlecmlmemttshe tgenpmetelﬁebﬁcimmésm iselans cont ai ni ng t he DNA of

t he invention perfornmed by sel ect.i for ,the,sel ectabl e marker 15
pol ypept i del mrﬂ%‘??%“&ﬁiﬁﬁ%e Hgf?‘hﬁas Rn%%%tb‘if&’hé’hdg?‘s&ﬁ 3skilled in the art.
When sucd amiut frhei iSd EHUt@int.r PREEELFH1 PN UHH dnS anftieglgt @d Hehind a
pronobter in the genone, an expression cassette accord|ng to the invention

can be geneP@hay Q?lQHWQPlﬁedeanﬁFPﬁﬂﬁ the ¢pfitchid GMbeRdmesdshost cel | s.
Preferably the-bgst gelis aqlr g qgg s&Abt & &l AnNgodyhascan be sel ected and
rd

propagated according to stan rocedures known to the person skilled in
the art. A iowhnegkomnfliguctayabel eneoqisddaupatmae hefaviyr eddcilangh5 pol ypepti de
of interest |f t he cdalgfseconpr ise th e tronlctranscrlftion unit of

the inventi S22 THEES RGPS REC rlln?/aesﬁecc 3 S6r EFePdbfyald*abl e to grow

N sSUSpBNSeRPréssich edssereUmpireeeraBlly ihd maavef ahdedighbodi ments, the
DNA nol ecul e, 30 conprising the multicistronic transcription unit of the
i nvention, PRefRramt A BIFESPENPBI 2 aPCRAR & S¥RT 5849885 | nt egr at ed

into the geggak wivide QUKYNObremoRest (el dh RO HY RBet QahBecknventi on.
This witl péggéétent for the two expression cassettes), each
comprising a multicistronic transcription unit according

15 to the invention, the heavy and light chain being the
polypeptide of interest, and preferably each coding for a
different selectable marker protein, so that selection
for both heavy and light chain expression cassette can be
performed when the expression cassettes are introduced

20 and/or present in a eukaryotic host cell.

The polypeptide of interest may be from any source,
and in certain embodiments is a mammalian protein, an
artificial protein (e.g. a fusion protein or mutated
protein), and preferably is a human protein.

25 Obviously, the configurations of the expression
cassettes of the present invention may also be used when
the ultimate goal is not the production of a polypeptide
of interest, but the RNA itself, for instance for
producing increased quantities of RNA from an expression

30 cassette, which may be used for purposes of regulating
other genes (e.g. RNAi, antisense RNA), gene therapy, in

vitro protein production, etc.



WO 2006/ 048459 44 PCT/ EP2005/ 055794 for stable inheritance of the
multicistronic transcription unit. Selection for the presence of the
sel ect abl e marker pol ypeptide, and hence for expression, can be perforned

5 during t%&@kﬁ)js@b obtaining of the 4gells, and could pgT}ﬁgmg/ﬁggmr st opped
arte

al t oget her r stable clones have been obtained. It is however also
possible to apply the selection agent during |ater stages continuously, or
only occasi onal Ty onsogspgicy , atheoweyentelar pnovideguri ngthodi fvxi al

sel ection of th aéh%f% LHosY cQ1ROLYPERLLAR of JAILREERLqBCGerding Lo the

i nvention an be a protein, an y e n nonerrc protein or a (part of
a) nmul tineristgredtsi theAmetthbdmeompr ps ieithel stepapoifses) at | east two

pol ypepti de, chai ps., hbn-linitiig ixanplfs of a protein of interest

accordi ng t M PHRANGIRE Ao 2aPEUEAZ YL T RASIINEST Chdifogfobul i n chai ns,

therapew i CepRd 4 i |dded ettt a6aPEQInPr €4 &iHS i nkle@@dongoagyl ation proteins
such as Factor VIII, multi 20 functional_ proteins, such as erythropoietin,
di agnosti ¢ Phrewkiwsingdther gesprated ¢ebbyamden wonddfriqgeful for

vacci nati ons pULROSES £ A le QMR bR LRERETSAR RKihleflalRert he art. In

certain enbodi nents, an expression cassette of 25 the I nvention encodes an
i mmunogl obupohypertvidegr anidglet sehathing an lmastgemebhndicngepart, derivative

and/ or analogue thereof. In a preferred enbodi t. a _protein ., expression
i t Cacoor dPREH HEC T PetYPRRCE 8 P P s hnai o "BYRY BPERERh of
i nter esio i SpadvideBINOGiciulgond3@ebeavyifhadmns I0F Yok aaetbesfpreferred

enbodi nent a protein expression unit according to the invention is
provi ded, whRF2}d fIPnHoiersust clanes eetth Sigh expressdPBbaAfi AR¢ i ght

chain. Vmendé@f?@ﬁtﬂglﬂﬂéﬂﬂﬁd@. Using the most stringent conditions,
i.e. the weakest translation efficiency for the
selectable marker polypeptide (using the weakest
15 translation start sequence), far fewer colonies are
obtained using the same concentration of selection agent
than with known selection systems, and a relatively high
percentage of the obtained clones produces the
polypeptide of interest at high levels. In addition, the
20 obtained levels of expression appear higher than those
obtained when an even larger number of clones using the
known selection systems are used.
It is an additional advantage that the selection
system is swift because it does not require copy number
26 amplification of the transgene. Hence, cells with low
copy numbers of the multicistronic transcription units
already provide high expression levels. High transgene
copy numbers of the transgene may be prone to genetic
instability and repeat-induced silencing (e.g. Kim et al,
30 1998; McBurney et al, 2002). Therefore, an additional
advantage of the embodiments of the invention with
relatively low transgene copy numbers is that lower copy
numbers are anticipated to be less prone to recombination

and to repeat-induced silencing, and therefore less



expression units are present within the same (host) cell W) 2006/ 049459 46
PCT/ EP2005/ 055794 a nmultinmeric protein and nore specifically an
i mrunogl obulin, is assenbled. Hence, in certain enbodinents, the protein of

interest i Sy@Qokiig&eg! obulin, such asqgmn antibody, whi eprigprsessid4l tinmeric
protein. Preferably, such an antibody is a human or humani zed anti body. In
certain enbodinents thereof, it is an 1gG IgA or IgMantibody. An

i munogl obuPtrebIens Ha éhdsdaeshyct her et clipd teidghenchaiing besHi f f er ent
eXpressi on EESPELIAS: 110 BaShifher 10r ARIRISIN assebheqofrereranl y, the
heavy and I1g chal It are each present on-a separate expreg5|on cassette,
each havi ngcotpaad tpr drostteice(lWhsi obht aiyedaxdimgy sanmampil i fdchtdoent for the
two expression cassettes), rising a | ticistronic t%anscription

h
unit accor dPREESS HETehdindFeas: 87, St HI 400 SAPLERaPH DAFng ¢ he

pol ypepts desef et Har ked apaepestoly enciteadstgcbaing different _
sel ectabl e marker protein, so that selection for both heavy and |ight chain

expr essi on BaFRVNGRS WY e PFEFEBEMEE WhR PRS0 £88i 6RléastRetes are
i ntroduced 20, andl ofnRIRSHN prBvadekakyRiids RAShighl kxplBEsPOhypepti de of

interest may be fromany source, and in‘certain enbodinents is a manmalian
protein, anlewels$fiwiialg pihet sudtieigtranfasi mngnrdpdiionopnitt ated protein),

and preferably is. a human protein. 25 Obvi ous| t gnfigurations of the
xpr bssi on “etedEtdh PG PBEAEL AR, CORN Iy a8 b AlE 8 Ehen” ¢ he

ul ti mat €0 goak relawivdine lpwgducki 08sef tivapdy peptiede peef centerest, but the
RNA itself, for jnstance faor producing increased quantities of RNA from an

expressi on 8¥°Rakdt t'da Wi FORAFSbBEliSER ¥ ori§i\fiep0sdS BFSFEBEI ating ot her
genes (e.g. iRNMti@NtdSIeRae tR¥AYengeBei NS BMbst Rells according

to the invention, comprising less than 30 copies of the
multicistronic transcription unit in the genome of the

156 host cells, preferably less than 25, more preferably less
than 20 copies, while at the same time providing
sufficient expression levels of the polypeptide of
interest for commercial purposes, e.g. more than 15,
preferably more than 20 pg/cell/day of an antibody.

20 While clones having relatively low copy numbers of
the multicistronic transcription units and high
expression levels can be obtained, the selection system
of the invention nevertheless can be combined with
amplification methods to even further improve expression

25 levels. This can for instance be accomplished by
amplification of a co-integrated dhfr gene using
methotrexate, for instance by placing dhfr on the same
nucleic acid molecule as the multicistronic transcription
unit of the invention, or by cotransfection when dhfr is

30 on a separate DNA molecule.

In one aspect, the invention provides a method for
producing a polypeptide of interest, the method

comprising culturing a host cell, said host cell



vitro prote
aspect, the
expressi ng

according to the 1 nvention,

condi ti ons

ratio of o

in production, etc. WO 2006/ 048459 46 PCT/ EP2005/ 055794
i nvention provides a nethod for generating a host cel

I n one

a polypeptide of interest, the nethod conprising the steps of:
a) introdygh el @ plurality of prafcursor cells an pepxpiRsedsm cassette

and b) culturing the generated cells under

sel ecting for expression of the sel ectabl e marker polypeptide,
and c) sel eeempi Hing @adNRomelagsle cedTrrigisgua AYlthelipbropept i de of

| nterest. T%Si(ﬁr&%‘éied %HQogrlgnpéQ¥£g§§icﬁu V(%@r%ieg%da%é%&n!%”tg% erms of the

tai ned cl ones versus clones wt h expressi o t he

pol ypept i dethdjsimgertti®enposndserpngesning ortdi tpcdiypeptiide. of henenksst
efficiency.for the sel ectabl.e marker polypeptid usji ng the
F?%ﬁ§ﬁb F&#JQEaPFqESHEEn %ﬁ,tq%ﬂPQk¥ﬁ§P%&8 oﬁ?e%ng?%es%btained
using the same crHwendstaidedn @brsehestispectgant a haargbthcknesw sel ection
d a relatively high percenta%g_of t he obtai_ned cl ones produces

transl ati on
weakest 15

systens, an
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| evel s of e
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addi ti onal
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v 1SYChRd@st RoRHOt Rellpo obt ai ned

XREESS Y ReairBlghgsvdihan those obtai ned when an even | arger
| ones using the known selection systens are used. It is an

advantrgedusdtionhefsaheteiomciyydtharh ils $ai be bepaeseedt does not
yanubery, 25, ARR! heabl on,ofof e, a9sgeRg.qtengRy el s with
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eady provide
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TRARTH o thepddyma¥ngt et SudeiadictidoRgl
iRt rédiecd Vv &aliid0ewhbAs include but are not limited to

transfection, infection, injection, transformation, and
the like. Suitable host cells that express the
polypeptide of interest can be obtained by selection as
described above.

In certain embodiments, selection agent is present
in the culture medium at least part of the time during
the culturing, either in sufficient concentrations to
select for cells expressing the selectable marker
polypeptide or in lower concentrations. In preferred
embodiments, selection agent is no longer present in the
culture medium during the production phase when the
polypeptide is expressed.

Culturing a cell is done to enable it to metabolize,
and/or grow and/or divide and/or produce recombinant
proteins of interest. This can be accomplished by methods
well known to persons skilled in the art, and includes
but is not limited to providing nutrients for the cell.
The methods comprise growth adhering to surfaces, growth
in suspension, or combinations thereof. Culturing can be
done for instance in dishes, roller bottles or in
bioreactors, using batch, fed-batch, continuous systems

such as perfusion systems, and the like. In order to

advant age of the



relatively | ow transgene copy nunbers is that | ower copy nunbers are
anticipated to be |l ess prone to reconbination and to repeat-induced
silencing, and therefore | ess WD 2006/ 048459 47 PCT/ EP2005/ 055794 probl ens

in this respgshostdsdseant i ci pated when ut ng host cell's wihpspokbdghdsed nunber
of copies of the transgene conpared to host cells obtained using an

anplification system where hundreds or even thousands of copies of the 5
sel ect abl e a@hi@¥e dargsr scaile dFonhivveas) cyWidwgtieag@énces may be present

n the genopecgfy il Celleellie cREGIER! LV eRNiORPLQVides exappLes of high
expression evel's, using the nmultrcrstronic transcriptioh unit selection
system whiie the adpytonbaiver ceflls heapakals gehgrb@ing del atively low, i.e

| ess than 30 _copies per _cel.l, .or _eyen |less than 20.copies r cell. Hence,

t he presentsu?Qéhﬁﬁ? n 29 &%s1Fh8rﬁgﬁiﬁ%ézQﬂfﬁﬁ”ehgggigeFFgagiﬁo?ging to the
inventi on, BeMRfiGilhdeeB9nt khe 30s60PE 65t fnilnfad - Bl huebatdeni eed
transcription unit in the genome of the 15 host cells, preferably |less than
25, nore pre&FEYRAY dedelt REnhPBaRsPrELVe TG COMRENERAE - t i me provi di ng

sufficient expresghoncdeys! oy ﬁd@egQQhYngéfCEthip%yﬂdaW%%hlgor conmer ci al
purposes, e.g. nore than 15, preferably fore than 20 pg/cell/day of an

ant i body. 2®§Wi¢egc|1biﬁrm{ehz§zmilﬁgreeléwmycIRmaﬁopyi_rrqlmbéné of the
mul i ci stroplg. LIANSURU,QN (Mhhs) a0 gl caxpresslonlevel s can be

obt ai ned, the Selection system 0 i hvention neverthel ess can be
conbi neth W ékpreggd orf icfatihen reebhbdsahd Eemedudturainee kniowpr cgetBxpr essi on 25

| evel s. This can for, instance be acconplished by anplification of a
co-integrat@ﬁrfﬁﬁrsfﬁ%ﬁ? §Pn§henéfﬁot££x%ﬁQf ﬁ%ﬂ'ﬁrﬁ§F&ﬁE§Sby pl acing dhfr on
the same nggbeb&ors i HGEe a3 tBEnMUid SISy ARG mizaR§CERBtI Oon  unit of

the invention, or by cotransfection when dhfr is
productivity of mammalian cell cultures can be found in
Mammalian Cell Biotechnology: a Practical Approach (M.
15 Butler, ed., IRL Press, 1991).

In a preferred embodiment, the expressed protein is
collected (isolated), either from the cells or from the
culture medium or from both. It may then be further
purified using known methods, e.g. filtration, column

20 chromatography, etc, by methods generally known to the

person skilled in the art.

The selection method according to the present

invention works in the absence of chromatin control

25 elements, but improved results are obtained when the
multicistronic expression units are provided with such
elements. The selection method according to the present
invention works particularly well when an expression
cassette according to the invention, comprising at least

30 one anti-repressor sequence is used. Depending on the
selection agent and conditions, the selection can in
certain cases be made so stringent, that only very few or
even no host cells survive the selection, unless anti-

repressor sequences are present. Hence, the combination



30 on a separate DNA nol ecule. In one aspect, the invention provides a
met hod for producing a pol ypeptide of interest, the nmethod conprising
culturing a host cell, said host cell WD 20061048459 48 PCT/ EP2005/ 055794

conpri si ng yao ReedEaiececul € conprising asorul ticistronic @xp/ppsplpR7ddnit or an
expressi on cassette according to the invention, and expressing the

pol ypeptide of interest fromthe coding sequence for the pol ypeptide of
interest. Of THee mostelcsielletsionhinethepeand jantd -agkaegeerc host cel |,

preferably Q%%I}‘Egéné g:;}o%ei' e EUSQrgS?ﬁ%ﬂ'Qi%%' e £ hioW! tt@%bgéiﬁ’esc” bed

above. Intro nuclei ¢ aci t 1S to be expresse Inacell, can
be done by omky dfirsieneet alumbtvetrkod$, cohonies Mitds asgckaalg kmpwovéed t he person

killed in the art, al.so dependent the f t . of the nuclej idtob
it roduced. S (% UGG SHETEASIBY: Sar e nG FRRCAE% 8T LPAREPEELion,

infection, théesid Oivhilllcansf ehsbkhrs, t ol tiheddadiaedSeibabke host cells
t hat express the 15 pol ypeptide of interest can be obtained by selection as

descri bed aPRE1§iNEdheaicrPERESdPRerteseiidiectitdn 2agdnrePEepFetent in the

cul ture medium@icd £33o Rl 8 50SLiL B dNGn e tall turing, either in
sufficient concentrations to 20 select for cells expressing the sel ectable

mar ker pol ppkypépteidy dih inpeeestonteat rthewmsre ILesgr preneeto enbodi nent s,
sel ection agent_is nolo r. present in t cul.ture_nedi um.duri t he
pr OdUCt | on %ﬁg%%cmno% Or{gl%ﬁ'o S ﬁa S . opelowerln deXEg%&gF]{)g Ef‘lgllg

he ypep?% € 1S express urrng a cell is
done tol@nabbevériticnaletedpalaszéon aadéettey ow and/ or di vide and/or produce

reconbi nant proteins of interest. This can be acconplished by nethods well

known to personsiBiGeIted FTOREIRRPES anl MY Jifeslones are

obtained when no anti-repressor sequence is present in
the expression cassette according to the invention,
providing for very stringent selection. The novel

15 selection system disclosed herein therefore also provides
the possibility to test parts of anti-repressor elements
for functionality, by analyzing the effects of such
sequences when present in expression cassettes of the
invention under selection conditions. This easy screen,

20 which provides an almost or even complete black and white
difference in many cases, therefore can contribute to
identifying functional parts or derivatives from anti-
repressor sequences. When known anti-repressor sequences
are tested, this assay can be used to characterize them

26 further. When fragments of known anti-repressor sequences
are tested, the assay will provide functional fragments

of such known anti-repressor sequences.

The practice of this invention will employ, unless

30 otherwise indicated, conventional techniques of
immunology, molecular biology, microbiology, cell
biology, and recombinant DNA, which are within the skill
of the art. See e.g. Sambrook, Fritsch and Maniatis,

Molecular Cloning: A Laboratory Manual, 2™ edition, 1989;



but is not limted to providing nutrients for the cell. 30 The nethods
conprise gromh adhering to surfaces, growh in suspension, or conbinations
thereof. Culturing can be done for instance in dishes, roller bottles or in
bi or eact or Syo Yikhksdat ch, fed-batch, cdintinuous systenspcgipihodgsspAr f usi on
systens, and the like. In order to WO 2006/ 048459 49 PCT/ EP2005/ 055794

achi eve large scale (continuous) production of reconbinant proteins through
cel | cul t ureurxents Rpodfosodedini Molpeular Ripliogve AsspbedapMbl etof growing in
suspension,_and it | referr : | I ing. cultured in
t he absenceagﬁ‘ deadrlsti’rrg]%egldrtcﬁ&rrg%-r g? Thlgééﬁq&ger%m%%?@gﬁﬁﬁg&- §}3%’)g{iftgjrgrr%affcl-deri ved
serum conpokesds, Ifhe )co®ERRi:oAsPract iraWAnproacinl MapPyengooellds (see e.g.
Tissue Cultyre, Acaden.c Press, Kru nd, Paterson, .editors (1973)) and the
condi ti ons FUPE EP e f¥eSsi gﬁ'oiad'f’hefg%g’o%ﬂ%g’r‘hdrlﬁrsodﬁcfd‘ag%ak%% to the
person sKi |l heshdn the1ait andnigaserads, proge.i pl es, protocols, and practical
techni ques for maxinizing the, productivity of mammalian cell cultures can
be found in Manthf ildyeadiionpist EBRRbEBHFXPLR M dinc dheapplbathngM 15

But | er, _ed-exérﬁlrléoé.esﬁwe_ E33kb1eknas REEf eidad rbadiaBRE ont B8 £Xpressed
protein is collected (isolated), either fromthe cells or fromtihe culture
medi um or fvayn HBhdy meredsy sevr be ¢laxiéy thsudinfieadigsi-ng known net hods,
e.g. filtration, colum 20 chromat ography, etc, by methods generally known
to the person skilled in the art. The selection nethod according to the
present10 i nEeadpIss wor ks in the absence of chromatin control 25 elenents,
but inproved results are obtained when the nulticistronic expression units

are provi def*WRIFS et désé?ﬁér]?{esFh?hEe§EJr%Q:tc?for$T|1?§t6H08n3085P§Fng to the

present STAR sequences in various configurations and under

various circumstances. Examples 8 and further describe
the novel selection system of the invention.

15
Example 1: Construction of STAR67 vectors

A novel anti-repressor (STAR) sequence was isolated

using a genetic screen as described in WO 03/004704, and
this novel sequence was coined STAR67. The effects of

20 STAR67 on expression of transgenes in mammalian cell
lines were tested. Here we describe the construction of

the various constructs.

Materials and Methods

25 Three plasmids were created (Fig. 1):
A) CMV-d2EGFP-ires-Zeo (CMV Control),
B) STAR67-CMV-d2EGFP-ires-Zeo (CMV-STAR67),

C) STAR7-STAR67-CMV-d2EGFP-ires-Zeo-STAR7 (CMV-STAR67
1/7)

30 The construction of construct A is described below.

Plasmid pd2EGFP (Clontech 6010-1) was modified by



i nvention works particularly well when an expression cassette according to
the invention, conprising at | east 30 one anti-repressor sequence i s used.
Dependi ng on the selection agent and conditions, the selection can in

certain casf§2egodsgéde so stringent, that only very few @er/Ep¥ @ odidshost
cells survive the selection, unless anti- repressor sequences are present.

Hence, the conbi nati on WO 2006/ 048459 50 PCT/ EP2005/055794 of the nove
sel ecti on nbEr$Rytinnd ofnei liepresabrtie@Briftesitcorrd¥deidvRdsE@E T act i ve

nmet hod to o | N el i t edgpugber s, : Is Wk ‘ atly inproved
chance of h?% éxgggégfgﬁ of tﬁg gglypé%?fgg;g?lﬁﬁpereg?eﬁg%ﬁerein, whi |l e at
t he sane ti GRACCRATATCAGAICTEITAAETAAGONPER Silly N €Xpresdi on cassettes with

of i nt o et SRR AHENSERATCEN Er  Ried, T NEREIRY op bGP R chant S of

| oweri ngs expiessi ot tdhan PERICOBYEDI | oaned FxdReseiserieassattes. In certain
enbodi nents, al nost no clones are obtai ned when no_anti-repressor seqguence

is present PRIORYESRE5%esdids Ea88keY et (WHEIRG St G1PR&NENSEREI on,

providi ng faes¥erse StiddageibnsgkestARNe] it OV @heko pseheski on system
di scl osed herein therefore al so provides the possibility to test parts of
ant i - r epr esSAFCAGATRIRGCGOGELATTRARRBEAT CEGLCARETITEIGFIGACRAEGef f ect s of such

sequences wh presendy i xgrgssion cassettes of the invention under
selection ¢ %@?tf@%@. hgg?egsg screen, 20 which provides an al nost or even

conpl et ¥0 bl aaGCEEEhTEGArA TGIATTEASARRAATAARIAAATASESSG t(B8Def DDe B@n contri bute

to identifying functiopal parts_or deriyvatives fromanti- repressor
sequences. %&E%W?ﬁBWW FP—F@Bﬁé§¥o? E%%Hﬂhégéo'éregkegFBH, this assay can

be used to ghar@cs enirzen ie® 2asbuebdeintdrai fHAATERE$0b FkpORRS
antl -repressor sequences
(Clontech 6028-1) to yield pIRES-stuf. This introduced
sites for the Ascl and Swal restriction endonucleases at
15 MCSI, and acts as a “stuffer fragment” to avoid potential
interference between STAR elements and adjacent
promoters. pIRES-stuf was digested with BglIII and Fspl to
liberate a DNA fragment composed of the stuffer fragment,
the CMV promoter, the IRES element (flanked by multiple
20 cloning sites MCS A and MCS B), and the SV40
polyadenylation signal. This fragment was ligated with
the vector backbone of pd2EGFP-link produced by digestion

with BamHI and Stul, to yield pIRES-link,.

The open reading frame of the zeocin-resistance gene

25 was inserted into BamHI/Notl sites downstream of the
PIRES as follows: the zeocin-resistance ORF was amplified
by PCR with primers GATCGGATCCTTCGAAATGGCCAAGTTGACCAGTGC
(SEQ. ID. NO. 71) and AGGCGCGGCCGCAATTCTCAGTCCTGCTCCTC
(SEQ. ID. NO. 72) from plasmid pCMV/zeo (Invitrogen,

30 cat.no. V50120), digested with BamHI and NotIl, and
ligated with BamHI/NotI-digested pIRES-link to yield
pIRES-link-zeo. The d2EGFP reporter ORF was introduced
into pIRES-link-zeo by amplification of pd2EGFP (Clontech



are tested, the assay wll provide functional fragnments of such known
anti-repressor sequences. The practice of this invention wll enploy, unless
30 ot herwi se indicated, conventional techniques of inmunol ogy, nolecular

bi ol ogy, m‘g(?%k,msg@y, cell biology, #nd reconbi nant DiAqppbtoSbssdgse W thin
the skill of the art. See e.g. Sanbrook, Fritsch and Maniatis, Mol ecular

Cl oning: A Laboratory Manual, 2nd edition, 1989; WO 2006/048459 51
PCT/ EP2005/ 96579l wdfhr ®Fimprst ocol s in Mol ecul ar Bi ol ogy, Ausubel FM et

PRe: A P o A M DR R DA AR AR08 s 1005
Anti bodi es: 73 Lladwbratory 5 Manual, Harlow and Lane, eds, 1988. The I 4

o]
not it Rt cA R A PR Qe o BERTRCES eaddr ) The
invention. 19edxammpl e .Exanp! aadlidseestsn e the EReoRIRGighs&IARE7 and ot her
STAR sequences_in various configurations and under various, circunstances.

Exanpl es 8 SAEFFRIGafsetdesdrtBe thenEcoRl et tselidc thenPIBEF i BE- 7R

invention. Jp;fxapl ik CRASEHUELHOPr@ft ATARK WeELeDS TREFOYES
anti-repressor (STAR) sequence was isolated Using a genetic screen as

descri bed i fFCNYD @313®4704, and this novel sequence was coi ned STARG67. The
effects of 20 STAR67 on expression of transgenes in manmalian cell |ines

were tested. Her deserif e SLI G4 Q0 t Lpus; gonstructs.
; A MV
Materi al s and I\/Eﬁo S g’% THY gé‘%% léégng S wgérfe%creefgt edg((?&%ﬁg%%:l A)
CW- d2EGFP- thesAst=b i@V (Bourtollp, nt remaining between STAR67 and

the promoter). This created construct B, STAR67-CMV-

d2EGFP-ires-Zeo (CMV-STARG67).

STAR67 was also tested in the context of a cassette
that contains also the STAR7, cloned directionally in the
16 5’ Sall and Xbal sites and 3’ BglII and Pacl sites to
flank the entire cassette with STAR7. This is construct C
(CMV-STARG67 7/7) .

Example 2: STAR67 enhances the expression level from CMV,
20 EFla and UB6 promoters in stably transfected CHO cells.
We tested whether the presence of STAR67 adjacent to the

CMV, EFla and UB6 promoters influences the expression
level of these promoters in CHO cells. The constructs A
and B (Fig. 1) described in Example 1 are used for this

25 purpose, modified for the respective promoters:
1 CMV-d2EGFP-ires-Zeo (CMV Control)
2 STAR67-CMV-d2EGFP-ires-Zeo (CMV-STAR67)
3 EF10~-d2EGFP-ires-Zeo (EF1Q Control)
4 STAR67-EF10-d2EGFP-ires-Zeo (EF10-STAR67)

30 5 UB6-d2EGFP~-ires-Zeo (UB6 Control)



B) STAR67- CW-d2EGFP-ires-Zeo (CW- STAR67), O

STAR7- STAR67- CW- d2EGFP- i r es- Zeo- STAR7 (CW- STAR67 7/7) 30 The construction
of construct A is described below. Plasmd pd2EG-P (C ontech 6010-1) was
modi fied b 0604540048459 62 PCT/ EP208X5/ 055794 i nsert b@i‘mﬁioo?fodsbﬂker at
the Bsi W )s‘?’(ty\gto yé el d pd2EGFP- |ink. The linker, nmade by annealing

ol i gonucl eoti des GTACGGATATCAGATCTTTAATTAAG §SEQ | D. NO. 67) and

GTACCTTAATTAARGAT CI TR AT UBSEQ2HGEP-Nioes6By0 (PR oTlARRl) 5 sites for the
Pacl, Bglll, and EcoRV restriction endonucl eases. This created the nmultiple

cl oni ng sit isf i3 eLLison of STAR el ements. Then priners
GATCAGATCT C&%:ASF#EAA CTCGCGOGTTTCGGT GATGACGG (SEQ ID. NO 69) and
10 ( AGCCGGATRE R Gl EFAGAPASADAAAE AMITAG@XIRANTEQ fbb. the. CMV0) were used

to anplify a region of 0.37 kb from pd2EGFP, which was inserted into the
Bgll | site BFOPRFES iy Gh@npééﬁmeé%dﬁiq@%ﬂ éird FBRES- sThe. UBi s i nt r oduced

sites fog tﬁﬁorﬁéﬁ-‘ér% MRheeakr 611 oRs endanicleasespakthpsESl . and acts
as a "stuffer fragment” to avoid potential interference between STAR

el enent s anﬂrq@lj@teemd2E;§rFé>rr@tl@smldeRESﬂmwfmais by é’@B‘r:eéval th Bglll and

bromoter 1 HeoRredty e RETRD 1 CRBR05 16 fend Bt etd BOREY (s’ ACand
MCS B), andIDheNc&a/4059 oldy adenThat reﬁustg{IﬁlDNATPHt‘mfffbagWBBt chasedli gated with

t he vector backbone of  pd2EGFP- oduced b i est | h BanH and
Stul, to yi&Ndtht RS mateTré BH@E/{’)\Eéa%}%g[Ifnr ggge%ﬁn resi st ance

gene 2{p wagréfseid §shHEgUs2 uBaME-6hobR 6L 4 @sE CEQWA%TcrIe@E‘ch fEBﬁmeﬂ'& RES as

foll ows: the zeocin-resistance ORF was anplified PCR with prinmers

GATCGGAT CCTTEAAIGCGMAET PR CAAEFER-IRES-Zeo0, from whlch the CMV

promoter was removed.

The EFlo promoter was amplified by PCR with pEFla/V5-His
[Invitrogen V920-20] as template, using primers

15 GATCGGCGCGCCATTTAAATCCGAAAAGTGCCACCTGACG (SEQ. ID. NO.
79) and
AGGCGGGACCCCCTCACGACACCTGAAATGGAAG (SEQ. ID. NO. 80). The
PCR fragment was cloned in the AscIl and PpuMI sites of
CMV-d2EGFP-IRES-Ze0, from which the CMV promoter was

20 removed.

The Chinese Hamster Ovary cell line CHO-K1 (ATCC

CCL-61) was cultured in HAMS-F12 medium + 10% Fetal Calf
Serum containing 2 mM glutamine, 100 U/ml penicillin, and

25 100 micrograms/ml streptomycin at 37°C/5% CO,. Cells were
transfected with the plasmids using Lipofectamine 2000
(Invitrogen) as described by the manufacturer. Briefly,
cells were seeded to culture vessels and grown overnight
to 70-90% confluence. Lipofectamine reagent was combined

30 with plasmid DNA at a ratio of 6 microliters per
microgram (e.g. for a 10 cm Petri dish, 20 micrograms DNA
and 120 microliters Lipofectamine) and added to the

cells., After overnight incubation the transfection



(SEQ ID. NO 71) and AGCCGCGGECCGCAATTCTCAGICCTGCTCCTC (SEQ ID. NO 72)
fromplasmd pCwW/ zeo (Invitrogen, 30 cat.no. V50120), digested with BanH
and Notl, and ligated with BanH /Notl-digested plRES-1ink to yield

pl RES- | i Nk sb06/048659d2EGFP reporter ORB was introduced piplepobdbdsayl | nk-zeo
by anplification of pd2EGFP (C ontech WD 2006/ 048459 63 PCT/ EP2005/ 055794
6010-1) with prinmers GATCGAATTCTCGCGAATGGT GAGCAAGCAGATCCTGAAG (SEQ I D. NO
73) and AGTUHATFCACSCELESTIFAAACT I RCEACRACIBCABBETEHIECAGG 5 (SEQ | D.

NO. 74), a | i.0N h o] -195%«@;& G- S i t he EcoRl
site in thggﬁr@%[ﬁttleﬁkfzggég g?ggmﬁgc 'S ?%gggég'cgﬁgg?ug%é%iﬁ@
CW- d2EGFP-¢iRESiged on, Ciié 1Cenwe né ) t r ARG Zedasndl srededpstteafredh t he CW

pronmoter, in_ .10 the Ascl si about 15 nt r inin et ween STAR67 and
Phe br oot cFyLETe HeaiRdec i CRPT e B AR TR R RO E r oo. 2o
( COW- STARGTYve RARAY itasibaksont esb€ih iwnd hrldedntext ebnacsesseidre that

contains also the STAR7, cloned directionally in the 15 5' Sall and Xbal
sites and 3°f Bfl IM9/add apdckhs cebls gvetqivlithheednfnrehensskfter wi th STARY.

This is construyct - STARGY 7/ 7). Examl e.2: STAR6Z _enhances the
expression ?ré?/%}?e% %&rﬁ(e%?yszggﬁﬁf‘ég%ﬁﬁ ‘ﬁ%6 rﬁl%ﬁﬁ?ér Qyi %r fr‘]}ébl y transfected
CHO cel | s. i dredpd awhehBerebBen PIESEN M. hARBA18dFagent to the CW,
EFla and UB6 pronmoters influences the expression |evel of these pronoters

in CHO cel | urthwer cétrery dodd vAduahde@l¢Hiqp bEradesvisbblei n Exanple 1 are
o doeliep, | Rt SRR babS st S s el BB AR ow. sTare?)
removed and replaced with fresh medium without zeocin.
Individual clones were isolated and transferred to 24-
well plates in medium without zeocin. One day after
isolation of the colonies zeocin was added to the medium.
16 Expression of the d2EGFP reporter gene was assessed
approximately 3 weeks after transfection. d2EGFP
expression levels in the colonies were measured after
periods of two weeks. After the initial two weeks after
transfection when the first d2EGFP measurements were
20 performed, the colonies were cultured in medium without
zeocin or other antibiotics. This continued for the

remainder of the experiment.

Results
2b Fig. 2 shows that transfection of the construct that

contains STAR67 cloned upstream of the CMV promoter
resulted in a number of CHO colonies that express
significantly higher levels of d2EGFP protein, as
compared to the “empty” control without STAR67, CMV

30 Control. The average of the d2EGFP signal in the 10
colonies transfected with the CMV Control plasmid was 34,
when measured 25 days after transfection. 60 days after
transfection the average of the d2EGFP signal in these 10

colonies was reduced to 13, indicating that expression is



3 EFla- d2EGFP-ires-Zeo (EF1(X Control) 4 STAR67- EFla- d2EGFP-ires-Zeo
(EFla- STAR67) 30 5 UB6-d2EGFP-ires-Zeo (UB6 Control) WO 2006/ 048459 64
PCT/ EP2005/ 055794 6 STAR67- UB6- d2EGFP-i res-Zeo (UB6- STAR67). Materials and

Met hods TheydBge/e¥sskeEFLla pronoters wert® exchanged for tperEMdossxsgoter in
the plasm ds described in Fig. 1. The UB6 6 pronoter was cloned as foll ows.

A DNA 0.37 kb stuffer fromthe pd2EGFP plasm d was anplified by PCR as
descri bed iMPtekPPLle PVelstigeprIner RO Oy i EBebyvereye oD thos. 69 and

70. The resydrid SINA-3t Yhf ehe VB SdNEds itRahlecBOLY ! wBif erpf PUB6/ V5-His
[ nvitrogen V250-20], 10 creating pUB6-stuf. From pUB6-stuf an Ascl-Sacl

f ragment VEEARA TG PAEsMONWWE? EGFPYERESSZeoreflr afit@hi 2h dags GWA  pronot er
was renove f' . P ith,pEFl a/ V5-Hi s
05 558 BECBRLST 108 VUL IJER B TR BoPEEL 2

[ nvitrogen

GATCGGC(BCGCXEEEETAAAB@@@%AAGI @m@%dﬁ@@sshﬁg SV cd¥3tansk

AGGCGGGACCCCCTCA IC?A@G (SEQ. 1 D. NO 80).. The PCR fragment was
agham SIRFT

cloned in t‘?@“’ﬁs\’@l PISBeERT| %SV%%O from whi ch the

CW pronot edy fm%sa@nr geR¥edor Thge GipIaR #gﬁ@ teinOyarycgely line CHO K1
(ATCC CCL-61) was cultured in HAMS-F12 nedi um + 10% Fetal Calf Serum

cont ai ni ng tgrw fgaresnicAenesoolpor taelivoi 125 A2yanafPer100 mi crograns/
streptonycin. d pl asm ds usi ng
i i O%é: l?léﬁ\c/:%%}:gggn#éas scrla%rﬁ%fe@%% %wc#b&

Li pof ect ami ne he manufacturer. Briefly,
cell s vHr e messetr olacsutrtemoeedelsged:mltamir@r e cwépnightintreediun®0%

cont | uence., Lipofectamine LEAgent oI S inI0s EhY BhAR} d DV a2

construct are more stable over time in the absence of
selection pressure than colonies that do not contain a
STAR67 construct.

15

Fig. 3 shows that transfection of the construct that

contains STAR67 cloned upstream of the EFlo- promoter
resulted in a number of CHO colonies that express
significantly higher levels of d2EGFP protein, as

20 compared to the “empty” control without STAR67, EFlaQ
Control. The average of the d2EGFP signal in the 10
colonies transfected with the EFla Control plasmid was
31, when measured 25 days after transfection. 60 days
after transfection the average of the d2EGFP signal in

25 these 10 colonies was 26. In comparison, the average of
the d2EGFP signal in the 10 colonies transfected with the
EF10-STAR67 plasmid was 60 when measured after 25 days
and 76 measured 60 days after transfection. Hence, both
after 25 and 60 days after transfection, a STAR67-

30 encompassing EFla construct conveyed a factor 2.9 higher
EFl0a promoter driven expression level of the reporter

protein in stably transfected clones.



m crogram (e.g. for a 10 cm Petri dish, 20 mcrograns DNA and 120
mcroliters Lipofectam ne) and added to the <cells. After overnight
i ncubation the transfecti on WD 20061048459 66 PCT/ EP20051055794 m xture was

repl aced wiwdhohéGslsonedi um and the ta7ansfected cells pefgpigesanled
further. After overnight cultivation, cells were trypsinized and seeded

into fresh culture vessels with fresh medi um After another 5 overnight

i ncubati on zeocifi%wad &hAEE thal ARERGtdcnoRE ‘éFeSQOW‘Fﬁu%{‘th}t% cells
were cul tUrech i aiandft £10na8040eY: S 08 ARUSubheoFRH L vas repl aced by

fresh medium containing zeocin (100 g/m ) and cu urt her. When
i ndi vi dual o \Jriiesks ibeeanmembesi bf eCHGD ddppiesi trhatl gxpeasslays after

f fresh_ned h
ceovin: - | UG SnBeIRRF o F B L WP, HhbFetPeatto 20 wel I plat es

in mediyn ded[pﬂttedZQ@Clthe %ﬁpdg'y c&foﬂtf:d’ol wd@hatuitopTAREYT heurs®l oni es zeocin
was added to the nmedium pression of the d2EGP re orter gene was

assessed dPHPA lnati'é‘ﬁyageﬁégﬁsoﬁf'f}é? q7EGE S sdorsh. 1A2EeEPLC0 expr essi on

level s in the planiteanweeetaBasF R 1 s cRakr8USpPhshy@ weeks., After the
initial two weeks after transfection when the fi rs? d2EGFP measur enent s

were 20 per¥hgmaeasuredcgbodpEs Q\@F%r cunansfegtianmedP ude v t#BLRT zeocin or
other anti b‘&%ﬂscf%é:t[@ns tﬁ8n5{78'{§§e 1{1{199 d2 qufma?f ik hfhx%%eoefd ment.
rans c at

Resul ts shows f hat 1 on o onstru cont ai ns
STARG67 MWl onmllcupsatsrmm 619 thadm/tfmg)nuj‘taar tlueesubtreelsnmawamrﬂm of CHO

Compar od 1 oS ety tibEnt FB CATRTEUROST AR, SVERRO305 BoRtF of . The ver age
of the dZEGE}EGFEﬁﬁﬂgdaU tiheth8 10 colonies transfected with the
UB6-STAR67 plasmid was 218 when measured after 25 days
and 224 measured 60 days after transfection. Hence, 25
15 days after transfection, a STAR67-encompassing UB6
construct conveyed a factor 4.3 higher UB6 promoter
driven expression level of the reporter protein in stably
transfected clones. After 60 days this factor was 7.7,
due to instability of expression in the control colonies
20 and stability in the UB6-STAR67 colonies. Importantly, 25
days after transfection, after the first measurement,
selection pressure was removed by culturing the colonies
in medium without zeocin. Hence, colonies containing the
STAR67 construct are more stable over time in the absence
26 of selection pressure than colonies that do not contain a
STAR67 construct.
In conclusion, STAR67 increases expression from

three different, unrelated promoters.

30 Example 3: STAR67 enhances the expression level from CMV,
EFla and UB6 promoters in stably transfected PER.C6
cells.

We tested whether the presence of STAR67 adjacent of the

CMV, EFla and UB6 promoters influences the expression



colonies transfected with the CW Control plasmd was 34, when neasured 25
days after transfection. 60 days after transfection the average of the
d2EGFP signal in these 10 colonies was reduced to 13, indicating that

expr essi on vy 00€h[086/ 048459 56 PCT/ EBBI05/ 055794 not sEpRpRYSBIst i M. I N
conpari son, ﬁe average of the d2EGFP signal in the 10 col onies transfected
wth the STARG67-CW plasmd was 42 when neasured after 25 days and 32
measur ed 60“5&?%Cé?ﬁéﬁsﬁrﬁﬁgmééﬁréﬁhlHEH&@GGOCGé}stBPQftb@ntG%%sfection a

STARG7- enCouDAss '};%Im ﬁg@ﬁhrﬂﬁﬁ & OMVEYEd m of @8&8%&%%&@9 adM/ promot er

driven expressi‘on the reporter protein in sta transfected

cl ones. | npon tewdniple 25wdaysuaéder transfection, after the first

measur enent, selection 10 pressure was renoved by culturing the colonies in
medi um w thout zeocin. Hence, colonies containing the STAR67 construct are

nor e st bl emoreri didrend Meh@ogbsence of sel ection pressure than col onies
that do not contain a STAR67 construct. 16 Fig. 3 shows that transfection

of the consTFaRILaqtdon cSHL4PAINGTARS 7213 i @HéfﬁgaﬁﬁoFeiﬁé EFla- pronoter
resul ted i npgk npbes 1 9L R CLANLRS LRAbMENPRESSm S] G LEARIY i gher

| evel s of d2EG-P protein, as 20 conpared to the "enpty™ control w thout
STARG7, EF1%% KmttaloBovihe SeenmgéNod-Hdat d2ECERveitgdal Bnotmé 10 col onies

transfecteg¥%%%h16@q%gf gxgg% q&nplg§g1?03%ﬁac #§¥£M§7% weasured 25 days

after tran % on ter transtection e average of the d2EGFP

si gnal i Z&EJ@My&ncakoen%/mdﬁ t81 LOMRAd SRR taveage of the
d2EGFP signal in the 10 colonies transfected with the EFla-STARG67 plasmd

was 60 whentheashassd dsf pusingsLinggectanings 4008 Ulagisoodays ast er
transfectlogeséfgb(% h&pkﬂe manufacturer. Briefly, cells were seeded

to 6-wells and grown overnight to 70-90% confluence.
Lipofectamine reagent was combined with plasmid DNA at a

16 ratio of 15 microliters per 3 microgram (e.g. for a 10 cm
Petri dish, 20 micrograms DNA and 120 microliters
Lipofectamine) and added after 30 minutes incubation at
25°C to the cells. After 6-hour incubation the
transfection mixture was replaced with fresh medium, and

20 the transfected cells were incubated further. After
overnight cultivation, cells were trypsinized and seeded
(1:15, 1:30, 1:60, 1:120 dilutions) into fresh petri
dishes (90 mm) with fresh medium with zeocin added to a
concentration of 100 pug/ml and the cells were cultured

26 further. When colonies became visible, individual clones
were isolated by scraping and transferred to 24-well
plates in medium with zeocin. When grown to ~70%
confluence, cells were transferred to 6-well plates.
Stable colonies were expanded for 2 weeks in 6-well

30 plates before the d2EGFP signal was determined on a XL-
MCL Beckman Coulter flowcytometer. The mean of the d2EGFP
signal was taken as measure for the level of d2EGFP

expression. Colonies were measured for a second time



after 25 and 60 days after transfection, a STAR67 30 enconpassi ng EFla
construct conveyed a factor 2.9 higher EFla pronoter driven expression
| evel of the reporter protein in stably transfected clones. WO 2006/ 048459

57 PCT/ EP2Q0Apsddaeikd% Fig. 4 shows thag transfection of ptf@psgfdsigdct that
contains STAR6/ cloned upstream of the UB6 pronoter resulted in a nunber of

CHO col onies that express significantly higher |evels of d2EG-P protein, as
5 conpar ed 3-athe weepsy" Thereableni ¢hsnieSTARS?, fuBbhetopetbrredrhe aver age
of the d2EGHP é{eg%qjsen@et he }%oc&?! onies transfected with the UB6 Contr ol
plasm d was 51, when neasured 25 days after transfection. 60 days after
transfection the average of the d2EG-P signal in these 10 10 col oni es was
29, indi cat#n?gu hat the expression was not stable over time. In conparison,
t he aver 2E spLgn in the 10 colon estra sfected with the
UB6- STA 7 pl as 1(9 wg g: whgﬁ@niéﬁ?lﬁ%ftd@elofzg §a§ePShhch tﬁ"‘?’ﬁaasur ed 60
days after &&ansirRCigITaRG7HENERed 28pdbrstay T MAfther cwapsaﬁgte@n a

STAR67- enconpassi ng UB6 construct conveyed a factor 4.3 higher UB6 pronoter

driven exprie®tloird dvelr BITPRE PEPBFR f6 [IUBNIAS fhataBKpreE? anst ect ed

clones. Aftefqf0ridays 1khhg ghact QEv¥es Jf LoEdi¥e prBebAat abklity of expression
in the contr ? colonies 20°and stability in the UBG STAR67 col oni es.

| npor t ant | ygogrethyo dheer'enpansf eenton vaftth@rutt REARBT st CHéasur ement ,
sel ecti %e&s e Was raggg g Q¥ %tégid%% %‘?Ll ?gl %ﬁ 16‘ medi umvvlthout

zeocin. oni &s con |n|ng t consfruct "are nore stable
over tinme |@oldsmemm¢eféﬁteﬁ setecthorCMpr €xsitrelt paasndodonaes3Tthat do not

contain a STAR67 constrg&t. I n concl usi on,_ STAR67 |racreases expression from

three diffeVafR MeATHes & fRYfofLFer transfection. 60 days after

transfection the average of the d2EGFP signal in these 10
colonies was reduced to 14, indicating that expression

15 was not stable over time. In comparison, the average of
the d2EGFP signal in the 10 colonies transfected with the
STAR67-CMV plasmid was 101 when measured after 30 days
and 45 measured 60 days after transfection. Hence 60 days
after transfection, a STAR67-encompassing CMV construct

20 conveyed a factor 3.2 higher CMV promoter driven
expression level of the reporter protein in stably

transfected clones.

Fig. 6 shows that transfection of the construct that

26 contains STAR67 cloned upstream of the EFla- promoter
resulted in a number of PER.C6 colonies that express
significantly higher levels of d2EGFP protein, as
compared to the “empty” control without STAR67, EFla
Control. The average of the d2EGFP signal in the 10

30 colonies transfected with the EFla Control plasmid was 5,
when measured 30 days after transfection. 60 days after
transfection the average of the d2EGFP signal in these 10
colonies was 6. In comparison, the average of the d2EGFP

signal in the 10 colonies transfected with the EFla-



30 Exanple 3: STAR67 enhances the expression |level from CW, EFla and UB6
pronoters in stably transfected PER C6 cells. W tested whether the
presence of STAR67 adjacent of the CM/, EFla and UB6 pronoters influences

t he expressy 06/ 048459 58 PCT/ H#2005/ 055794 | ev pronot ers
i n anot her %‘ZF‘?"X)@%% than CHO cells, nanely human PER %T@gf({og&%?ﬁe sane
constructs as in exanple 1 were used. 5 Materials and Met hods Transfection,
cul turing a$ERRMAIRASisHigf wPERZBowken | mea pRRACEERrcEP| daverendutQured in
DVEM nedi um + | j + % Eo i<ne S ( 7 activated),
oo v Ml So bR ek aP e R SRR BRER TSR PO e e
370 10% CQRandCed 0 dayesr eftteanstreosfdcnidh, & [BTAR6EIseNndsmpssaingi pof ect am ne
2000 (I nvitrogen) as described by the manufacturer. Briefly, cells were
seeded to BEWREIFRSHPGr GRRVEVEANR ghCcEr 0900 BF L e REEMOLET pof ect ani ne
r eagent S i j I Lo DNA rati 15 7 isers per 3
m crograyn:a(%fg. orbr%&ﬁf%qg% 1 g}a?i di 51?% Ige mtg?g ?g%lmmaﬁg%i

m crol it er stranptfactdmlioaesand added after 30 minutes incubation at 25C to
the cells. After 6-hour incubation the transfection mxture was replaced
with fresh nmedium and 20 the transfected cells were incubated further.
After overni ghtrigpl t7 wabbwentheel t sBanefectionpsimiched candt seetdeechat 1: 15,

1: 30, 1:60, 1:120 dilutions) into fresh petri dishes (90 mM) with fresh
medi um wi t hCORRINF TPt 61anedorBehteatt iUh o P86 BFRMCSRA the cells were

cul turegy 25- &g 1O -1 NV MUGBLRNbESPERCOETE- M Hilds8 tnaRdikpdEgh clones wvere

i solated by scraping and transferred to 24-well plates in nediumwth
zeoci n. \Wedignbvrans ly7 dighesnfeviehe eof ABFRvwprotedansférred to 6-wel |
pl ates. compared to the “empty” control without STAR67, UB6

Control. The average of the d2EGFP signal in the 10
colonies transfected with the UB6 Control plasmid was 4,

15 when measured 30 days after transfection. 60 days after
transfection the average of the d2EGFP signal in these 10
colonies was 2. In comparison, the average of the d2EGFP
signal in the 10 colonies transfected with the UB6-STAR67
plasmid was 27 when measured after 30 days and 18

20 measured 60 days after transfection. Hence, both after 30
and 60 days after transfection, a STAR67-encompassing UB6
construct conveyed a factor 7 to 9 fold higher UB6
promoter driven expression level of the reporter protein
in stably transfected clones.

25 Hence placing STAR67 upstream of the promoter
resulted in significantly higher protein expression
levels in comparison with STAR67-less constructs, also in
PER.C6 cells. Hence STAR67 functions in different,
unrelated cell types.

30
Example 4: Novel configuration of STAR67 combined with
other STAR elements to enhance the SV40 promoter in CHO

cells.



St abl e col oni es were expanded for 2 weeks in 6-well 30 plates before the
d2EGFP signal was determ ned on a XL- MCL Becknman Coulter flowcytoneter. The
mean of the d2EGFP signal was taken as neasure for the |evel of d2EG-P

expr essi onywahonised Wwere neasured for6la second tine WOppRbideind 69

PCT/ EP2005/ 055794 after 2 weeks. Thereafter colonies were further cultured
in the absence of zeocin. Results 5 Fig. 5 shows that transfection of the

const r uct t"F%ltteS(,t(%’t #heshesTARBY Rrosrira st S&AM0If adhacemy pf obir er

resulted i Qfy Eﬁ@lg@ g 0{‘15@59:%;4?_% e_p(ggrg Se18L@nifigantly higher

| evel s of 2E %r gttel n, Iéo?r%)ar ed s é e cont{r: Jfgvvlthout
STAR67, Cl\/wprlc@ncmmt,r@hthélneaaveeagle o Q@M@E@ﬁ mlghaano‘nhehe 10 col onies
transfected.yith the rol pl asm 3 when,_neasur d 30 days
after trans%i(}&cl%leolr?me é)’?stall't:'e?EaIFI?%%Tﬁ%s’i'o%hfehgoﬁvtépé‘é °o ?%e d2EGFP
signal s tihese dded celronhes p/aSpdsg@luc@e:b trigl48)i,ndireati ng that expression

15 was not stable over_ tine. conparison, the average of the d2EG-P
signal in the 10 col §M4Qsd12?3§ﬁ§fé€?%d2%t‘+$‘7t4I9eC°§’FARé CW plasmid was 101

when neasured affer IGagayssvapdadbcrBasidL£680 @ays-arhrE7§ ransfection.
Hence 60 days after transfection, a STAR67-enconpassi ng CW construct 20

conveyed a factot 3 §%Pdh§W4@WQ§G6m@S-CﬁQO\T§HARéx;ﬁB@é@r%ﬁAR'é/(fé)l of the

reporter protei f 3 t hat
transfection of he ?‘;01%57 uc?ﬁ‘?ﬁzug&gg cont ai ns1r§*?A§8$ §J?oned upst ream of
the EFI®0 pronoter r(@lot-sdARA7a7hunber of PER. C6 col oni es that express

significantly higher levels of d2EGFP protein, as conpared to the "enpty"
control wi thout STAR67, EFla Control. The average of the d2EG-P signal in

the 10 Materials and Methods

The SV40 promoter was amplified by PCR with pIRES as
template using primers

16 TTGGTTGGGGCGCGCCGCAGCACCATGGCCTGAAATAACCTCTGAAAGAGG (SEQ.
ID. NO. 81) and
TTGGTTGGGAGCTCAAGCTTTTTGCAAAAGCCTAGGCCTCCAAAAAAGCCTCCTC
(SEQ. ID. NO. 82). The PCR fragment was cloned in the
AscI and Sacl sites of CMV-d2EGFP-IRES-Zeo, from which

20 the CMV promoter was removed.

CHO cells were transfected, colonies were isolated and

propagated and analysed as in Example 2.

25 Results
Fig. 8 shows that transfection of the construct that

either contains STAR67 cloned upstream of the SV40
promoter (SV40-STAR67) or STAR 7 cloned to flank the
entire construct (SV40-STAR 7/7) did not result in CHO
30 colonies that express significantly higher levels of
d2EGFP protein, as compared to the “empty” control
without STARs (SV40 Control). The average of the d2EGFP
signal in the 18 colonies transfected with the SV40

Control plasmid was 86, when measured 40 days after



30 colonies transfected wwth the EFla Control plasmd was 5, when neasured
30 days after transfection. 60 days after transfection the average of the
d2EGFP signal in these 10 colonies was 6. In conparison, the average of the

d2EGFP  si @igbook/fusidde€ 10 colonies trargXected with the BEiap}hyeRaR/ 048459
60 PCT/ EP2005#055794 STAR67 plasm d was 25 when rreasurgg after 30 days and

20 neasured 60 days after transfection. Hence, both after 30 and 60 days
after transteansf@eti@nSTARGZOBRRHRPARS| HIF BVEXagensfr the doRGEYed a factor 4

hi gher EF1 t.er (o[ ANY; pPLESS) I ..th e er protein in
stably trg?lfs) ec elg gﬁgnélss. gﬁﬁgé %gsﬁ%a\f/\{{rsg er%\gt%dt Séﬁéf g%%i g?\“g)f t he construct
that cont a$TERETARGAMIdOned Bpsvhemmexdsures WBGepr d0pteys 1&ndetshdted in a

nunber of PER. C6 col.onies express , significantly,.higher |evels of
d2EGFP pr ot DFE 3% Ofg&&&aPEE%S fﬂ%naireﬂ cdift F8ﬁ° tPRout STARG7, UB6
Control .5 Therawvefage Owithe tddESFRO ssral 7 /M pllaemi@ weel oni ged r ansf ect ed

with the UB6 Control plasmd was 4, 15 when neasured 30 days after
transfecti gRecastramhpLtant 40 davansieredoma Ik Iéiggatort £Ret dEGEP si gnal

in these 10.hcol QRS MRedts! BnCOARAYFPBrdrdt 3V 8H2BROOE| S FAEGHP
signal in the 10 colonies transfected wth the UB6- STARG7 plasmd was 27

when neasurebsertast. 30 days and 18 20 neasured 60 days after transfection.
Hence, both aft 30 __and ays_after tr.ansfectiaon, a STAR6I;ghconpassi ng
L ibpstts Fheborie Pt iR HETheR caRmo! ot &S

UB6 construct conv er driven

expression pesmdter imhehegporbelspsdé edlreddy sfudkbkyhhtgapsérdtederc| ones. 25
Hence pl aci ng STARG7 upstream of the propoter resulted in significantly

hi gher pr ot BIFD SAFEESTHRN [FBQERsOP PRt ati Lotk CHVSPARBIt®Ess construct s,
al'so in PHEH{h GRld TondadeedTAROKe faingd 4 Png ddhgdipkbabeBt. This

high background expression in the absence of a STAR
element using the SV40 promoter in CHO cells, may explain

15 why no significant effect of STAR67 alone, or STAR7
flanking the transgene, was observed.

However, the average of the d2EGFP signal in the 18
colonies transfected with the SV40-STAR67 7/7 plasmid was
209 when measured after 40 days colonies, which is a

20 factor 2.4 higher than the average of the 18 control
colonies (86). Hence, when the STAR67 element is used in
combination with another STAR element, this results in a
number of stably transfected CHO colonies that show
significantly higher d2EGFP expression levels.

25 Therefore in this novel configuration (5’- STAR
sequence A - STAR sequence C - promoter - nucleic acid
encoding a protein of interest - STAR sequence B - 3/,
wherein in the present example STAR sequences A and B are
STAR 7 and STAR sequence C is STAR67) STAR elements

30 appear to function even better than in hitherto disclosed
configurations.

We have done experiments in which the flanking STAR?7
elements were replaced by flanking STAR6 elements or by
flanking STAR4 elements, in combination with STAR67



unrel ated cell types. 30 Exanple 4: Novel configuration of STAR67 conbi ned
with other STAR elenents to enhance the SV40 pronoter in CHO cells. WO
2006/ 048459 61 PCTI EP2005/ 055794 We tested whether the presence of STARG67
adj acent ofwgd BRe6048¥580 pronoter influerfides the expressi opctepRbs/esdshi s
pronoter, either alone or in conbination wth another STAR elenent, in this
exanpl e STAR7. The caonstructs that 5 were used faqr this rpose (see Fig.
8), are: 1 WRHGSHFFESGEPIIPesYZRPTLRIEF oA FfTQR%?A§2§-§£sO§ﬁ§EGFP-ires-Zeo
(SVA0- STARGTIARS STAT- SV4BEREEERy | 105t ZLnST ARke( SYAONSTARIED Jas 4 START-
STARG7- SVA0- - d2EGFP-i r es- Zeo- STAR/ 10 40- STAR67 7/7) Materials and

Met hods ThealBs\er) preddorbsersdakPreved axpreeRivnt R1pPREStRisthesspl at e usi ng
primers 15 JI& CACCATH GAGG (SEQ I D.
NO. 81) and TT A AG GCCTCCTC ( SEQ

| D. NO. 82)eléchmntieCRalr agdert bhasextlarered forhethAscFTARd Sacl sites of
CNV—dZEGFP—hﬁES—Zeo, f% n1%@E$hth20w%q%)CNV Rr oot er mageiennved. CHO cel | s
wer e transfeetEd 4| hred nere TSot S ed ANd pro aSaf'8d and anal ysed as in
Exanpl e 2. @énfRepiddtdon 9f 8hsheuprédsion rassketel aathf thé8esTaRSt ruct that

ei ther contains STARG7 cloned uypstream of the SV40 pronoter (SV40- STARG7)
or STAR 7 cTOMRNISS fiSafkSeR¥edentire construct (SV40-STAR 7/7) did not
result in CHO 30 col onies that express significantly higher |evels of

10 Example 5: A combination of STAR67 and STAR7 enhance UB6-
driven antibody expression levels in stably transfected
CHO cells.
In example 4 we showed that the combination of STAR67 and
STAR7 enhanced the expression levels of d2EGFP protein in
15 CHO cells. Here we tested whether the combination of
STAR67 and STAR7 could be used for the production of an
antibody. We chose an antibody against the EpCAM molecule
(Huls et al, 1999) as test protein and used the UB6
promoter.
20
Materials and Methods
Plasmids
The heavy chain cDNA (HC-EpCAM) was cloned in a construct
encompassing the UB6é promoter. The HC-EpCAM was coupled
250 to the Zeocin resistance gene by an IRES sequence. The
light chain cDNA (LC-EpCAM) was also cloned in a
construct encompassing the UB6 promoter. The LC-EpCAM was
coupled to the puromycin resistance gene by an IRES
sequence. Together these two plasmids represent the UB6
30 (HC+1LC) Control (Fig. 9)
To test the effects of STAR67 and STAR7, STAR67 was
cloned in both HC+LC constructs, upstream of the UB6

promoters. STAR7 was cloned to flank the entire



d2EG-P protein, as conpared to the "enpty" control w thout STARs (SV40
Control). The average of the d2EGFP signal in the 18 colonies transfected
with the SV40 Control plasm d was 86, when neasured 40 days after WO
2006/ 04845y ®2005645455P2005/ 055794 trargsff ection. | n conppetsPivosdRpsaver age
of the d2EGFP signal in the 18 colonies transfected with the SvV40- STARG67
pl asm d was 82 when neasured after 40 days and the average of the d2EG-P

signal in tPRSSEETEA 0ROER 8Lt FBAsP ecard i 99d HE1gv4B) STARET? 75 asni d was
91 when ”Eﬁfégn%safse%&eégn@aﬁm@%fﬁslﬂ%% gaichiegnsrghyect of these STAR

el ements on the SV40 pronoter In | s was observed. It appears that
the expression levels fromthe Sv40 10 pronoter in these cells are already

qui te high, ven i t han 0 gbserved with the CW pronoter,
whi ch was c%%%lgs eercgtgotno %21 glu\glg%es J?o%%&pcfeglr%ﬁst er. This high background

expressifopn The tdre ralsxe HaasabraOGdAR cel eriente CHORH 1L h¢ABYEOCQL-06t er i n CHO
cells, may explain éFrS‘? why no sggp nt effect of STARG67.al one, or START
b

Y, ifi cg
fl anki ng t W23 rgaeetelagng REEC e £ Rd Cager H9e"Sf t he d2EGFP

signal in theodth @QoRigym1yranaf petasyaid h2t.lve ngyAQy SEGRE7 7/ 7 pl asmi d was
209 when neasured after 40 days colonies, which is a 20 factor 2.4 higher
than the aveRlRREism .t REe18ay0AfERF tENTIAEEOr86FeORéRcEas Whaded he STARG7

el ement is | N 1IGUHY Rtk R, Wit & apotderc ITARE! § his,yesults in a
nunber of stib yé {bruansf ect %B %HO co%‘)nl es&?ﬁa?t E@ﬁg\% glsgfﬁ?f?céént{é; hi gher
d2EGFP Hxpr ézppmoximatelly. 728aYhea Etor eaddii ttiloins offiovebcéohf tyarati on (5 - STAR

sequence A éUFéﬁA‘R S lerr}lc%ag TeRLompter -renLi%!cei cwz%%'hd fgcggi ng a protein
of interest™- sequence B - 3Ved Iersin |r?dt he prggen exanpl e STAR
sequences AnédithnB dirtaining puromycin. After approximately 7 days,
colonies were isolated and transferred to 24 wells
plates, in culture medium containing zeocin only.
15
Results
Fig. 9 shows that that transfection of antibody
constructs that contain STAR67 cloned upstream of the UB6
promoter and two STAR7 elements cloned to flank the
20 entire cassettes resulted in a number of CHO colonies
that express significantly higher levels of EpCaAM
antibody (measured by ELISA using an anti-human IgG
antibody) as compared to the “empty” control without
STAR67 and STAR7, UB6 (HC+LC) Control. The average of the
25 EpCAM production in the 18 colonies transfected with the
UB6 (HC+LC) Control plasmid was 2.7 pg/cell/day, when
measured 25 days after transfection. Selection agents
zeocin and puromycin were removed after 25 days. 45 days
after transfection the average of the EpCAM production in
30 these 18 colonies was 2.7 pg/cell/day. In comparison, the
average of the EpCAM production signal in the 18 colonies
transfected with the STAR7-STAR67-UB6 (HC+LC)-STAR7
plasmid was 6.7 when measured after 25 days and 7.7

pg/cell/day, when measured 45 days after transfection.



STAR 7 and STAR sequence C is STAR67) STAR el enents 30 appear to function
even better than in hitherto disclosed configurations. W have done
experinments in which the flanking STAR7 elenments were replaced by flanking
STARG el engyd 00604880 T 1 anki ng STAR4A ebenents, in conbi patiePrhoxdsinsSTARG7 WO
2006/ 048459 63 PCT/ EP2005/ 055794 upstream of the Sv40 pronoter (SV40- STARG7
6/ 6 and SV40- STAR67 4/ 4, resgecti vely, using the sane nonencl ature as
above), andi¥Nfer RaFN @5t6vedleapietdidrvaiaddan thapféeetiennt? nati ons. This

proves t hat sites | AiiSnSEABLS 518k B0 SorftkicRdesdvBpeaXshangis for ot her

STAR sequences, and sti i nprovenent of the nove configuration of

the express? oh ttassét tfold bighhe TFARPrawficenckesd ves BbSBHved. 10 Exanpl e 5:
A conbi nat'%&%sssi%l:{q V%Iid'§Téﬁéb§£r‘?€a_c’%t%%@eddq"ée§lg%gbOdy expressi on

|l evels in s transtecte n exanp we showed t hat the
conbi natd on of JEARE/ pdadin8TARARENhatetkathefexpeepsonotéevand of d2EGFP
protein in _15 7ceIIs. I—|er§i teter;l:l Wnethg:r the co igation of STARG7
and STAR7 cbiff uSEEES St 8\/\%?’%1& P E A SahEPBEFY ¥ chose an
anti body agediqsifidwentERCAVGRBlreEptaM {dtisodt exlpret898h asvéestiprotein and
used the UB6 pronoter. 20 Materjals and Methods Plasm ds The heavy chain
CDNA (HC- Ep@#) Ih<campsiddonnvWatBoRERRUSTARYCd958s SPRELEREE®B6 pronot er .
The HC- EpCAM was coupled 25 to the Zeocin resistance gene by an | RES
sequence. The light chain cDNA (LC-EpCAM was al so cloned in a construct
enconpati ngxanple s HIMGTcis nmat ac epemgemblocker, whereas

STAR6 and STAR7 are.

All hitherto known STAR elements that were tested
for that property, including STAR6 and STAR7, are
enhancer blockers (WO 03/004704, Kwaks et al, 2003).

15 Enhancer blocker activity is tested by placing a STAR
element between a strong enhancer and a promoter. Here we

tested whether also STAR67 is an enhancer blocker.

Materials and Methods

20 The d2EGFP gene was PCR-amplified using primers
TTGGTTGGTCATGAATGGTGAGCAAGGGCGAGGAGCTGTTC (SEQ.ID.NO. 75)
and ATTCTCTAGACTACACATTGATCCTAGCAGAAGCAC (SEQ.ID.NO. 76)
and cloned into plasmid pGL3-promoter (Promega) using the
Ncol and Xbal restriction sites to replace the Luciferase

25 gene to create plasmid pGL3-promoter-GFP. A linker
(created by annealing oligo’s
CGATATCTTGGAGATCTACTAGTGGCGCGCCTTGGGCTAGCT (SEQ.ID.NO.
77) and
GATCAGCTAGCCCAAGGCGCGCCACTAGTAGATCTCCAAGATATCGAGCT

30 (SEQ.ID.NO. 78), was cloned in the Sacl and BglII sites
to create multiple cloning sites. The original BglII site
was destroyed upon ligation of the linker, creating a new
unique BglII site within the linker DNA. The SV40-

enhancer was cut from plasmid pGL3-basic (Promega) using



coupled to the puronycin resistance gene by an | RES sequence. Toget her
these two plasm ds represent the UB6 30 (HC+LC) Control (Fig. 9) To test
the effects of STAR67 and STAR7, STAR67 was cloned in both HC+LC

const ruct s wopkbamy of the UB6 pronddbers. STAR7 was chefgedoodstaank t he
entire WO 2006/ 048459 64 PCT/ EP2005/ 055794 cassettes, both at the 5 and 3

end (Fig. 2%5 These two _plasm ds represent STAR7- STAR67-UB6 (HC+LC) STARY.
Tr ansf ect i op°3Hd 3 B8 IoANEH eReY st orid eCRChds & 1 PERETRFORYES S cel | 1ine

CHO K1 (ATGrEOWsil) theascbrenshgCherr pnd sl icweadiag pnasxedapl e 2, using
zeocin (10(;H:E>gln1) and puronycin 2.5élpg/n1 for selection. One day after
transf ect i PELIwtiancRaEsPagRederreFt helhauls Onedraant\Wed P122qd col oni es

becarre vi si ghe Jf appical Bauel unadays iy @dd Lhansglrzeppds) the

cul ture nmedi'umwas renoved and replaced wth culture nedi um containing
puronycitn. ¥ terevappr ecitdeneby Thedagshanand om epsweeeni sefia¢rckeand

transferred_to 24 | at e iLn culture nmedium contalning zeocin only.
15 Resul tdeﬂagl.zlyg\A?gjé%s eﬁﬁg{anfﬁak, tfaanns e@t iw(?r]feonhgﬁ?fibblayb vnetructs that
contai n STARGY staneghhapskireandothé hev4dBeninimaobebmandrt woisd AlYe el enent s
cloned to flank the 20 entire cassettes resulted in a nunber of CHO col oni es

that expresePet GiT ASEH F¢ShFrdREFOT e EFSS of EpCAM anti body (measured by
ELI SA using an anti-human 1gG anti body) as conpared to the "enpty" control
wi t hout STAR67 and STAR7, UB6 (HC+LC) Control. The average of the 25 EpCAM
production in the 18 colonies transfected with the UB6 (HC+LC) Control

pl asni dlQasTPars fRIEAN ARy cCulhEne AEaSiR iP5 days after transfection.

Sel ection afdtSinese Hamster Ovary cell line CHO-K1 (ATCC CCL-61)
is transfected as in example 2. One day after the
transfection, dZ2EGFP levels are measured on an Epics XL
flowcytometer (Beckman Coulter)

15

Results
Fig. 10 shows that STAR67 is not an enhancer blocker,

whereas STAR6 and STAR7 act enhancer blockers in the same
assay. STAR6, STAR7 and STAR67 were cloned between the

20 Sv40 enhancer and a minimal SV40-promoter upstream of the
d2EGFP gene. When no STAR element was cloned between the
enhancer and the promoter strong transcriptional
activation occurred (arbitrarily set at 100%). When STARG6
or STAR7 was placed between the enhancer and the

26 promoter, transcription dropped to background levels,
indicating that STAR6 and STAR7 are potent enhancer
blockers. In contrast, when STAR67 was cloned between the
enhancer and the promoter relative transcription levels
were still 80% of the control, indicating that STAR67 is

30 not a good enhancer blocker, this in contrast with STAR6
and STAR 7, as well as other STAR elements, as previously

described (WO 03/004704, Kwaks et al, 2003).



zeocin and puronycin were renoved after 25 days. 45 days after transfection
the average of the EpCAM production in 30 these 18 col onies was 2.7

pg/ cel l /day. In conparison, the average of the EpCAM production signal in
the 18 col gy afe/odsisdnsf ected with the 6BTAR7- STARG7- UB6 eHi/ksehs/ex5M27

plasmd was 6.7 when neasured after 25 days and 7.7 pg/cell/day, when
measured 45 days after transfection. WO 2006/ 048459 66 PCT/EP2005/ 055794
Hence, bot HEXATRYe J5 STARST gahanges JjBG and CWrdgjvey antibody

STARG7/ STARz eI Aieva18B8nC 80ab1 ¥ Cér i PGRAd 2nbagkolis. 2.5 to 2.9 fold
hi gher UB6 pronoter driven EpCAM expression level in stably transfected CHO

cl ones. 5 HemcXanmE iy wSTARSFedptha eathofcanpd ngitdapt ef ERAR6T vendTARY

el enents to t i si_ gnif i-aan Wi gher  EpCAM

ant i body ex%{ré@il%or;nﬁa%ec\%jls ;tﬁi%n%&a%ggﬁlﬁgloén%&ﬁ ggnt&nbtgﬁ éb%%é%ﬁ%?l ess
construdl s.CHD deddrgpl é n6thETARGTexts abttvwan dsttdmcer phbhonkds, wihibcleas STAR6G
and STAR7 are.. All hitherto _kno 1) el.enents _that .were_tested for that
oroperty. | ROMANTRY SPARGCRNY SPARYI S G RandBr Chi BoREPUSROD3) 004704,
Kwaks et al te2008)whekhdznisanaen bbotase agdddvifor ithet pebadcbyop! &€ing a STAR

el ement between a strong enhancer and a pronoter. Here we tested whether
al so STA%?EP%A%@WH%%%’eP’hSPOEREP.heW ehIld IBid ChBER8A&T20 The d2EGFP

gene was PCR a0l idd efhl$1R8mRHL "RESused simultaneous selection for
TTGGTTGGTCATGAATGGTGA GGGCGAGGACCTGITC (SEQ ID. NO. 75) and

ATTCTCTHCAGTRCAGETIRGAROGFABEAEAAGCAC (SEQ ID. NO. 76) and cloned into
pl asm d pG.3-pronoter (Pronega) using the Ncol and Xbal restriction sites
to replace the Luciferase 25 gene to create plasm d pG.3-pronoter-GFP. A
| i nker (createxdidls ameMeithgdsl i go' s
CGATATCTTGGAGATCTACTAGT GGCGCGCCTTGGEECTACGCT ( SEQ. | D. NO.
Plasmids
The heavy chain cDNA (HC-EpCAM) is under the control of
15 the UB6 promoter and coupled to the Zeocin resistance
gene by an IRES sequence. The light chain cDNA (LC-EpCAM)
is under control of the CMV promoter and coupled to the
puromycin resistance gene by an IRES sequence. Basically
these are the constructs used in example 5. These two
20 expression cassettes were placed on one plasmid, in such
a manner that transcription of the two expression units
had opposite directions. In the control plasmid the UB6
and CMV promoters were separated by a stuffer of 500
bp(EpCAM Control) (Fig. 10). In another plasmid STAR67
25 was placed between the UB6 and CMV promoter (EpCAM

STAR67) (Fig. 10).

Transfection and culture of CHO cells

The Chinese Hamster Ovary cell line CHO-K1 (ATCC CCL-61)
30 was transfected and cultured as in example 2, using

zeocin (100 pg/ml) and puromycin (2.5 pg/ml) for

selection. In example 5, consecutive selection for both

selection markers was used. In contrast, here both

selection agents were present in the culture medium



77) and GATCAGCTAGCCCAAGGCGCGCCACTAGTAGATCTCCAAGATATCGAGCT 30 (SEQ I D. NO.
78), was cloned in the Sacl and Bglll sites to create nultiple cloning
sites. The original Bglll site was destroyed upon ligation of the |inker,
creating awgwosdzisgue Bgl 1|l site witH8& the |inker DNApcTire2008/¢d8794€nhancer
was cut from plasm d pA.3-basic (Pronmega) using WO 2006/ 048459 66

PCT/ EP2005/ 055794 BsaBl and BanHi gnd cloned into the gGL3-Iinker-pronDter-
GFP usi ng t PV EIFREONTd YBgPPE 9RY et Rati G EfIcidMrg 2€0cin and

PGL3- enhancgiir iyt SlereFBddéhet STARY @l RN neWasmp| @E8dse Vst igam of the
SV40 enhancer using Kpnl and Sacl sites 5 to prevent action of the enhancer

on upst r eaneEIRNEs PreseRsl PPtibTaR @Mafemeses 1591a/ad67 were placed in
between 1 NapDAfk GRRRNGLY 420y LN VA MUY 4B, sREGMORBEGYSI NG the  Spel and

Ascl restriction sites. "10 Transfection and culture o cell s The Chi nese
Hanst er Ovacglamids [Ware CHOlEtedATOL OCNFBErreds tor 8dshetled as in exanpl e

2. One day ter the %%ﬂﬂgfggtiog,leE @_I%%%Isrggg neas rgg on an Epi cs
XL flomcyt%ﬁgfeﬂ (Beckman CbuF?er? D5 ﬁlg. 16°sRowE®?Hat STAR6G7 is
not an enhasmsé&rpidomsisdm,. whereas STAR6 and STAR7 act enhancer bl ockers in
the sane assay. STAR6, STAR7 and STAR67 were cl oned between the 20 SV40
enhancer and a m ni mal SV40-pronoter upstream of the d2EGFP gene. Wien no
STAR el emenge¥@se £ oned between the enhancer and the pronpter strong
transcriptional activation occurred (arbitrarily set at 100% . \Wen STAR6

or STARY waBipi aclecslisetonddn tt hBagnhameetednon € ZhepppibPedy transcription
dropped to HACKIQUNG a8V @lfitaihBIEERREP L 1M BEAREANEnSTORE A& Potent

enhancer
CMV promoters resulted in a number of CHO colonies that

express EpCAM antibody (measured by ELISA using an anti-
human IgG antibody). The average of the EpCAM production

15 in the 19 colonies transfected with the EpCAM STARG67
plasmid was 9.8 pg/cell/day, when measured 25 days after
transfection.

In contrast, surprisingly no colonies survived of
the transfection with the EpCAM Control plasmid. When

20 selection was performed with either zeocin or puromycin
alone, EpCAM Control colonies survived. However, when the
selection pressure was increased by placing selection
pressure on both the heavy and light chain, these
conditions allowed only colonies to survive that have a

25 STAR67 present in the transfected plasmid.

The results also show that incorporation of STARG7
has a beneficial effect on two promoters, the UB6 and CMV
promoters, that are placed upstream and downstream of one
STAR67 element. This indicates that STAR67 may operate in

30 a bi-directional fashion.

The difference between the EpCAM control and EpCAM
STAR67 plasmid is black-white in the sense that only
transfection of EpCAM STAR67 results in the establishment

of colonies, when the selection pressure is high. This



bl ockers. In contrast, when STAR67 was cl oned between the enhancer and the
pronoter relative transcription levels were still 80% of the control,
i ndicating that STAR67 is 30 not a good enhancer bl ocker, this in contrast

Wi th STARG waieheddAs 7, as well as oth@9 STAR el enents, prS/apbeMi0NIS YV
described (WD 03/004704, Kwaks et al, 2003). WD 2006/ 048459 67

PCT/ EP2005/ 055794 Exanple 7: STAR67 enhances UB6_and QWM driven anti body
expressi on PBEBP 2R PRRUFIYP YA kef BeLe BN EHPLEIMT qanfdgymstdo8 we showed

that the comrbinaidon 0fiRTARY 2adonSTARITRRGANGSRL tihe Rupkassben | evel s of

EpCAM anti body in 5 ¢ cells, i'n the context of two distinct plasmds,
whi ch cont aifpedmedia g ychirid dfifgiet - cAmphber ] rovat lappiagplreridonsgest ed

whether STARGTgguksl be. Ynad. JPhlligcR! PRUCOM.BI EPEAMARLLRody vhen both

heavy and |1 gh ains a pl'aced on one plasm st mul t aneous
sel ecti o fdrivifgeidod Heizet trallleeuter. k@hen Matpodtalon arfd SMARIBGdds Pl asm ds

The heavy chain, ¢ (HCGEpCAM i.s.under . the contral of 15 the UB6 pronoter
and coupl ed?PBCFh%DI’;%e’oc‘f%CgBﬁl\gstw&ﬁr&eSuﬁ'é?ﬁée by e BRES zse&f&é‘néég The |ight
chain cDNA phEomp&tMard Ssiwideaneonkl 9l usédatde N i kgenand coupled to
the puronycin resistance gene by an I RES sequence. Basically these are the

constructs H&eR #nPeXaifft ©5 STHREIe iwBoof e iandilon neas9drPésswer e pl aced

on one plasgig; Lo-$Hueh ur?démra%rntfie%& 5L A0SC! dPtd Ay iQfs Jnfde two expression
units had opposite directions. In the control plasmd the UB6 and CW

pronot el8 were separated by a stuffer of 500 bp(EpCAM Control) (Fig. 10).

I n anot her plasm d, STAR67 s. pl.aced between the UB6 and ronot er

(Epcan | STARSTSE (17 1) sTheh IFBLPEER SRlBE RiPEtor cRoortisoh
significantly higher EpCAM antibody expression levels in

CHO, in comparison with STAR-less constructs.

156 Example 8: Construction and testing of a Zeocin
resistance gene product with no internal methionine
The basic idea behind the development of a novel
selection system is to place the gene encoding the
resistance gene upstream of a gene of interest, and one

20 promoter drives the expression of this bicistronic mRNA.
The translation of the bicistronic mRNA is such that only
in a small percentage of translation events the
resistance gene will be translated into protein and that
most of the time the downstream gene of interest will be

25 translated into protein. Hence the translation efficiency
of the upstream resistance gene must be severely hampered
in comparison to the translation efficiency of the
downstream gene of interest. To achieve this, three steps
can be taken according to the invention:

30 1) within the resistance gene on the mRNA, the
searching ribosome preferably should not meet another
AUG, since any downstream AUG may serve as translation
start codon, resulting in a lower translation efficiency

of the second, downstream gene of interest. Hence,



The Chi nese Hanster Ovary cell line CHO Kl (ATCC CCL-61) 30 was transfected
and cultured as in exanple 2, using zeocin (100 pg/m) and puronycin (2.5
jiglm) for selection. In exanple 5, consecutive selection for both

sel ection RRHKREHgaes used. In contrast here both sel @el/pphhddaN S Were
present in the culture nmedium WO 2006/ 048459 68 PCT/ EP2005/ 055794

simul taneously. One day after transfectjon, zeocin and puronycin were added
to the cul tRFefemhlvmarh@USefacthenre siethanaendsnsr 888At Wiihli P2¥dI oni es were

isolated (appsoxidfilan.l4ndauscathes A6@NSS eCthoR) 1 Akl eEogok0l ONi es were
isolated and transferred to 24-wells plates, the cells were cultured in the
presence of thabctnrcodawd apmedinionhne Reslyl $ samit® Ricgd vildhbaget bat t hat
transfecti ogleof tfaecear%gtbi b%d)éif%onst ugr%if%ohaé iccf)nttairns g]_:ARG? %l oned bet ween
t he UB6 and (fl\ﬁppro gr § resuftedti M hurber of "crB°cEohi 8¢ T hat

express EpChdhaire bahyy .( measunadBby ELI SA using an anti- human 1gG

anti body). The averaqe of the EpCAM production 15 in the 19 col onies

transfected withkhe aSFARBAON pPh SRS WRil 338 CFgPEBRI PHAY, when

measur ed 25n8Qysa afdPreontieatsf(gat Eae«c b £HEd-3Prindlr RrhakNgtyono col onies
survived of the transfection with the EpCAM Control plasmd. Wen 20

sel ection wasaperdestunnraliit i -6i-t kbe zébesomest mmatomfers al one, EpCAM Contr ol
col oni es SUE¥%L\(§Pati'&V‘Ea‘4:erﬁhi‘é’“%@aﬁrﬁe 884 e&hy)r}mor eﬁiwi%e ﬁum‘tg%eased by
th fRe and i g

pl aci ng sel ection pressurée on bo heav t charn, ese
condi ti dhs afl evwed: onland dlemcieednt mostireveret 4 hainthiame &025eSTARG7 present in

has a benet FOTaR B4 TRE 8 EuGTR B SFErt (HEbe ta D o o o T
Three different stringencies can be distinguished: a) the
normal ATG startcodon, but placed in a bad context
(TTTATGT) (called ATGmut) (Fig. 12C), b) preferably when

15 placed in an optimal context, GTG can serve as startcodon
(ACCGTGG) (Fig. 12D) and c) preferably when placed in an
optimal context, TTG can serve as startcodon (ACCTTGG)
(Fig. 12E). The most stringent translation condition is
the TTG codon, followed by the GTG codon (Fig. 12). The

20 Zeo mRNA with a TTG as start codon is expected to produce
the least Zeocin resistance protein and will hence convey
the lowest functional Zeocin resistance to cells (Figs.
12, 13).

3) preferably, the normal start codon (ATG) of the

25 downstream gene of interest should have an optimal
translation context (e.g. ACCATGG) (Fig. 13A-D). This
warrants that, after steps 1 and 2 have been taken, in
most events the start codon of the gene of interest will
function as start codon of the bicistronic mRNA.

30 In example 8, step 1 is performed, that is, in the
Zeocin resistance gene one existing internal methionine
is replaced by another amino acid (Fig. 12B-E). It is
important that after such a change the Zeo protein still

confers Zeocin resistance to the transfected cells. Since



pronoters, that are placed upstream and downstream of one STAR67 el enent.
This indicates that STAR67 may operate in 30 a bi-directional fashion. The
di fference between the EpCAM control and EpCAM STAR67 plasmd is

bl ack- whi t ayphBodslagsssense that only transfection of EpCAW PR dss&sul ts in
the establishnment of colonies, when the selection pressure 1s high. This WO

2006/ 048459 69 PCT/ EP2005/ 055794 opens an opportunity to use this plasmd
confi gurati &h ¥®rnetdmanryibedcrriapdgvbich AETARGE ithati 11ls fpés§pbdhsible for
medi ating tphss eff Gl s Srelhele AYPELADRE NG AN AR nalSHARE are pl aced
bet ween t he UB% and W p'rormteeers, 5 drllm\:/i ngl%e Eﬁ%éd{}] mol ecul e. Wen a
portion of BTAREY lsucinenctthoeahineokndieslind.| Ther vilidewkon both zeoci n and

puromycin are_sinultanequsly used as _sel ection.agent en_a portion of
STARG7 is nggn?%ﬁ%ﬁsonwao& r%sg(%lngﬁi 8% "N ??lcgsurh\?lq' et&ﬁa\e/\?’efeﬂenti cal

sel ecti oh coadtédofsr tHeiHened 1pkgctogs GTARGLrfest Zead@ial the pronoter
resulted in significantly higher EpCAM antibody expression levels in CHGQ
in conpari sBRSHF EINSTAR Ité’ses trgnstraeed. cablexanpl e 8: Construction and
testing of a Zeocin resistance gene product with no internal nethionine
The basic idea behind the devel opnment of a novel selection systemis to

pl ace the gM¥ateriabsiiand meathodssi st ance gene upstream of a gene of interest,

and one 20 iV e ion of this bicistronic nRNA. The
transl ati oneégg?%'gé%?% sﬁo%cp%%kglag such that only in a small percentage
of tran30ation elenteridimalr €siosbaproergadengv fdanze Hasandleat ed i nto protein

TR T A M KT T T NN T
resistance gepgrtdsdodeasdug! ehampet enb. 83) . This is a

startcodon with an optimal translational context (Fig.

127A) . First the optimal context of the start codon of the

15 Zeo open reading frame was changed through amplification
from plasmid pCMV-zeo [Invitrogen V50120], with primer
pair ZEOforwardMUT (SEQ. ID. NO. 84):
GATCTCGCGATACAGGATTTATGTTGGCCAAGTTGACCAGTGCCGTTCCG
and ZEO-WTreverse (WT=Wild type; SEQ. ID. NO. 85):

20 AGGCGAATTCAGTCCTGCTCCTCGGC, using pCMV-ZEQ (Invitrogen;
V50120) as a template. The amplified product was cut with
Nrul-EcoRI, and ligated into pcDNA3, resulting in
pPZEOATGmut.

25 The original Zeo open reading frame contains an in
frame ATG, encoding methionine at amino acid position 94
(out of 124). This internal ATG, encoding the methionine
at position 94 was changed in such a way that the
methionine was changed into leucine, threonine or wvaline

30 respectively:

1) To replace the internal codon for methionine in
the Zeo open reading frame with the codon for leucine

(Fig. 12B), part of the Zeo open reading frame was



in conparison to the translation efficiency of the downstream gene of
interest. To achieve this, three steps can be taken according to the
invention: 30 1) within the resistance gene on the nRNA the searching

ri bosone pnghesaiigissshoul d not neet an?® her AUG si nce paiiepsiadashseam AUG
may serve as translation start codon, resulting in a |lower translation

efficiency of the second, downstream ene of interest. Hence, WO

2006/ 0484592%pL HEHEREIES @S376L Ppibf QiR mrand)lURUGSER -t RB-r¥Si st ance gene
MRNA wi | | hgyﬁ an® 28R s ! nggsellg hllﬁ) Aldg,i,s a functional codon that
| a

encodes a nethionine, this amno acrd wll ve to be replaced by a

di fferent ahG@l@C%@GQECGC@xCGW@E&ﬂ@éCb&}AhCT(BSGmGﬁ?@CGECg TheAPERd B); 2) the

start codon of the resi sfance e gu% Ihé';}yde %d con&ext (be part of a
8q &)

non- opt i nmal PERRCY "fallsonCUtstwér HeSF b0SOmes nust start

transl at§ OanIEOATGIﬁJtStalﬂlsCQé@ﬂlﬁéHylhnpﬁ'.@(ll’éd ed nunber 10 of events, and
hence in m)st events continue to_search _for a _better, .nore optimal start

codon (Fig. Ta2¥eEdace e d nierPalefPder rf oy trbeondas B8 &h&t fRQui shed: a)

the normal AdS SdAI{fPdPaImd YL th! BREdcbdoR R 1R he (ASTATGT) (called
ATGwt) (Fig. 12C), b)” preferably when 15 placed in an optiml context, GIG

can serve ashewar tRwdcrs inAGESTGEY B Fi pari 2y tdwd Zep ppeﬂerabdyn%en pI aced
The st st FERBENT ot oen aaRg: br B Han SRR HEERNSR) (P8 by e
GIG codbh ( Fbg.NA2)84)Thend2 @EDeTHRRBKe & & h(Si-EQl'TGmSI\EJtarSU codon i s expected
Lo Broduce pblecleatic st e AL AIER RO AU L fensepconvey Lhe
the normal gtaahceoft (ATGL tof BbRETI-BglI and ligated into
PZECATGmut. This resulted in pZEO(thr).
To replace the internal codon for methionine in the Zeo
15 open reading frame with the codon for valine (not shown,
but as in Fig. 12B) (GTG), part of the Zeo open reading
frame was amplified using primer pair ZEOforwardMUT (SEQ.
ID. NO. 84) and ZEO-VALreverse (SEQ. ID. NO. 88):
AGGCCCCGCCCCCACGGCTGCTCGCCGATCTCGGTCCACGCCGG. The PCR
20 product was cut with BamHI-BglIl and ligated into
PZEOATGmut. This resulted in pZEO(val).

Transfection and culturing of cells

The Chinese Hamster Ovary cell line CHO-K1 (ATCC

256 CCL-61) was cultured in HAMS-F12 medium + 10% Fetal Calf
Serum containing 2 mM glutamine, 100 U/ml penicillin, and
100 micrograms/ml streptomycin at 37°C/5% CO,. Cells were
transfected with the plasmids using Lipofectamine 2000
(Invitrogen) as described by the manufacturer. Briefly,

30 cells were seeded to culture vessels and grown overnight
to 70-90% confluence. Lipofectamine reagent was combined
with plasmid DNA at a ratio of 6 microliters per
microgram (e.g. for a 10 cm Petri dish, 20 micrograms DNA

and 120 microliters Lipofectamine) and added to the



25 downstream gene of interest should have an optinmal translation context
(e.g. ACCATGO (Fig. 13A-D). This warrants that, after steps 1 and 2 have
been taken, in nobst events the start codon of the gene of interest wll

function asyghgysloasagdon of the bicistrohic MRNA. 30 In gxgfphfsfssiatep 1 is
perfornmed, that is, in the Zeocin resistance gene one existing internal

met hionine is_ replaced by another amno acid (Fig. 12B-E). It is inportant
that after Stthsa AH@EgOVH@igas prevkehian ithe tegmpdérst2e8cin resistance to

t he transf eﬁ%ﬁﬁ“f%‘%ﬁ I?j | ca%e\go_wgggﬂfPé;ﬁﬁ%cﬁ%“ﬁqnﬁpgggw 055794 it is not

known before no aci this criterium three

di fferent abtraostedttsd taild sheere tincedatédubimshen.hiPddrirnevandighti ne. The
di fferent coil%trucis W t ldi st nc% ani no. ac%ds Jlave t han eerFJ 5 tested for
their ability to/3ITH Snrsr "2EScRYPPE-T AT AR °899E HPaRsFEEPRd cell s,
Mat eri al 5 aodl et d oekss sddansitithc firesh ohed hem pdatE S nly. @ebenoriigonal Zeo
open reading franme has the follow ng sequence around the startcodon:
AAACCATGGCOLg (Bl lar tHdbrindi vidual sptpnies bhegamglyvisthile is a startcodon

with an opti t I t Fi . First the_opiippal context
of the star t(ggéﬁ%%ﬁg#%?‘eoc%% féglgog?rc\e%e{é%r}\sgf]%zér%)alr?él)\Né%lghé%aeﬁgf%?ough
anplificati ogunte®dm pl asm d pCW-zeo [Invitrogen V50120], with primer pair
ZEOf orwardMUT (SEQ ID. NO 84):

GATCTCGCGATACAGCGATTTATGT TGECCAAGT TGACCAGTGCCGTTCCG  and ZEO- WIr ever se
(W-WldotypesubEs2 | D. NO 85): 20 AGGCGAATTCAGICCTGCTCCTCGGC, using
pCW-ZEO (I nvitrogen; V50120) as a tenplate. The anplified product was cut
wi th Nrul - EcoRl Fowh 3 sguitdsd wiegeo tpa cteddif tGHRyKln cegzBoAYGut .

PZEO (WT), 2) pZEO(leu), 3) pZEO(thr), and 4) pZEO(val).
The cells were selected on 100 pg/ml zeocine.
Transfection of pZEO(leu) resulted in an equal number of
15 zeocin resistant colonies in comparison with the control
PZEO (WT). pZEO(thr) and pZEO(val) gave less colonies,
but the differences were not in the order of a magnitude.
Hence it was concluded that changes of the internal
methionine into leucine, threonine or valine all resulted
20 in a Zeocin resistance protein that is still able to
confer zeocin resistance to the transfected cells. Rather
arbitrarily, pZEO(leu) was chosen as starting point for
creating different startcodons on the Zeo open reading
frame. Hence in the examples below the start as well as
25 internal methionines are always replaced by leucine, for
zeocin, but also for other selectable marker genes, as

will be clear from further examples.

Example 9: Creation and testing of Zeocin-d2EGFP
30 Dbicistronic constructs with differential translation
efficiencies.
To create a bicistronic mRNA encompassing a mutated

Zeocin resistance mRNA with less translational



25 The original Zeo open reading frane contains an in franme ATG encoding
nmet hi onine at am no acid position 94 (out of 124). This internal ATG

encodi ng the methionine at position 94 was changed in such a way that the
et hi oni ne wgsodshaagred into |eucine, theonine or valingcrd@ f8omngsti vely:

1) To replace the internal codon for rret hi onine in the Zeo open reading
frame with the codon for |eucine % . 12B), part of the Zeo open reading
frame was VEfDboBATAE45md EheCTREBYBOGEDS 57D Aowniiteredeasi A§ pri mer pair
ZEQ or war d'\/hJ;Ytéﬁ,E& Itj_:l)le '\.J.Qar%“)cgegg ZEQ&E%%&%&%RQ“' Py MO 86):
AGGCCCCGCCCCCACGERCT pr o uct was cut with
BarmHl - Bgl | eptihized e(:bﬁen:td SnpZRaAPLU8) . Tt edwittedhen pZEQ(leu). To

repl ace the,iptern codan for hi in t.h en readi ng frane
i Eh i he CoAbREFERRY aions” BroEnes ABRAS bk U4 odRE wRFE 0%, of "the
Zeo opens r egdeated f reme dierr capleki Bdtwsem iy ddreie rizdiohsZEeot wat dMJT ( SEQ.
10 ID. NGO 84) and ZEQ THRr everse (SEQ O. 87): .

(&3 ; EhTE SSERCtpr oduct was cut with

BanHl - Bgl | eegnéw@i&rdal rgﬁl(ﬁ%%@?h@yép a h1§ g 1fee@ | #iggE(thr). To

replace the internal codon for ionine in the {5 open readi ng frame
with the codd@-Fbr Tﬁbﬂﬂméh(frf@treglﬁowﬁOCllbuﬁe%@ﬁanqa g!enPZB)?QfSiGyls part of the

Zeo open re g | i i E war dMJT ( SEQ
D RO o) PaES s GRLARE AP o A, S B G gor =R 05
AGGCCCCHECCCEACGECT GCTCGCCGATCTCGGTCCACECCGG. The PCR 20 product was cut
with BanH -Bgll and ligated into pZEOATGrut. This resulted in pZEQ(val).
Transfection and culturing of cells The Chinese Hanster Ovary cell |ine

CHO- K1 (ATCMaterials and methods

Creation of plasmids

The d2EGFP reporter ORF was introduced into pcDNA3.
15 The sequence around the startcodon of this d2EGFP cDNA is
GAATTCATGGG (startcodon in bold; SEQ. ID. NO. 89), which
is not optimal. As a first step, d2EGFP was amplified
from pd2EGFP (Clontech 6010-1) with primers
d2EGFPforwardBamHI (SEQ. ID. NO. 90):
20 GATCGGATCCTATGAGGAATTCGCCACCATGGTGAGCAAGGGCGAGGAG
and d2EGFPreverseNotI (SEQ. ID. NO. 91):
AAGGAAAAAAGCGGCCGCCTACACATTGATCCTAGCAGAAG., This product
contains now a startcodon with an optimal translational
context (ACCATGG). This created pd2EGFP and subsequently,
25 the Zeo open reading frame was ligated into pd2EGFP,
resulting in pZEO-d2EGFP. It is pointed out here that the
optimization of the translational start sequence of the
gene of interest (here: EGFP as a model gene) is not
essential but preferred in order to skew the translation
30 initiation frequency towards the gene of interest still

further.

Now three classes of constructs were made:



25 CCL-61) was cultured in HAMS-F12 nedium + 10% Fetal Calf Serum
containing 2 MM glutam ne, 100 Um penicillin, and 100 m crograns/ m
streptomycin at 37C/ 5% CX2. Cells were transfected with the plasm ds using

Li pof ect ampg 26fdfdfksasd | Nvi trogen) as de®®ribed by the nmandhaebinspésrobriefly,
30 cells were seeded to culture vessels and grown overnight to 70-90%

confl uence. Lipofectam ne reagent was conbined wth plasmd DNA at a ratio
of 6 microliterslber ATH &Sogr &¥RCE. §odPbrin Ue dadreresisgiadhe 20 mi crograns

DNA and 12Q.[acr t n dd t 006/ 048459 73
PCT/ EP2005/ g557 19“llﬂ(:ellfi{za Iﬂgpfe?gct)\%g‘rcn?%‘%’r@?%@u gftd)lto%h{c}% Y\?gﬁsggcti on

m xture vvasmebigicelﬁlw tahld‘ fedhomedi b spackt eequenaest dosédadebfs were
i ncubat ed f%]f[lt hert é)v&r i glitp cultivation, cells were trypsinized and
seeded into Tredh ure VESSElrs vvlth fresh medi um cont ai ni ng zeocin (100

gg/ m). N\hemhensipa/ct@luadeqlrdm ds beeas® downddrecan ay@roel patel y ten days
after transfecti ong col onies were counted. 10 Results_ Four plasmds were

t r ansf ect edSEgY K1l dihiss zePFing 2ged\igss Bl ZrothsuPlagr igzert hr), and

4) pZEQ(val kna Thes&&dddariPrst reRhackeds Oprddih g/ Maa80G R8e Transfection of
PZEX(| eu) resul ted in an equal nunber of 15 zeocin resistant colonies in

conpari son Wibaseme 1?,Q)nh@r dlempeZEO1 { Yrjle 1 pyrty tBRrdaused OﬁzE@@\ﬁal P gave |ess

col oni es, P é gf g% £Nees \fﬁe mBOL ég tt%e LpsreQﬁrb magnl tude. Hence
it was conc ed changes of the interna met nlne into | eucine,

t hreoni h@ oribasome, aiésp:ﬂsajlheaahgze badasi’&ntmcrdmesnsﬂo@rimg pnotein that is
still able to confer zeo i stance,to, t he, tran ect eg,PceI | s. Rat her

arbi trari| y"OPZBR¥1%) e@‘ﬁo?g’ﬁ 5a8F L3ty ldb]ltﬂt &8ting different

StartCOdOﬂScQﬁségetR%KbHHﬁﬁb lFadirdgslation to increase, and in case
of the current invention therefore renders the stringency
for selection lower. To decrease this effect, and hence

15 to further decrease the translation initation efficiency,
a spacer sequence is introduced that does not contain a
secondary structure (Kozak, 1990). Hence, the term
‘space’ is introduced, and used in the plasmid and primer
names to indicate the presence of such a spacer sequence.

20 The spacer removes the ‘ribosome delaying sequence’ from
the neighbourhoud of the initiation codon, therewith
causing the ribosome to start translating less
frequently, and hence increasing the stringency of the
selection according to the invention. The spacer

25 introduces some extra amino acids in the coding sequence.
This has been done in some cases for both zeocin and for
blasticidin, as will be apparent from the examples.

The nomenclature of the plasmids and primers in general
in the following is along these lines: the name of the

30 selectable marker polypeptide is referred to by
abbreviation (e.g. Zeo, Blas, etc); the startcodon is
mentioned (e.g. ATG, GTG, TTG); when this startcodon is
placed in a non-optimal context for translation

initiation, the addition “mut” is used (this is usually



frame. Hence in the exanples below the start as well as 25 internal

nmet hi oni nes are al ways replaced by | eucine, for zeocin, but also for other
sel ect abl e marker genes, as w il be clear fromfurther exanples. Exanple 9:
Creation angobfslokdfdsy Of Zeoci n- d2EGFP 3® bici stroni ¢ conpgifppsgosoizsd
differential translation efficiencies. To create a bicistronic
enconpassing a nutated Zeocin resistance nRNA with | ess translational WO
2006/ 048459073y pm e 5 IS Sreatcefipng eﬁ%ycowlm‘ﬂe ad PROFPPEéfel as
downstream —pkrhe E s first
optim zed (gggge%élvg\igg% g)trla ?‘%g{r:'&ct) %lﬁglléhf o%%eﬁé%vgrgg:ﬁéﬁg of the
Zeocin resi snaﬂuéfg@r@twerr@rfsl@rte'anednlﬂ'h@tmrt far erldey ﬁ@nfween t hese
versions are ihat I’g)hey have dlffceerent start codons vvlhth tinct

transl ati onaf %‘Tﬂfl%l ency e(steﬁ‘p EX3n 1? é) f?& E?‘ These
differens Zeﬁﬁrﬂcdi@@rh,Stt&m:eidyﬁl‘t&o\mer‘sp@@é" y\er&e:d qrtedsulast deas of the
modi fi ed d2EG-P_gene (Fi ) . Materials and nethaods Creation of

pl asmi ds ThBSH?Eg;EPf‘?’”e o‘}gﬁ%‘Ptd?lﬂt\ﬂi%CPﬂ?%d{%cF%%t% FdBRA3. 15 The
sequence ar ggmgcgg@lét,@gglgégqn of this d2EGFP cDNA is GAATTCATGGG
(startcodon in bold; SEQ ID NO 89), which is not optimal. As a first

st ep, dZEGZFDhWaéeam&?lT mﬁﬁdl‘fl’lrgorflrpng@P 1@ bt ieash v@@i’OPr)mert paprinmers

(Cj;iEg:Gng'(l){:V\CI'Ia' Zﬁ@@iﬁ‘%&% %&%AI(%A&] 0. d 2EGFPr ever seNot |

(SEQ |0 NGATOGFATCCVIES s @WGMMGGAGATTMS pr oduct

(A AT WA%?@%@%M@%M%@%@%W@ "S5 e

sequence following the underlined sequence comprises the

spacer sequence), and ZEOWTreverse (SEQ. ID. NO. 85), the
PCR product was cut with EcoRI-BamHI, and ligated into

15 pd2EGF, cut with EcoRI-BamHI, creating pZEO-ATGmut/space-
d2EGFP.

2) GTG as a start codon in the Zeo resistance
gene, instead of ATG (Fig. 13C). The Zeo open reading
20 frame was amplified with primer pair ZEOforwardBamHI-GTG
{(SEQ. ID. NO. 94): GATCGGATCCACCGTGGCCAAGTTGACCAGTGCCGTTC
and ZEOWTreverse (SEQ. ID. NO. 85), the PCR product was
cut with EcoRI-BamHI, and ligated into pd2EGFP, cut with
EcoRI-BamHI, creating pZEO-GTG-d2EGFP.
26
3) TTG as a start codon in the Zeo resistance
gene, instead of ATG (Fig. 13D). The Zeo open reading
frame was amplified with primer pair ZEOforwardBamHI-TTG:
GATCGGATCCACCTTGGCCAAGTTGACCAGTGCCGTTC (SEQ. ID. NO.
30 95) and ZEOWTreverse (SEQ. ID. NO. 85), the PCR product
was cut with EcoRI-BamHI, and ligated into pd2EGFP, cut
with EcoRI-BamHI, creating pZEO-TTG-d2EGFP.

Transfection, culturing and analysis of CHO cells



25 the Zeo open reading frane was ligated into pd2EG-P, resulting in
pZEO d2EGFP. It is pointed out here that the optimzation of the
transl ational start sequence of the gene of interest (here: EGFP as a nodel

gene) is NGko2608ReALd al but preferred ¥ order to skew toeg/dph@Rptsadd on 30
initiation frequency towards the gene of interest still further. Now three

cl asses of constructs were made: WO 2006/ 048459 75 PCTI EP2005/ 055794 1) ATG
as a start codontht GHeES Be@sitsrafveryefrll Putng ¢B9-Kad (B8RFext (TTTATGT)

(not shown, céﬂls?ﬁ_wéé‘ dtli%u r3B) n2 MG OF 1 PWReh M, SPAGRY F%‘Egﬁeﬂﬁff i nstead of
the optimal ATG (Fig. 13,6]\). 5 The spacer sequence is placed downstream of
the ATG sef§eemmecontritioa oo glandmpossi 1§ U/mlt lpenbicadflioi damil RNA, a

secondary s cture is present, causing the .44 0 to.be tenporarily

ot ayed ” BotalichtEfoq et A HersbtRkRPn B8 31 Most ocRELL B eee” by
the 10 rfbosearsfeessa twiteithg a1baalids as Doglan g f datiad nien2800non- opt i nmal
context for trapslation inifiation. This causes the chance of transl ation

to increase (IARHETPIRNs S SO Pedr P¥nENe MM ast Wiser-eBSL&E 8nder s t he

stringency cE01ssplectdHudPWRY culeudeciesse d iy effmet ovardiggpce 15 to
further decrease the translation initation efficiency, a spacér sequence is

i ntroduced tRa?O0d®@% ernfluemecsi.nlipofecbaming raaqaittumas( Korkkned99o0) .
rence, the LeLM o1 28068 ol dntl edusedoeandl pisad,indde Jaiagm d and primer
names to indicat® € presence of such a spacer sequence. 20 The spacer
r enoves 10 hemicirbgsane(ast ayfiary aséquenceet i odi st he heiighioguaheudNaf t he
initiation codo therewi th cauysi he, ri boso tart translating | ess
frequent |y, 2af d?%%rf@ecfc\quclrteefssi ﬁdpPEgcgﬁ??%%)erPc@%&qoeﬁg a%r§§lreéﬁi on accordi ng
to the invepth@bes ThecRACGRIn at 25°C to the cells. After overnight

incubation the transfection mixture was replaced with

fresh medium, and the transfected cells were incubated

15 further. After overnight cultivation, cells were
trypsinized and seeded into fresh culture vessels with

fresh medium. After another overnight incubation zeocin
was added to a concentration of 50 pg/ml and the cells
were cultured further. After another three days the

20 medium was replaced by fresh medium containing zeocin
(100 pg/ml) and cultured further. When individual
colonies became visible (approximately ten days after
transfection) medium was removed and replaced with fresh
medium without zeocin. Individual clones were isolated

25 and transferred to 24-well plates in medium without
zeocin. One day after isolation of the colonies zeocin
was added to the medium. Expression of the d2EGFP
reporter gene was assessed approximately 3 weeks after
transfection. d2EGFP expression levels in the colonies

30 were measured after periods of two weeks.

Results
CHO-K1 cells were transfected with constructs that

contain the ATGmut/space Zeo (Fig. 13B), GTG Zeo (Fig.



25 introduces sone extra amno acids in the coding sequence. This has been
done in sone cases for both zeocin and for blasticidin, as wll be apparent
fromthe exanpl es. The nonmencl ature of the plasm ds and priners in general
in the fol l\Wehn@okgis@l ong these |ines: 78 he nanme of the p3q8dRptaky € marker
pol ypeptide is referred to by abbreviation (e.g. Zeo, Blas, etc); the
startcodon is_ nentioned (e.qg. ATG_ _GIG TTGQ,; when this startcodon is

pl aced in alAbh-apdi TG ZSht @49 -f 48D r dpRERtIDrEeliantdiont gsRe t RBéladditi on
"mut” is usgdsffhlfohda U damBr20RE10484m0 /G RCHERZARS/ @Ral@4 only
done for ATG startcodons, as conbining a non-optinmal context wth a non-ATG
st art codon bbuat| gonipesngict weesut thpnt s8FAR ot lmmentsanSoattirod) i artiation to
all ow for selecti ; e pacer .sequence | s d ind th 5

atar tcodon. TLRE. S i AR, SRARE, 6] BHET Fht B NG S BighPSeror + ATamut
start coddnsahar SFER Drddires reaiectrahl ehead XEGED .gete (Fd@.open.readi ng frane

was anplified with priner pair ECf or war dB | - ATGrut/ space (SEQ ID. NO
93): 10 @T%T&@wﬁﬁ%éré@&%cg&ﬂ&%ﬁ AEA GATTTT
CAGGAGCT AACEAAGET AR EAACTHIEAACLACKGAMEIT € d et eidd tag a@degrce fol | owing

t he underlined sequence conprises the spacer sequence), and ZEOMTeverse
(SEQ | D. NZeogsth) g3ee FuRrngesdibetwasreessed i BFERPRAesHN. FhE | i gat ed

00 15 pA2EGE:. qut s ESARBAR 100E 9% sk RARDATGRILESRAge O2EGRP. )

GIG as a start codon in the Zeo resistance gene, 1nst G (Fig. 130).
The Zeol@perolendesngedd 46 samel wefs GAGPLedi edlanids pvasndls .pdihd s

ZEO orwardBanH - GTG (SEQ. I D. NO Qié: . .

GATCGGATCCA EEERTTRY el ni ZBSWHSR 38 E8ET™3YD. NO. 85),

the PCR progegle¥asthe Higidh JeaRgeBagtbs end, |irgaiRbarisenpd2ERFP, cut
with ATGmut/space (example 8). Addition of STAR elements 7 and
67 to the constructs resulted in colonies that had higher
16 average d2EGFP expression levels. Transfection of the
ATGmut/space Zeo STAR 7/67/7 construct resulted in
colonies with an average d2EGFP expression level of 118,
which i1s a factor 2.6 higher than the average in the
control cells (46). Addition of STAR elements to the GTG
20 Zeo construct resulted in an average d2EGFP expression
level of 99, which is a factor 1.3 higher than the
average in the control cells (75).
Importantly, no colonies were established when the
TTG Zeo construct was transfected. However, the construct
26 with TTG Zeo, flanked with STARs 7 and 67 resulted in the
establishment of 6 colonies, with an average d2EGFP
expression level of 576 (Fig. 14C). Thus the highest
translation stringency, brought about by the TTG
startcodon (Fig. 12) yields to the highest d2EGFP
30 expression levels, as predicted in Fig. 13. The results
also indicate that the stringency of the TTG Zeo alone
(without STAR elements) is at least in some experiments
too high for colonies to survive. However, in later

independent experiments (see below), some colonies were



EcoRI - BanHl, creating pZEO GIG d2EGFP. 25 3) TTG as a start codon in the Zeo
resi stance gene, instead of ATG (Fig. 13D). The Zeo open reading franme was
anplified with primer pair ZEO orwardBanH - TTG

GATCGGAT CCALE L ifeidtssAGT TGACCAGTGCCGITCI{ SEQ. I D. NO. 38 @p2608/d55794
ZEONMTeverse (SEQ ID. NO 85), the PCR product was cut wth EcoRl-BanmH ,
and ligated into pd2EGEP, cut wth EcoRl -BanH, creating pZEO TTG d2EGFP.

Tr ansf ect i 0BOURE| ¥iiFh rid i FoasairyistswFhapo T £ 1anerde6/ 048459 77

PCT/ EP2005/ 938794 1 J1e 1 1950 SRURLENOVAF Vil de g8 (HRYKLAGATCC OCL- 61)
was cul tured in HAMS- F12 nedium + 10% Fetal Calf Serum containing 2 nmM

gl ut ami ne, wOOhUtd Phigiddtioedoandn the réecioyrseis/aviiost mepkemyci n at

37C/ 5% CQ2. I e r f ed_wi.th. the plasmds i_ng, Li pof ect am ne
2000 (I nvi P%g%%?g\%%args‘}crp%%zc&%%st ﬁﬁg ng}l%(iaancgtpuoftzrqoq rnll%fsl 3Pe“cre‘?| S were
seeded tH CcBIARrelsmased amnprgsenws, oxad ntight tHe nihb@@%ogonf | uence.

Li pof ectam ne_reagent. was conbined wth plasmd DNA at a ratio of 15

mi crol i t er sCREPNEE PREANGS JRY(¥agy PBFWEeA CHRAPEENLSdi sh, 20 i crograns
DNA and 120 m cielid edsndiiRRiechan 0gd 8¢ sddethridighed@s Fhnutes _

i ncubation at 25C to the cells. After overnight incubation the transfection
m xt ure wascpebingeipmitith fthesistrdapant smbeqtion rsasdeacaegoeding were

i ncubated 15 _f h hy i ght fyat | ; Ll:s,were trypsinized
and seeded ?ﬁt gﬁ r%{is eﬁéL O?{Jrag\i\eléggsg srg\ngéti%iyﬁ%egﬁléﬁih& P Af t er anot her
overni gh® i prodateon @eddien gemas ofddetetesta. concentrati on of 50 gg/ M and
the cells were cultured further. After another three days the 20 nedi um was
repl aced by fresh nedi um contai ning zeocin (100 1g/m ) and cul tured
further. WgRanpté violuastallliahnesthegaath iqitd b | iuntrizd o®x TTet 2ky t en days

after
STAR colonies and comparison with an IRES-Zeo construct.

The results in example 9 indicate that the TTG Zeo has

15 extremely stringent translation efficiency, which might
be to high to convey Zeocin resistance to the cells. The
transfection was scaled up to test whether there would be
some colonies that have such high expression levels that
they survive. Scaling up the experiment could also

20 address the question whether the high average of TTG Zeo
STAR 7/67/7 would become higher when more colonies were

analyzed.

Materials and methods

25 CHO-K1 cells were transfected with the constructs
that have the TTG Zeo gene as selection marker, with and
without STAR elements 7 and 67 (Fig. 15). Transfections,
selection, culturing etc were as in example 9, except
that 6 times more cells, DNA and Lipofectamine 2000 were

30 used. Transfections and selection were done in Petri

dishes.

Results



transfection) medi umwas renoved and replaced with fresh medi um w t hout
zeocin. Individual clones were isolated 25 and transferred to 24-well plates
in medium wi thout zeocin. One day after isolation of the colonies zeocin

was added tWohhtgokRsd um Expression of 80 he d2EGFP  r eporp-§rpdfiefassiess
assessed approximately 3 weeks after transfection. d2EGFP expression |evels

in the colonies 30 were neasured after periods of two weeks. Results CHO Kl
cells were transFgt ebbMmishewsordatuErans fegtiqmigin thige TAEGAEP/ space Zeo

(Fig. 13B), g%@ %PéhX-Ficgsns\‘é‘?u%_(éo@egﬂﬁéégaﬂ? ng’%’n%(}%@i% 5034y g0 and TTG

Zeo (Fig. 1 genes as sel ection gene, [ cl oned upstream of the
d2EGFP r eporbtéonipeneaiitthese avielrage ddREFP usignaderces WoOhoThiSTAR e@benent s
(Control) of . with STAR en{ ments 7 ang %upstr?gm ofl t he CW g;om)ter 5 and
STAR 7 downStPRaRf rHoMm NP 2 Earp*GeRE tR1."4%)°° BI§TIEF ¥Rdhs that both
the contsol atud §hedl WHAR cotdpairedt $p eo8shstwict Witdh Ahemzkbspace Zeo (A)
and GITG Zeo (B) gave col onies that_ expressed d2EG-P protei.n. _The average
d2EGFP expr 8§81 AT IeNF PIRACREGREPEYaRe B SERENSH dE1adSBb and of GTG

Zeo col oni egnh¥agydpagd MAGHH PSre84ShATIERIPIASS AN laelynkR SFirZe0
colonies may reflect the higher stringency of GIG in conparison with

ATGut / spacelemsanpl & 8)d AddietricopddedSTAR etlereemionst rawed , 6fet o t he

constructs d;4 | Qni .hat i r,ol5 _aver 2 expressi on
| evel s. Tr a%ggg%%{go%ééo}?ﬁ?ﬁgyr%%é%g/ %%ggle eo%PAR%%%g%cgnggg%t resul ted
in col i eshei tbniarohvEFiage 16BEG-Phexavessgorod eated TIlG £E8, STARIi ch is a

Lactor 2.0 bighen dhenbhe cherage i he ccontr ol ool s (i), A0 Lion of
expression theverarf1&% mErdeS c816a€E 8T add 3 hidh®)r 4hanntigler
than the STAR7/67/7 IRES Zeo colonies.
An observation is that the form of the curve of all

16 expressing colonies differs between the TTG Zeo
STAR7/67/7 and IRES-Zeo STAR 7/67/7. In the first case
(TTG Zeo) the curve levels off, whereas in the second
case (IRES-Zeo) the curve has a more ‘exponential’ shape.
The plateau in the TTG Zeo curve could indicate that the

20 cells have reached a maximum d2EGFP expression level,
above which the d2EGFP expression levels become toxic and
the cells die. However, it later appeared that the high
values were close to the maximum value that could be
detected with the settings of the detector of the FACS

2b analyser. In later experiments, the settings of the FACS
analyser were changed to allow for detection of higher
values, and indeed in some instances higher values than
obtained here were measured in later independent
experiments (see below).

30 Due to up-scaling of the transfections three
colonies with the STAR-less TTG Zeo construct could be
picked. The d2EGFP expression levels of these colonies
were 475, 158 and 43. The last colony died soon after the

first measurement. This result indicates that the TTG Zeo



average in the control cells (75). Inportantly, no col onies were established
when the TTG Zeo construct was transfected. However, the construct 25 with
TTG Zeo, flanked with STARs 7 and 67 resulted in the establishnent of 6

col oni es, WybBo@RR4@¥Er age d2EGFP expression | evel of 576dqhipeoshdsds Thus
t he highest translation stringency, brought about by the TTG startcodon

(Fig. 12) yields to the highest d2EG-P 30 expression |evels, as predicted in
Fig. 13. ThEopakurels cal SONVIRY ¢8PE1PhAEST HARIS/i IFSYAE1SRE he TTG Zeo al one

(wi thout STARglemenis): is A J&2astivENn$ BNt S ,5Q04Ri gh for
colonies to su?v?ve. wever, “h Iaaiver %gengegnltr&expgﬁlr%eﬁ?s (see bel ow),
sone col oni esmaeimrs W AN6/HHSA59 tHE RCTe ER2OIGN G/ e thibdund with this

truct without. STAR el ts, . .indicating that the strj f th
el act i on SOECGHILO (10 (HE TRACEAPECEIBET PRS SFLAR T EePLerPoR mar ker not

necessarfl ycpsest telestiide dd nditngoatacal ot @fatitetomrod STARegtepeNnts are
present, and_that the nunber of colgnies obtained may vary between
exper i ment s 21FROREN chhd U fdPaat PERECHERT 0O SRR VIRERSTEST N conbi nat i on

with the st Eh_eg@@fse§eé&gsﬂmna%ttemeaseoaﬁé nghct @idhdevention allows to
readily identify high 10 producers of the gene of interest. Exanple 10:

Establ i shreRregeérabhy gheiTAudemest . TTG Zeo STAR col oni es and conpari son
Wth an | RES Zeorgonsi L, s HIBSBSURLS Lin@@f®. S Lidhgatenbpal the TTG

Zeo has 15 extrenely Siringent trans ron ‘ef ficiency, rch™mg be to
hi gh t oléongeyidgest nselesitsiicanegstemt Aeceeding tlhechd riawshedbnpn was scal ed
up to test whether there '&'Uldg&?‘s sone col oni es that, have such high

expressi on FBER| aS$AFmPY ithes XMy Ui THe & 8o B8Rt coul d al so
20 address bhexgngssF asb Mietderthiake nBiveha averpaei g avEead@Oprotein

expression level.

15 Example 11: Creation and testing of Blasticidin-d2EGFP
bicistronic constructs with differential translation
efficiencies.

There are four internal ATGs in the blasticidine
resistance gene, none of which codes for a methionine

20 (Fig. 25A). These ATGs have to be eliminated though (Fig.
25B), since they will serve as start codon when the ATG
startcodon (or the context thereof) has been modified,
and this will result in peptides that do not resemble
blasticidine resistance protein. More importantly, these

25 ATGs will prevent efficient translation of the gene of
interest, as represented by d2EGFP in this example for
purposes of illustration. To eliminate the internal ATGs,
the blasticidine resistance protein open reading frame
was first amplified with 4 primer pairs, generating 4

30 Dblasticidine resistance protein fragments. The primer
pairs were:

A) BSDBamHIforward (SEQ. ID. NO. 96):
GATCGGATCCACCATGGCCAAGCCTTTGTCTCAAG



STAR 7/ 67/ 7 woul d becone hi gher when nore col onies were analyzed. Mterials
and nmethods 25 CHO K1 cells were transfected with the constructs that have
the TTG Zeo gene as selection marker, with and w thout STAR elenents 7 and

67 (Fig. 1 ctions, selectiog2 culturing etc j ampl e 9,
(Fig. 150 éa_(feﬁaﬁ‘s%@ g mﬁm@?@%é/% mp

except that times nore cells, DNA and Li pofectam ne 0 used.
Transfections and sel ection were done in Petri dishes. Results WO
2006/ 048459 80 BRDYHPEYES/S655882- FPg.NA5QBhHows that transfection with the

TTG Zeo STARt At d M dacgsylt ed in the generation of many colonies
wi th an average d2EG-P mgﬁaﬁ cz?f 560. This is as high as in exanple 9,

except that Bhow BSDLD) Donwesrdve(SEQS dRal ¥2ed28 Mhen conpared to a construct
with the Zeqg| I l.aced behind an | RES sequence (Fig 15B),

t he aver ageegéégg@%@g@ﬁéﬂ‘%i\?gp was 61, and when STAR elenents 7 and 67
were added to seEIR 50 eaRstseUqBEQL heD . aner aap [d2EGFP expressi on | evel was

125, a factor 2 above 10 the control (Fig. 15B). The average of the TTG Zeo
STAR 7/ 67/ FCEBTBhT eSCORE (IR TEGEsFe a factor 9.2 higher than the STAR-|ess

| RES- Zeo colgni egsgssh o HatPr (st RbghRH. 1d@n. the STAR7/67/7 | RES Zeo
colonies. An observation is that the formof the curve of all 15 expressing

col oni es di £EEFATEEEARAGGAGPRACEEGGEe0 STAR7/67/7 and | RES-Zeo STAR 7/67/7.
In the first C%ﬁg,g(d@é@é%%) (rsgg c%veNé)evledl off, whereas in the second
3502 . . . :

case (| RES-Zeo) urve ‘has a nore’” exponential' shape. The plateau in

t he TTGl1#eoGCOGYEGEOTGTCICRIACAGTCChat the 20 celI's have reached a maxi mum

?(Z)EiG;Pa%preD§S| ogsﬁgggéérwaarbdov(%Ev&l ci%'t{}& df(ljfzq::P expression | evels becone
GGACAGTGACGGACAGCCGACGGC

BSD399reverse (SEQ. ID. NO. 103):

GATCGAATTCTTAGCCCTCCCACACGTAACCAGAGGGC

15

Fragments A to D were isolated from an agarose gel

and mixed together. Next, only primers BSDBamHIforward
and BSD399reverse were used to create the full length
blasticidine resistance protein cDNA, but with all

20 internal ATGs replaced. The reconstituted blasticidine
was then cut with EcoRI-BamHI, and cloned into pZEO-GTG-
d2EGFP, cut with EcoRI-BamHI (which releases Zeo),
resulting in pBSDmut-d2EGFP. The entire blasticidine
resistance protein open reading frame was sequenced to

26 verify that all ATGs were replaced.

With this mutated gene encoding blasticidine
resistance protein (Blas), three classes of constructs
are made (Fig. 25C-E):

30

1) ATG as a start codon, but in a bad context and
followed by spacer sequence. The mutated blasticidine
resistance protein open reading frame in pBSD-d2EGFP was

amplified using primers BSDforwardBamHIAvrII-ATGmut/space




the cells die. However, it |later appeared that the high values were close
to the maxi num val ue that could be detected with the settings of the
detector of the FACS 25 analyser. In later experinents, the settings of the
FACS anal wgehodtRifasshanged to allow f88 detection of hipghapoéalses, and

i ndeed in sone instances higher values than obtained here were neasured in
| at er i ndependent experinents (see below). 30 Due to up-scaling of the
transfecti onSERhrER- N fids with the STAR- I ess TTG Zeo construct coul d be
pi cked. Theg Q@E&EﬁrWtﬁﬁ%dﬁh‘ﬂi@r‘écﬂ&céﬁﬁ&@ﬁ&ﬂﬁ%e%ﬂcééﬁm158 and
43. The | ast col on first nmeasurenent. This result

i ndi cates tﬁﬁETﬁh@GHG@MWCZMMOﬂBAGQCmTGXCWCEm 055794 construct

can convey Zeoci oni.es,tha so can give high
expressi on IevelgsI (lﬁﬁgés%}r@qleﬁfetrsﬁ COk&ang‘ (‘ﬁﬁe n@(%)vethose}legbl on net hod
according to theGATmmmmouaIGGMAapptwecbmmemoemec 5thassettes that
do not contain chromatin contral el enents, rbdzglh it is clearly preferred

to use expres8i BROCASsett e it ?PWHIaFC‘P%%'sta g3tk derohe

preferably azEdAtrelermatr, e hasHl EsoRDABEME, tThatls &E%Bl@se&ﬁnts allow a
nore 10 stringent _selection s em according to the invention, such as
exenpl i fi edPBA rhTlemé#ﬁﬁQﬁ'dr%ﬁ‘ﬂPu ng in the picking of colonies that have
a very high average protein expression level. 16 Exanple 11. Creation and
testing of Blasticidin-d2EG-P bicistronic constructs with differenti al
transl atbon eff2ri erﬁﬁ‘@esas Ehetarar eoflonr insteadhalf AMG iThet he bl asti ci di ne

resi stance g‘eg ¢ ﬁrim%f c{ch codestfor a meg hi oni ne 20 Ei % 25A) . These
ATGs have td"b8"€ %%Elecd‘- HEugi S¢E-gnee protein open reatin
frame in pBSD-d2EGFP was amplified using primers
BSDforwardBamHIAvrII-GTG (SEQ. ID. NO. 106):
GATCGGATCCTAGGACCGTGGCCAAGCCTTTGTCTCAAGAAG

15 and BSD399reverseEcoRIAvrII (SEQ. ID. NO. 105), the PCR
product was cut with BamHI-EcoRI, and ligated into pZEO-
GTG-d2EGFP, cut with EcoRI-BamHI. This results in pBSD-
GTG-d2EGFP.

20 3) TTG as a start codon instead of ATG. The
mutated blasticidine open reading frame in pBSD-d2EGFP
was amplified using primers BSDforwardBamHIAvrII-TTG
(SEQ. ID. NO. 107):
GATCGGATCCTAGGACCTTGGCCAAGCCTTTGTCTCAAGAAG

256 and BSD399reverseFEcoRIAvrII (SEQ. ID. NO. 105), the PCR
product was cut with BamHI-EcoRI, and ligated into pZEO-
g!g-dZEGFP, cut with EcoRI-BamHI. This results in pBSD-
TTG-d2EGFP.

30 Results
CHO-K1 cells were transfected with constructs that
contain the GTG Blas (Fig. 16A) and TTG Blas (Fig. 16B)
genes as selection gene, all being cloned upstream of the

d2EGFP reporter gene. Selection took place in the



25B), since they will serve as start codon when the ATG startcodon (or the
context thereof) has been nodified, and this will result in peptides that
do not resenble blasticidine resistance protein. Mre inportantly, these 25

ATGs will pweveusioaabd i ci ent transl ati o of the gene of piEPhSH557RS
represented by d2EGFP in this exanple for purposes of illustration. To
elimnate the internal ATGs,, the _blasticjdine resistance protein open

readi ng fraRBESGREE 9% 10 A Y Bdagtiniding i ne pAY £ONGEREFEPIi ng 4 30

bl asti ci di nQer&SkStRAGE A @1@&5@9@@&&6 d¥ iR SRARIS wvere: A)
BSDBanH forward (SEQ ID. NO 96): GATCGGATCCACCATGGCCAAGCCTTTGTCTCAAG WO

2006/ 048459edenemTs E E’GB/@SSW&reBSDQSOF%@&P@é HrSEQteirDandOSTARY
GTAAAATGATA B 4 d\D. -
CTGOTGT AT RTATCAT TEAG L aBhR0r conrs e REQ 95 TG 48 Shows
GCCCTGITETCERaT O8BAT GBRG cadt riBSDABALbowar HTASEQ erldht sNOcob8Byucts
GO0GTOGCT A LB TEAC TR ) BetbaCPoPIar dTsedve 5ol o pas

GGACAGT GACG@A&&EENEEEFEBM%&@%E&@ é&&.@gé I2A¥PP ¥43hal of 24
GATCGAATTCTTAGCCCTCCCACACGTAACCA gnents Ato D were isolated

from an agaFéSeByes CARPIASKEESt 6dephéFlg l\k% %}ﬂ wimTeePdagspBant f or war d
and BSD399r g¥eh s e Yo £5 Ltﬁledwtl@ qre@@ﬂ eﬁb@ ﬁﬂ}ﬂeé RN gePleastbesdbRe

resi stance protein cDNA, but wt

10 level in TTG Blas colonles may reflect the higher
stringency of TTG, in comparison with GTG (see also
example 9). However, only 8 colonies survived under the
more stringent TTG conditions.

Addition of STAR elements 7 and 67 to the constructs

15 resulted in colonies that had higher average d2EGFP
expression levels. Transfection of the GTG Blas STAR
7/67/7 construct resulted in colonies with an average
d2EGFP expression level of 97.2 (Fig 16A), which is a
factor 6.9 higher than the average in the control cells

20 (14.0). Addition of STAR elements to the TTG Blas
construct resulted in an average d2EGFP signal of 234.2
(Fig 16B), which is a factor 2.9 higher than the average
in the control cells (81). However, note again that only
8 colonies survived the harsh selection conditions of TTG

26 Blas, whereas 48 colonies survived with TTG Blas STAR
7/67/7. When only the five highest values are compared,
the average of the five highest TTG Blas was 109.1 and
the average of the five highest TTG Blas STAR 7/67/7 was
561.2, which is a factor 5.1 higher.

30 The results indicate that STAR elements allow a more
stringent selection system, resulting in the picking of
colonies that have a very high average protein expression
level. They also show that this selection is not

restricted to the Zeocin resistance protein alone, but



20 internal ATGs replaced. The reconstituted blasticidine was then cut with
EcoRI -BanmHl, and cloned into pZEO GTG d2EG-P, cut with EcoRI-BanH (which
rel eases Zeo), resulting in pBSDnut-d2EG-P. The entire bl asticidi ne

resi st ance Wwpohwjoss®pen readi ng frame 8@s sequenced to PoridbickMsddat al
ATGS were replaced. Wth this nutated gene encoding blasticidine resistance

protein (Blas), three classes of constructs are made (Fig. 25CE): 30 1)

ATG as a st APEEcalRm, OHhAT iseleckiancBATERY BRYPeRiNidSRed 1By thpicer sequence.

The nut at edcpkasth&igh 181 JiRBIn%t %@%_@s?&%@%&%ﬂﬁ eadi Bg Lkage in
pBSD- d2EGFP was anplified using prinmers BSDf orwardBanH Avrl | - ATGwt / apace
WO 2006/ 048459 83 PCT/ EP2005/ 055794 (SEQ |ID. NO 104):

GATCGGATCCT A AT A 453

TTTTCAGGA %M@?@%@ oR SR movel koo avr 1
(SEQ | D5 Neelection Ssy@rteBGAATTCCCTAGGT TAGCCCTCCCACACGTAACCAGAGGEEC, the PCR
product is qut with BanH.-EcoRl, and ligated int ZEO d2EGFP, cut with
BoR! < Banta COMRRAT NGNS TrnaRaRnbaal) Sfors ies. T CHY BTG s a st ar
codon inst eaddet édverahaoruittdlad hbassiessli e raAsLsstiaree ofr ot ei n open
reading franme in pBSD-d2EG-P was anplified usjng priners

BSDf or war dBIAFFEY r ¢ FRXSIG {SEQVerDanNextepdgd time period.
GATCGGATCCTAGGACCGTGGCCAAGCCTTTGTCTCAAGAAG 15 and BSD399r ever seEcoRI Avr | |

(SEQ ID. NO 105), the PCR product was cut with BanH -EcoRI, and |igated
into pZED ®FSIUREGP, cut with EcoRl-BanH . This results in pBSD

GTG d2EGFP. 20 3}, JT{3@S; & FrR 798999 LOSEEAt Y LNBnif®in Fig

15A were cultured for an additional 70 days in the
presence of 100 pg/ml Zeocin. As shown in Fig 17, the
average d2EGFP signal rose from 560.2 after 35 days to

15 677.2 after 105 days. Except for some rare colonies all
colonies had a higher d2EGFP expression level.

When the level of Zeocin was lowered to 20 pg/ml
Zeocin, there was still an increase in the average d2EGFP
expression level, from 560.2 after 35 days to 604.5 after

20 105 days (Fig. 18).

When no selection pressure was present at all due to
removal of the Zeocin from the culture medium,
approximately 50% of the colonies became mosaic, that is,
within one colony non-d2EGFP expressing cells became

25 apparent. This resulted in lowering of d2EGFP expression
levels to less than 50% of the original levels. If the
signal became less than 67% (decrease of at least one-
third) from the original signal, the colony was
considered to be unstable in respect to d2EGFP

30 expression., Of the 57 original colonies 27 colonies
remained stable according to this criterion; the average
d2EGFP signal of these colonies after 35 days (while
still under selection pressure) was 425.6, whereas the

average d2EGFP signal without selection pressure after 65



nmut at ed bl asticidine open reading frane in pBSD-d2EGFP was anplified using
primers BSDf orwardBanmH Avrl1-TTG (SEQ ID. NO 107):
GATCGGATCCTAGGACCTTGGCCAAGCCTTTGTCTCAAGAAG 25 and BSD399r ever seEcoRI Avr | |

(SEQ 1D Neo24ddisssg he PCR product we& cut w th BanmH -pegaipheos@éddod | 9at ed
into pZEO GIG d2EGFP, cut with EcoRI-BanH . This results in pBSD

TTG d2EG-P. 30 Results CHO- K1 cells were transfected with constructs that
contain thedels 832G, WeR) meagured BFerr (MY davss) thgea¥sragesel ection

gene, all b%&g\%aj?'ﬂ?%élpﬁ TRAPNIE st Res 9BETP HaRY,t @lrr@engn Sel ection took
pl ace in the 2006/ 048459 84 PCT/ EP2005/ 055794 presence of 20 pg/ m

Bl asti ci di nénitthal tdRr et r (Fdtes exXRELes pn hrielSTAR dhendrits (Control) or

with STAR e 7 . 67 hea oTg Y ] STARY
downst ream rggﬁﬁ%%sé ﬁ%{%dgleé%?o(@i §E8§E§‘m?:%é/% shoaé:éggphat both the
control §w t(Fogt BIAR el enents) constructs with GTG Blas (A) and TTG Bl as

B ave col.oni es that expressed d2EGEP protein. The average d2EG-P si gnal
(()f)zg GTG Eﬁﬁsogo?%%i%%l S 1 4GS ﬁgé;]:‘i%%ga%% e FREE & gsblgl'oni es vvgs 81

(Fig 16B). Thosihgghesl by araage sexpr €asherwdlld eeltds akTGuBhashgel oni es may
reflect the higher_ _stringency of TTG in conparison with GIG (see al so
exanpl e 9). epEhevetl cANtAIRahPERTEZ18FEGIY e Lfdrlst-hdo #6PE1BL ri ngent TTG

condi tions. yAddbie e Ofi PR &lBIBAL So7tREE Blor A H&tGIMSLHECEEL 15
resulted in colonies that had higher average d2EG-P expression |evels.

Tr ansf ed@i oslofhes hereW @ BihentSBARecTAen/ Prevsizte UL re@sill redgiinadol oni es
W th an a"eréﬂﬁn d%ﬁ?': & f&pfo%%%i %r',eeﬁé?hd%%ﬁ?i@ql@eﬁ 16 grafthchyis a
factor 6.9ﬁ|g ef an 1 e average In the control cells

6-wells plates till analysis. In Fig. 23 we compared the

original values of the original clones, as already shown

in Fig. 15A, with one of the sub clones. In one of the

156 six clones (clone 25), no sub clone was present with
d2EGFP signal in the range of the original clone.

However, in five out of six cases at least one the sub
clones had equal d2EGFP expression levels as the parent
clone. These expression levels were determined after 50

20 days without selection pressure. We conclude that one
round of sub cloning is sufficient to obtain a high
number of colonies that remain stable for high expression
in the absence of selection pressure. This has been
confirmed in a similar experiment (not shown).

25 We compared the number of copies that integrated in
the TTG Zeo STAR 7/67/7 colonies. DNA was isolated when
colonies were 105 days under Zeocin selection pressure
(see Fig. 17). As shown in Fig 24 two populations could
be distinguished. In Fig 24 the cut off was made at 20

30 copies and the R? value is calculated and shown. Also the
R? value from data with higher than 20 copies is shown. In
the range from 100 to 800 d2EGFP signal there was a high
degree of copy number dependency, as signified by a

relatively high R? of 0.5685 (Fig 24). However, in the



20 (14.0). Addition of STAR elenents to the TTG Blas construct resulted in
an average d2EGFP signal of 234.2 (Fig 16B), which is a factor 2.9 higher
than the average in the control cells (81). However, note again that only

S col oni es wohyishPfisd he harsh sel ecti o87conditions of Therdpddsassioqher eas
48 col onies survived with TTG Blas STAR 7/67/7. When only the five highest

val ues are conpared, the average of the five highest TTG Bl as was 109.1 and

t he aver ageP8PUtelan \&f iofiredesTErR bl Akuaugter/arpundads d2665P2, which is a

factor 5.1 Bighel o8%BoMe magwH LariRdisAt & tEdly SRS qarnts allow a nore
stringent sel éction system resulting in the picking gf colonies that have

a very hi ghobseree@ prid &4 edsr sdgndhicdewkih arHoy R sofshodithat this

selection i [ d eogci i.sfa I in alone, but WO
2006/ 048450 BACFRSF ERSDGE G55 7Y Qlﬁﬁgt B e R e e oy er

pol ypeptddesystemi his calagd eshéhlltasbntaiin NETG ebics tSARde 7667 &i n, can be
used. Example 12: Stahility of d2EG-P,_expression . in novel 5 selection
syst em Col gﬁ?%igﬁ%%%sr‘ ?tgb%fq i Se X QR 8uipe ?‘hepefrtffet%rdzggﬁ%tpured under sever al
condi tions k@passessn tilie 8 abidoi ppats . dRESHP £xyHRsg ¢dpyvammBerext ended
time period. 10 Results The TTG Zeo STAR 7/67/7 containing colonies in Fig
15A were cufengR@eRey bh Lok thERaP290CaRIRS i3re mresindsefédldf 2100 pg/ m

Zeocin. As shgwpahlidl brcpordi®n dtekAgecd2E T slidnahil@sq>BoaM 560. 2 after
35 days to 15 677.2 after 105 days. Except for sone rare col onies all

col oni e30 had2BGHP ghegnalR EGWwe @emressi bhahed@| condem (Flig.| @del- &hiZeocin was
a2Ecrp expoiaraRttofa el aeh BPRerE PR 0L S Lter -

relatively low copy number (between 10 and 30) may be

important for identifying colonies that remain relatively

stable without selection pressure. It is an advantage to

156 have clones with relatively low copy numbers (less than

about 30, more preferably less than about 20) that give

high expression levels, because such clones are believed

to be less amenable to genetic instability. The present

selection system allows to generate such clones,

20 including from CHO cells.

Example 13: Creation and testing of Zeocin-Blasticidin-
EpCAM bicistronic constructs with differential
translation efficiencies.

25 To test the selection system on the production of an
antibody, the anti-EpCAM antibody (see also example 5)

was taken as example.

Results

30 A plasmid was created on which both the heavy chain
(HC) and light chain (LC) were placed, each in a separate
transcription unit (Fig 20-22). Expression of both chains
was driven by the CMV promoter. Upstream of the EpCAM

heavy chain the Zeocin resistance gene was placed, either
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tes till analysis. In Fig. 23 we conpared the original

@@sngér]w@i&? % Qo%‘%?sg'_ﬁgoﬂ@) 290aR Ny SIR P13 gNER4P
P signal  In the range of t original clone. ™ However
thsesestltbastcardtnued wals flanked with a 5 and 3’ STAR

7 element (Figs 20-22). All constructs were transfected
to CHO-K1 cells and selected on 100 pg/ml Zeocin and 20

Lg/ml Blasticidin (at the same time). After selection
independent colonies were isolated and propagated under
continuous selection pressure (using 100 pg/ml zeocin and
20 pg/ml blasticidin). Fig 20 shows that the STAR 7/67/7
combination had a beneficial effect on EpCAM production.
The ATGmut/space Zeo and ATGmut/space Blas had no effect
on the number of colonies that were formed with plasmids
containing STAR elements or not. However, the average
EpCAM expression levels of either 24 control versus STAR
7/67/7 colonies ranged from 0.61 pg/cell/day in the
control to 3.44 pg/cell/day in the STAR7/67/7 construct
(Fig 20). This is a factor 5.6 increase. Since there were
many colonies in the ATGmut/space control with 0
pg/cell/day, also the average EpCAM production in the
highest five colonies was compared. In the control
ATGmut/space this was 3.0 pg/cell/day, versus 7.8
pg/cell/day with the ATGmut/space STAR 7/67/7 construct,
an increase of a factor 2.6.

Fig 21 also shows that the STAR 7/67/7 combination

had a beneficial effect on EpCAM production, using the

val ues of

naltrangaesptien didadprerdringi BCRRd amsa fag theone of the sub

resent
in five



cl ones had equal d2EGFP expression |levels as the parent clone. These
expression |levels were determned after 50 20 days w thout selection
pressure. W conclude that one round of sub cloning is sufficient to obtain

a high nunipenowiossasd oni es that remai n8%tabl e for hi gh exprersaisessod n t he
absence of selection pressure. This has been confirnmed in a simlar

experi nment G&not shown 25 W &orrF\ar ﬁd the nunmber of copies that integrated
in the TTG Z80S YRR AV /FPTcshEnraEkeBRA T it &7 AiReA"IcBFBni es were

105 days ungess Zepa mﬁ@iﬁntdo@@taheﬁsugproiﬁﬂﬁﬂgg.z thhesAmoghown in Fig 24
two popul ations could be di stln%ilshe . In Fig 24 the cut off was nade at

20 30 copi eSchpEiehe'see FarRed-s AdaPcub Bt eV e s FRvdM AFPESER&CONR2 val ue

from data withe i ahere iy 20 cORLES1 S s QWL TAR 7 4d%9 7 @BGSnfEEM 100 to 800
d2EG-P signal there was a high degree of copy nunber dependency, as

si gni fi el byaaged| fxowel y hingl cR214Hap. $686h¢ Riqpta)l. tidoveewdr, in the WO
2006/ 048459 %Z_f)g%{/‘gaféoi%/tq%gé%élﬂyég% aéér?%‘t?&ctcoéﬂ?p?ﬁﬁt h‘%ifsl Hgt uat e

around a d2E |~ of hvariationin ¢ unber~was observed
(Fig 24), aa sagtofiz2d virdreasleawARR2oothd®. HE2thge EppaMerodbetdaha show t hat

in the novel selectjon 5 system _.in ,colonies that contain TTG Zeo. STAR
716717 con%PrE}&?sth%b‘?%ti Ve Y IROAGEr VAR pR Rt EBFB e £BPES T on up to -

20 copi es. Alrgochad tiough. TRy ceunbary, depesdency. 0 $d/eeh 1wagy >20 copi es
are present, still a substantial proportion of the colonies with high
(>800) 19 dyEErPtRe fFEF HeVe WS TMOr ECPRRRAUGD Bpildsyerisg. oF4R. This

conbi nati onghetyeen i oy AP2EGER exteshkofyanthd el @Al walkh gy copy nunber
(between 10 and 30) nay be inportant for identifying Colonies that remain
rel atively medabtedwy e G edlironcpdessive.tia selemtimdvantrigesto 15 have

cl ones Mﬁthwgglg&égf%%%é&%qéﬂﬁ%&hg%ngggg &lggstﬁéuﬂ%Gmut/space start
codon.

15 Fig 22 shows that with the TTG Zeo and TTG Blas
control construct no colonies were formed, similar as in
example 9. With the STAR 7/67/7 TTG construct colonies
were formed. The average EpCAM expression levels of the
STAR 7/67/7 TTG colonies was 10.4 pg/cell/day (Fig 22).

20 This is again higher than with the ATGmut/space and GTG
as start codon (see Figs 20, 21 for comparison). The
average EpCAM production in the highest five TTG STAR
7/67/7 colonies was 22.5 pg/cell/day.

The results show that the selection system can also

256 Dbe applied to two simultaneously produced polypeptides,
in this case two polypeptides of a multimeric protein,
casu quo an antibody. The EpCAM production closely
follows the results obtained with d2EGFP. The TTG as
start codon is more stringent than the GTG start codon,

80 which in turn is more stringent than the ATGmut/space
(Figs 12 and 13). Higher stringency results in a
decreasing number of colonies, with no colonies in the

case of the TTG control that has no STAR elements, and



about 30, nore preferably |l ess than about 20) that give high expression
| evel s, because such clones are believed to be | ess anenable to genetic
instability. The present selection systemallows to generate such cl ones,

20 i ncl udi ngohiRsusgedO cel |l s. Exanple 190 Creation and t egingpdo08fs5794
Zeoci n-Bl asticidin- EpCAM bicistronic constructs with differential

translation efficiencies. 25 To test the selection systemon the production

of an anti Bo8YeT t Her HIASR B CAMERAL PBOBTEI KT dBarPLBLs! tRas taken as

exanpl e. Regibhsr SbAYRHIH Was preated On ik dioth the heavy chain
(HC) and light chain (LC) were placed, each in a separate transcription

unit (Fig 20-22). Expression of both chains was driven by the CW pronoter.
Upstream of the EpCAM heavy chain the Zeocin resi stance gene was pl aced,

ei ther VWO 28Q8m01@4bP: G-dath/on aRdot8sei8¢ otV dduiltiendiGEts/ space (Fig 20),
GIG (Fig 21) or TTG (Fig 22) as startcodon (see exanple 9). Upstream of the
EpCAM | § ghZeeainrd2EGF B3 hiiistirgnie renstrucke widh differentdal cither with

t he ATGrut/ i e :Ei.g 21) or 5 TTG (Fig 22) as startcodon (see
exanpl e 11)§B$§glé§%%§%%ﬁfléggﬁgﬂiﬁéts wer e made, one construct w thout STAR

el ements ( Cont r biffershtone drgitsr vt thet Heac oontE iattameeoge8EAR 7 and 67
el ements. The STAR el e ts were placed as fol.l ows,: stream,of each CWwW

pr onot er (iVéF§0ﬂ£%7EﬁéT%1 r?ﬁ9qﬂﬂin¥8FFpa?%%riﬁﬁ4ﬁﬁbgﬁfwgﬁﬁgSHC and one for
the transceepiiies tik tdesuibiesl 0FGLEPISTAR(Eanalse ¥,a¢ad;.asda)t he resul ting

construct was flanked wwth a 5 and 3'° STAR 7 elenent (Figs 20-22). A
construd®s fefétiPnmkirrdidded stemeordore yithmiidincdt ed on 100 g/ Ml Zeocin

and 20 15 giphnBl @61dkd HidE£idli nd§ 82EBpLLERY e AMiRs S @18 eir@At

Zeocin resistance gene versions were created (Fig. 33)
and cloned upstream of the modified d2EGFP gene, as in
Example 9.

15
Materials and methods

Creation of plasmids

Four additional GTG constructs were made:
1) GTG as a start codon in the Zeo resistance gene
20 (Fig. 332), but followed by a spacer sequence (Fig. 33B).
The mutspace-Zeo open reading frame was amplified with
primer pair GTGspaceBamHIF (SEQ. ID. NO. 122):
GAATTCGGATCCACCGTGGCGATCCAAAGACTGCCAAATCTAG and (wherein
the sequence following the underlined sequence comprises
20 the spacer sequence), and ZEOWTreverse (SEQ. ID. NO. 85),
the PCR product was cut with EcoRI-BamHI, and ligated
into pd2EGFP, cut with EcoRI-BamHI, creating pZEO-
GTGspace-d2EGFP.

30 2) GTG as a start codon in the Zeo resistance gene, but
in a bad context (PTTTGTG) (Fig. 33C). The Zeo open
reading frame was amplified with primer pair

ZEOTTTGTGBamHIF (SEQ. ID. NO. 123):



i ndependent col onies were isol ated and propagated under conti nuous

sel ection pressure (using 100 pg/m zeocin and 20 pg/m blasticidin). Fig
20 shows that the STAR 7/67/7 conbination had a beneficial effect on EpCAM
product i on.w@Qookfagssfl GTut / space Zeo anfl ATGrut / space Bl ggri@dod@sséd ect on
t he nunber of colonies that were forned with plasm ds containing STAR

el ements or _not. wever .. the average. EpCAM expression |levels of either 24
control ver $H&T TCﬁ%@?&C&ﬁﬁngﬁaﬂg%G% EBEy/ cel 1 /day in the 25

control to ZréWTPeéeedd / dmb . no.heoSTARY/ bfle MNP rddkict WEkJcdl). This is a
factor 5.6 increase. Since there were nmany colonies in the ATGwt/space

control witHKibh BepREtBamty asidsdigREcdyEner)er BHEM pcddudditdn in the

hi ghest five.cRT OB RST WaS-SAMRR 8drol(feh YomFATGIUt / space this was
3.0 pg/cell /8ay, versus 7.8 pg; ?el I /(dgyhﬁr e ATGrut/space STAR 7/67/7

construcd, an increase of a factor 2.6. Fig 21 al so shows that the STAR

7/ 67/ 7 conmbinat i had a beneficial .effect,on EpCAM production, using the
WO 20061048459 87 BCT BPAUTE B LETERE 3 s Y WERRAr ker o W £ 1
the GIG Zeoiastedd @f BlEs @HAR BBA7T/ 7badnsithicdin aariddiomatiel y 2 tines nore
colonies were forned, Also, the aver a88§E$CAM expr.essi | evel s of either

n
24 control TBFEELOBTAR EASHCP OBFONiEE arefaeF f%torﬁrf’%44wﬁdFEeWF?day in the

control to Geplac®g/wein /Wedm nehQTRIAR(FEY! 3AONStIHeCtTHERI g 21). This is
a factor 2.7 increase. Al so the average EpCAM production in the highest
five coll®ni BEtaasOR ofpariet:raducese byoatp bl fYITIG e FaRa9PEn7 pg/ cel | / day,

versus 13.0 ce I g@y i tit}ezgg Il £ O uGts, i ncrease
of a factofggég.&A{Nso ot elﬁlét%g)ta t he a\%ﬂg‘%ﬁ)%ﬁrpro(guc:{'i glir? ﬁgdi ated by
the GIG st al24todbhTTE@FATIACIATEOCCAACTEEAGCACTGREGTRIAREATIGEaNt | y hi gher than
With the AngHtéﬁgﬁ%§%§g§gé (SEQ. ID. NO. 85), the PCR product was

cut with EcoRI-BamHI, and ligated into pd2EGFP, cut with

15 EcoRI-BamHI, creating pZEC-GTG-Thr9-d2EGFP.

4) GTG as a start codon in the Zeo resistance gene,
instead of ATG (Fig. 33A), but with an additional
mutation in the Zeo open reading frame at Pro9, with was

20 replaced with Phenylalanine (Phe) (Fig. 33E). The Phe9
mutation was introduced by amplifying the Zeo open
reading with primer pair ZEOForward GTG-Phe9 (SEQ. ID.
NO. 125): AATTGGATCCACCGTGGCCAAGTTGACCAGTGCCGTTITCGTGCTC
and ZEOWTreverse (SEQ. ID. NO. 85), the PCR product was

26 cut with EcoRI-BamHI, and ligated into pd2EGFP, cut with
EcoRI-BamHI, creating pZEO-GTG-Phe9-d2EGFP.

Transfection, culturing and analysis of CHO cells
Transfection, culturing and analysis of CHO-K1 cells

30 was performed as in Example 8.

Results
CHO-K1 cells were transfected with constructs that

contain the GTG Zeo (Fig. 33A), GTGspace Zeo (Fig. 33B),



codon. 15 Fig 22 shows that with the TTG Zeo and TTG Blas control construct
no colonies were fornmed, simlar as in exanple 9. Wth the STAR 7/67/7 TTG
construct colonies were fornmed. The average EpCAM expression | evels of the

STAR 7/ 67/ Ay héecopdseni es was 10.4 pg/ce2l/day (Fig 22). péa/ePRéososg9£0ai n
hi gher than with the ATGwt/space and GIG as start codon (see Figs 20, 21

for conparigon). The average EpCAM groducti on in the hi ahest five TTG STAR
7/ 67/ 7 col ohtesCHaste® . @159 calilrday CTHRRt rec t FidhowChat CfFe sel ection

system can ehs9 z&S(Reu)apptied 3Be)t wagstel tradeos] L dnodueed pebypepti des,
in this case two polypeptides of a multineric protein, casu quo an
anti body. THENEPCAM PiRffdATo9edresaly Pebrg ovonatk unssgreed obt Ahaed with

d2EGFP.  TheyJd&raSre sl Aldr QAN ThedDr 85§ ;&%%w@e&%erg{ggﬁga” codon,

30 which in turn is nore stringent than t /' space 2 and 13).
Hi gher sdri AfARcylemsntisd s(GantaxoldeoreunstngSTAREengntsol/oands 67wi t h no

colonies in_th case. of t TTG control h 0 STAR el enents, and WO
2006/ 048459‘1869%‘? EP20 7§’E°mﬁf°8r‘1e?nét€“f%*g2fmc‘{}]’wo 1£trﬁ*’é“‘ngSE‘:‘t i on nar ker

is coupl ed the B2EGEP o6y eFSigan 30h .t hegpr®4 eshowdf dhafteloFstheExanpl e 14:
Creation and testing of addition Zeoci n-d2EGEP bicistronic

| GIG
constructs GPRRTR fFREMUYCHS Wik ﬁélltaﬂg% etkeiteh Qdy. ther FEFeAtOver si ons

of the ZeociBnseshst aptend/NSTAN Lthefiuhat eghwd a¥d1cRAens twake described in
Exanpl e 8. Besides the described GIG codons (Exanple 8, Fig. 33A), 10

addi ti oh@l ABEreseed ARG RAPEaUt h1ai SPRFEISkr s MANGHANCESS i ci ency are
possi DL, ThSRRadh Aotk anRD! AL A0FG QRN ans L o ear
d2EGFP protein. The mean d2EGFP fluorescence signal of 11
GTG Zeo Control colonies was 20.3, of 13 GTG Zeo colonies
with STARs 7/67/7 104.9, of 24 GTG space Zeo 7/67/7
15 colonies 201.5, of 6 TTT GTG Zeo 7/67/7 colonies 310.5,
of 22 GTG Thr9 Zeo 7/67/7 colonies 423, and of 16 GTG

Phe9 Zeo colonies 550.2 (Fig. 34).

The higher stringencies of the novel GTG mutations
20 correlate with higher mean fluorescence signals (Fig.
34) . The TTT GTG Zeo 7/67/7, however, gave only two high
expressing colonies and a few low expressing colonies.
This may indicate that this mutation is at the brink of
the stringency that these cells can bear with a fixed
25 concentration of Zeocin added to the culture medium.

The Thr9 and Phe9 mutations do not influence the
translation efficiency of the Zeo mutants. Instead they
reduce the functionality of the Zeocin resistance
protein, by preventing an optimal interaction between the

30 two halves of the Zeocin resistance protein (Dumas et al,
1994). This implies that more of the protein has to be
produced to achieve resistance against the Zeocin in the

culture medium. As a consequence, the entire cassette has



Exanple 9. 15 Materials and nethods Creation of plasmds Four additional
GIG constructs were made: 1) GIG as a start codon in the Zeo resistance gene
20 (Fig. 33A), but followed by a spacer sequence (Fig. 33B). The

nmut space- ZegoahRidsadi ng frane was anpdified with pri Brd3hdsossios
GIGspaceBanmH F (SEQ I1D. NO 122):

GAATTCGGATCCACCGT GGCGATCCAAAGACTGCCAAATCTAG and (wherein the sequence
fol | owi ng t ke DAderdn s ey ddnde héghpri Se%e s ernte1sdder resgdehng), and

ZEOWTTr ever se,( SEQ gh D MNRciP)exprl8iBFR ArodUct was cut with EcoRl-BanmHi,
and ligated into pd2EG-P, cut W th ECORI - BanHi , Creating pZEG

GlIGspace- d2EGFP. I80i2)ca@@kad wieda thiadr theodom ¢ the descnidsidst ance gene, but

in a bad context., (TITGTQ_ .(Fiqg. .33C).. The Zeo open .reading me was

anpl i fi ed vmtﬂfﬁ“%%ig% “p%frl‘”f%ﬁffe)?és’éﬂﬁl é?@é%.rﬁﬁjs .Ceﬂ%‘.ﬁ VO

2006/ 048859 r@&uPCTi irPR208H 10 x4 s sSGAAT T8 (KH TtHeT QRECAMGH FGRETAGT GCCGT TCCG
and ZEOWTreverse (SEQ ., ID., NO 85), the PCR product was cut wth

: )
EcoRl - BanHl FPafdIP| QR FAZEGEBARCELSHFM S - EcoRI - BanHl, creating

PZEX(| eu) - TTTGTGrH2E@Eamp 3)r UetRedS damsh 8 La € ahd rb&s@%bé@@t??%i)sf[ ance
gene, instead of ATG (Fig. 33A), but with an additional nutafion in the

Zeo open reREPHyderber Binertominghiodhthasstyepyened ofi thet hr eoni ne (Thr)
(18 o2 qUOBeTTER 10,0l ald oyl gguced on AT gy he Zeo oren
AATTGCATCCAERGT EEUAAM JTEEAGCAGET GCPBo tACEE SCIG: ek tZEQMaa g, SeheSEQ. 1 n.
NO. - 85), thgeggggpgﬁg&fgdvfgsthe art will be capable of combining
these and other possibilities within the concepts
disclosed herein (e.g. mutate the zeocin at position 9 to
other amino acids, or mutate it in other positions; use a
15 GTG or other startcodon in a non-optimal translation
initition context for zeocin or other selection markers;
or mutate other selection markers to reduce their
functionality, for instance use a sequence coding for a
neomycin resistance gene having a mutation at amino acid
20 residue 182 or 261 or both, see e.g. WO 01/32901), and
the like, to provide for such fine-tuning, and by simply
testing determine a suitable combination of features for

the selection marker, leading to enhanced expression of

the polypeptide of interest.

25
Example 15: Creation and testing of additional TTG
Zeocin-d2EGFP bicistronic constructs with differential
translation efficiencies.

30 Different versions of the Zeocin resistance gene

with mutated startcodons were described in Example 8.
Besides the described TTG codons (Fig. 35A) additional
modified startcodons with distinct translational

efficiency are possible. These different Zeocin



cut with EcoRI-BanHl, and ligated into pd2EG-P, cut with 15 EcoRl-BanHl,
creating pZEO GIG Thr9-d2EG-P. 4) GIG as a start codon in the Zeo resistance
gene, instead of ATG (Fig. 33A), but with an additional nutation in the
Zeo open regdhe@ohdsgge at Pro9, with was 20 repl aced w tpgrRipeshsodsdsni ne
(Phe) (Fig. 33E). The Phe9 nutation was introduced by amplifying the Zeo
open reading with primer pair ZEOForward GIG Phe9 (SEQ in. NO 125):
AATTGGAT CCAESE ¥R IAGTERSACCASERREGTE TT CeteatiRy adisH CAPORF, 8PeL882RSEQ | D.
NO. 85), t hg:PGR. REQELEte YR FEFEC YL R FcofYy BanHl, and |igated into
pd2EGFP, cut wth EcoRl -BanH , creating pZEO GIG Phe9- d2EGFP.

Transfection, culturing and analysis of CHO cells Transfection, culturing
and anal ysi % 0 was perforned as in Exanple 8. Results

CHO K1 cel |§’%¥e ralqhqscfgic%%‘g%th constructs that contain the GIG Zeo
(Fig. 333, c&d&sparceoZaulgdniigls 33B), WO 2006/ 048459 92 PCT/ EP2005/ 055794

TTT GIG Zeo (al sg call ed;. GIGwyt o] Fig. 33C), GIG Thr9 Zeo(leu) (Fig.
33D) and GIG Phegh‘i‘:é%(arcgqht]ﬁc—gi%. T§§D§°I(‘§tﬁ‘é%t%s‘gesreﬂ &3 n gene, all being

cl oned upstngam ofctde a RGP dodear L&l tHeNEeo Thasesthin® genstructs were

wi thout 5 STAR el enents (Control) or with STAR el enents 7 and 67 upstream
of the OW pFéfot 2P ETARIAHEANBY r BafPI¢M SaIeFEEGEPIgeREB| Fig. 33).
Fig. 34 showgothab Qfed Neadiilt 'rhmEORFE EMClme WD BARLELENEALS only the
GIG Zeo construct t hout STAR el ements gave col onies that 10 expressed
d2EGFP PO ot einplified omttagiyimglrl pedmsTTEspaceBomild niS¥Q.STAR ¥Denents gave
col oni es tth Saxpressed d2EGFP protein. The nean d2EG-P fl uorescence si gnal
of 11 GIG e8 Control colonies was 20.3, of 13 GIG Zeo colonies wth STARS
7167/ 7 104. 8AADTCRAATHRACIRRGECLAT CCABRGACTGCCAAATCTAG and

ZECWTreverse (SEQ. ID. NO. 85), the PCR product was cut

with EcoRI-BamHI, and ligated into pd2EGFP, cut with
15 EcoRI-BamHI, creating pZEO-TTGspace-d2EGFP.

2) TTG as a start codon in the Zeo resistance gene,
instead of ATG (Fig. 35A), but with an additional
mutation in the Zeo open reading frame at Pro9, with was
20 replaced with threonine (Thr) (Fig. 35C). The Thr9
mutation was introduced by amplifying the Zeo open
reading with primer pair ZEOForwardTTG-Thr9 (SEQ. ID. NO.
127) : AATTGGATCCACCTTGGCCAAGTTGACCAGTGCCGTTACCGTGCTC
and ZEOWTreverse (SEQ. ID. NO. 85), the PCR product was
25 cut with EcoRI-BamHI, and ligated into pd2EGFP, cut with
EcoRI-BamHI, creating pZEO-TTG-Thr9-d2EGFP.

3) TTG as a start codon in the Zeo resistance gene,
instead of ATG (Fig. 35A), but with an additional

30 mutation in the Zeo open reading frame at Pro9, with was
replaced with Phenylalanine (Phe) (Fig. 35D). The Phe9
mutation was introduced by amplifying the Zeo open
reading with primer pair ZEOForwardTTG-Phe9 (SEQ. ID. NO.
128) : AATTGGATCCACCTTGGCCAAGTTGACCAGTGCCGTT TTCGTGCTC



15 colonies 201.5, of 6 TTT GIG Zeo 7/67/7 colonies 310.5, of 22 GIG Thr9
Zeo 7/ 67/ 7 colonies 423, and of 16 GIG Phe9 Zeo colonies 550.2 (Fig. 34).
The hi gher stringencies of the novel GIG nutations 20 correlate with higher

mean fl uor eg696kpesasgnal s (Fig. 34). 9me TTT GIG Zeo 7/pgtiub0080580yLr, gave
only two high expressing colonies and a few | ow expressing colonies. This

may indicate that this nmutation is_at _the brink of  the stringency that

t hese cel | s2BAn?HIEFraNstP e SELed IB5 H8ncqwht r dtho P PZOdEcH HB8ed to the
cul ture mediym widihesddH2 s iR a8 dmit g4 { 0S4 I HGNH, uenee i bg

translation efficiency of the Zeo nutants. Instead they  reduce the
functi onal i EgoBT-Bare e gtiar tiewi PEEACETCPYRR ETIEARP -preventing an opti mal
interaction between the 30 two hal ves of the Zeocin resistance protein
(Dumas et al, 1994). This inplies that nore of the protein has to be
produced5t oReshlbse resi stance against the Zeocin in the culture nedium As
a consequence, t ire cassette _has W) 2006/.Q048459 93 PCT/ EP20051055794
to be transcribe@ﬁ%fﬁg.?ﬁ enwﬂﬁsng?HES%ﬁF% Iy* eﬁﬁﬂ%ﬁﬁ%&tsiﬁgﬁghigher
d2EGFP expr esatein | &velTTd tzdos (Fagc! BeRY, tTEtsgdee wse qfrighe3dsseri bed
translation efficiencies of the Zeocin resistance nRNA 5 result in higher
expressi on FE&GefRr3fZ2eNe(THZEGP Pr 808 RTC ¥ 399 Gt -ndOPdNIRNER STAR

el ements. ThiSsexampl & fglddiera1demrashr 81654 N RAUPIJe ket 0 provide for
fine-tuning of the stringency of the “selection systemof the invention, to

achi evel®pt dABEFFR Orenqriessiaamd evakseofour prone malfs iwerer @dthottearly, the
Possi bi &1 ti 200 PRPASEL! (rlereld SIPEEHE SIAR UL 7 A8 ETe the zeoci n
at positionuPstoeantdiertleenMy gaioteteor andt 3TAR i1 dawnsttreampdsbini ons; use a
the d2EGFP gene (Fig. 35). Fig. 36 shows that of the
control constructs without STAR elements only the TTG Zeo
15 construct without STAR elements gave colonies that
expressed d2EGFP protein. In contrast, all constructs
containing STAR elements gave colonies that expressed
d2EGFP protein. The mean d2EGFP fluorescence signal of 3
TTG Zeo Control colonies was 26.8, of 24 TTG Zeo colonies
20 with STARs 7/67/7 426.8, of 24 TTGspace Zeo 7/67/7
colonies 595.7, of 2 TTG Thr9 Zeo 7/67/7 colonies 712.1,

and of 3 TTG Phe9 Zeo colonies 677.1(Fig. 36).

The higher stringencies of the novel TTG mutations
25 correlate with higher mean fluorescence signals (Fig.
36). The TTG Thr9 Zeo 7/67/7 and TTG Phe9 Zeo 7/67/7
constructs, however, gave only two high expressing
colonies each and a few low expressing colonies. This may
indicate that these mutations are at the brink of the
30 stringency that the cells can bear with a fixed
concentration of Zeocin added to the culture medium.
It is concluded that the use of the described

translation efficiencies of the Zeocin resistance mRNA



15 GIG or other startcodon in a non-optimal translation initition context
for zeocin or other selection markers; or nutate other selection markers to
reduce their functionality, for instance use a sequence coding for a

neonyci n r egp@AFRAsPENe having a nutabéon at am no aci pcgkpr@siosisey 182 or
261 or both, see e.g. WD 01/32901), and the like, to provide for such

fine-tuning, and by sinply testing deternmine a suitable conbination of

features forFeStEhb JS%HE&}}% SFROESSloPedBY RS tf diifatEFEEX pressiBn of the

pol ypepti detpfisi 0t et &l inAS X WIRhe sERR &I &RdhN, and testing of additional
TTG Zeoci n-d2EGIP bicistronic constructs with differential translation

efficiencies. 30 Different versions of the Zeocin resistance gene wth
nmut at ed startcodons were described in Exanple 8. Besides the described TTG

codons (Fi gpxample aréli te M1 on TRl hﬁgt§ﬁér6§0ﬂ.ﬂFmﬂiH1&E%bb”Ct

transl ational efficiency are possible. These different Zeocin WO 2006/ 048459
94 PCT/ E{DzobSPu;sslvwc reonishiruets yith déffexential transdeddoand cl oned
upstream of gqggi%ed d2EG-P gene (Fig. 35). Materials and nethods 5
Creation of p asm ree additional TTG constructs were nmade: 1) TTG as a
start codon in theeZemresitsteandatgenal AFGg.iB5MNe }'h.lﬁonfy@hhowed by a spacer

sequence (Fi g ,35%. The Zeo per% readjn %gra (with e s acer sequence)
vas 10 anpl FERAECHRER FiTered5h PoT YOL pACCRIRTI 1Y SEACPBOMBE  126)
GAATTCGGAT CLACET TERCGATECAYAGACTHESAAATES Aba vtk o 2RO eMeRSeASEQ | D. NO.

85), the PCR product was cut wth EcoRl-BanH , and |ligated into pd2EGFP,
cut witRO (Fig. 37B,C), since they will serve as start codon when

the ATG startcodon (or the context thereof) has been
modified, and this will result in peptides that do not
resemble puromycin resistance protein. More importantly,
these ATGs will prevent efficient translation of the gene
15 of interest, as represented by d2EGFP in this example for
purposes of illustration. The methionines were changed
into leucine, like in the zeocin resistance protein
(example 8). However, instead of using the TTG codon for
leucine (for instance in Zeocin in example 8), now the
20 CTG codon for leucine was chosen (in humans, for leucine
the CTG codon is used more often than the TTG codon). To
eliminate the internal ATGs, the puromycin resistance
protein open reading frame was first amplified with 4
primer pairs, generating 4 puromycin resistance protein
25 fragments. The primer pairs were:
PURO BamHI F (SEQ. ID. NO. 129):
GATCGGATCCATGGTTACCGAGTACAAGCCCACGGT,
PURO300 R LEU (SEQ. ID. NO. 130):
CAGCCGGGAACCGCTCAACTCGGCCAGGCGCGGGC; and
30 PURO300FLEU (SEQ. ID. NO. 131):
CGAGTTGAGCGGTTCCCGGCTGGCCGCGCAGCAACAGCTGGAAGGCCTC,
PURO600ORLEU (SEQ. ID. NO. 132):
AAGCTTGAATTCAGGCACCGGGCTTGCGGGTCAGGCACCAGGTC.



15 EcoRI-BanHl, creating pZEO TTGspace-d2EG-P. 2) TTG as a start codon in
the Zeo resistance gene, instead of ATG (Fig. 35A), but with an additi onal
mutation in the Zeo open reading frame at Pro9, with was 20 replaced with

t hreoni ne (W8hdoslolssp 35C). The Thr9 @&utation was intr gy mogmssaﬁpl i fying
the Zeo open reading with prinmer pair ZEOForwardTTG Thr9 (SEQ |D.

127): AATTGGATCCACCTTGGCCAAGI TGACCAGIGCCGTTACCGTGCTC and ZEOWT ever se (SEQ
I D. NO. 85) ThifederRrahisddate F&® PPSdBgEs wi ¢r 1seRndsagHe &R8 Pl gated into

PA2EGFP, cupnyi §h o FCORe Ee@f@*bureﬁ@e&hngegi@&n@( ,gemr 9rgeEERE. 3) TIG as a

start codon in the Zeo resistance gene, i1nstead of ATG (Fig. 35A), but with
an additi onHFOQ@CtmtVaQITQ)mdd?—dt iteggsbevpend raverd irfg efd amcaihatPUP@oQ Wit h was

repl aced w p0-Pheay| ghani e (Bhe) 61 o p3oBloodhey FRED. W albon vas

i ntroduced by anpli o open reading W|th mer “parr
ZECFormaﬁdTTGQPheEhéEi&@uﬂﬂindWDCR p2BJuct was cut with BamHI-EcoRI

AATTGGATCCA CCAGTGOQGITTTCGIGCT 2006/ 048459 9
PCT/ EP2005/ gcg?bhga%erngfgﬁﬁFﬁé\?ePEE‘V(éE@mF%( W? 85 eunF?&lP@ROgroduct was

cut with EceRisBandhe i dicgrtadci 810 PURECARtSUaWaes EaaRbeBAMH
creating pZEO TTG Phe9- d2EGFP. 5 Results CHO K1 cells were transfect ed W th

constructs FRABYCrEemt ailtf S ITPGPREIMY Fily. OB L eapiagy feamgeagFi g. 35B),
TTG Thr9 ZeenLKi Gnp BPA)e £ chT GUR pggﬁﬁf—‘%faﬁ d:s%ip) 19EN§®. §835¢l ection

gene, all being cl oned upstream o P reporter gene. These four
construd®s GAREBTGFEAELAACCTRARTIAELEACTACREECGAQCGEHIG windh STAR el ements 7 and

67 upstrea @@LI%W ngter nd QR d \stream fro the_d2EGFP gene
(Fig. 35). Epg&g S O\A;sﬁgcﬁat of N'Eghelg- ntf% S ons rucltnstrv?n t'fiott *STAR
el ement s onkxttéecdddn Z@ErT)5 digestiychfoet hthd TIGAR talremedoba, gave col oni es
h
that because the ‘G’ at nucleotide +4 is introduced for an
optimal context, and hence two more nucleotides are

15 introduced to preserve the reading frame,

Results
CHO-K1 cells were transfected with the construct

that contains the TTG Puro (Fig. 38) gene as selection

20 gene, cloned upstream of the d2EGFP reporter gene.
Selection was under 10 pg/ml puromycin. The construct was
without STAR elements (Control) or with STAR elements 7
and 67 upstream of the CMV promoter and STAR 7 downstream
from the d2EGFP gene (Fig. 38). Fig. 38 shows that the

25 average d2EGFP fluorescence signal of 24 TTG Puro Control
colonies was 37.9, of 24 TTG Puro colonies with STARs
7/67/7 75.5. Moreover, when the average of the five
highest values is taken, the d2EGFP fluorescence signal
of TTG Puro Control colonies was 69.5, and of TTG Puro

30 colonies with STARs 7/67/7 186.1, an almost three-fold
increase in d2EGFP fluorescence signal. This shows that
the described, modified translation efficiency of the

Puromycin resistance mRNA result in higher expression



expressed d2EGFP protein. In contrast, all constructs containing STAR
el enents gave col onies that expressed d2EG-P protein. The nean d2EGFP
fluorescence signal of 3 TTG Zeo Control colonies was 26.8, of 24 TTG Zeo

col oni es 2Gy@hidgosmhdRs 7/ 67/ 7 426.8, 09824 TTGspace Zeo pHrfbhidsnssadLONni €s
595.7, of 2 TTG Thr9 Zeo 7/67/7 colonies 712.1, and of 3 TTG Phe9 Zeo

colonies 677.1(Fig. 36). The higher stringencies of the novel TTG nutations

25 correl at eS¥FIH Bf e AEGT P PaoFedRentlel & YhAgdpagionagithThe TTG Thr9

Zeo 7/67/7 apfr TdefheS Zeo 7/67/7 constructs, however, gave only two high

expressing colonies each and a few | ow expressing colonies. This may

i ndi cat e that thEkks rerraiinentademansthates itietofthehew@omycinngency that the

cells can b WM | xe conc ,on_o cin . a d to the culture

medi um | tggél%\%%%?%ogeéﬁ %aat]n ?}%eﬁgtgé%%? ?%ege eg}ger i%gd%%?ansl ation

cf 1 i oot escgtetbes it an stlecraminiig OG0 Soreorer |
result.in higher expression |levels of the protein,

this in conBFnafi oY q?ﬁﬁﬁteﬁgﬁeﬁﬁigcﬁ&%RWW%§@ﬂ9 % &4 on and testing of

Pur onyci n- d2E(ERt i $n A Ld S M UC wa@RSEHCASotd h JHifdarient imgl-xkbgansl ation
efficiencies. There are three internal ATGs in the puronmycin resistance
gene, each BRTARYehrcodes for a nethionine (Fig. 28, Fig. 37A). These ATGs
have to be elimnated 10 (Fig. 37B,C), since they will serve as start codon
when the ATG startcodon (or the context thereof) has been nodified, and
this will result in peptides that do not resenble puronycin resistance
proteinlONbEéaﬂanrl{;quﬁatﬂqmesédAIEEt@PgIOﬁwnﬂRﬂmciﬁ1ﬁ0@BéﬁPctFanslation of

the gene 15"9F?i& f%é?%nti &&QE?;SQ&SQ fofE?ﬁigiédT this exanple for
pur poses of 1l Tustration. e nmethronines were changed
There are sixteen internal ATGs in the neomycin
resistance gene, five of which code for a methionine in
the neomycin open reading frame (Fig. 31, Fig. 39A). All
15 these sixteen ATGs have to be eliminated (Fig. 39B,C),
since they will serve as start codon when the ATG
startcodon (or the context thereof) has been modified,
and this will result in peptides that do not resemble
neomycin resistance protein, and this will decrease the
20 translation from the downstream open reading frame coding
for the polypeptide of interest in the transcription
units of the invention. To eliminate the internal ATGs,
the neomycin resistance protein open reading frame was
entirely synthesized by a commercial provider (GeneArt,
25 Germany), wherein all internal coding ATGs (for Met)
where replaced by CTGs (coding for Leu), and non-coding
ATGs were replaced such that a degenerated codon was used
and hence no mutations in the protein sequence resulted;
the synthesised sequence of the neomycin is given in SEQ.
30 ID. NO. 134. In order to replace the ATG start codon with
GTG (Fig. 39B) or TTG Fig. 39C), the synthesized neomycin
gene was amplified with primer pairs NEO-F-HindIII (SEQ.



into leucine, like in the zeocin resistance protein (exanple 8). However,
instead of using the TTG codon for |leucine (for instance in Zeocin in
exanple 8), now the 20 CTG codon for |eucine was chosen (in humans, for

| euci ne  t hgoGdfgosason is used nore of 8®n than the TTG GRYAMPheosHET94€! | M Nat e
the internal ATGs, the puronycin resistance protein open reading frame was
first anplified vmth4 primer pairs, eneratln 4 puronycin resistance
protein 25 FPag%%nt@G)Th@Aﬂ'ﬁAﬁ@FTEEF'FQ TP GCCA ACEGATES. | D. NO
129) . GATCERATCCATGGT TACCGAGTACAAGCCCACGGT, PURO300 R LEU (SEQ ID. NG
130): CAGCCGGGAACCGCTCAACTCGGCCAGGCGCGGGC and 30 PURO300FLEU (SEQ ID. NO
131): GCAROAGCTGGAAGGCCTC, PUROG60CRLEU ( SEQ.

ID. NO 132 .&(ﬁ% E%%%m CAGGCACCAGGTC. WD 2006/ 048459
97 PCT/ EPZO&?Bﬁ‘@%TT ;E\s generates a_ products, corresponding to the
5" and 8' part of the puronycin resistance gene. The two products were
added t oget er d anplified wwth PURO BanrH F (SEQ ID. NO 129) -
PURO600RLE 8ID. NO 5 132). The resulting PCR product was cut with
BanHl - EcoRl andglwm WhctE@raal wadePEMVaAIGRER (drRU)runsequanting of this
cl one verifi ed that all three internal ATGs had been converted. The entire
purorryC| n of nth%a%ﬁwarrarf@smfranpﬁeﬁra‘ﬁ@mffrézin winilehpaRdBAREE TTGLF ( SEQ
133 TgG%A GSGACEL GG QF PUROC600RLEU
(SEQ | D. e |s pri nmer |ntro£uces an extra codon GEI]‘T? directly
after the T?EGnstamcttsodd‘ra,t dredaise thheGTG Next  (Hic .eGtdBde or4 TI6 Nadr oduced
Fo A e T hiETy, SRR e AN NEEe LUR JDLE el SAlJRT Bhep1RckL Nt roduced to

by growing the bacteria on kanamycin. Only a functional

neomycin resistance gene can give resistance against
kanamycin. Transformation with either modified Neo gene
15 resulted in the formation of E.coli colonies, from which
the plasmid containing the gene could be isolated. This
shows that the described, modified translation
efficiencies of the Neomycin resistance mRNAs, as well as
the removal of all ATGs from the Neo open reading frame
20 result in the production of functional neomycin
resistance protein.
The mutated neomycin resistance genes are
incorporated in a multicistronic transcription unit of
the invention, and used for selection with G418 or

25 neomycin in eukaryotic host cells.

Example 18: Creation and testing of dhfr constructs with
differential translation efficiencies.
There are eight internal ATGs in the dhfr gene, six
30 of which code for a methionine in the dhfr open reading
frame (Fig. 29, Fig. 40A). All these ATGs have to be
eliminated (Fig. 40B,C), since they will serve as start

codon when the ATG startcodon (or the context thereof)



Results CHO K1 cells were transfected with the construct that contains the
TTG Puro (Fig. 38) gene as selection 20 gene, cloned upstream of the d2EGFP
reporter gene. Sel ection was under 10 pg/m puromycin. The construct was

wi t hout STARogb®/¥piks (Control) or w tI90STAR el ements 7 pcgi@260é/058864 r eam of
the CW pronoter and STAR 7 downstream fromthe d2EGFP gene (Fig. 38). Fig.

38 shows that the 25 average d2EG-P fl uorescence signal of 24 TTG Puro
Control coldfi eeeRdirdfigd,orndsthte witb 1w &9 WepkideARShaY/ 67/ 7 75. 5.

Moreover, whgnnbbersvanage et beotbyr, bh@hest: \wes s thaken, the d2EGFP
fluorescence signal of TTG Puro Control colonies was 69.5, and of TTG Puro

30 col oni estrppdl BT fyaey/thelgownstagam| open ndaddadf dlramej gedéage in
d2EG-P fl uo c j . JIhi e scri hed., dified
rfS?f @ﬂ&;@%@t&lhdee oguin(l?%egga{n ‘él{haﬁcgnﬁﬁlﬁ,&%%iogo

transl ation erfrci ronycrn resis result in higher
expressi dHn Wi PO06GF 08zl 5 R tRCH. EP30851 05519 tHeeViglte rok 1t REGE2EG-P
protein, thiﬁ ia?gonbination W th TAR el enents. Thi,s ?xperinent
denonst r at e§MEhART RFPFEIMPESE TFESHEY ahtdQYeti &iFiB&Mut ated to renove

the ATG 5 seggHeneeszddersig.omp Wiol, e188TRi &4 e JdnddOr@doveMpbeover it is
concl uded that the selection nmethod of the invention also works with yet

anot her sel BEPTBAL Prar KerordasutompepAaceotiEx i &S TREL Godeni ¥Athnd testing of
neonyci n CO@%rif'ﬁiﬁ_.Gswﬁ)h ql frirey qetipal 4pEpnstiad '%tﬁ{eféicz:ceﬁn%hg . There are

si xteen internal A in the neonyci'n resistance gene, five of which code
for a md@hi ganaewan anmkl fieshwiith ppémereabil R Frimel IR g SERL, IPi.g. 39A).

ALl 15 thesgosi X gen ALGs hava-o becel Lt athdBRer?Bng - S nce they

will serve as’star
DHFR-EcoRI-600-R (SEQ. ID. NO. 141):

AGCTTGAATTCTTAGTCTTTCTTCTCGTAGACTIC.

156 Results
E.coli bacteria were used to test the functionality
of the dhfr protein from which all ATGs were removed.
E.coli was transformed with the constructs that contain
the GTG dhfr (Fig. 40B) or TTG dhfr (Fig. 40C) gene.

20 Selection took place by growing the bateria on
trimethoprim (Sigma T7883-56). Only a functional dhfr
gene can give resistance against trimethoprim.
Transformation with either modified dhfr gene resulted in
the formation of E.coli colonies, from which the plasmid

25 containing the gene could be isolated. This shows that
the described, modified translation efficiencies of the
dhfr mRNAs, as well as the removal of all ATGs from the
dhfr open reading frame result in the production of
functional dhfr protein.

30 The mutated dhfr genes are incorporated in a
multicistronic transcription unit of the invention, and
used for selection with methotrexate in eukaryotic host

cells.



startcodon (or the context thereof) has been nodified, and this will result
in peptides that do not resenble neonycin resistance protein, and this wll
decrease the 20 translation fromthe downstream open readi ng frame codi ng

for the polwgessiosasef interest in thaolranscription uplchipedoshikos
invention. To elimnate the internal ATGs, the neonycin resistance protein

open reading frame s _entirely synthesized hy a caomercial provider
(GeneArt, 2 quﬁmﬁi TRfIRg, of) fepriny apd St cAfdD CPBELREEYS where

repl aced byw§tfsd{ £fkditifadr thrankladion "@fr LA es i PER!. @6F €Pl aced such
t hat a degenerated codon was used and hence no nutations in the protein

sequence res8ligd; the synthesised sequence of the neonycin is given in

205 o e Py, VEeigld AUl WA BRRPECLAM, AR Witnoadgcuhin IS (F1O

39B) or TTG Fig. e synthesize neonﬁ% gené was anplirfied with
primer pairstaEeéddhndldll]l (SEQed\BP2006410482 TheO HAPCFPER2O85#856794 | D.

NO. 136): GATC@A TT T ACAAGACGGATTG and NEO EcoRlI 800R ( SEQ
ID. NO 137%°S @%@% CBTCAAGAAGECG. 5 Results E. coli
bacteria were used to test the functionality of the neonycin resistance

protein fromwhjich all ATGs were renoved. E.coli bacteria were transforned
with the 10R@8ALE#ucts that contain the GTG Neo (Fig. 39B) or TTG Neo (Fig.

390) gene as sel gLl Off QR 1rSBhACETASNE 00k R AGP rdbt GaRMENGehbe bacteria

on kanamycin. Only a functiona neonyci n resi stance gene can give

resi st ah@e agdihscatikarmniasien alrrafstophat]on Big.h 4ilt ked wbdi 6Téd Neo gene
15 resultedyh 0oL he; §O8 MALY G0l 1 EEQLE 4 $Q! Q0L B[O ch  the plasmid
cont al nl ng P%e gene cou be ISOFat 68. :ﬁ!II S stance ¢
modifications (see also Example 11; Fig. 42), all cloned
upstream of the d2EGFP gene were transfected to PER.C6
cells. As shown in Fig. 41, transfection with both the
16 GTG Zeocin and GTGspace Zeocin gene resulted in colonies
that expressed d2EGFP. The average d2EGFP fluorescence
signal of 20 GTG Zeo colonies was 63.8, while the average
d2EGFP signal of 20 GTGspace Zeo colonies was 185,
demonstrating that also in PER.C6 cells the GTGspace Zeo
20 has a higher translation stringency than the GTG Zeo
mRNA .,
As shown in Fig. 42, transfection with both the GTG
Blasticidin and TTG Blasticidin gene resulted in colonies
that expressed dZ2EGFP. The average d2EGFP fluorescence
25 signal of 20 GTG Blasticidin colonies was 71.4, while the
average d2EGFP fluorescence signal of 20 TTG Blasticidin
colonies was 135, demonstrating that also in PER.C6 cells
the TTG Blasticidin has a higher translation stringency
than the GTG Blasticidin mRNA.
30 This example demonstrates that the selection system

of the invention can also be used in other cells than CHO

cells.



shows that the described, nodified translation efficiencies of the Neonycin
resi stance nRNAs, as well as the renoval of all ATGs fromthe Neo open
reading franme 20 result in the production of functional neonycin resistance

protei n. TRgoWeigash Neonyci n resi stand2 genes are i NCYRAUPISHsHey a
multicistronic transcription unit of the invention, and used for selection

with (418 or 25 neomycin in eukaryotic host cells. Exanple 18: Creation and
testing of EXaFPtedty Rastife Rf Gheraddhtion af Mdranssrietireptnci es.

There are e I n b 0 of which code for a
met hi oni ne ?HHL aﬁ{{laot;?g}%ggdfhggigr?n%%%mﬂ%u% g. 40A). Al these

ATG5 have t8 BEAnsertrertmactrecfa(lJléleg (TRBB) O)eqmrmfe Jtmetylowgﬂilt ¢ervaetas start

codon when E) Tgl starrtcod%Q,% ft hga ont ex Ner eeo \éﬁ 2006/ 048459 100
PCT/ EP2005/ 058794 A e VS8t £R4T h%l“t% i £ Ph'pePti des t hat

do not rgseabl Be@lhﬁ rirprgigi,n prévdnwyi tkaﬂ@@fﬁﬂﬁﬁ:d he etnlt@ﬁrsbatidon fromthe

downst ream open readi ng frame cqdin for 0 eptide of interest in the
transcripti BEOBeﬁﬁll?’gp ssipn |uﬁ\}§nt(g‘8ﬁ é&%ﬁﬁ?gﬁé)t hé TRfErnal ATGs, the

dhfr protei BegRéfcd eadi Mt dHiIMIVYS BRI hEE! ¥s S WHPRHZEGhE SEQuhER. NO.
138), as described above for neonycin. In order to replace the ATG start

codon with P&FEdFRto MB)ragscrigtipngunibC)re e ssyimt ResedsgedHFR 10 gene

CATCARCCTT T G DN T B PR T Ol > EFER. o FRG0°HY( 8Eo™PD. no

141):  NECTIGAMAETIAGHST TRAPT WheGT AGALA A€l td B Heesidved Bfcoli bacteria were
used 10 test LS edin' BRe ML IO RO ThaNEoN 8yl ATCE vere

of the TRAP, and non-limiting examples of TRAP sequences
are transcription termination signals. In order to
function to prevent or decrease transcription to enter

15 the transcription unit, the TRAP is to be placed upstream
of a promoter driving expression of the transcription
unit and the TRAP should be in a 5’ to 3’ direction. In
order to prevent at least in part formation of antisense
RNA, the TRAP should be located downstream of the open

20 reading frame in a transcription unit and present in a 3
to 5’ direction (that is, in an opposite orientation as
the normal orientation of a transcriptional terminatiocn
sequence that is usually present behind the open reading
frame in a transcription unit). A combination of a TRAP

25 upstream of the promoter in a 5’ to 3’ orientation and a
TRAP downstream of the open reading frame in a 3’ to 5/
oreintation is preferred. Adding a TRAP sequence to a
STAR element improves the effects of STAR elements on
transgene expression (see WO 2004/055215). Here we test

30 the effects of the TRAP sequence in the context of the

TTG Zeo resistance gene.



E.coli was transforned with the constructs that contain the GIG dhfr (Fig.
40B) or TTG dhfr (Fig. 40C) gene. 20 Selection took place by grow ng the
bateria on trimethoprim (Signa T7883-56). Only a functional dhfr gene can

gi ve resi stwossea@gakNst trinmet hopri m 103r ansf or mat i on Wpdiyephéodess7epdi i ed
dhfr gene resulted in the formation of E.coli colonies, fromwhich the

pl asm d 25 contai ning the gene could be isolated. This shows that the
descri bed, BB88R+¥2d translation efficiencies of the dhfr nRNAs, as well as

the removal of athe AlfE® AdRNH-RCECED! Ea9PEM & 68 INGS aTRnkegulithn the
production of functional dhfr protein. 30 The nutated dhfr genes are

i ncor por at e8TAR7 aelengntixi Gigonidd)t vapseedbiiesh kihithepfadddé ippveht i on, and

used for se ti i tr i Y A t.c\Ge . WO

2006/ 048459k§§1é%%%§?§}%5%a%§%%:ﬁildezfs:/tdls(r%gi 123095858 Y0

Bl asti ci8li nIDoN8Or ut43) , \ndtth dipistteeent bl the avs| SMARON (Efnf i5¢i éncBes in PER C6
cells. Various Zeocin and bl asticidi nes, W at eg startcodons, all
cl oned upst PEERT %O?%ealﬂgéj@’—@%éfﬁén\/\ggegg egt\é%pf%ﬂﬁé“ %ER%&G%ceI | line.
Results Thaid&Zeoci (riand /GiGspaca ZEARI T/ T &&i® TaNEe- sgamre 7/10

nodi fications ésee al so, Exanple 14; Fig. 41) and the GIG bhlasticidin and
TTG bl asti cF8PR FeRTBINE GO rfoUPFRcAFFRRse Tk B SEOEKdnpl e 11; Fig.

42), all cl apgf1c UpSTELALE QleddNg SHIEEER 988 S WET® AR Fheoked cERCEER C6
cells. As shown in Fig. 41, transfection with both the 15 GIG Zeoci n and

GTGspacd0 Zedokangehkes etranq ewpaismred.- oAbeshowmain &y .edlSedhd2EGFP. The
average d2EGEP, £} U0k £3CANE u HediBholl s2n TG AR FPHLS sHaR §778. while

t he average
colonies was 455.1, while the average d2EGFP fluorescence

signal of 23 TTG Zeo TRAP-STAR 7/7-TRAP colonies was
642.3. The average d2EGFP fluorescence signal in highest

15 5 TTG Zeo STAR 7/7 colonies was 705.1, while the average
d2EGFP fluorescence signal of 5 TTG Zeo TRAP-STAR 7/7-
TRAP colonies was 784.7.

This result indicates that the addition of TRAPs
does not enhance the d2EGFP fluorescence signal in the

20 highest colonies, but that there is a significant raise
in the number of high expressing colonies. Whereas only 5
TTG Zeo STAR 7/7 colonies had d2EGFP signal above 600, 17
TTG Zeo TRAP-STAR 7/7-TRAP colonies had a d2EGFP
fluorescence signal above 600.

25 In the experiment 3 pg DNA of each plasmid was
transfected. However, whereas the transfection efficiency
was similar, the total number of colonies with the TTG
Zeo STAR 7/7 plasmid was 62, while the total number of
colonies with the TTG Zeo TRAP-STAR 7/7-TRAP plasmid was

30 116, almost a doubling.

We conclude that addition of TRAP elements to the
STAR containing plasmids with modified Zeocin resistance

gene translation codons results in a significantly higher



d2EG-P si gnal of 20 GIGspace Zeo col onies was 185, denonstrating that also
in PER C6 cells the GIGspace Zeo 20 has a higher translation stringency than
the GTG Zeo nmRNA. As shown in Fig. 42, transfection with both the GIG

Bl asti ci di nwenebebddesdl astici din gene ri@dul ted i n col oni eg1/EPhGS/0IRY essed
d2EG-P. The average d2EG-P fl uorescence 25 signal of 20 GIG Bl asticidin
colonies was 71.4, while the avetage d2EGFP fl uorescence signal of 20 TTG

Bl ast i ci di noVebRbhi BEReE of3501984s sER9t FRRL tHRfe A4ONLRSPEBRECE cells the

TTG Bl ast i cpdbfeh@sw Biighenhilghanrs! akppassisd naanay . than the GIG
Blasticidin nRNA. 30 This exanpl e denonstrates that the selection system of

the invention can also be used in other cells than CHO cells. WO
2006/ 048459 102 PCT/ EP2005/ 055794 Exanple 21: Testing of the addition of a

transcripti gRahpl@RFE G iHumberd dépendenéy ol daupkRsaaal ruct . A
TRAnscri ption Pause (TRAP) seguence ?s t hought to, at least in part,

prevent &or Wat poal viedilis dpCAMRRAtPodY cexBregsiamdevied spant , prevent
transcripti . ent i ei i i e :2Q04/ 055215). A
TRAP seque%gég?§8$U§%€§%%gvﬁ§% e ?n§§9é§§§£§£dﬁg%%%qﬁﬁié%g%égh pl aced into

a transcription unit, results in a reduced Ilevel of transcription in the
nucl ei c aciﬁgﬁrgﬁent on the 10 3' side of the TRAP when conpared to the
| evel of t IS ?ption observed in the nucleic acid on the 5 side of the

TRAP, and n@Rel tohét NEceXHEY @ s0fteERAR GESUBITEfeo-aligGHL! @ASGRI Pti on
term nation 5|?nals. In order to function to prevent or decrease
transcriiPt i SRCl ol EatRlasgiaaty CGhadecKipl i dPrtihiexPrafs IPRARNIESt 0 be pl aced

upstream ofangr OFRL L7 il |0 AXBECSHE OBMPT pidifold AN Rihon  unit and
the TRAP should™be 1n a 5 to 3 direction. I'n
44) . This construct contained STAR 7 and 67 (see Fig.
44) . Selection conditions were such that with 200 pg/ml
Zeocin and 20 pg/ml Blasticidin in the culture medium no
15 control colonies (no STARs) survived and only STAR 7/67/7

colonies survived.

DNA was isolated when colonies were 60 days under Zeocin
and Blasticidin selection pressure (see Fig. 44). The R?

20 wvalue is calculated and shown. In the entire range from 5
to 40 pg/cell/day EpCAM there was a high degree of copy
number dependency, as signified by a relatively high R® of
0.5978 (Fig 44). The data show that in the novel
selection system, in colonies that contain TTG Zeo-TTG

25 Blas EpCAM STAR 7/67/7 constructs there is copy number
dependent EpCAM expression.

Example 23: Methotrexate induction of higher EpCAM
expression

30 We analyzed EpCAM antibody expression levels after
incubation of clones with methotrexate (MTX). The purpose
of this experiment was to determine whether amplification

of a STAR-containing construct would result in higher



order to prevent at least in part formation of antisense RNA, the TRAP
shoul d be | ocated downstream of the open 20 reading frame in a transcription
unit and present in a3 to 5 direction (that is, in an opposite

ori ent at i oRy@Seslolasgnor mal orientati orl08f a transcri pti egglpphdkiishet i on
sequence that is usually present behind the open reading franme in a

transcription unit). A conbination of a TRAP 25 upstream of the pronoter in
a5 to 3 BPFAMtSARGES SRR -aMTERAPLEoHREREarhBFi it ogp e Féadfﬂhgrframe ina

3" to 5 ogehdt@tddnd s whigkebrd cAYdl N i TRARSGQUenge Lo a  STAR
el ement inproves the effects of STAR el enments on transgene expression (see
WD 2004/ 055de5)cigsl; dhane tesn gdosthibedf cHG K itshehTRAP Bleemsfmee in t he

cont ext of T esl) /O 5

PCT/ EP2005/ %gga@]zl\)-eqﬁyggﬁihs%P%té:a}gl:‘gaggg@? n%/%)féggncﬁ%e? T égﬁ A&t was flanked
w th STAR7melitwentisrd oy bedPrevaatnodi §¢bebthyfdrhampddifticanioh by he

SPA/ pause TRAP sequ (see 2004/ 055215) . SEQ. I D. NO 142), both
upst r eam of 1??\56%&6%% cﬁnﬁe\é‘\?rﬁglgns 4t r%%‘h‘an)%e&a& ‘downst ream of the 3'
STAR7 (in 3 to 5 direction) (Fig. 43). Both STAR 7/7 and TRAP- STAR 7/ 7-

TRAP contai ni ng_ vectors were transfected to CHO K1. Stable colonies were
i sol at ed anBePWELS2EGFP f | uorescence 10 intensities were neasured. As shown

(n Fig. 43 the cayerage dIECRLLI varesgence FdMlo 9oty ERGIZE0 STAR 7/

col onies was 4 e the average d2EG-P fluoresce signal of 23 TTG
Zeo TRAR STAEC)+TIGFHR cdlighite€hads (BAR. otthexprerssdond2BGEP f | uor escence

ool 10 A2 IO 50 ST koL s s, L LE L
col oni es wasadB4ACMV phuntoteas BTARIGMNdwaat pssitisdinddanaddiTARGNwat TRAPS

used to flank the entire cassette (see also Example 13,
Fig. 22 for such a construct). This construct was further

15 modified by placing an SV40-dhfr cassette (a mouse dhfr
gene under control of an SV40 promoter) between the HC
and LC cassettes, upstream of the second STAR67 (Fig.
45) . CHO-K1 cells were transfected. Selection was done
with 100 pg/ml Zeocin and 10 pg/ml Blasticidin in the

20 culture medium. No control colonies (without STAR
elements) survived and only colonies with constructs
containing the STAR elements survived. Colonies were
isolated and propagated before measuring EpCAM expression
levels. Six colonies that produced between 20 and 35

25 pg/cell/day were transferred to medium containing 100 nM
MTX. This concentration was raised to 500 nM, 1000 nM and
finally to 2000 nM with two weeks periods in between each
step. After two weeks on 2000 nM MTX, EpCAM
concentrations were measured. As shown in Fig. 45, four

30 colonies showed enhanced EpCAM production. Colony 13:
from 22 to 30; colony 14: from 28 to 42; colony 17: from
20 to 67 and colony 19: from 37 to 67 pg/ cell/ day.
Colonies 4 and 16 showed no enhanced EpCAM expression. We

conclude that addition of methotrexate to the culture



does not enhance the d2EGFP fl uorescence signal in the 20 highest col onies,
but that there is a significant raise in the nunber of high expressing
col onies. Wereas only 5 TTG Zeo STAR 7/7 col oni es had d2EGFP si gnal above

600, 17 THRyosd6ys/0dddss- STAR 7/ 7- TRAP cadloéni es had a d2EGHr/HphéRIessE£NCE
si gnal above 600. 25 In the experinent 3 pg DNA of each plasm d was

transfected. However, whereas the transfection efficiency was simlar, the

total numbePeBfUBPHATES R 199 lond ePTEreabed IFAR he RedSftdoRas 62, while
the total ndpheemodr €Y Qs tWohh chRerdd@ et EMRMIEARptof=1RAP pl asm d

was 30 116, alnost a doubling. W conclude that addition of TRAP el enents
to the STARXEBAEEIM nFPMASRWCLRMABES {3 vl acddiost agEéBodgene

transl ati on,go SifES i | i gnifk t [ r 59 104
PCT/ EP2005/ 8%5%% lIii)ver allcfn ncrt}1 g?' %Eh%%ﬁ%%idé%’tlgn tﬁgléon%&ggégﬁgéi es are
present &t WitheMBX ghredicask mrdssicemehevef spr&xeitplexm@2 s s@opy - nunber
dependency %Vef?ressi on 5 W anal yzed the EpCAM anti body expression |evels
in relation°to the number of int egrated EpCAM DNA copies. Results The
construct that was tested was TTG Zeo-Light Chain 10 (LC)-TTG al as- Heavy
Chain (HC), both expression units being under the control of the CwW

pronoter (sge Fig. ,44) j s construct contajned STAR 7 and 67 (see Fig.
oy el ect ESARER AT oRRC e, SBIBERD, SRPTRESDO A coREsEEnoEnd 20 po
Bl asti ci di ndilffébént Uptsticta@dli um no 15 control col onies (no STARs) survived

and onl \1/ STAR 7/ 67/ 7 colonies survived. DNA was isol ated when col onies were
60 days1find8e 2Baty#ed MEBRsPEegchcBel et dnipridss gaatexéeofi g. 44). The

R2 20 val ugpisregl g4 aled and ShaWier! Bnd g £ALIdER [ARGR QM Re

compared the action of STAR elements in the context of
the CMV enhancer/promoter, the SV40 enhancer/promoter and
the CMV enhancer/P-actin promoter.

15
Results
In Fig. 46 we indicate the promoters we tested in the
context of the TTG Zeo selection marker. The tested
plasmids consisted of the indicated control constructs

20 with three different promoters and STAR constructs which
were flanked with STAR 7 and STAR 67 at the 5’ end and
STAR 7 at the 3’ end. The constructs were transfected to
CHO-K1 cell and selection was performed with 200 pg/ml
Zeocin in the culture medium. Up to 23 independent

26 colonies were isolated and propagated before analysis of
d2EGFP expression levels. As shown in Fig. 46,
incorporation of STAR elements in constructs with the CMV
enhancer/promoter, the SV40 enhancer/promoter or the CMV
enhancer/P-actin promoter all resulted in the formation

30 of colonies with higher d2EGFP expression levels than
with the corresponding control constructs. This shows
that the selection system of the invention, in

combination with STAR elements, operates well in the



to 40 pg/cell/day EpCAM there was a hi gh degree of copy nunber dependency,
as signified by a relatively high R2 of 0.5978 (Fig 44). The data show t hat
in the novel selection system in colonies that contain TTG Zeo-TTG 25 Bl as

EpCAM STAR w68ddshagagnst ructs there is 1Ipy nunber dependqitpéoRfoddvds
expression. Exanple 23: Methotrexate induction of higher EpCAM expression

30 W anal yzed EpCAM anti body expression levels after incubation of clones
wi th net hot FEREEEE (MY fprensuppemetess - t it sthsdp anadeist swagoreddet er mi ne

whet her ampkificatd aeafo @ PlARrg9RhalfEEep CANSIddiGawoul d result in higher
WD 2006/ 048459 105 PCT/ EP2005/ 055794 EpCAM expressi on. MIX acts through

i nhi bition eftgrhEictly deiahearr ¢ast thahnean sone V3O divainnd2EREP are dhfr
defi ci ent hggi\ugge%ﬁ_gfs(%)l bed, %rgéglf ?r%lg?&{rﬁ n 'Ig}ercgfvo_rd%ivggl atively high

concentrati ons o in‘the cu ave to be présent to sel ect

for anpl5fi @aakepPp WyludNaieRsRE Mi¥neenegnt I@tdirer FreiOcly/gel I's. Results
The construct that was tested was TTG Zeo-Heavy Chain 10

(HC) - TTG Bl astingteiemideEAFE) vaBues éRPPedsi on units being under the
control of the CW pronoter. Upstream of each CW pronoter STAR67 was

posi tioned and STAR7 was wused to flank the entire cassette (see also
Exanple 13, Fig. 22 for such a construct). This construct was further 15
nmodi fi ed byEgaERleg23nh Compariison ofsdifferent fPIAR: eliementgecin theer control

of an SVA0 pheDRLETd W edC and LC cassettes, upstream of the

second STAR@? ?gl g. iy %cél | s were transfected. Selection was done

with 1000 pghel adebgred ad@EGEP pxpriesBliast levelln im e 2htexict ofe medi um  No

contr ol o0 eRLeGf hidoulle TAR 22L°TBRLEL SH AL Na A QY Y colonies with
different STAR elements, to obtain more insight in which

STAR elements give the best results in this context.

15 Results
We cloned 53 STAR elements up-and downstream of the CMV
promoter-TTG Zeo-d2EGFP cassette. The following STAR
elements were tested in such constructs: STAR2-12, 14,
15, 17-20, 26-34, 36, 37, 39, 40, 42-49, 51, 52, 54, 55,

20 57-62, 64, 65, 67. The constructs were transfected to
CHO-K1 cells and selection was performed with 200 pg/ml
Zeocin in the culture medium. Up to 24 independent
colonies were isolated and propagated before analysis of
d2EGFP expression levels. Incorporation of STAR elements

25 in the constructs resulted in different degrees of
enhanced d2EGFP expression, as compared to the control.
Incorporation of STAR elements 14, 18 and 55 in this
experiment did not result in an increase of average
d2EGFP expression over the control (no STAR element).

30 Although some constructs (with STAR elements 2, 3, 10,
42, 48 and 49) in this experiment gave rise to only a few
colonies, all tested STAR elements except 14, 18 and 55

resulted in average d2EGFP expression levels higher than



containing the STAR el ements survived. Colonies were isolated and
propagat ed before neasuri ng EpCAM expression |evels. Six colonies that
produced between 20 and 35 25 pg/cell/day were transferred to nedi um

cont ai ni ng W§9dalhssdflX. This concentrapBon was raised t@c-33PWhssi00 nM and
finally to 2000 nMwth two weeks periods in between each step. After two

weeks on 2000 nM MrxX, EpCAM concentrations were neasured. As shown in Fig.
45, four 300Fotlmi eantsttdwed te shatéddbepTaivg briductsione. SCARony 13:  from 22

to 30; colo 4-. Ir 42; o] 7. AV o) d | ony 19:
from37 to %e%%?t;ée /%%at;gn éofn%%%egghﬂa%%gps%%\%ég rr?g?]g% aﬁggd EpCAM
expressi on. thét toonicd voE It Ipatssaddiet tbat o$TARtINGt riéxaned 66 whekcul ture WO
2006/ 048459 19@ PCT/ EP2005/ 0!'1!'17 4  nedi unphof CHO K1 cgl oni es 1(1:reat ed with
the sel ecti BRCCEYstEMEET K8 MIEREFP on"tHh TEEH PLHOATCESASncRE B ot ei n

expr essi pn. sE8EL; oS it 1@ reiyeRlS iandi Fherset esdrdtaxt®irhod of the invention
can be conmbined with and are conpatible 5 with MIX-i nduced enhancenent of
protei n expFeREigwratign|tdaredanshe partiTadaesatelodccosfibpenrates in the

context of tdifigrgite PrMRLELS L& Y6 §f‘@ﬂ1Yéféhé¥?t%_(?:%a%R§ze§§hR“ levels in
the context of the TTG Zeo selection marker and different pronoters. W

conpared t helemenoh bf STAR.elkdnedPs BB, the, cnt ekt agid 6fllhe iGN Cced
enhancer/ pr & éﬂf‘gf%véqc %%%@8%%868{@1?{ and e SO gahapger /1i-actin
pronoter. 1 es ?ts n |§). vvelndlcateqhhe pronoters we teSted in the
cont ext 10f therddé& FZRGRE|egirear itar kevel T tlestemhtfpllaswieds consi sted of
t he indi cated cont]ggl[mc nsr;ter L(I:CtnS r%(i wﬁéh%@&ge rdi ffert—tins1 %[I%m)ters and STAR
constructs WRFEANS © ont a structs wit R
elements and repeated the experiment. The results are
shown in Fig. 47. Incorporation of STAR elements in the
constructs resulted in different degrees of enhanced
15 d2EGFP expression, as compared to the control (Fig. 47).
The average d2EGFP expression level in colonies
transfected with the control construct was 29. The
averages from d2EGFP expression levels in colonies with
the 7 different STAR constructs ranged between 151 (STAR
20 67) and 297 (STAR 29). This is a factor of 5 to 10-fold
higher than the average in the control colonies.
We conclude that a) the vast majority of STAR elements
have a positive effect on gene expression levels, b)
there is variation in the degree of positive effects
25 induced by the different STAR elements, and c) 10 out of
53 tested STAR elements induce more than 5-fold average
d2EGFP expression levels, as compared to the control, and
that STAR elements can induce a 10-fold higher average
d2EGFP expression level, as compared to the control.
30

Example 26: Other chromatin control elements in the

context of a selection system of the invention



were flanked with STAR 7 and STAR 67 at the 5 end and STAR 7 at the 3
end. The constructs were transfected to CHO Kl cell and sel ecti on was
performed with 200 pg/m  Zeocin in the culture medium Up to 23 independent

25 col oni esyyBdognissg) at ed and propagatied before anal ysi $c9 &Tuﬁgﬁgg
expression levels. As shown in Fig. 46, incorporation o STAR ments in

constructs with the CW enhancer/pronoter, the SV40 enhancer/pronoter or
the CW enﬂ%c%#qq@%ﬁuﬁhpﬁénﬁb@rﬂaﬂ|hmnﬂetr@dtilﬁet Réteoifmthen 30 of

colonies w XPL on | evel s h the rrespondlng
control con%??%%gg gl(:elgfo% ? TLELE goﬁb E8ﬁ?8f( &Y nvent i on,

in conbi naétoml,vmIgpﬁIARaQIrebteatsacmp@rﬂ@tﬁgl\szl (M!ARI) hes¥WWQ=2086/ 048459 107
PCT/EP2005/055794 context of different pronpters. Further analysis showed
that the nedhr ofIW-ARI PeMPAIBEEPUG AP REAATED PRGNS €ARTEYEhi gher than the

mean of gV4 @'dSE)VG ﬂ%@% c¥ahyess 6 5P Pn)e He%nc‘%'%ga'bé%d EB%&‘F@?G}O‘:

CW-driven GFP values did not significantly differ from
acti n-dri veheueBEGHR Y @ififestepeo. Q?neE§%p¢ﬂ$§I§? whempahiesenDBR different STAR

el ements in 111G Ze I S t nal 2EXP_ expression
| evel s in t%%gﬁ%% ei%g%élﬁ%%hggéhgg%r%ﬁn é%? Zg% ge%EEﬁlgngaarier and 53
di fferent SIMR &lemmarttss witth mbbasalebtfbnrsyqﬁﬁmloﬁ whiechnvEdAR®R| enent s gi ve
the best results in this context. 15 Results W cloned 53 STAR el enents

up- and downstream of the CW pronoter-TTG Zeo- d2EGFP cassette. The
following STAR elenents were tested in such constructs: STAR2-12, 14, 15,
17- 20, P®- S3Hes@dbts 37, 39, 40, 42-49, 51, 52, 54, 55, 20 57-62, 64, 65, 67.

The constructs mere transfected to CHO KL cells and sel ection was per f or med
with 200 pgTh? 1.25 kb HS4 element was cloned into the cassette

encompassing the CMV promoter, TTG Zeo and d2EGFP by a
three way ligation step to obtain a construct with a
tandem of 2 HS4 elements (Chung et al, 1997). This step

156 was done both for the 5’ and 3’ of the cassette
encompassing the CMV promoter, TTG Zeo and d2EGFP.

The 2959 bp long chicken lysozyme MAR (Stief et al, 1989)
was cloned 5’ and 3’ of the cassette encompassing the CMV
promoter, TTG Zeo and d2EGFP.

20 The 2614 bp long UCOE (Williams et al, 2005) was a NotlI-
Kpnl fragment, excised from a human BAC clone (RP11-
93D5), corresponding to nucleotide 29449 to 32063. This
fragment was cloned 5’ of the CMV promoter.

The STAR construct contained STAR7 and STAR67 5’ of the

25 CMV promoter and STAR7 3’ of the cassette. These four
constructs, as well as the control construct without
flanking chromatin control DNA elements, were transfected
to CHO-K1 cells. Selection was performed by 200 pg/ml
Zeocin in the culture medium. Colonies were isolated,

30 propagated and d2EGFP expression levels were measured. As
shown in Fig. 48 constructs with all DNA elements
resulted in the formation of d2EGFP expressing colonies.

However, incorporation of 2xHS4 elements and the UCOE did



Zeocin in the culture nmedium Up to 24 independent colonies were isolated
and propagated before analysis of d2EG-P expression |evels. Incorporation
of STAR elenments 25 in the constructs resulted in different degrees of

enhanced d3E5EReBIELSSI on, as conparadoto the COHtFO|.PC&&§?hB@§ﬁ&JOH of
STAR el enents 14, 18 and 55 in this experinent did not result in an

i ncrease of average d2EGFP expression over the control (no STAR el enent).
30 Al t hough"SbnEedstinudts ERIFPATSIARCE| eities2 that ddsplaged48 and 49) in
this experifBole JaySde s @2 Q8 ¥n21L68Y s COf PN BB Alsbont GSERALRIAR €l enents
except 14, 18 and 55 resulfted in average d2EG-P expression |evel s higher

t han WO 2006604845 dlGRiRET/ ER2005L 085794indapdrdad ioonoifokhel t shoul d be

noted that sone. STAR | enents ,ma t Ln_a . nore |1 .type specjfic manner
and that itYPRZYRY Imgsrsﬁsﬁlrl efihé%( %quﬂ?affémar?ge§§l\fégﬁs gg?{’er in other
cell typ®s, exptdsddel2RBranelighs fiobhely Shsflact itk maakers, or in different
context or configuration than in the ﬁarticular_set of conditions tested

here. Addit PERFOTSH STAR e :EREARFY, P Y BIRR MG fORCETHCLY, WaT, 27, 29,

43, 44, 45, rirarsh $hidmduesdn averagecSREFIP &Uassi.onekevel s hi gher than
5 tinmes the 10 average d2EGFP expression | evel of the control. W

ret r ansf or me@SehES ctrne Aibtad@er, cBAYEYREL LYt TPARatdngnERRB And repeat ed
the experingph. ¢Thg, rgadlds«an ct?hgﬂT%iﬁhéa§¥eﬁ£@q&bn99%ggégg'%ﬁaOf STAR

elenents in the constructs resulte erent degrees of e nced 15
d2EGFP #Xpr ebsimern a2 EFpaxpietssibheleval rvds (dEisprvéd),. asThe average d2EGFP

expression |Level in colagnies nsffcted with the contkﬁk cop truct was 29.
Fpoths

tr
The aver agE8™ 3ot d2t é%ﬁ%é&iiSﬂ PRYRT s 15 TBIriides 7
di fferent SEAR-RORSL ramitsrolamymd chehures $ibdh (SSTMRRR0 c&h) bandsdQ7 ( STAR 29).
This is a factor of 5 to 10-fold ] i )
in the context of the selection system of the invention.
However, the best results were obtained when STAR

15 elements were used as chromatin control elements.

DESCRIPTION OF FIGURES
Fig. 1. Schematic diagram of transcription units without
20 and with STAR elements.
A) bicistronic gene containing (from 5’ to 3') a
transgene (encoding for example the d2EGFP gene), an
IRES, and a selectable marker (zeo, conferring zeocin
resistance) under control of the CMV promoter. The
25 expression unit has the SV40 transcriptional terminator
at its 3’ end (t). The name of the construct is CMV-
d2EGFP-ires-Zeo0 (CMV Control).
B) construct as in A, but now STAR 67 is cloned upstream
of the CMV promoter. The name of the construct is STAR67-
30 CMV-d2EGFP-ires-Zeo (CMV-STAR67).
C) construct as in B, but upstream and downstream STAR7
elements are cloned to flank the entire construct. The
name of the construct is STAR7-STAR67-CMV-d2EGFP-ires-
Zeo-STAR7 (CMV-STAR67 7/7)



hi gher than the average in the control colonies. W conclude that a) the
vast majority of STAR elenents have a positive effect on gene expression
| evels, b) there is variation in the degree of positive effects 25 induced

by the dif o edabod3iNR el enents, and c)1110 out of 53 tesregpléfksadsenent s
i nduce nore than 5-fold average d2EG-P expression |evels, as conpared to

the control, and that STAR el enents can induce a 10-fold hi gher average
d2EG-P expression level, as conpared to the control. 30 Exanple 26: O her

chromatin cpig! @, &N SmbRol/BE caPNd LXterPfdrdcrel gﬁpkegsw&fm of the
i nventi on WO 2006/ 048459 109 PCT/ EP2005/ 055794 DNA el enents such as the HS4

hyper sensi t¢8¥@ @§klsin the |ocus control region of the chicken (3-globin

| ocus (Chun , ' C ty r:egi R jef et al,
1989) and a'EItIJ iqﬁ]eu%ﬂt oou%%cQ grzraﬁt%%% éﬁ%%%g%eﬁeeqrgeﬁ?%f%%&d,% %5\%}%{% ans et al,
2005) hdve bekoniepdrd @dotaeda¥er beeeindicdtest foonissrantgens €XQressi on when
these DNA el nt incor por ated_i V. or, conbi ned these DNA

el ement s vvi?‘ﬁffe'e I@efé ticg’ﬁ’%§§gfe o?*%@’i(ﬁ&enﬁ(&yﬁ: ?Y°RR%%Its The 1.25 kb
HS4 el ement d3ecrE i@ dsion 1Bectasset tie HNGYIRASSIsNgskBectdMpps omoter, TTG
Zeo and d2EGFP by a three way ligation step to obtain a construct with a

t andem of 22HERAr f&hfddtSs (Chung et al, 1997). This step 15 was done both for
the 5° and 3' of the cassette enconpassing the CW pronmoter, TTG Zeo and
d2EG-P. The 2959 bp |l ong chicken |Iysozynme MAR (Stief et al, 1989) was

cl oned 0 aRilg3'3 ofSTARS c dpeblreseREbopdskrary dA2ARSFEMExppessbber in TTG Zeo and

d2EGFP. 20 The 2614 bp long UCOE (WIlians et al, 2005) was a Notl- Kpnl
fragnent, e?’é@s%‘%ll]fsr'orﬁa&‘eng‘ﬁaﬁlBACX\zlmﬁ% N9p.th EFla promoter. A)

EFla Control; B) STAR67- EFloa.

Fig. 4. STAR67 improves UB6 driven d2EGFP expression in
16 CHO cells. Same as Figs. 2 and 3, but now with UB6
promoter. A) UB6 Control; B) STAR67-UR6.

Fig. 5. STAR67 improves CMV driven d2EGFP expression in
PER.C6 cells. Same as Fig. 2, but now in PER.C6 cells. A)
20 CMV Control; B) STAR67-CMV.

Fig. 6. STAR67 improves EFlo driven d2EGFP expression in
PER.C6 cells. Same as Fig. 3, but now in PER.C6 cells. A)

EFla Control; B) STAR67- EFla.

25
Fig. 7. STAR67 improves UB6 driven d2EGFP expression in
PER.C6 cells. Same as Fig. 4, but now in PER.C6 cells. A)
UB6 Control; B) STAR67-UB6.

30 Pig. 8. STAR67 improves SV40 driven d2EGFP expression in
CHO-K1 cells in combination with another STAR element.
Similar as Fig. 2, but now using the SV40 promoter in CHO
cells, and the indicated constructs. The mean of the

d2EGFP signal is plotted for 18-20 independent stable



93D5), corresponding to nucl eotide 29449 to 32063. This fragnment was cl oned
5" of the CW pronoter. The STAR construct contai ned STAR7 and STAR67 5' of
the 25 CW pronoter and STAR7 3' of the cassette. These four constructs,

as wel | as ywBhgodsRidsse! construct withauR flanking chronRbigp,6R/0kd7e4 DNA
el ements, were transfected to CHO Kl cells. Selection was pebrb?or med by 200

yg/ml  Zeocin_ in the culture nmedium Colonies were isolated, 30 propagated
and d2EGFP egpeeies ot |dans @ fikere traasteedions AsHM® iGontirgl, 48 constructs

wih all DNOyBOEERIRGy, 'SAH IatehD 1t Ng) | QPABICAIL O Lol 8Dy essind

col oni es. However, incorporation’ of enent’s he "UCCE did WO
2006/ 048459STAR6 PCT/ EP2DGB5 KOG PI4 4nbdbrréstdilsn the formati on of col onies
t hat di splayed higher d2EG-P expression |evels, in conparison with the
control colonies. In contrast, incorporation of the |ysozyne MAR resulted
in the fornEigony of STAR@Niigpridals TrEXpr eser eI o3 grivkieastl y hi gher.
The nean ression | evel |nduced bK&MAR cont ai ni ng constructs was

four-fold ﬁ:é ReEPEAA P RAdY donCHErKeofehl &s. S s¥ampdsuPt $o%er e obt ai ned,

however, byqbpgoipOrRf i dih¥ARLE waRHoEY bk he &N, UG. An al nost
ten-fold increase in 10 the nean d2EG-P expression | evel was observed, as

conpar ed tocphetrests ofitdolSTRREY. upsteoarn| afieptdrntest ked fdBnbimgi n control
DNA el enent h sed~.i,N.the context of the selection
TR AT L BB S R PP i

system of the i nvention. res S We i'néd when STAR
15 el enedt spresentse i pGivadnriday .CENLEPtL £Fermfd SrodidcSEBhPTeRL OF FI GURES
Fig. 1. Schegat'hc féa ramof transcription units without 20 and with STAR
el enents. APTHFRESI? o CY&ife containing (from5 to 3') a transgene
(encodi ng for exanple the d2EG-P gene), an

Fig. 10. STAR67 is not an enhancer blocker, whereas STAR
6 and 7 are. See example 6 for details.

15
Fig. 11. STAR67 enhances UB6 and CMV-driven antibody
expression levels in stably transfected CHO cells. See
example 7 for details. A) single DNA molecule containing
anti-EpCAM heavy chain (HC) and light chain (LC), each

20 behind a promoter, and each linked to a different
selectable marker gene (simultaneous selection Qas used
for both markers): construct without STAR elements. No
colonies were found; B) same construct with STARG67
between the two promoters. The anti-EpCAM antibody

25 concentration is presented as pg/cell/day. X(19): average

production level of the 19 colonies.

Fig. 12. Schematic representation of the use of a
selection marker gene (zeocin resistance gene) according
30 to the invention. A. wild-type zeocin resitance gene,
having its normal translation initation site (ATG
startcodon) and one internal ATG codon, which codes for
methionine. B. mutant zeocin resistance gene, wherein the

internal ATG has been mutated into a codon for leucine;



| RES, and a sel ectabl e marker (zeo, conferring zeocin resistance) under
control of the CW pronoter. The 25 expression unit has the Sv40
transcriptional termnator at its 3 end (t). The nanme of the construct is
CW- d2EGFRybhesndas (CW Control ). B)ll8onstruct as in Acthiphoode¥srsal AR 67 is
cl oned upstream of the CW pronoter. The name of the construct is STARG7-
30 CW-d2EG-P-ires-Zeo (CW-STAR67). C) construct as in B, but upstream and
downst r eam SFARTWWiARthelft ¢ fuactioned zectiantesirtanes gengonStruct. The

nane of theggpastLust 4 s 19 1AR6Z- - B ~ 4€0- STAR7 ( CW- STAR67
7/7) WO 200878984501 10 B;EEP21005§855‘7H%4E&E%§| ;%.E AT i nproves COW
driven d2EGEPibkatessioitd,n whed@icekhs. cdiveexteart dthet REGI2EG-P si gnal for 10
i ndependent _stable. 5 .col qnies | |qtted. for the indicate onstructs in
CHO cells. si?rgﬁfiﬁ%n}farso%eeﬁ m&ﬁ%@g a0 ) té\?ertéégsq&gﬁeﬁp expr essi on
| evel s 0§ theitda€dbonimks.sanree agxanpbet Qohpridhaipid muth@eldi g. 3. STARG7

i nproves EFI gx driven d2EGFP expression_in CHQ cells. Same as Fig. 2, but
now wi t h EFF52pFeadRer (CT8) - Er1ERMEoREr Bt ;O "SRG TTER (X. Fig. 4. STARG7

i nproves UBGtdri¥6donl2EHP RXibe88ShAlekNthd 6 {HR LEId-x  Sane as Figs. 2 and
3, but now with UB6 @grormter. A) UB6 Control;” B) STAR67-UB6. Fig. 5. STARG7

i nproves CwelergehcallBECRMdsogtes si orlehiveER@B talfl Snisdmsias Fig. 2, but
o 11 2, S0y Ay A GO 8l D BB Ol S STARST
but nowldn PERq@Encel (wnde) thHeFtodiGgnsequend)) FHARGE rEBoHomgs,

but only in a semi-quantitative manner, i.e. they

indicate the efficiency of translation initiation

compared to each other, but the qualitative numbers may

differ completely: the numbers only serve to explain the

16 invention. See example 8 for details.

Fig. 13. Schematic representation of a multicistronic
transcription unit according to the invention, with more
or less reciprocal interdependent translation efficiency.
20 Explanation as for Fig. 12, but now a JdEGFP gene (here
exemplifying a gene of interest) has been placed
downstream of the selectable marker polypeptide coding

sequence. The Zeocin resistance gene comprises the

internal Met—Leu mutation (see Fig. 12B). See example 9

26 for details.

Fig. 14. Results of selection systems according to the
invention, with and without STAR elements. A. zeocin
resistance gene with ATG startcodon in bad context

30 (referred to as “ATGmut” in the picture, but including a
spacer sequence behind the ATG in the bad context, so in
the text generally referred to as “ATGmut/space”). B.
zeocin resistance gene with GTG startcodon. C. zeocin

resistance gene with TTG startcodon. d2EGFP signal for



Fig. 7. STARG67 inproves UB6 driven d2EG-P expression in PER C6 cells. Sane
as Fig. 4, but nowin PER C6 cells. A) UB6 Control; B) STAR67-UB6. 30 Fig.
8. STAR67 inproves SV40 driven d2EG-P expression in CHO KL cells in

conbi nat i oRy@hfodosagt her STAR el ement .114Similar as Fi g. péy 5w Usi ng the
SV40 pronoter 1n CHO cells, and the indicated constructs.m?wg mean of the

d2EG-P signal is plotted for 18-20 independent stable WO 20061048459 112
PCT/ EP2005/ bB3d¢smendend] sivlesieg daysharn eon tihndfeadtiican. arissva@ee Control ,

SV40- STAR67 Hs STAR o+B); 19V40 Control and SV40- STAR67 7/7. See exanpl e
4 for detai ?é% %lgg%g Zig'FERégl nproves UB6 driven expression |evels of

the EpCAM anti body in CHO- K1 cells. See exanple 5 for details. A)
constructs with T | enent s; B). constructs with STAR67. upstream of
B e B TR ter ket Lof e Sl (=0E NP EP b6

pronoter an ing e 3 concentration

is 10 prisepheshesorpd/reeidscdayd Xkp8rimawer age pmadeempanikexekit®f the 18
colonies. Fig, 10. STARG67 is not an enhancer bl ocker, whereas STAR 6 and 7
are. See ex3FPFECET GYSHAMACSOrdsng §O RALOSPARG PSdRNaRBedREBS and

CW-driven agfi bomcrdAlesdl ¢Br! eN8lSehdest aRbiaANSEeCHEEN GHIP cel I's. See
exanple 7 for details. A) single DNA nol ecul e containing anti-EpCAM heavy

chain (HC) &hel vextiicadhaixis(.LEpe esahpl® Wehiaw detpridset er, and each |inked
to a different selectable marker gene (sinmultaneous selection was used for
bot h markers): construct w thout STAR el enments. No colonies were found; B)
sanme cob®trBEig. w6 h FEFARGE ofeteéentibe $ywmtqw onuthemsnl tThésandbni&EpCAM

anti body 25 _concentration i.s presented as /cell/day. X(19): average
roduct ) on FEGRTChSLiRn 19 opGrrEaLtg €5 St Thventhn, bith

blasticidin as a selectable marker. A. blasticidin
resistance gene mutated to comprise a GTG startcodon. B.
blasticidin resistance gene mutated to comprise a TTG

15 startcodon. The blasticidin resistance gene has further
been mutated to remove all internal ATG sequences. d2EGFP
signal for independent colonies is shown on the vertical

axis. See example 11 for details.

20 Fig. 17. Stability of expression of several clones with a
multicistronic transcription unit according to the
invention (including a zeocin with TTG startcodon).
Selection pressure (100 pg/ml zeocin) was present during
the complete experiment. d2EGFP signal for independent

256 colonies is shown on the vertical axis. See example 12

for details.

Fig. 18. As Fig. 17, but zeocin concentration was lowered
to 20 pg/ml after establishment of clones.

30
Fig. 19. As Fig. 17, but zeocin was absent from culture

medium after establishment of clones.



Fig. 12. Schematic representation of the use of a selection marker gene

(zeocin resistance gene) according 30 to the invention.

A W

| d-type zeocin

resitance gene, having its normal translation initation site (ATG

st art codon)y@hfheaii@sd Nt ernal ATG codoriswhi ch codes for
mut ant zeoci n resistance gene, wherein the internal

STECHES

into a codon for_|eucine; WO 2006/ 048459 113 PCT/EP2005/055794
is a functiBHy %Qxxﬁﬁ?ﬁe§§ﬂ§Paﬁéeageﬁ%t1Q9dy5&%%§%&§P§AMbuPSé6§pth%lng a
mut at ed tra @(tb jdhtledt 'wqrehs&hs,mwb@{ﬁgﬁcgofhw%@gﬁémgtwg ATG

een 5% Initiation. D
sanme as B, muit corridsiingg te wheatadest den ¢ dthen h(eGVG) chElnsaHG) agndB, but with

startcodon tated to decrease t transl ation

emat

a TTG staricqgo The qt ers der he f| 3 E g

a relative xhotnt e i’ af'i on ?r%%u%%%%]%%h8 - IPRETEE rf%o
scan- thfoughamﬁlbfrﬂﬂbhewﬁyt@uadeﬁstbﬂesénhIm; segepacareby the ribosones,
but only in a sem-quantitative manner, i.e. they .indicate_the eff|C|ency

of transl at FE#$ M RGN 1tenpRled ?Beé%EH‘thérSlﬁﬂﬂetﬁécéﬁéFltatlve

hurbers nmay,gi§ fed1 &R atelons st Qﬁaﬂﬁl@erﬁu&ﬁid ﬁ%\f&beeexsyamethe 15
invention. See exanple 8 for details. Fig. 13. Schematic representation of a

nultlC|stroﬁ¢@01nrﬁﬂﬂmﬁﬁqmgeoseuﬁlPodtn@rfﬂnmpt&?hﬂ@§abﬂeemarbﬁr with nore or

| ess 1 eci pr?éﬁ%& Q%“EF%r aesk%xogqec{ {4 %' FhY b%gsgx

Fig. 12, bu ene ere

a gene O

R

een nut at ed
t hi s nut ant

aIIy i ndi cate

% and

tion as for
g?est) has

been pl Hhedresii)w:mtcreea;nr@‘ cbkl&ngelfeﬁtabskelermtralmre pialrycpeptl de COdI ng
sequence. The ZeOC|n re3|%§ance gene conp rls%c?r gp i nt ernal
Vedera

mutation (sBRIEPPLiE) Botg&eai5hphee gIonrs
sel ection syshePbsAEPAMIANGta@ttBBon in a non-optimal co

ntext

Met - - >Leu

M Butered §9  Results of

(“mutATG” in Figure, but including a spacer sequence, and

hence in the text generally referred to as

15 “ATGmut/space”). Each of the multicistronic transcription

units is under control of a CMV promoter. Constructs with

STAR sequences as indicated were compared to constructs

without STAR sequences. The antibody levels obtained when

these constructs were introduced into host cel

20 given on the vertical axis in pg/cell/day for

ls are

various

independent clones. See example 13 for details.

Fig. 21. As Fig. 20, but both the selection marker genes

have been provided with a GTG startcodon. See example 13

25 for details.

Fig. 22. As Fig. 20, but both the selection marker genes

have been provided with a TTG startcodon. See example 13

for details.
30

Fig. 23. Stability of expression in sub-clones in the

absence of selection pressure (after establishing

colonies under selection pressure, some colonies where



invention, with and without STAR el enents. A zeocin resistance gene with
ATG startcodon in bad context 30 (referred to as "ATGwt" in the picture,
but including a spacer sequence behind the ATGin the bad context, so in

the text geRehilsloysssseferred to as "ATGmat / space”). B. .I%OJSE§§7§} ance
gene wth GIG startcodon. C. zeocin resistance gene with TTG startcodon.

d2EGFP signal for WO 2006/ 048459 114 PCT/ EP2005/ 055794 i ndependent col oni es
i s shown onstheciered cin mpdism ceatadping| eo Ldagindet Hices expmglel15. Resul ts
of sel ecti 0@25¥§£ecﬁé@-£1 ding to the 5 invention in upscal ed experinent (A),
and conparison wt sel ection systemaccording to prior art using an |IRES
(B). d2EGFP signal for independent colonies is shown on the vertical axis.

See exanpl e_10Q f tails. .10 Fig. 16. Results of selection systemwth
mui t1 oot ofEd: £hurCadt sk ePendarli vh T tneon aneRn: st ng

bl asti ci 8li nadseAbselmeiall f vy Kekenfiohl aséé céxtinpld € Foance gene nut at ed
to conprise a GJIG startcodon. B. blasticidin resistance gene nutated to
conprise a #¢&215Sstart codon. The bl asticidin resistance gene has further

been nmutated to renove all internal ATG sequences. d2EGFP signal for

i ndependent colonies is shown on the vertical axis. See exanple 11 for
details. 20Ffkgg. 297 AstBidd itdy dutefpresbe onlaftisuidimalresiistescei th a

mul ticistronic tr ripti.on uni rdipg to the _ inventian.(including a
zeocin wt he‘f‘lcll&' sﬁgl?%c%igoﬂn en ! géﬁttgcﬁlglgng%?e%sﬂ} eﬂfjfoééﬁgl r%r%zé(%ci n) was

pr esent 1dur fngmet bedronpiet & engrdriongnt, a2EGHRsfpral ther | ndependent 25

colonies is sho on th ertical ,axis. See exanple 12 f tails. Fig.
o s h o red Gy f ST BB EACTaR TRR Fr e T 20 tHEPRI o t or ©

establ i shmeargos i €W®st mutating the internal amino acid sequence

of the encoded protein.

15 Fig. 26. Coding sequence of the wild-type zeocin
resistance gene (SEQ. ID. NO. 108). Bold ATG’s code for
methione. The first bold ATG is the startcodon.

Fig. 27. Coding sequence of the wild-type blasticidin

20 resistance gene (SEQ. ID. NO. 110). Bold ATG’s code for
methione. The first bold ATG is the startcodon. Other
ATG's in the sequence are underlined: these internal
ATG's do not code for methionine, because they are not in
frame.

25
Fig. 28. Coding sequence of the wild-type puromycin
resistance gene (SEQ. ID. NO. 112). Bold ATG's code for
methione. The first bold ATG is the startcodon.

380 Fig. 29. Coding sequence of the wild-type mouse DHFR gene
(SEQ. ID. NO. 114). Bold ATG’s code for methione. The
first bold ATG is the startcodon. Other ATG’s in the
sequence are underlined: these internal ATG’s do not code

for methionine, because they are not in frame.



30 Fig. 19. As Fig. 17, but zeocin was absent fromculture mediumafter
establ i shnent of clones. WO 2006/ 048459 115 PCT/ EP2005/ 055794 Fig. 20.
Expressi on of an antibody (anti-EpCAM using the selection systemwth the

nult|C|stro@qukm@ﬂ§§r|ptlon unit accarrdi ng to the i nveti@Rgeshigeeavy
chain (HC) and Ilight chain (LC) are the pol ypeptide of interest in this 5

exanpl e. Each of these is present in a separate transcription unit, which
are both on a single nucleic acid nolecule in this exanple. The HC is

preceded bygige 3690@6&‘1&89%&:}@?1%% 82Nens ogh 1g-{ B ,@@J bl e mar ker
pol ypeptide, while the LCis preceded by the blast|C| 0 resi stance gene

codi ng for aegéISé@ltl%l@enmr@&ﬁQ gol.ypept 1He) . Beld 7di'st mede demes have been
mitated (o 4gopChae Ak MG A ALCOIAR |0 BndOl AALIRI, conLext | (UL AT

in Figure, incrudin acer sequen and ence 1 e "t ext general ly
referred5tOAas'§51ﬂﬁﬂﬁknséquﬁﬁn§'beraﬁheeilﬁ@@ nNthddeciiside@niad transcri ption
units is under trol of g%gt mpter. Constructs with STAR sequences as
i ndi cat ed were’ Eoﬁ%a?%ﬁ QQF%: Fﬁ@p§°nﬁP?hdﬁ? HR TEJuETCeSOTAB ant i body
| evel s obt airpgglewhen these constructs were introduced into host cells are
20 given on the vertical axis in pg/cell/day for various independent

cl ones. See exanple 13 for details. Fig. 21. As Fig. 20, but both the

sel ection n@& er zge Ve RRER PV HE codon. See
exanpl e 13 f%r Qgﬁgﬁﬁ?fﬁi.g %e : A§q§|WM4&{F§Ré§§%oth %he sel ection

mar ker g@neseshamnbeeg\erm ol8R{ed I\n t NOa 1'1'83 stBold ddsl.s Seeleexampl e 13 for
details. 30 F%ﬂlo tgb iggé/sgldeigre55|gge|§£SL£ Qneg L |n the
ATG’s in the sequence are underlined: these internal
ATG’s do not code for methionine, because they are not in
frame.
15
Fig. 32. Coding sequence of the wild-type human glutamine
synthase (GS) gene (SEQ. ID. NO. 120). Bold ATG’s code
for methione. The first bold ATG is the startcodon. Other
ATG’s in the sequence are underlined: these internal
20 ATG’s do not code for methionine, because they are not in

frame.

Fig. 33. Schematic representation of some further

modified zeocin resistance selection marker genes with a
25 GTG startcodon according to the invention, allowing for

further fine-tuning of the selection stringency. See

example 14 for details.

Fig. 34. Results with expression systems containing the
30 further modified zeocin resistance selection marker
genes. See example 14 for details. Dots indicate
individual data points; lines indicate the average
expression levels; used constructs (see also Fig. 33) are

indicated on the horizontal axis (the addition of 7/67/7



absence of selection pressure (after establishing colonies under selection
pressure, sone col onies where WO 2006/ 048459 116 PCT/ EP2005/ 055794

sub-cl oned i n nedium containing no zeocin). See exanple 12 for details. Fig.
24. Copy- nyg@ssdarandency of expressilad |evels of 5 apc¢ipapkiRm, of the
i nvention. See exanple 12 for details. Fig. 25. As Fig. 12, but for the

bl asticidin resistance gene. None of the 4 internal ATGs in this gene are
in 10 franttcotf mpd @f &heecrrstriet 2are tindicedes the psaafdadcy of the
genetic POdgfm@ﬁAéﬁggﬁdé%d@%tatQnﬁh@§eupég¥%5h\ﬁéIH%%tpqghaEgggaﬁge i nt er nal
am no acid sequence of the encoded protein. 15 Fig. 26. di ng sequence of
t he wil d-typeAReoddwnstresimstodntbegenan$ SEPtidn d@mib@8)ionBelitde ATG s code
for nmethiope, The first -kold ATG i§ the startcaodon. Fig..27. Coding
sequence of Q?%es%‘?tﬁaéttlycﬁel Iz%s? il((::ltﬁlanab%%e rdg SR é’ggglfglliqaxjr?). NO.
110). Bod d M@ satexleIXF@FP maighaone. The first bold ATG is the startcodon.
O her ATG s in the sequence are underlined: these internal ATG s do not
code for methionine, because they are not in frame. 26 Fig. 28. Coding
sequence of pige %J%dﬁé&&tﬁ@@@??bgepﬁ@@iéﬁ FreaRNeursker | D. NO. 112).
Bold ATG s code for mnethione. The first bold ATGis the startcodon. 30 Fig.
29. Codi ng Bedleird zfoqife rgisigiappe aoleet DMFRa&eE JESES Wibth a0, 114).

Bold ATG s e j . i r HEEESIA: r don. O her
ATG s in thgeesse%%%tn@%r %%Eéﬁé-e&?ﬁgngg:&%‘?1glgg‘%r‘%lgrnﬁalal?i%&iéad%g%ot code for
met hi onlbe, fhetkers ef eyt vriegnotf ithef sabect WD 200648459 $&&

PCT/EP2005102578f% 15 for details.

Fig. 36. Results with expression systems containing the
further modified zeocin resistance selection marker

15 genes. See example 15 for details. Dots indicate
individual data points; lines indicate the average
expression levels; used constructs are indicated on the
horizontal axis, and schematically depicted above the

graph; vertical axis indicates d2EGFP signal.

20
Fig. 37. As Fig. 12, but for the puromycin resistance
gene. All three internal ATG’s code for methione (panel
A), and are replaced by CTG sequences coding for leucine
(panel B). See example 16 for details.

25

Fig. 38. Results with expression constructs containing
the puromycin resistance gene with a TTG startcodon and
no internal ATG codons. See example 16 for details. Dots
indicate individual data points; lines indicate the

30 average expression levels; used constructs are indicated
on the horizontal axis, and schematically depicted above

the graph; vertical axis indicates d2EGFP signal.



Fig. 30. Coding sequence of the wld-type hygronycin resistance gene (SEQ
ID. NO 116). Bold ATG s code for nethione. The first bold ATGis the
startcodon. Gther 5 ATG s in the sequence are underlined: these internal

ATG s do nGgyoshRemsshgr net hioni ne, because they are not 'P@T/E‘}Etﬁ%smﬁ g. 31
Codi ng sequence of the wild-type neonycin 10 resistance gene (SEQ 1D. NO

118). Bold ATG s _code for nethione. The first bold ATGis the startcodon.
Ot her ATGEign 3%e %Secf&@ncéZar Bufinfier | firedeanysd® raS&ERANCEATG s do not

code for ne ni e1th a i f Codi n
‘5‘?‘?,‘5; SI{ed s li% 16 ?8 & 0Ps | . wrlalﬁete;ég) Elegm%é%éE g

sequence of human g utam ne ~ synthase | D. NO
120). Bol d »d€ stayone geher Mﬁhseqeend'ém dne snind;@IadteATGAﬂ‘sstbedsm@rtcodon

Cther ATG t th | 20 ATG s do not
code for mebht MM TRAEadcE CREJCAFEC Abl 4T Pife Bl B1C33E- Schomat 0 |

repr esers at hedmpd i s e ifsianlzer geﬁedwitmhtzm rserqesems:taancanaedvesml on marker
genes with a 25 GIG startcodon according to the invention, allow ng for

further find-¢thiHfdrdeR sél- eB?P’B)ﬁCHrFchS€§nee%éﬁbPlét 147G or

details. Figeq@éncd®EsWrs Micthhae¥pEessd Pieici.ens containing the 30 further
nmodi fi ed ze00| n resistance sel ection marker genes. See exanple 14 for

details. Dots indicate individual data points; lines indicate the average
ePress|on kEyElgg, et eonul ugte (ool Sl drondd) cebepdl galed on (he
at the thd b8 fdre dorsitirsucA.naddrhdpe adler tdemepr @¥enceqoen&ddRasequences 7
and 67 upstregfgégeéfuifaéogg%gagaggr methionine are indicated by
Met above the ATG. B. dhfr gene without ATG sequences,
and with a GTG startcodon. C. dhfr gene without ATG
sequences, and with a TTG startcodon.
15
Fig. 41. Results with expression constructs (zeocin
selectable marker) according to the invention in PER.C6
cells. See Example 20 for details. Dots indicate
individual data points; lines indicate the average
20 expression levels; used constructs are indicated on the

horizontal axis, and schematically depicted above the

graph; vertical axis indicates d2EGFP signal.

Fig. 42. Results with expression constructs (blasticidin
25 selectable marker) according to the invention in PER.C6
cells. See Example 20 for details. Dots indicate
individual data points; lines indicate the average
expression levels; used constructs are indicated on the
horizontal axis, and schematically depicted above the

30 graph; vertical axis indicates d2EGFP signal.

Fig. 43. Results with expression constructs according to
the invention, further comprising a transcription pause

(TRAP) sequence. See Example 21 for details. Dots



STAR7 downstream of the transcription termnation site), and schematically
depi cted above the graph; vertical axis 5 indicates d2EG-P signal. Fig. 35.
Schematic representation of sonme further nodified zeocin resistance

sel ection nRokerso@Rses With a TTG star0codon accordi ng peg/Epfsiosssent i on,
allowing for 10 further fine-tuning of the selection stringency. See

exanple 15 for detai]ls. Fig. 36. Results with expression systens containing
the furthetPfbeRte e’d‘%’é’ uelr detter RALRE SRl bR oindGeée Hhegenes. See

exanpl e 15 BOér&E%E%iﬁ%eélﬁd%'1%@bQ§teusé&déaﬂé%%ﬂcﬂ%ﬂd%ePQh@E%atEH”es
indicate the average expression |levels; used constructs are indicated on

the hori zofAtathendherizantadc@edari aanl 9%@@@@@1%@&@@@@ gbaph; vertical
axis indicatgs (gggﬁP \%weaéal 20,4Ei n%\j?.réa%éb%é?e&%nl% ut for the puronycin

resi stance gen e I nterna | one (panel A), and
are repl@ced by CTG sequences coding for leucine (panel B). See exanple 16
for details si on construt‘f S containing the

g uI ts vm t

pur onyci n rgé‘?St Jh %}De‘ﬁé’ ‘§P§§ %o%’f‘?raerﬁfloﬁo "nf8rnal ATG codons.
See exanpl eahbibody d_@éﬁld &raiacstc&lpitmdhcaﬁﬂts ncbodrdiialg dat anhpoi nts; [ines
indicate the 30 average expression |levels; used constructs are |nd|cated on
the horizontBVeRkiQn . aire € ¢4l Frdepratetr above the graph: verti cal
axi s indicates d2EGFP signal. WD 2006/ 048459 1 19 PCT/ EP2005/ 055794 Fi g.

39. As Fig. 12, but for the neomycin resistance gene. See Exanple 17 for

det ai | s10 A. Fifg} d43 y pentridmific iexpressi on aftem gemleon IFFG avaadnéeg ar e

| ndi cated, - ATG COBLNGoof - IR 00008 G 0 NS ALY BT (RRPYER he ATG

the copy number of the expression constructs is amplified
by methotrexate. See Example 23 for details. White bars:
selection with zeocin and blasticidin; black bars:

15 selection with zeocin, blasticidin and methotrexate
{(MTX) . Numbers of tested colonies are depicted on the

horizontal axis.

Fig. 46. Results with different promoters. See Example 24
20 for details. Dots indicate individual data points; lines
indicate the average expression levels; used constructs
are indicated on the horizontal axis, and schematically
depicted above the graph; vertical axis indicates d2EGFP
signal.
25
Fig. 47. Results with different STAR elements. See
example 25 for details. Dots indicate individual data
points; lines indicate the average expression levels;
used constructs are indicated on the horizontal axis, and
30 schematically depicted above the graph; vertical axis

indicates d2EGFP signal.

Fig. 48. Results with other chromatin control elements.

See Example 26 for details. Dots indicate individual data



5 neonycin resistance gene w thout ATG sequences, and with a GIG
startcodon. C. neonycin resistance gene without ATG sequences, and with a
TTG startcodon. Fig. 40. As Fig. 12, but for the dhfr gene. See Exanple 10

18 for det aydSeosiussy | d-type dhfr gend21ATG sequences aper/pphfdkpabad, ATGs
coding for nmethionine are indicated by Mt above the ATG B. dhfr gene

w t hout ATG sequences, and with a GIG startcodon. C. dhf r@&ene w t hout ATG
sequences, BANWii HiDerTENSigrte0BBA. AUSEFI]) SXPEESRASM LEVRLEh expr essi on

constructs (269CidhsSalRS! %%elﬂaalssﬁéda&&oa@ Hhi%o (f?hasl' 2% 20} | @i n PER C6

cells. See Exanple 20 for details. Dots i1ndicate ivid data points;
lines indi cackendtel caldvagepiGtedpabsye orhd eymsph (@d@dkccmsangtes are

i ndi cated o of.i I and_schemat| c II d d, above the

gr aph; vert?cé$§£¥?§hi ggteg 33% E?%néf'qfn OiZ ﬁ%@ f?é with
expressi®n eemmddamnaxiéﬂymﬁhbetdsndZQGFBeéfgﬁaﬂble mar ker) according to the
invention in PER C6 <cells. See Exanple 20 for details. Dots indicate

i ndi vidual data points; lines indicate the average expression |evels; used
constructs are indicated on the horizontal axis, and schematically depicted
above the 30 graph; vertical axis indicates d2EG-P signal. Fig. 43. Results
W th expres € tructs according to the invention, further conprising a

transcription pmaréTRAP)qegggp@r)ceahrﬁe@,Ezga,fggheggg,lépr gdetails. Dots WO
2006/ 04 0459 }%?PCT/ EP2005/ 0 57 4 __indi cate i nd| vidual data points; |ines
i ndi cat & t hE'eHCEPhYE eXpr 88 BRI s W - uEBd ¢ oY Ycf5T%% i ndicated on

t he hori zonésthanaxirsis alm&assdneimtclréahIQf dﬁpir@deadaeé)asa&lyt fengroEph; verti cal
axis indicajes d2ECGEE shanal s Fe11 41, s21-530.
Chung JH, Whiteley M, and Felsenfeld G. (1993) A 5’
element of the chicken beta-globin domain serves as an
15 insulator in human erythroid cells and protects against
position effect in Drosophila. Cell 74: 505-514.
Chung JH, Bell AC, Felsenfeld G. (1997). Characterization
of the chicken beta-globin insulator. Proc Natl Acad Sci USA
94: 575-580.
20 Das, GC, Niyogi, SK, and Salzman, NP. (1985) SVv40
promoters and their regulation Prog Nucleic Acid Res Mol Biol
32, 217-236.
Dumas, P, Bergdoll, M., Cagnon, C and Masson JM. 1994,
Crystal structure and site-directed mutagenesis of a bleomycin
25 resistance protein and their significance for drug
sequestering. EMBO J 13, 2483-2492.
Gill DR, Smyth SE, Goddard CA, Pringle IA, Higgins CF,
Colledge WH, and Hyde SC. (2001) Increased persistence of lung
gene expression using plasmids containing the ubiquitin C or
30 elongation factor la promoter. Gene Therapy 8: 1539-1546.
Gossen M, and Bujard H. (1992) Tight control of gene
expression in mammalian cells by tetracycline-responsive
promoters. Proc Natl Acad Sci USA 89: 5547-5551.
Graham FO, Smiley J, Russell W and Nairn R. (1977).
35 Characteristics of a human cell line transformed by DNA from

human adenovirus type 5. J. Gen. Virol. 36, 59-72.



Fig. 44. Copy-nunber dependency of expression of an antibody using
transcription units according to the invention. See Exanple 22 for details.
10 Fig. 45. Antibody expression from col oni es containing expression

constructs wgsekMdigaeh t o the invention,12@herein the copychuFbfsoahod he
expression constructs is anplified by nethotrexate. See Exanple 23 for
details. White bars: selection_with zeocin and blasticidin; black bars: 15

sel ection with Z8Y¢i 2 BISSPPRI AL afdeR et ot FEKIEEPYFAEXYCr Nunber s of
tested col oni&finaar g, dRpIlICEedvan debevuliekFdontraksax+s,. 1biygon 427, Results with

different promoters. See Exanple 24 20 r detgils. tg indicate

i ndi vi dual %%]P%lﬁ it 72y IE%%%Q) BeRET U8 {;ﬁ’e Vzi\?egﬁjg%ere%ré%sl{}éﬂ%l é‘\/el s; used
construct s Legtenbady cat €d999) { e rboonizonta) farilg, hamch sohesBinadal |y

depi ct eds aboye. .t , i.C i, Lodi d ignal . 25 Fig.
47. Resu tsg}\/{\%eltbﬁggi ?{t@f%mﬂ%ﬁlﬁ g%;té%ﬁts"s?g etgr%tcgé%rr%%ggga%or details. Dots
i ndi cat e i ndisplayaf akitipodpofraggents ndeti Biitegheol hd 7av ey arBlexpr essi on

llevel s; used cofgfsUs! Sk@o® hNdiaher, Qnt Mo YAt Z8Nt@ o @Xh S vand 30
schematical |y depicted above the graph’ vertical axis 1ndicates d2EG-P

signal . Fi gPen&rames it Yaji PeF SehBrEcHhméRatTn SEBAEEI Jel BRRHNSE. K/ See Exanpl e
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a) the coding sequence for the polypeptide of interest is downstream from the

coding sequence for the selectable marker in said multicistronic transcription
unit, and

b) the nucleic acid sequence coding for the selectable marker polypeptide
comprises a mutation that results in a non-optimal translation start sequence of
the selectable marker polypeptide in a eukaryotic host cell, and

c) the sequence encoding the selectable marker polypeptide has no ATG
sequence in the coding strand following the startcodon of the selectable marker

polypeptide up to the startcodon of the polypeptide of interest.

2. A DNA molecule according to claim 1, wherein the resulting translation start
sequence in the coding strand for the selectable marker polypeptide is chosen
from the group consisting of:

a) an ATG startcodon in a non-optimal context for translation initiation;
b) a GTG startcodon;

c) a TTG startcodon;

d) a CTG startcodon;

e) an ATT startcodon; and

f) an ACG startcodon.

3. A DNA molecule according to claim 1, wherein the resulting translation start
sequence in the coding strand for the selectable marker polypeptide comprises a

GTG startcodon or a TTG startcodon.
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interest, the polypeptide of interest having a translation initiation
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coding for the sel ectabl e marker  pol ypeptide
d selectable marker po[ypepti&)e pr%eidgs resistance against lethal or growth-

inhibitory effects of a selection agent.

6. A DNA molecule according to claim 5, wherein said selection agent is an

antibiotic.

7. A DNA molecule according to claim 5 or claim 6, wherein said selection agent
is chosen from the group consisting of: zeocin, puromycin, blasticidin,
hygromycin, neomycin, methotrexate, methionine sulphoximine and kanamycin.

8. A DNA molecule according to claim 7, wherein the selection agent is zeocin.

9. A DNA molecule according to claim 7, wherein the selection agent is

blasticidin.

10. A DNA molecule according to claim 7, wherein the selection agent is

puromycin.

11. A DNA molecule according to claim 5, wherein the selectable marker

polypeptide is encoded by the neomycin resistance gene.

12. A DNA molecule according to claim 5, wherein the selectable marker

polypeptide is encoded by the dhfr gene.



conprises a nutation that results in a non-optimal translation start
sequence of the selectable marker polypeptide in a eukaryotic host cell,
and c) the sequence encodi ng the sel ectabl e marker pol ypeptide has no ATG
sequence in the coding strand fol |l ow ngpg he startcodon of the sel ectable
mar ker pol ypeptide up to the startcodon of the polypeptide of interest. 2.
A DNA nol0a¢uMOB0ORMIi ng to claim 1, wherein the resul tARGTYEP2GOHOSSTDON st art
sequence in the coding strand for the sel ectable nmarker polypeptide is
chosen fromthe group consisting of: a) an ATG startcodon in a non-opti nmal
cont ext for 13.r #BNet molecitleiac¢erdingto anp pneof3hiGpsicading othims, vherein T
startcodon; d).,a G _start codon; n ATT startcodon:, an f),,an ACG
startcodon. 3. ge,l? %ﬁ%ﬁﬂ@@ﬁ%&éﬁﬁﬁ COGPLFes 3 myta ngagf%ufﬁ%m?esul ting
translation st agivity S eHeaRkEtablk thhvkef poliypeptiae '&@x‘ﬂgar%@ﬁo itgi1aalwet abl e mar ker
pol ypeptide conpriSes a GIG startcodon or a TTG startcodon. 127

PCT/ EP2005/ 0559®@mterpart. A DNA nol ecul e accordi ng to any one of the preceding
claims, wherein any .sequence ATG when present in frane and codi ng for

met hionine in the sequence coding for the wild type sel ectabl e marker

pol ypepti de14s ATDN RidldcaleGREGdirnY to cYaii S whtRIEMBIsEIectable MhRké ne or

| eucine. 5. A DNA nol ecul e according to any of the preceding clains, wherein
the sel ect abl polipgptide ipbrspeudesigianes palypritide sdieraimproding gbpasgion Lishal or

Po ol aim 5. wnbfbrE e § ol Bl 300" SO0 i Diotic 7oA DNA

nol ecul e according to claim5 or claim®6, wherein said selection agent is
chosen fromthe group consisting of. zeocin, puronycin, blasticidin,

hygr onyci n, 1de Amolgeuleaceerdingto anyoRe ehthseresglivgchaims heigia thananyci n.
.8. A DNA | i i i | ect | i
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is start sequence.

16. An expression cassette comprising a DNA molecule according to any one of the
preceding claims, said expression cassette further comprising a promoter
upstream of said multicistronic expression unit and being functional in a
eukaryotic host cell for initiating transcription of the multicistronic expression
unit, and said expression cassette further comprising a transcription termination

sequence downstream of the multicistronic expression unit.

17. An expression cassette according to claim 16, further comprising at least one
chromatin control element, chosen from the group consisting of a matrix or

scaffold attachment region (MAR/SAR), an insulator sequence, a universal

chromatin opening element (UCOE), and an anti-repressor (STAR) sequence.

18. An expression cassette according to claim 17, wherein said chromatin control

element is an anti-repressor sequence.

19. An expression cassette according to claim 18, wherein said anti-repressor
sequence is chosen from the group consisting of:

a) any one of SEQ. ID. NO. 1 through SEQ. ID. NO. 66;



bl asticidin. 10. A DNA nol ecul e according to claim7, wherein the sel ection
agent is puronycin. 11. A DNA nol ecul e according to claimb5, wherein the
sel ect abl e marker pol ypeptide is encoded by the neonycin resistance gene.
12. A DNA nol ecul e according to clai mpggwherein the sel ectabl e marker

pol ypeptide is encoded by the dhfr gene. 128 0117 WD 00 ORD

PCT/ EP2005/ 055794 13. A DNA nol ecul e according to any @®GI/BP200820357€4¢edi ng
clainms, wherein the selectable marker pol ypeptide further conprises a

mut ation that reduces the activity of the selectable marker polypeptide
conpared to itb) fragmerity pPanyomeof SEQalD. NO4 1 throDRASEQ. EB.UNGO. 66; aatietiéing t O
claim 13, wherein _the selectable marker . ?Ol ypeptide is a zeocin resistance
pol ypept i de whe#ig fragments have apti- E?Bﬁ‘iqr&ﬁn‘g Y's changed i nto a di fferent am no

acid. 15. A b
wherein the %ﬂg&?ggﬁéﬁgg% ""‘%}ﬁ’g@ %‘2‘{5?‘?@;"“; i‘ﬁle@ est Oﬂ’?ses an

opti mal transl sthexrin sad sequeres havecanti-rtepresgor agtipitgaadon cassette conprising a
DNA nol ecul e accor di ng to any one of. the preceding clainms, said expression
cassette furt hé}?’é °aa“é{r‘t9ﬁt9fé} to Qpstream of said mul ti ci stronic
expression unit and belng functional in a eukaryotic host cell for
initiating transcription of the nmulticistronic expression wunit, and said
expressi on 26s s expréssianmassetoagnording tp claim dfsehdrpiniseid expressiomtassette sequence
downstream of the nulticistronic expression unit. 17. An expression cassette
according to cF%f?’H’stﬁmFBft her conprising at |east one chromatin control

el ement, chosep) §EQnd.NeOIKQHUP consisting of a matrix or scaffold

att achnment region (MAR/ SAR), an insul ator sequence, a universal chromatin
openi ng el enenb) 4 bagEpnt of; hannamu-rqpmselsmwnysmm sequence. 18. An

xpr eSS On Cassed LRGSR AN 09 1 bl Bt HIRERofa? Allet i QURH ) SOt

el enment is an epressor sequence accor di ng

to claim18, V\/ﬂwieﬁgunsgi@sehuaﬁ&elhagaﬁﬁeqﬁegsor saignce i s chosen fromthe group
consi sting of:
J wherein a), b) or c) is positioned upstream of the promoter that drives

transcription of the multicistronic gene.

21. An expression cassette according to any one of claims 16-20, wherein said
multicistronic gene is flanked on both sides by at least one anti-repressor

sequence.

22. An expression cassette according to claim 23, comprising: 5’ — anti-repressor
sequence A — anti-repressor sequence B — promoter — multicistronic gene
encoding the functional selectable marker protein and downstream thereof the
polypeptide of interest — transcription termination sequence — anti-repressor
sequence C —3’,
wherein anti-repressor sequences A and C may be the same or different and are
chosen from the group consisting of:

a) any one of SEQ. ID. NO. 1 through SEQ. ID. NO. 65;

b) fragments of any one of the sequences of a), said fragments having anti-
repressor activity;

c) sequences that are at least 70% identical in nucleotide sequence to a) or b)

wherein said sequences have anti-repressor activity,



a) any one of SEQ ID. NO | through SEQ ID. NO 66; 129 PCT/ EP2005/ 055794
b) fragnents of any one of SEQ ID. NO | through SEQ ID. NO 66, wherein
said fragments have anti-repressor activity; c) sequences that are at |east
70% i dentical in nucleotide sequence tpem) or b) wherein said sequences
have anti-repressor activity; and d) the conplenent to any one of a) to c).
20. An expression cassette according to claim19, wherepOQTEP200SOPSERSI ON
cassette conprises one of a) SEQ ID. NO 66, b) a fragnent of a) having
anti-repressor activity; c) a sequence that is at least 70% identical in
nucl eoti de sequadodeiein ajti-tepbessorsequenice Bsig choser dioamnthe diasp eviisisting pf-essor
activity, wherein_ a) 3% or. c) is positioned upstream of the pronoter that
drives transci) %@60@ 04 mul ticistronic _gene. 21. An expression

cassette accor gii)g%ragglteﬁpgﬁzggﬂ%%gﬁt?_gﬁes}&-a%gvit%?ei n said rmulticistronic

gene is flanke a ast one -repressor sequence. 22.
An expressi on disssquencachaiisiatieast 30%lidé¢ntic2l3in nocleptides saygends'to 1) or ii)
anti-repressor _sequence A - anti-repressor sequence B - pronoter -

mul ti ci stroni c WEHan sgﬁémeﬂge I ANITAIEORAFIAY ect abl e marker protein and
downstream t hereof the polypeptide of interest - transcription term nation
sequence - anti-repressor sequence C - 3', wherein anti-repressor sequences
A and C mayl28. t Ap espression cadseite@ceortingrid chima 22cwberein dntioreptessor gequepces

consisting of: a y one of .SEQ ID. NO 1 through SEQ ID. NO 65; b)
fragments of ar‘fyz‘léfﬁgamai%ﬁnggﬁ‘uences of a), said fragments having anti -
repressor acti ) KgQ. @h. Redyences that are at |east 70%identical in

nucl eoti de sequénce to a) or b) wherein said sequences have anti-repressor
activity, 130 PREIfragme06306670the sequences of a), said fragments having anti-repressor

activity; and
c) sequences that are at least 70% identical in nucleotide sequence to a) or b)

wherein said sequences have anti-repressor activity.

24. An expression cassette according to any one of claims 16-23, wherein the

polypeptide of interest is a part of a multimeric protein.

25. An expression cassette according to claim 24, wherein the polypeptide of

interest is an immunoglobulin light chain or an immunoglobulin heavy chain.

26. An expression cassette according to any one of claims 16-25, further
comprising:
a) a transcription pause (TRAP) sequence upstream of said promoter and being in
a 5’ to 3’ direction; or
b) a TRAP sequence downstream of said transcription termination sequence and
being in a 3’ to 5’ orientation; or
¢) both a) and b);
wherein a2 TRAP sequence is a sequence which when placed into a transcription
unit, results in a reduced level of transcription in the nucleic acid present on the

3’ side of the TRAP when compared to the level of transcription observed in the



and wherein anti-repressor sequence B is chosen fromthe group consisting
of: i) SEQ ID NO 66, ii) a fragnent of i) having anti-repressor activity;
and iii) a sequence that is at |least 70%identical in nucleotide sequence to
i) or ii) wherein said sequence has apjj -repressor activity. 23. An
expression cassette according to claim 22, wherein anti-repressor sequences
A and C are chosen from a) SEQ ID. NO 7; b) fragnent sp@/EPR008055TH
sequences of a), said fragnments having anti-repressor activity; and c)
sequences that are at least 70%identical in nucleotide sequence to a) or b)
wherein sai d sageleiceerd drathe Saside-of éerERAPr activity. 24. An expression
cassette according to any one of clains 16-23, wherein the polypeptide of
interest is a part of a multineric protein. 25. An expression cassette
according tgqcl g . j )| i . Ny

i mrunogl obu??h ﬁl% é%sﬁ%%s%t{éaa%g@%%’%g %3?16‘?19 rglgvs?/fdgglg%%_& §§gn IR'n
expressi on casN@ti&d2according to any one of clainms 16-25, further
conprising: a) a transcription pause (TRAP) sequence upstream of said
pronoter and being in a5 to 3 direction; or b) a TRAP sequence

downst ream Sgi I LpLlon. . 1 1.0 i ina3d to
5" orientat i%(%'n;ﬁ(#\J Jé)rﬂtggﬁﬂé %rhgﬂn%}’%? ;gé%dree@ﬁgﬁﬂg Wcst%g%esﬁgglﬁ%ge a sequence
whi ch when pl aggatkérpobypeptidacepableifibeing selected foran dletiBaryotichdstdelt,ed | evel of

transcription in the nucl eLc aci dlﬂpresent on the 3' side of the TRAP when
conpared to théhpractenzesd inthatsaid DNAmelegileier ved in the 131 PCT/ EP2005/ 055794

nucleic acid o S T i ssette
according to clr?)a}}‘;r%leazrg) n %t{gx‘rfael?{]an%lg?% %ﬁgqﬁéncgé%l&?%fﬁf%@ﬁfﬁgﬁé% A DNA
nol ecul e conpr ifeidtignal sekegtablecearkecoudingsequénsecandonal sel ectabl e  mar ker
polypeptide capabi & Qodfs shdnd of e sEfuendd defthinty e sabdiable fnatter '

polypeptide downstream of the non-optimal startcodon and up to the stopcodon

is devoid of ATG sequences.

29. A host cell comprising a DNA molecule or an expression cassette according to

any one of the preceding claims.

30. ‘A host cell according to claim 29, which is a eukaryotic host cell.

31. A host cell according to claim 30, which is a mammalian host cell.

32. A hostcell according to claim 31, being a Chinese Hamster Ovary (CHO) cell.

33. A method for generating a host cell expressing a polypeptide of interest, the
method comprising the steps of:
a) introducing into a plurality of precursor cells a DNA molecule according to
any one of claims 1-15 or an expression cassette according to any one of claims
16-27, and
b) culturing the generated cells under conditions selecting for expression of the

selectable marker polypeptide, and



characterized in that said DNA nolecule: i) has a non-optimal translation
start sequence followed by an otherwi se functional selectable marker coding
sequence, and ii) in the coding strand of the sequence defining the

sel ect abl e marker pol ypepti de downst re@m of the non-optimal startcodon and
up to the stopcodon is devoid of ATG sequences. 29. A host cell conprising

a DNA nol ecul e or an expression cassette according to gﬂﬂ&g??gogbsgﬂg

preceding clains. 30. A host cell according to claim?2 hi1s a
eukaryotic host cell. 31. A host cell according to claim30, which is a
manmal i an host cPé%'léctméZt leé‘st'&ﬂ@hoﬁ‘%ll pRERRITE tHOpdl9pépitide BY Skeretei Ng a Chi nese
Hanster Ovary (CHO cel . A nethod for generatlng a host cel

expressing a polypeptlde of |nterest the nmet hod conprising the steps of:

i ntrod | . | di
£ ' any one 381 A pished Bt piodheind s BoleBEes Sfimefl sPririseB snyEE o §§ﬁ§°2n'e”8f
claims 16-27, canc&alla)hoeweuwomwlsm@emg@@%sﬁbﬁdagsalté :fccldﬂﬁl@gt

sel ecting for expression of sel ect abl e mar ker pol ypepti de, and 132

PCT/ EP2005/ 055 ¢hms £§-23 ahé cxprngmg the galypeptide ¢fasteresefromphe expressiprt he

pol ypeptide of interest. 34. A nethod for producing a pol ypeptide of
interest, conp®®¥ffYy culturing a host cell, said host cell conprising an
expression cassette according to any one of <clains 16-27 and expressing the
pol ypeptide of interest fromthe expression cassette. 35. A nethod

accor di ng t 35c| Aimetlpd accordingsto cdainps4, Sunthericomprising isolatimg ot pelypeptude of f

i nterest.
interest.



