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Title: Selection of host cells expressing protein at
hi gh I evels The invention relates to the field of
worioeoud4sy bi ol ogy and bi ot echnol ogy. Mre sperCT/ERRDS/§55794
the present invention relates to neans and net hods for
I Npr ovij the selection of host cells. that express .
THAES i S a0 KPR T URTS CoH o e RN DR B bt edt | Kb
vari ousidiasts cells for a wi de range of applications in

bi ol ogy and bi ot echnol ogy, for instance as
bi opharmaceuticals . Eukaryotic and particularly
THBRTRIL AN oste LA S a0 el SEALT @ Ofo I PHIPOSFogy
or expression of many proteins, for instance when
arsdl b et lenabkodnay eMaes t spec jpbkstd Y aystlad | mmadent
. hodi fjcations such as gl ycosyl ati.on t hods for.sucq1
IR e L et ? BRI LR LB CRee ﬁ%r%ﬂ‘%"‘éﬁ%i? ©
sd Nec XY 6581108t Nedl NOSth L€l dx®f e S5 NYEd €L LnAcd d K Ads0
referred to as 'transgene' ) encoding the protein of
l¢vgksest. In general, the transgene together with a
sel ectabl e marker gene is introduced into a precursor
cell, cells are selected for the expression of the
Pretetdabten s kerodere] andvanicows mste etbnesféhad wide
gﬁg%ess t he grotein of interest at _high levels are
r t9F | WP L LTRIEIREY ForPPkC B (e S BRC TR RO PY 0t B R
108 cd LI &5t o Merid bl e apsochat e M ih e
expression of transgenes is that it 1s unpredictable,
patehei by ¥y omanhel lnghhes ket hboda tharre frertednsyenehis

Yidoberome inactive, due 1.0, 950, 8] gnci pg. (MAULey
PetPare b ]'20%?3, and t her et or I?rany ost cel I'¢T ones

whkay esiich berdesime Hove heght expresst orand 14 tieonal
ko Sest Tae S as GTyessylation. Hethods o suh
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
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
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
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.
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relatively high levels of desired proteins are
known. One net hod descri bes the use of sel ectable
WOrenok/ou84py ot ei ns with nmutati 8ns in their codi NBCT/EP2005/055794
sequence that dimnish, but not destroy the function
of t V\D01/3290 The rationale is
Chato Rl & o od e s areSariE wfaiter o

pf@t@@iﬂ@dﬂi’ﬂ@ﬁﬂﬁ@i@i&ﬂl@ﬁ:@%ii QilSd Bh Syes ok
therefore selection for high expression of the marker

dirainksh evist Imér%wwpﬁcomnwrwﬁm sof et¢ rfep Het
I £X S gene r
(%:'%/el%géh@i/ %(?l pj;]o% ]fréa es Use %% ﬁ}lpglsigl}gc(%}ll%{n i]é‘g{ler
ogetriee ungtesn tc o 1lod r of x@r 998 it eareselqa@mmeed hetedas
been mut at ed.such that the ter S an_acti vi .
of B T et Coh S okt e e rand aerredet i ot ion

£ 11k 1y Rec A& PRE RN £ e 102 T3 - ﬂ‘oi@@{e\?@i Nogherewith

descrl bes the use of an inpaired dom nant sel ect abl e
cwmt@@quent%le%mmg dsowémum s phot @ agrspee s ethe
%é ho§ d‘? é(_%ak sequence, to decrease
e nu on|e e screened and to increase
t he zaxq»u:}e@slmtlh@wehesk@é L&S@Gﬂ@ Df se et Bt méfnaltezr Sgene
co-linked to the dom nant sel ect abl e mar ker

IR et S BhLeT RIS TR TFHCE i efleRE Gipen
@O MBI Lhof el SAndIEne 10 1M ed ety i ey Pl agerd

within an (artificial) intron in the dom nan
sxs@@miabﬂelm&b@w Tt geheltod ¢onteesxending tweld type
([?gm nan §I at%?) marker are in different
a%scrl ptional’ cassettes and each contains its own

eukaxry®th€r piotd®rdesctivss netidogsd WS pad eiiSaired
5,648,267 and 5,733,779). Another nethod uses the .
%P}Wtbl e lpclakls da e FRAK? Cpent? To i 2 MY &

phEL S0k £ Rl £ d0ese NPT e NALAT Bhdyi OCE %or‘{‘ééﬁ‘éﬁ‘s tlﬂ‘f’zak

sel’ect abl e gene, wherein the intron i s capabl
sdpiencspl icete¢reasdogie celribgn @f mb@mwo be

screened and to increase the expression levels of a gene
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
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
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
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encodi ng a sel ectable protein and wherein the intron
in the sel ectable gene reduces the |evel of

wa edoeossab eprot ei n produced Brom the sel ect abl BCTYEPEO5/055794
the host cell (European Patent 0724639 Bl) . In yet

th hod truct d i Si
P EUTST T SRR DT (T onett BT HAR ArDSHE 1O G i THEE by
calb (Espbpsen donednisi 62 copprasi ng an efficient splice

donor sequence such that the efficiency of splicing an
MRNALTh X% th 2 Rl iR 8 ¢ e Ao A s¢e=s  5udlet wbleh wrrit

- 0, ! i . S .

S nd T Sothocdble et N A MSE w IR B OMC on

despined lagcepiorssiies ddmosed ot aldmpgenen@nh tdieficient
oduc ene being controlled by the_sane

S SR BT v s SRty o (R Dy of

sp1 PEa PR - mih CRLF ) SRLANOSS) i MSeddiSoBEeL Ofis between

pol yci stroni c expression vector constructs. An early
abepordOo?9useamd and's gl hes precelelser i plsem and a

) [ s r,eCO
o L R A R e R S SR or
3propeice adieht©od Nige S ethue noeke @tf £ povesmedahy e
same pronoter and separated hy a translational stop,
PP SY i 9 cofonse st p%’( erte 45383, BoE)sSciptional
r eabogd | d9%), . the selectable
%ﬁﬁ%ﬁgéfg t he angpg%ﬁgg%gugﬁﬁﬁﬂggke. In a particularly
pr ef Br reelr enbodiegmdof w3 by Jrade des@obecd srdsic

e>€' 1:9635Si1091?’vtchteosec unegcreu&?di feoa{ fhe ese<|3 eCtoaPluese o]
npar a1 1's downst ream rromthat. co |n§6 TR ]f%e desiTte

tpDd yipepid tel e Sdkedc t 118d s P OeEDp £St flosi gnetb tos sedect
for the cells transfornmed by the sel ectable marker

VR 19T al QN sEHRERY 1R THRBTFTUFRHTT eHtrakRd! pril e § brrd
PSScAll dEaL SLISLET, 4 ApLat o LT UBTRY) s dasee
ame cgoreomad yectlor ssame promoter and separated by a
translational stop and start signal codons (US patent
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
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
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
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have been described for the rapid and efficient
creation of stable mammalian cell |ines that express
WO emeiidsant protein. These fectors contain anPCTERINE55794
ri bosonme entry site (I RES) between the upstream codi ng
se%Jence for_theprotein .of 'ntergst and the downstreamf
PLOUTHY Shqtfbhte oy e W&t Rt it et ke O REE S EUGCE ©
tHOMY 1 ectSUSH NEEROF S(RESs COMMET Ci B9 ¢) avardiabiestd O are
i nstance the plRESI vectors from C ontech
CrEraNTECHY et L et dbefon oI tanas Hre SRIERE S ctepisors
£38h SOt IOl il0sle So1dSe o5EL SFBAON Wsing such
sufficient expression o {he downstream mar ker pr%tel n
védierr auf amatntcaddyc tisebrecist § drodt glelIsanseeiqptiioon of
Ifels ofthenultici%%r ni c. MRNA, and hence a :
SRET BHGTY" | O St r obabiT 1 49701 Fr gh BpF e SRS
tidre M@&ﬁé@i@éll)@t%féété SE &R Vih Sg el 454 Ol levels
vectors. Preferably in such nmethods, the I RES used is
ofanthRES1ihi ¢ths g eekc MR atd vl §enesy 4 evferordly

: i the se ' et .
B SRS P L L TR P et o S
ohi Pt exgs e sté anv evegedfud heg prudtei ve@for st er est by
selecting for expression of the selection marker
prot%ﬁﬁ?%"’e}%l%. LSt Rt ot ‘Hﬁfbﬂpc%?ilb%ews an IRES
wiPBHOB684d a J@fa@{@éﬁﬂtlé%wféﬁéprb@i@aﬁélﬁwﬂ db A% he
i mproved neans and net’hods for selection of host cells
sekprebsi mehiegh Jevel stof fprither nsnpfoveattdiesthances of
sél%?{a/ SEOE. &4 Ve on, The priesant, |l nvent{ on 191 %ot
novel and Uni que  concept Tor Sele |ngp%os celTs
tlexXpsesse g &if ginteveds 1§ ol ypepid desr ddxprées st ,of
the concept referred to herein as 'recjprocal |
thet W RpeHe M Tr AR ERTDH (S92 ¢ I unierrwd tirnal

plePPeet 140 hhePFi®Ecd . approaches in that an extra
'evel of regulation i1s used to fine-tune the anmount of

translation products froma nulticistronic
The present invention aims at providing improved
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
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
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
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transcript, whereby the |level of translation of a
sel ect abl e marker pol ypeptide is | owered, thereby
WO pseessng the | evel of trafslation of the pobgpEPLDEIEsS794
of interest coded on the sane nulticistronic
transcriptionunit, i.e. the expression |evel of the
Uihb 4y pept | d%h%fe>f%]feésrsejs?ni£e e%fl ArRP TP o1 9% &2k
iKestPsOcad | ¥i dependenid frere tde Bxps esst Diird &yEl v of
t he sel ectabl e marker polypeptide (see Fig. 13 for_ a

deperdert cExomwhe erProntFaRtlewpbroacHs sriertamie
. f o
m%ﬁ?%}?%jéf?é%%g&% CPQéé‘gFﬁfqufi‘Cfér é’rs%o é’@ié’R?diéévb) € 1In

he sel ect abl'e nar ker ypept i
cqret tpstReespretoathed 996)ng i awv Al RES | elepssmetite coding
transl ati on of bot pol%tpe tides, so that ic[f t.hose
SHPPTUHECT Nt PRI YRR TetObi G oit 1y the

sd1ansdstd aaefd+ heNgye @t iddre(sel eciabl ectred Keri1996) ,

_pol ypeptide on that of the sequence coding for the

lrpmi;\p%pm@@@fderhit etesn s 13l oneo aspedt , Pe e ¢piviedrt $ ors o
vj de [ C [

G s SR Rt e 8 e R iR e e

t e ypeetpt bt ec f el e romal o f Ntlee edklas yiodb e hastkeel |, and

for ii), a polypeptide of interest, the pol ypeptide of
POIYRERSH A% 07 nigf 3t 1 anshat T EREE | 21T s%cgﬁeﬂb% (and

péjﬁéf;@ﬁ@@)o§e%@f@sgyom that of the sel ectable
marker pol ypeptide, characterized in that the coding

sequence for the pol ypeptide of interest is downstream

fromithe codi né;ctseqttﬂ%gce for, the sel ecctiabl e ker

i n
sai dMTHT CTRToOM c 1T ans et pt o Tn 1o ard T tharecute

céier dioh @i £ el h SEstencee cothmge f Dt ide welteciadley for
mar ker_ pol ypepti de conprises a nutation that decreases

ikt 19RO MBTkTEi RPLPR T 1dR Sereciattl Harker in
e @M YOUL S 110881 £l dna PESE ef 8Pl y Jbie dagnsdation

Initiation efficiency of the sel ectable marker i1s
inlezressedihd rral et erde do enbode resit , haheng a

translation initiation sequence (and startcodon) separate
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
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
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
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decreased translation initiation efficiency is brought

about by having a non-optimal translation start
weemaermas of the sel ectabl e Rarker pol ypept i dePCT/REP2005/055794

preferred enbodi nents thereof, the translation start

Y EaEe b T S Ll DS P R TR
s 164 2 ¢ SQSION, s S AT G SQERIERE En BN Ti1h Na an WO+ Pihdral

context for translation initiation. This results in a

Colereaskr useantlathien ATG Bka 5ter t cHybh, Tlieht T ohpat ed
ad & A& &8¢ asf codon Afl & Oﬂé{fgéo&&ﬁ‘,t &len | SofbdPLS to

preferred enbodi nent, e translation start sequence
an MThes tcadi axgdat riamdcard ospt e sed@ctabt € mar ker
pol ypepti de conPr' ses startcodon different Irom an
htS P

ATG St &t oo e\ meie TG, RS L aEen or
stAGG sequencss fhechd redqine heseofrbei g the dosivie

preferred. Such non-ATG startcodons preferably are
ma 1 kegik efelo e elelgi e cenpr 634 i s fart eeden | df fegpd from
nj.ti he - AT t odons,
algucﬁ t%]%%]%]a(f&ﬁ%%’stsg%ﬂe% %}%ei%s S ’a??r T %@?’atl on’ °F
AdE o dpineses stidtd cotlodnts, two echdheof riansd @t tlon sd St t
sequence preferably congri ses the sequence ACC

PIOHE0E st T 6 o2 0 {oivn- e St t e otich] G .

f1dnikefsy redyembadi e s; gide seauance. snReodi fgod he
sel ect abl e marker pol ypepti de has no ATG sequence in

re¢regrbdion of ridml 1ot +ATF nge quen seg ueh cet Todtedpior such

cidle st adcodon,of Lhe selectabl e muker, nol ypeptige yp.
0 t'he sequencte encoding the stopcodon thereof, and

sttt ddddmy, SegIentes traddbaisioe Stdandsdpliowen sai d
stopcodon and the startcodon of the pol ypﬁg(%i de of
PreraRtY (FPTRAL 2R 3t o AP ef e rait (9% 2EF i ned by an

sATG ud s s cOfl M- B¢ ) cddbfEL @i N
enbodi nents thereof, any ATG sequence

In preferred embodiments, the sequence encoding the
selectable marker polypeptide has no ATG sequence in the
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
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
polypeptide has been mutated to code for wvaline,
threonine, isoleucine or leucine.

In preferred embodiments, the selectable marker

protein provides resistance against lethal and/or growth-



10

15

20

25

30

present in frame and coding for nethionine in the
sequence coding for the wild-type sel ectabl e marker
w@ologpesass de has been nmutated to code for val i PET/EP2005/055794
t hreoni ne, isoleucine or leucine. In preferred
. odi nents,_the selectabl e marker protein provides
O SRR S SR TR 10T of HT St S0t HAD] e3P
arffiecdsi®f a selection agent, such as an antibiotic .
Preferably, the coding sequence of the polypeptide of

i nt Peeedmpri sese atPSPT et TR | & | e stakypeptide
o B CAYENEEs £ ThSG b FVELN 'é’r‘l‘é\'ﬁgmﬁﬁ @{Qﬂéﬁa@é@%‘p&?&ﬂ on
nol ecu |

cassettes conprising a e according to the
sedquemte on, whi ch expression cassettes further conprise

a pronmoter upstream of the nulticistronic expression
! B DTG T DR R0 Sk SRR 5 HI CRd L tes

cdbridd at | O\ thANSCK1 Pt &b i ddecdutid Ci i én,
expression unit, and said expression cassettes further
Wit oPpre S PR 3l e apme e P e D ek had oy s U igeomoter

oS B o et <l 1Tl R PLEST (B S M Bdting
fuassbines frurd henkcoypriseh@dt |@asl ose ot ot ieon

contro] e|lenent chosen fromthe group consjsting, of a
CHRATFXI R L Qe &P F oF i dRi-Hicheht T PRF ot MEE SAR) Uil gy and

sd 119 Ub:81 0L s SEONENCEs o B M ALI0US CHORBL 4 fy opener
el ement (UCOE) , and an anti-repressor sequence.

tyramscrapr ees ore yenRntes seeuenst @rwistredhiof tthe

ect,..and. in Qreferred enbodi nents sai d
multicistronic eXpression unitc

antl-repressor sequences are thosen fromthe group

consistprgfofred Jmiedyimsrer SEQetddf NGudh tdumighs SEQ.
ID. NO 66; b ) fragments of any one of SEQ ID. NO 1
CIFFReit SEFTHEY FRIPBESC viter B8 dS s 07F f PRt L Hegrtrol

e Phd it CRHESSOT AGH I Mid VorSupd SEHMENCES Lhats A Alx or
scaffold attachment region (MAR/SAR), an insulator
sequence, a ubiquitous chromatin opener element (UCOE),
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.
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
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),
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| east 70% i dentical in nucleotide sequence to a ) or b
) wherein said sequences have anti-repressor activity;
wandeds$4se he conpl ement to afly one of a ) to cPQT/EPI0N5/055794
certain preferred enbodi nents, said anti-repressor

T %0 T b o b6 e (B T Ty 43
STHRRD (SER 1B WO £)), TR (&£, |Th. M. 1)), and
STAR27 (SEQ ID. NO 27), STAR?9 (SEQ ID. NO. 29),

P QTR SEF 29N IND, 0 B S ISTRREW § SIS HIRSNG TAR) |

45 (S 47 ( . 47) ,
s B R VS R S T e A
caesetviat | vaspofs¢ HheSEATAR sequehoest idma Leftagment or

enpodi nents, the_expressjon cassette conprises STAR67,
d%l‘éa?h‘ﬁ%tt?}b%?oﬁa@%ﬁl%?e PR YETYR Therirofpromoter

dPDE1 A d onesl-apst &8 adt ofhd hiu PF DEDS €F ot ¢ Vd e EXPY €SSHO4N n
of the multicistronic gene. In certain enbodinents,
embprdingnt i stho el gepks fwonlarkere ohs biotdnkedexn byotah

t [zf€e S . S I [N .
80 PO S B AR SRR G D 1 corvann
p 1 Ot okedl @leed Tharged 0 ¢ herd swibtn | s seongs | stdgotevbded

to 3 . order. anti-repressor sequence A -_, ,
AT P sihe sEYRNCED -CPProhdtRd 10 mul thei 3t rorfier:

aﬂiﬁ%%ﬁé’éé@f‘ e ARG OL di gy £ 0 tderd SWentiQence B -
(encodi ng the functional selectabl’e marker protein and
[ RlovISt ¢ 2 am renkr 2o s t hen pol typeps ¢deptofon mrtestgcording

& TANSel ) %%é’f%ﬁ&é‘@%ﬁ&‘ S}?@(‘jﬁ”c@éia%é"ft%éfé’é@a%fé
sequence ) ereln ) an may be thé Sane or
maht kderemdteim £ed t@bwn eimbesh nemnd Seof hehPabypapdptted®fof
interest is a part of a multimperic protein, for ]
inbeiftle) a HesASOF BT PR ChEninFLam oM bbul 3mti-
rddfed SYENE L ONe Ak S Prigyd Aes, ONA grol ge Uk 68, ¢ 05T {154 g e
sequence encoding a functional sel ectabl e marker

opolipeptemie, characterized in that such DNA nol ecul es

In certain embodiments, the polypeptide of interest
is 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
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
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.
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conprise a nmutation that decreases the translation

efficiency of the functional selectable narker
w@ologpesass de in a eukaryoti c9host cel|l. Pref ermdi/gp2005/055794

such a DNA nolecule: i ) has a non-optimal translation

st ar,Jcc seqrzence. f ol Ilgvved b a€ ot.herw se %[uncti onal .

sel ectabt D ke 2ot iy SEHiRhAE S and 11y T hes1ng
DO Ghd e Sl T & ta & o tdiEn § egpienee Tefdmi g I he sel ect abl e

mar ker pol ypepti de downstream of the non-opti mal

st arfe doh ¢t Hew ot W e AT Qetiencesthake fewent i on
| e S S

LSl e R A RS L AR LR S
ipteane ges thed hosishddrecgemet aitnggtiost t eed | of exjprtessduging
. a polypeptide of interest, the nethod conprising the
R B D T T at a0 Tt e b 1S A% St gath on
cd9sd t €8l d Sc U BXPrES S LagsSet {6h AcCeT dhthd ocidecells

invention, culturing the cells under conditions

urds e ce oAl Forn xR bessi brg of o expks 2Tt @bl @f nrker
' ' t S t_ce
TR T T e e T T
ha@stpecd1 1 thwodunyiamny i tie psobvyskest Takd hoflsidtosrggtoduci ng a
pol yﬁr?pti de of interest, the pethods conpri si n%
cul t1R ihgt W HYRE TRPECEsaflf noRferelen ¥ 14§ hgratods

f@ﬁ%%&&ﬁhf%%]ﬁﬁp%@ﬂ@i@ﬂ iocdhesi hverd i a0 h &g
expressing the polypeptide of interest fromthe
ceaxprestioncehsseine. a |1ropr efelt edsahboh stentsl her eof ,

oSE-POLIPoRE 1 g, o Lpterest de d uiherqd g9l afed from

The" hosto cel 157 and7 or -1 rom the host ceﬁhr LUre uFE

imesh tiwn ) neddirdhere aspegtshe tHe]l ypwetd dono Provt cess tRNA
nol ecul es having the sequence of a transcription

Erpdifes DFPEEITNONOFREIR et @cch? BT or e heeTRRAHIG RS

tﬂé‘r@@f’,t h@ﬁe %@fﬁgepﬁ'{@e 'W%E@f‘eﬂ oi/é d@@ré%ﬁ?ti%ted
from the host cells and/or from the host cell culture
medium.

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

according to the invention.

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 1i) a polypeptide of
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sel ect abl e marker pol ypeptides |acking nethionine in

their am no acid sequence, which pol ypeptides are
wobdoaissabd e by expression fr certai n DNA nol BC/ER®05/055794

according to the invention. Detail ed description of

. the invention In one aspect,.the invention provides a

LG HET el e RENBTTRE T 2 AR eTSTr dME 19 dhscr i pti on

trhd 1 LOMNE ADFidt Jod Shesiad| sep@rkes Pedypepit def the
functional in a eukaryotic host cell, and for ii) a

s §ipEpte dea e htke Bater e potipept i eiel 234 | Hi efleat the
% i NS e ‘
SR dndRE &) Mhe Mol fledtigeuEnas srpal e Trom
daotras tacd e | Zech | the hatdithe segleagesefuentces forldédteable

ol eptide. of interest is. dowmnstreamfromthe codin
SRR 351 AL SEF BRI ES M Kot TPy unit, O

afW tRET SiE P € 4&PNSELdIUA QD Miing arh thee NiC] &t €able
acid sequence coding for the sel ectable marker

Mok pept Yieerohg? | c@RP 1l 987 o iTohtathiken dderleadesredees

jon. ef f i gienc e I r [

oid R S L BT RG P LR S R a fy

ewdlcLoydli g Host heel hyvehidcion fOMA alid e @i g @k abedy ol $ «ed
host cells expressing high_ |evels of the pol ypeptide

AGFOT MRS s? , Uy SRYLEtioy For e b e SieH Bt therost

cSEl £cd.abl &s dmi ket s pol Ypaptd der é@%&lﬁ;‘ééﬁ’i@é of
si mul t aneousl y; one or nore host cell ('s) ‘expressing

interest ypept sefeeof ingt evesthe aaxiec s sern i 6§ ehe and
further. used for expression of.high |levels of the

oy aE S AR e R AR EIELT B ol

s penetansowel y hesh@soa gene eepabtel D{s prevb itk g vg Rivfe
nol ecul e that encodes one pol ypepti de

PolypeReidt rohi L EERZErFH i mﬁ@mi,df%?‘io 3o efvelhen
udSd Mt | ShSEEOD 6 9eAe, 3 &5 A8fd N AS e YSNESAPAPIE of
~of providing an RNA nol ecul e that encodes at

lnterest.

The term "monocistronic gene" is defined as a gene
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
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
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,
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| east two pol ypeptides. The term "bicistronic gene" is
defined as a gene capable of providing a RNA nol ecul e
Wo bas/oesasodes two pol ypepti dels. A bici stroni c PENEP085/055794
t herefore enconpassed within the definition of a
lticistroni.c gene. A "polypeptide: as used herein.
TR SRS HRERT T 1148 Aol RS el RRE Iy Hept Hes
ARneEss 1 8t SPdrd DI i NSt SE ea be BrdiHtLive@raf Padingle
such as a subunit, thereof. Mstly, the terns _
MG y pbipt Gt Bt prot IR R B P ¢t B e grlakpy art, in
fair A " ., b Sats .
B R e M iR
ticDNAL atatdn fo €i dhe DN crodrbeadit npnsed hex e6f ,e anchdthefor
like. Transcription units conprising several, cistrons
tht PEQLRHTR I beth HEr 6 5l o e HRNAT | T oriFasts 1Pt
AP daethesn used hde the Prdws1fon ifeifBriation sites or
mul ticistronic transcription units of the invention,
intewd ht ¥ Bpo pPme Ienisey ohdtevdi oy Fegpokeiior. inrgigmrof

Aeneniid Sfiad LR PSRN Tk O BT

tiog ¢ fnf Bt Nadcy | @OSormn €Mt yorsi desthHorfirsnsét@dion region
jniation of the second codjng region, but rather it is

(Cdependidt oiF tHee 1125 edRR)e dfathahst e S of 11 e more
of 1 184s AU NGr-E&H1 Makde: EhRIhT et henSel LLAaPL€ion

mar ker protein) in a nore or |ess reciprocal manner:
level hhighiete t el ectanzl atnanke ey ethof lower sEtect abl e

C
C

i kceéinpé S N the %ﬁé"f‘ﬁ%ét‘é’{ﬁ o0 | £YEl ]Eeosft L vice
protel of intérést and vice versa. A nufticistronic

vdf&nscription unit according to the invention
preferably is a bicistronic transcription unit, coding
fronk MUl RS EreRic LA EE Ut Ot ker FFYPERT dee the

120h @1 PPl yRepL i 481 Pf 5 & N 85 £51 o+ HENCE, + 1116 PO YPEDH 1616 ¢
of Interest is encoded downstream fromthe codi ng
cadtuenteon 07’ tthe el Bet abl £ hectarl pohypept i plel ypeptide
and a polypeptide of interest. Hence, the polypeptide of
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
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
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
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It is also possible to include nore codi ng sequences
on the sane transcription unit, downstream of the
W@ tiosmisuspol ypepti de of intetdest, e.g. codi ng POI/ER2005/055794
second sel ect abl e mar ker pol ypeptide or for a second
‘@%\Ill%jge tide of jnterest. Such, an extra codi ng sequence

S 17 3 DI het ROt hdP SR uhc e 161 ¥ HEEFT ¥ st d @
1 Peh iy pept i sleo ©f ah Nieiesdg I e i of efabdiad | $s P eeesled Hyd
a sequence encoding a translation reinitiation site or
seeRRd RPLYPRSHIR @nt¥Ytereet ((RESNY QU halto e
£ 1% SEGONC; POL YPERL] UEnOf s LRSS O Uil SLCONE 16
sel ection nmarker polypeptide is transjfated, inthrs
mehisic i sidepeidentpye s om el earlt eis thwweost ngreferred
sequences. In such an enbodinment, it is for instance
CQOET TP Haver THEC T 1P sEgblehice’” s Uit $ 35 611 &1
diEtd HaRY i So PSSt THe €. &F Anteavyr angh 56 gt ©hedd &frm
an i munogl obul'in, encoded as a first and second
PPl ypep inel bime¢pterrseteim 38 ot der )exXanpleode: figre
C_ pr t hi LN
hEH TS Pl U TR G R LS S Gy M foaea by
a peferdes toanser sepasmatentt ansach phf orhewy texpioss ¢ hen
expressjon of different pol ypeptjdes of interest, also
URhet RERE F P hr parEOR¥C £FRTST TP bt ot RF FPYEERT £Q.
rigxamplenddony he heavy and light chain of an antibody
each are encoded by a separate transcription unit,
eachlld B¥feseobxpitkssioh U tsnbeinien ¢dirilse reorgeent in
cXPESSRT OF Wfindy 2cGOrdl Rgy et e, Javentian) ..o e DNA,
nol ecul €5 of Cthe i nvention can be pre%en i n THe T orm
tipd slolddeaisi¢ amngeite PNAo 1 Y1 thigdam did retspesd 1 ypeptide of
. sel ectabl e marker pol ypeptide and the pol ypepti de of
1nhReRelsta ac%bfi‘%gs"sﬁf&ﬁoa%oa DIRBTELOHI NG 'sTFhd, Chee
c&@ﬂ&%%ﬁé@@%%@%ﬂ@%ﬁé@@%ﬂﬂ he D16 SRIes SEAUENC 6,
as the transl ated” RNA, except for the presence of T
thenst emus bitdd . RMencsicept AUG sthe teozkends codedidsoread

ofrhffﬁgﬁééﬂrgk AUG startcodon is coded for in the coding

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
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
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
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strand by an ATG sequence, and the strand contai ni ng
this ATG sequence corresponding to the AUG startcodon
WO 006kes4RNA i s referred to ak? the coding stranPCDEP100®055794
DNA. It will be clear that startcodons or translation

DA 1L  start or X
e et e R T DU 1 B e et R it codon
a@nhori eth i tha PINASE €0 &n €0Sk NITEOT s Sks i ana A for

nol ecul e; hence, wherever the present invention refers
the eRrereddoh OF" t F &S at FUM 1 hi IRV S URPRRL Y he

e£gsTespondifg. LA 1Ip! Geul QR I L1 S gaguence as

sequence but for the presence o I nst ead
todnsaldted irteo cadiangisd raenidd ofbs@ai all ENA- erdbecubteeisreted
meant to be included, and vice yersa, exce t. V\heé‘g

22X TN TP G T R BHHET T Q6L 9G P THAR Tor 1,

cSIBEd COYOIMNA Sof OFhd NSRNESL &L AG sequence in RNA,  but
t he correspondi ng ATG sequence inthe codi ng strand of

t he TNA selectapkedrankes RebyReRidote asndwetltein the
. fnvent | T [ e e e
P et i e e Mgt T LR
ghasesjch mdhe RINA fobwecut earddibdt Bsre 1narnst Bdedsddiien @,
amno acid, but also to be interpreted as the
ar&%r?}é%%ﬁﬁ‘f%geft‘ﬁ MY ot et s%“&be%”cae%t‘??]d‘?%e(%d’l’?@l as

s @8LRf , the DN P! £l &n cJhieg 9 esd abl £ drag ke

pol ypepti de and the pol ypepti de of” i nt'erest encoded by
reddimul f¥@0st r oni ¢ gene each have their own

tra Iatiibéan i,nsié on_se nce, and.t

rm éé%lon TRENCE ?¥ se ré%ggf Sl ker

have ‘Thel 7" own™ start'codon ]ias welT as stopco onIS1 ,
is . eypideeyl pnesedcoseck byr sepad afen®peid f@adb ngt é Tranisose

. The term"sel ection marker" or "se]ectable marker"
PFRSERF e} P U 3G RI ST Y el BT ¥ L 1Y ot i %
cdhpser Pr esenpe £an her dstecigd digecily-of dndirectly

ina cell, for exanpl € a pol ypeptide that | nactivates
salection agent and protects the host cell from the
agent's lethal or growth-inhibitory effects (e.g. an
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
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
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
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sel ection agent and protects the host cell fromthe
agent's lethal or growmh-inhibitory effects (e.g. an

W@Di0slisass ¢ resi stance gene thd/or protein) . PCDEPENS/055794

possibility is that said selection marker induces
uor escence, or col or d osi reen
sHI B W DA Tt et P 5 Trtertomien)
mar}kéh_elﬁowmla@cﬁnﬂikﬂim@%m&pﬁ&@ﬁﬁ@n et£n )in
whi ch can be used for selecting cells expressing the

PHER R i kR W?@%@W%%@%o@%rt BTN, YIVeRi iRy a

SLE({']THZ%%]?ng ce ]_egg(&f%é Sﬁ%ﬁi’éépé ?Aera :{OEDOVF]D in the

as@l@mdeﬂbmtxnekwru$®dywh¢m|@Mk&mymﬂxbrmpsm ¢é&ﬂ clones
|nvent|on rovi des resi stance, a alns | et hal and/

ot G it 1Y d1ecievofeh TOf EgdntY %
hesféﬁ@tamecme@ﬁ abypatnge, i s %m@&eﬁorbmmee%@&
the invention. The sel ectabl e marker pol ypepti de
f@]@c@wm@@@txm 1$1V%¢Q¢Uh nEUStO’EEiEle Lmqugmntw
S I
o RCHIOME L8NeE TadiBe U RELE CAPARNE Sl winy
kst ectiab| et e kﬁlep@ttyqsxepﬁaﬂeefsjlﬁé Ia\ﬂglli'blse and can

criterion can in prjnciple be used accordjng to the |
Poregeit § riveMFIRY Sl PSEPRET M P HRITRET ol BpEptTvest -

e@ & ¥Weldeknowbsuihen@s | andhh@iid nel yydsed whepet
eukaryotic host cell clones are to be obtai ned, and

otsleeﬂer@mb@d(m@s, airlee PRIORR dezhdetreiwmsed meea ts¢Fectable

nEIPOdI Tant 5, By alectlon g ker, used,dafo Lhe avent i on
'S Zeocl n. her enbodi nent s as used.

e dihec PLT BPIL B ki:héz@@bs,-_rncj hﬁl@rdoméﬂtﬁ@m\bﬂ twnt ot her
sel ection markers are avail able and can be used, e.g
m%@b‘?fi/%‘?%\“%ﬁ%h%l Sty b"i’%o‘?ﬁf]c‘??]teqlly%‘?%n%/{&?]ﬁea%?% C‘?Ihy

nhier s esPogdi dres sy D’_ﬁ{@{%”yéiixﬁhia?r}ﬁ?edthé Ny Mgt aiher

enbodi nents, the ene is used as a sel ectable
symriketrgsahi@h) caandecaelleetesedorfdy wetdvtsekateion is

SSPEH & 1Y b1 106288109 {1 £ONCEN r@l 1 PD QT ys-o

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
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
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
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nmet hotrexate cells can be selected for increased copy
nunbers of the DHFR gene. Simlarly, the glutam ne

weywshesse (GS) gene can belused, for which SECEEPI0051055794

is possible in cells having insufficient GS (e.g. NS-O
ells). b ulturing in nmedia without glutam ne, or
2 SEeatdeite b 45 it TR S FReTrt it A RE3 % oo
né€lé sl Lyiddsh ngcw@re | nhi bitor of GS, nethioni ne
sul phoxi m ne (M5X) . O her sel ectabl e marker genes

Theratewpul pbeclused, BhdtYheral kel dtined afentlss RFecess

e . .

o5 D T e e raate R B 0

sd B 53R 566 1(t1990) ] ddmtl fy rlevstevwall 4 heseh Mpeni fim
multjcistronic transcription units are to be sel ected

I HE I WIS t Her T vt o'F iPeesi gt Fota gt |12

teacdyone pielerably cond ains ddokodi no: seguerncer fos 2
different selectable marker, to allow selection for
PHotIn kil kedt¥onike taahsehd ptiwre 1eis scortpinduers of

sOPLO Tl t &fﬁéf%’”&f‘et ds?&'ﬁjré).t '@E‘e Ua[}kﬁoi‘@é’jt@et}fét?sfé“
on a single nucleic acid nolecul'e oralternatively each
panei dblya by pesent ageods Separed @i mudbetLusei the zeocin-
nol ecul e. The term "sel ection” is typical]ly defined as
T HES AR R VFC LR h@e%cjsréTPe)ctfi“b%s Y KIS Bt | Erug

af@I KeEadPth@ S€leeth 0 f96Me tOrddentd fys @éé%ct%| S

wi th specific genetic properties (e.g. that the host
tietdteomaianownt rahsgene imtedgrbtd ¢atlbs i vstiyehone)

levdis ! Se CLEAL; L .ae>PeJ_[eso:’£]ioSIlil(,l 'J{}?Plé ”aiﬂgwfﬁid 02, 1 gh-
nuner ous conoblnati o o selecCll on narkKers re
cpOsss dhes €EHesantibi OtATLL tdidiet Sapaibictdl @ teysistance
advant ageous i s zeocin, because the zeoci nresistance
PR EIT {2 RRITIRIR)USR 13D H IR Fry 38 eftiy) 3
cdepderi g iy hase esp.wihereforgnid) | susy, tnditrate
t he anmount of drug that kills cells with | ow
antibiotic zeocin is a preferred selection marker.
However, the invention also works with other selection
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
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
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
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| evel s of zeocin-R expression, while allow ng the
hi ghexpressors to survive. Al other

W@ni0sl0isass c- r esi st ance protetbhs in commpn use BEEEP2005/055794
enzynmes, and thus act catalytically (not 1:1 with the

bi .ot f d
o g et RS Pt TSl P P SSiihd ol s G

‘W ldcodhes metest h@ui@éﬂﬂﬂée’ , Fasel &g abd ecrar ker
I n

polypeptlde accor g to the invention is the protein

seﬂrf%ﬁtalé @ iRl By @Rl mus ef el bki fhmrtiorat nvent i on,
| SO PO YRERL T dey can (gelens%génf@ e&'ccé;% él AE skilled

ecause it provides re to a se on agent
pstgdn asimmany | hilot i cat Heme eg s whehl aans aierdmm,t |cu:ftesn the
used as a sel ection ent, the DNA encodes a

TP yPEpLR TR Hat ST BFS t‘r%%l%?%h%‘éalf%et%% Fef ettt oiPn
adGent s s Whi £b ROY yRepd 4 dend S sedeed abb&ntrar ker

pol ypeptide. DNA sequences coding for such selectable
(mk%t?aw)ypme dexr aP%el@@wn aterleyeredistemytles of

ype, f I
pro eI% n's aé: p?%%?%leﬁ her ei n (%170:?%}2@ i%%%gf) ?IH%\% IK]%Y
bdedif farerithate nmyt artis @Endecddmid vesr ofhs ghestaht e
mar kers can al so be swtablg used accordi ng to_the

CORMVRIE 1R, T AR t HerEIPECt el et Wk tF n ?h%“s%o‘}féd

kHahtei d eri "seloct bt rad kes POl yRSREd de' (r&$i 4 Oke)
as the sel ectable marker protein is still functional.

(@orn@@nv@mn@cefhad@ ddiegerdrialiial acoeptied apyindgd ycoside
k| [le erson man ublications as well as
hosdh ?]f%%s%%%asgeen Ehd protei n encodi ng the
r eS| ]}SdlﬁntC}Ge toréasset etiven: BgeNntit sis ebeis et il aso tieve
sel ect abl e agent (reS|stance) gene' or “selection

l%&ﬁ%&%ﬁ&% DR f ' the r3aleciaRAs yiagiehough

ﬂgp éi&éa|s<5‘a@f?§tf@t¥rﬂ?gé’ﬂtff§éfé€u&ugls thes 980 . 1n
ing for the protein conferring restance to neonycin

tfasoreséntasinoeid apldis is brought about by using a
selectable marker coding sequence with a non-optimal
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
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
less) 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 i1s superimposed on the high
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kanamycin) is often referred to as neonycin

(resistance) (or neor) gene, while the official nane
w0 200an0¥8369| ycosi de 3 ' - phospWot ransf erase genePCHBP20051€55794

present invention, it is beneficial to have |ow |l evels

of expression of the selectable rker pol ypeptide, so
A R Tt el St T phts 1 o e g esent
s TWEM b®Ncdid Bt iSnHr gt r@dout i dy EiSdi0cide Sedecdald e
mar ker codi ng sequence with a non-optinmal translation

slefngi R tepoln setectevh, cohly el dslthdirapseription
t - £ f abl k
%gﬁé IE‘L?itgﬁe Wéﬁé‘lb%s ﬁ%@%&f&iﬁ%% abl e marker

pept | el ecte meani ng that such cells
nustThavieNs uiid e eld s taamsodinpd i tom die tiwvention have
multi¢jstronic transcription i cie

nit d suff .
Che SRTHRT oFFBictte Sof eCtant %F%@Fe gV eptR geypeptide
updi e Rrovi ges Gosehfcidfed o €8t |l shahesBypdiStide of

“multicistronic transcription unit has been integrated
inrergder viis e presdntfon a neuHobelgleromi it tzaps et with
Ssi 0 ' scription unit

S e Rt T AR (e "o
pdEESIpt Bdd poOCchhtyre it edrke petnel esd 1 drat aks e afia ther

transl ation of the polxgggtjde of interest fromthat
P%]fYR?i%t%cﬂ%nsfll%ﬁ?%n % i ey DS n%?%é?‘?r%%{ﬁ%sunlt
cdh@hs $&ansh athonsd evel 5 of; ther foh ypspth den ofhe

interest. This high level of translation is
tsapee T pod ezt oand hef hilyht Psrd pin ofhe¢ eved sl iserect ed

1 Qs PYiddig ﬁliz!ri]g ngent. el eg‘ftéé’”uéﬁé‘éj'%éé’”@é A ectable
resurting fromthe use 017 a8 S fong pronoter ih T he
mdnoisd r ced 1 Podet e vend rams cséPliede odndd®ing the
mul ticistronic transcription unit) . The DNA nol ecul es
PREGRRIF HE tof tHet¢FREht i on have the codi ng sequence

For Ahe,Seleetab! endref kednpobypepld de, 4nsd ream of s the

codi ng sequence for the polypeptide of interest, to
tipr ovi el ¢ st eomik tgeistaoniprefarsely ptransated from

LRI OgL L Yad N S5 gePendent nd L ARSI Q1 4l p1e
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
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
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
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pol ypepti de of interest and the sel ectabl e marker

pol ypepti de. Hence, the nulticistronic transcription
WQIRi0s/0esagpri ses in the 5 ' t¥ 3 ' direction (betEPIN05/055794

the transcribed strand of the DNA and in the resulting

transcri bed . the .codi ng sequence for the
T R S TP b Rl Th e SASfiinck Less
r &EHTHEH e HhieaPbyRepiddes Dih | tErasdueMes ik Tvgly o tdech

invention, the coding regions of the nulticistronic
migletel ot 2 IR ED| YOI Rahst ARl 3 bR t el Eaprrepe ndeheh

t e S i de

e P o s e S el e S R B
nyomisyent £ ssaacthv v g teahsh Bt s cnf tofr tdhenswhaelt sdl ectiarsker

ci stron,. accordj to, the invention the nucleic acid
P E L T e DS B a o rAl Tk Ut veBET ¢ fRncy
dEONRY & 58S MutRit B Ofs (pd b T hes openyE BRGNS F@dBche
(ORF) or in the translation initiation seqguences

Praeed gl t¢d TRthorath Pty armata duetkeisest t he

o) ficie 0 h t abl
PEEME drfh iR dne RS Bl MRS on
pel ypependy sicul s bechoweix irhan ¢daderwfrdticon of
corresponding w | d-type sggﬁence in the sane cell,

s¢lection ARG oh LI P Heks ot ipepttde
nie et HEFviv IRy Ubion iyl dencegiwss sehecti@bl€ion,

mar ker pol ypeptide. This can be detected using routine
g1ned o dspeaedwdewd t hieg peimon skithedoe¢hls hin arhe Fegsence

%nst nce. in the case ofantibiotic seﬁection t he
o) election ?gent, ?om 1?atlons of Tthe a??ye, %Rd.the
it ation Wi | Festul I'n Tess resistance an’ obtai ned

1i%kd h the sequence having no such nutation and hence
normal translation efficiency, which difference can |
easi ¥y %ep%ﬁﬁ%ﬁ%%ﬁF¥XfRE&%Q?ﬁ?ﬁrﬁﬁ@?ﬁ#ﬁﬁﬁﬁbertQﬁ mutation

IS V&V i SOL O &Se A4 &1 2 & DT IR 5 SELAL) | O PEThOChtion
which wll be Iower when a translation efficiency
tldetrédessrers et @te orrdss hresemt iniAd sat somet £ £ kabawcy o
the This can for example be established according to the
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
suiltably 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
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,
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person skilled in the art there are a nunber of

paraneters that indicate the expression |evel marker
w@ologpesass de such as, the mald mum concentr at i oPCDEP2005/055794

sel ection agent to which cells are still resistant,

s it A R e e
aidl esencer Of rSEdRoit Orad@edt , osoIHM Nat + Hmns1 £f 1 dhe

above, and the like. In a particularly preferred
Serploth MR CC t FRNPER /T AP tPRELTPRE reedesceden (1.e. ATG)

1 AL RO 4 B AR E0-dQRty AHLEARET by
REX aapd ed joee @ist yabf o Bheke diceprEl ngA tood-hept iwaeht | on by

rovjding the sel ectabl e narker_pol ypepti de codin
£ B THA L TR Farat ® (TERETRA AT St ard® s¥illence
se?fé&{c@xﬁf@l{ Egitd® 4t ansd At | Sbhnd Nidt it o & f LA ENEYion
(0]

_ the sel ectable marker gene in eukaryotic cells can
iea stiikaby Yt vecrehk etHeleotat gy hecakee i thente becthion

i tartcod t he C ty '
A B PR L AR L T BT g e
cai s sl e disemnde HYCATE®T ( § st @dxedon Nuridier Tk dng.

strand of the correspondi ng DNA sequence, to provide a
Trepe bt ol PY iR | b ofPRe At t 3B tidrcei e e R bkt ath%n

£ 5L L SLAUENESH | St Ad &Sk el ef g Osddhd ey Fieddl @se 57 -
Kozak sequence' , and an optiml Kozak sequence is

CRCCATG I ,mRf%e 63 cancounmediterl $med, amRl bes nmop st
rine,. i..e A or (s ozak M, 1986,.1987, 1989

BBkt o gnfen g oSt HEEE SRR RS A i (oo
Koiseld, theseont &x1, thegeof199m, ppgd7 cW @2 NUCH®MEVEES in

-3to -1 and +4 , are relevant, and an opti nal )
a t 5k} ARG OTEREAFE seh YR Tonp SRt Hig bpt Farglation
1918 4080 ddrun cdY Gl rd Ne@EL QP14 &R o PN £ 63'(-191ethe

ATG directly preceded by and directly followed by
ribgsome\tmnstgmtrmmanslation. The present invention
makes use of this principle, and allows for decreasing
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
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
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
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transl ation start sequence is defined herein as any
sequence that gives at | east sone detectable

WO eaaskssd on in a eukaryoti c2tel | (detectabl e PEDEPOS/055794
the sel ection marker polypeptide is detectable) , and

. not__havi ng_t he caonsensus. sequenc TG G (startcodon

L T o S e T OB T (T ioebree Sred ey %

pdrederabpl yiaed ihecHd rett Stad cogon ot E@NCHUNM €15 When
scanning fromthe 5 - cap of the nRNA (scanning

criRefHMESH) 1S iRt | BhoroSTG eFtd g eedomhbh Rbkpepd i bl 2
“Koze ' t .. 1986, 1987,
A G G e B oaTE iR S0P MicsaPPon:
per cemtages ofnad vaend spraeseopd | erdbod Trearst atilomn ATG
initiation, se nces .are recognized and used. by the ,
S B LLESTHE (O vt ] S ean S oo et e 1
miBKESI USEnDE i s HinChidber Bl ald anserd Of owlee T EARd 1Y

and even fine-tuning of the anount of translation and
o elpen kil a3 ohl ofathen sidhaet bt ef heg k eemipredlifpript i deéhe

a3 SO S U BB ot SR RS R
andwiesnt | @don hewiATéh stiad tisaso nrabo t ted sed get @l @ nedsker

ol ypeptide, (jn the coding strand of the DNA codin
t %?gf%’el%r%%%‘b%‘a%%' Aﬁﬁ%gﬁ%?‘i%%%nt? P The R CT&

AFF ANSETAGRE | @b PTOGUCE 1y Srd £t rd Dt@Sthe PN 1A non-
positions at -3 to -1 and +4 are nutated such that
opthieyatostrott faddons’ k hel o erd rikeod aknizediredites anyhe ATG
noys e .g.. by providing the uence TTTATG T as the
e S o P e D% s ST e T Pea)
ptévidédd deirl ebswédhadxpitdesisnt bdveons arowsd t he
startcodon at positions -3 to -1 and/or +4 could be

ERARHLAF PP i TRIRHER LR AT EIReCR RN HE ©F Bhe 1n @

LS A e X
R T Do O P PRl PRI frcgaon

ig mstdiedttenbdifGresitatscoden, tiel AT strardesdoren slower
e éﬁggghéﬁ]f%vels of the selectable marker polypeptide
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-
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
vitro, so although strongly preferred it may not be

absolutely required to provide an optimal context for the

non-optimal startcodons.
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non-optimal' context for translation initiation. In a
second and preferred enbodi nent, the ATG startcodon
wo t@elisdsd t he sel ectabl e medker pol ypepti de i BCT/EP2005/055794

nmutated. This will in general lead to even | ower

| ev of translation initiation than the first

e AT S ST nee ety for @
pENResH i, 115utd:ad Bed i iy Oc B AR T T s €DEede o) cdrdas

been reported to provide sone translation initiation,

refprredtances t LERINGTATEY G 0t ibrthgsgs are in frame
| tivel i i mal rt

A0 R ORE | nd ARSI IS oA IONOPLTE) Sié

redalt troglome tlsi ond it eth | the® o Gitest Bdd codare fdinesd to as

rovides still |ower expressjon |evel | oner
o R M e T HEE A S S i Eed put
addoRdNON-eptindl i st exin MU € Hefes@bly. rd o TG
startcodon is nutated to a TTG startcodon, i ch
(fp blowierg evien $loamercedgnr estdorn¢esasar by thrcluding the

. Y ti . .
SSELEINN R AR R SR P A S T gt
p2O02ralsee B Sdewxadipd £sa®y 18Thes@iugnce Fof e seding
enbodi nent, i.e. where a non-ATG startcodon i s used,
stxand < oyl YN efRrrRd(RGE ROV HREEHFH ) nHle cont ext
st OF SHedh S Btand ¢ ept £de the NONOPLLMB| 15 Bt £0FHONSH
are preferably directly preceded by nucl eotides in
stposicodors 0B the -dokyrepliidetdy ifntdoned myy oG and in
nucl eot I de osition + . _.Howeve it has_ been
FRUE T Y i ot 1 e e el e (& on
esingerisied)by morEet img tamy | onch SATbsssyesh@d wedsin i the
vitro, so although strongly preferred it may not be
cobsed RV T eehe S piavi Rl amaptd e o LorR% ¢ or

£ RNy OPtd NBY 5 SE SISO IS e S G SEHENCESa W £ {he

codi ng sequence for a polypeptide, but excluding the
ted si@ralowdon, the esteferoden tof ashe| snkeeiadbAT @A rker
pg{§£égt{égﬁ¥%§gf%i£g§rggﬁ%n ATG sequence, but not
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
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
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
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with the ORF and therefore code for nethionine, the

resulting nethionine in the é)ol ypeptide is referred to
W@200a/048¥5nt er nal methionine'22 |t is strongly PCEERIN®ES5794

according to the invention that the coding region

fol | owi ng the startcodon,. not ily including .
143 ST otions S o L e R e o i R Rl Ry DA 1
sl ypeptice s efesmblyudst tevoi v odi eryrfée Safensei st,

in the coding strand of the DNA, up to (but not
buthctReFH YT hee 33 afe kOGoHt of 2 thel pof Fpleptt decwkd even be

. . | ¢ I .
b%rggif%fejzérleg?g\r/rﬂay e]?‘/esan%???}{‘?%c\? priel?ig% a%?‘}e/ 1|Hgé,yan ATG
oftiaid qutkesgnt Ifwesn ticarn bet fes tradoh irsire drdoyu imkret n tn gl ainyha t

such ATG sequence within the codi ng seqguence of fhe
e 2 B D T W <o SR I0iet OF o7 bud 1Ll Hee seleCtea

£&t afd cogdiodr§hef €ofe (Bs) | sakl @arad{@mydei A€acth Pnine,
above, the startcodon of the sel ectable narker

igplsipebre dend thkencipmyaie prpIGsehbiensdnli g wot

i | ' b
nSEEERERLL YuTP) e TRt S RUIRE SR SR, 4 oo
thedatamh@maodacits gobd hetset aod addredidakes to be

G?ol :grtéi de wherever possible. Hence, wherever an ATG
t %t%f 13 (e RV HP St P B ERh S TND S eRfefdeRCe

a BNCPUiNg herSeb &S kb€ IREKEE, P YRE P &e; o I Ly ATEE

is not in frame with the sel ectabl e marker polypeptide
tigRPpregent heredot eonjoeshaotktbbed freraen imaeriegt other

net hionipe in t sel ectabl e rker ypepti de, the
NS SHE 40 o B B R Ao T R Pk RSB nd TP o
udtasg NEo Wt e | dbe ¢l 4 Sbi &l @ yat e Eih PuaLi £b S efuenteng

Wiere the ATGis an in-frame codon coding for an

CRht @NEI i el OF N oeRTE Eh BRF ntH M et &hb ¥ Het
ugee%ié@@am Hed ool ypeptd des gan hes 1M i Aghy; ghecked

or activity of the sel ectable marker polypeptide. In
meheculmy aioiney i teclvaiabes chos emu v thd g2k, tot ais at
pggst‘eargtedafsecla e}%sasbik?lenai‘[gesry#%ggf éiéjte vsl kff required
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
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
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
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still active as such (quantitative differences nmay
exist, but those are less relevant, and in fact it
waombadssasen be beneficial to?have | ess active REI/EPINS055794
for the purpose of the present i nvention; the m ninmm

t js that bl Kk tid
oS T el St B3R b e SRyt | R g o

1@t§éﬂ$al/asz®ese<§dﬂér@@é% Newhé 5O ﬁk@lmﬁl@ﬂgyé@%dlﬁlgﬂr e
structurally simlar to nmethionine, and therefore

SDERMS t®at Chodee kept inre 17 oo et Hie dzorER Bl R d
é’:\% n&h sandidates, torbe tested in place of methione
MAt

e codi ng sequence after the startcodon. O
courie, pmvr@ﬂ@eatmmqlgse@jemm iDmES@rEeleithiﬂile‘m

ski | . test other am ids as well
nd e sl Greb o O M S st T h A TS dS ene
Cl{@rll(,eé:é“@f Db DHPGY &8 NP eSO i 2t Mg dhesgodi ng
DNA, and routine testing for functionality of the

rﬂs@%@n%l@er@S%Imptfthe@m@Wmlhe

t%’ﬁf@%%? bl APtgysé {}F “@?é é’é‘ié‘éﬁ%&?l% %é.]fi S

presen to syn hesi se

pdseypepsteﬁdelsamga Ssklb@skérmétgt sirepsindNABR quehtesl éddiatde is
have, suffl ci ent Ieng th for an ORF of a sel ectabl e

IRk kET U v pthide dF SRRFPRG Mt et CCW%%%U%‘?]C%%""“

f&ANOVadays &’&tﬂﬁﬁ?r@]@a&@]ﬁﬁ@{&ﬂ ald yrf r QYR EOUS; e,
conpani es . Hence, using the teachings of the present

thaverf i ore p@bym@%bﬂesdxflire’@elr%fthe art may design

appropr nces, ,accordin 1o the invention .
encojg{?ng a se egfa%]f etl}r%ff kleff l|o%l ype Ife%ee ?amtjhy aStrlctly

r &l £t & D Nt sl ecdredsd NGL T r oSt Brid DIATE §¢Qliddde s afitbm the
preferably having no internal ATGs) have thjs

C%‘éﬁ%rﬁ%q%‘%ﬁﬁ%e%' Zete P Tiedt e HeA TR nteckprg 3¢ the

v 4nGhd E§%P&$}%’s&ﬂ§§%@lf%@@t@§% Es B KEL OYha1 aTG
I ntroduci ng the DNA nol ecul e in eukaryotic host cells

sequbnest d9ra exprreskd vhonfifintdtomal ssettect bt e for
instance because such internal ATGs usually are not in an
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
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
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
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mar ker pol ypeptide. The commercial availability of

such sequences al so nakes feasible to provide w thout
wandaeksssden for sel ection ndker coding sequePCEEP2005/055794

| acki ng i nternal ATG sequences, where the wild-type

codi ng. sequence of, the felecti n narfer €J¥%q$%ide
TR Ohpri’ses et SRPS TRt har PRSP 1oV di ng a
iGesh @t Seopencevdrba sieheed abdeh ke rbpahypepingeny

| acki ng any internal ATG sequence, the chances of
neyzeRertehtPe st at i e mil at 4D ot byl df b orelse$ Hatthin
Pas (fi - i | atj start
s B O R B e e e
pelipsaotiedd . | nt ernal ATG trinucl eotide is di mnished,

so t e ribosones will continue to scan_ for the

tt
firs %%’ffﬁﬁmaw AFRIHT N RISFI selfuente, 7979 tHata ot
bd e 0! YRePS t slecSdoh B eresd - sdteMdbibanstiesr dhatend

is not necessarily strictly required to renove al |l
st terodon /G e uenbERe Bt big the ol FRE S ecfire RS blY the
b, v+ @S } O
AR o G A i ileless o
otehdr amnsh-adptoima hipdtedntoia Stardnside ol cgtanst @ndens .

because such jnternal ATGs usually are not ipn an
opt i nEFaTbht ekt FOrstraEt Atk ont ¢ ed A Fonr I heverthe

pPd SOt N W EN D | hend@ctnd hata SVeD: Adh AJG SEMeNesndd of
a nonoptimal context gives rise to significant

the grsl yrepnldani of atnioerevient@ng s s gre et abpwirehl hi gher
f han, from a non- ATG st artcodon i,n. an opt, el cont ext)
traiy L3 T o7 85 e it mat 1 MaUed) A et R
S SRERIERE ESCERECPT estedt t ¢dddh eurtdsh Npnd@y] orhdd wihel
sel ect abl e marker, each of these m ght subtract_a ]
re$akk | bh FVITHREMESI e Hat t S RF 12t et ht o RR1YPRREde
o AT S L eventing them fromreaching the downstream
translation unit encoding the pol ypeptide of interest,
and At ecomsediienge | @ssthese measures, the reciprocally

interdependent translation mechanism of the invention is
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
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
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
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expression of the polypeptide of interest. This is the
reason why it is preferred to have a sequence encodi ng
WO bdsseddsrt abl e nmarker pol yp&btide, whi ch sequURCIEP1085/055794
free of internal ATG sequences. Possibly, if desired,

theratio of, riboso translating the_ polypeptlde of
e e L PR R (e ol rEn CRahy S e
s G Ao PPt MBEh PO ETE ¢ @ ork ISk &t | 9N Yt Bdd Prosl § €S
wi thin the sequence coding for the sel ectabl e marker

veleY yirnt FHeos@neartil l adhgarebiiencer gt esleht § ¥ tHeodon,

i t t t opcC t abl e
R LM e TR e
proteirstamdmeas: |y legldest givegesug hof hatledt Joes arod at

conpri se ATG sequence or, other non-optimal_ potenti al
LR It F HPE ST HFRS Cotibhst -DRI R T 11 FER Rt Forfy e
pPI B&s ¢ £ek ascorfidge 4, the present invention, that the

translation start sequence of the polypeptide of

i nt eblests cdpmensiesated I el thathstats opastke tused in a

[ Vi 0 S
v St Char i e e B R PR SRS
pefieciegd f anbdads orthaof d¢hereod yipeptpoeypdpt derest .
A s a consequence of_ these neasures,_the recjcﬁl{/ocally

0 ee HepehderiD tharst 3 i Hh Hreehai sntbfadhket 1 PRent?on

ekSroE Ovbderh & Dasores, Sear. £ rom ther Gan,0f ad her TRNA
containing the nmulticistronic transcription unit, and

intemdt qepeenttydofsighbbSopastly [highanstzar these

first fren r eadi n frfms .e. the s Iecfable mar ker
obtained'when an even larder ‘num %F oL colonies.dre
protein, because isis’provided wih a mutation

s chessead i g idnes & Yeadisi @ad | Oys eddid ch Bricyr t whikh@wit he gr eat
majority of the ribosones will|l pass this open. reading

frame? AT £ ahteerorced trnolRiier 1hEn RN
efﬂéié{éﬁn_fﬁt@o@f_dt}g@ holypepid de. Of 51 &4 eﬁﬁé&ide for

resulting in low levels of
decreased translation elongation efficiency of the
selectable marker polypeptide, e.g. by mutating the
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)
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
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
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weemaermasy of the marker wt

sel ectabl e marker protein and high |evels of
pol ypepti de of interest. By egr ovi di ng the codi ng

| eading to several |levels of decreased translation
fici y.. the stringency of .selection is increas
L6 P DR AT Y bt At e I Bt by T3 o G- b
opodypeptj de of interest go up, so thatfine-tuning is
possi bl e: for instance using a TTG startcodon for_ the

sel ek | IR BeR Ypept § deie o yRRE ot v r§ bosdherd

. N . ’ ti . ery
TOT e o oo o TRt n
et qihi rsd rilngencyriododet et | e sk atalh e sanket i me
qL?Dst q&l ribosonmes wll translate tﬁe o] ypepti de of
PO TYRTRSEIS 1 t "R ACHeTRHST T RS HT RIS %f&t’ s-tah be
sHeShdd Bn VEF I OPUSE Sied estd O SYSE edAd | @3 dhd 0a afew
very large percentage of clones that express the
apoly peptisle idithay edeeatndl gbenleaiet s2 secerdired. In
sBAALELO0. (LDe, eXPESS) 0N L fugle, alaiaagdar ¢
pol ypepti de o1 i nter est appear T0 be Si gmjflcan ly
sdnghrece tABR. thosle Dbipaaned sdpreare evean barngssd ntwrber
of colonies are screened using sel ection systens

y :
DT t P RIRANE TP aldfciR Tttt 0P ol e 2y treHas Aty oht
alfhddd op sffhLi eRcYssigreoihd P benefnei otk al $990)
provi de f'or decreased translation el ongation
okeftheishbycioiblhanzehectzbl ¥oept kde ol yperr desoeiny.
pOYo I FULA e, codi po, sequenae. her el so.d hale it
conprises several nonpreferre codons of the Host
sttelhgendy osflethd osd Lkd hiosn degdeas eaddherdimnst at tion
. levels of the marker pol ypeptide and allow still nore
1R¥eR et sel ection conditions, if desired. In certain
enbodi ments, besides the nutation (s) that decrease
the translation efficiency according to the invention,
t he Bet et e el omrkbso pofgpepes de BNA tiekecule

comprising the sequence encoding a selectable marker
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
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
functional selectable marker protein open reading frame;
and ii) has a non-optimal translation start sequence of
the functional selectable marker polypeptide. Features 1)
and ii) can again be provided according to the

description above. Such DNA molecules encompass a useful

i fferent nutati oPGI/EP2005/055794
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conprises a nutation that reduces the activity of the
sel ect abl e marker pol ypepti de conpared to its
wawdodossspe count erpart. Thi s2hay be used to i NPCEHEB®05/055794
the stringency of selection even further. A's
. non-limting ex | es roline at_position 9 in fthe
LI AL TSRO oy e HNGREHT o, T 3%
mdtec@le Phean ansl g espd Fed NEDRYE) N iEesdbSiddEinto
pol ypeptide, ami no acid residuel82 or 261 or both may

eukaf He i pehorit atebl § sted etestagh Day spwpayiong higypefor
' : i t : O-

RSt Sl o ol e A T RN ot

cahks st ar f cdeloivred imen sédect-abl @uaret kieat pod yeptede, of
whi ch, spacer sequence eferab i s a sequence in

CIfY L AP et A GRS S ol ol Y S

r@et Sy Ul thatp HOeSrd10d BN tRD Te Ay BE COPEF S UES Uee

~(Kozak, 1990) , and does not contain the sequence ATG

1rgiRiht BT ae@P BeLieg cleh e ani blel eselar el ¢ (e e C e ks e

translation initiation frequency if a secondary

structure is present in the RNA (Kozak, 1990) of the

sel ect abl e marker polypeptide (e.g. for zeocin,
possibgﬁ%for bl asticidin) , and hence increase the

strihgeh®y? BT HRr el etiReHT sY5t e atte i 1P t P teevide

anh NVEHE 08 o] hea d SWverd | Q@ 501 Y vk desna fWVs Al ecul e
conpri sing the sequence encodi ng a sel ect abl e marker

apeot@ding aeeotlth npnyentheni nvantienthewmeht DS odrtal e

e A bean provided wiih, a miation that. decreases, the ¢
TTanst &t ion ettici ency ot R FUREE TOnaT° et et abl &

tdres Kere 90| yPRPdn ckes | dif ai etkies ¥t | cfdosin€edhce lin host
preferred enbodi ments hereof, said DNA nolecule in the

Cebbf ng Bt rafRlE eSO HER A FrUt 2T SEDMPATRE t65 the

niyé]Ldid y&’@%&%@@&%f‘ﬂs% d; sel &cd @bl & Pandesr

pol ypepti de,

functionally linked to a sequence of which expression is
desired. Preferably, an expression cassette further
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
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
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
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such that the sequence ATG is absent fromthe coding

region follow ng the startcodon of the functiona
waeloeossabt e marker protein WP till the stopcodprm/BP2005/055794

said functional selectable marker protein open reading

. f -.and ii) has a non-optimal t | at.i tart
LTS TS T T OnGe St bt o te e
s PPh PPt d 6l8o A FRAt LM & Ssd 1 dc Bl & ila 1R 4GS Yo diSLide.

provi ded according to the description above. Such DNA
nol ekl @Rtehe orpRis3S L WA bl Mt e A @t @ FRBeRREES
' e jnventi hese I S -
L P R TRl T LR SR e B
tlandatiestledt fosqiemots ormpalt ye (dDOrdsbnengraskets this is

even possible in okaryotic host cells) , . if desired
S N SR A AR BP SR R S S
ad¥Bd KeE qRoh Y Pt h @8d 1 dheyhdayrdtheth perd st heig used to

prepare a DNA nol ecul e according to the invention,
reeripriming rhelend tdeidtnokeeuleaseeedptniem unietein tin
[ r p t ' f] 0 _prov de an
g aat it B TR R T o
equced s vy daos ddiet e nvemd+ Dee s havhunpe 1 dies teddi€i st roni c
transcription unit._Such an expression cassette is _
CXRRI U IR o k pekls: sEYyUETRYE b T B0 TForSFHIT e et S

plded@SipSetdsn AP LEXPEESSE Q0 £asSEt 1§ 0@Bg Used herein
is a nucleic acid sequence conprising at |east a
exponpied. fMnch i whed | gxpieketon ovecsegience afabiele in

g PASeP Sy L 0 glesiisth DIefgrabl Yo an sxpression
cassefte Turther contains tTanscription termnation

I rianil pedamdenyd @ | Did SETRIMEE SE rorf X BT S ¢ Bgid &d OrpyCMv -
sequences such as enhancers may al so he i ncl uded.

Stiehicle, TR FHRARIPIC provs dedr Bih st SRR v ase et in
sEOMRS1 S BorhdedRe 400 ) O s QAR e Do REAIDE S o7

mul ticistronic transcription unit according to the
s¢queamte on, pecbyh npdurncee sel aud aphe like.

Where the sequence encoding the polypeptide of
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
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
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
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mar ker pol ypepti de and downstream t hereof a

pol ypeptide of interest - transcription termnation
weemaermas -3' . The pronot er2$hust be capabl e 0PCT/EP2005/055794

functioning in a eukaryotic host cell, i.e. it nust be

. capabl e of driving transcription of the nmulticistronic

SERRRRT ITRY GIE D i AT EAE B ReEe Th Jhy VA EIvS

tlptdOnabt yef ot therecontal y 10dhero BbeoRNtSrdciovel- i n t he
art, e.g. splice sites to conprise introns, and the

(Hawdemann 2N entRitr et s, kaniimtaeh TEChresrh DB FRI S
QIR ST & by R ST YRRt oo o GRaN T Clor BASTBr o

demuched cf men dv seguenc esuancadi adepsot ens), ¢ igl sthelE1A
known to those skiléed.in the art that sequences

PTARAbt e FTAR ATy Sech ekpreds bt oG v irus (CMV),
shamcdd onad |y | e ocd hea ug! eie) a8t shSearenteserred

encoding the protein, resulting in reconbinant nucleic
tacherai el dse MO RN PF ot ePbitanadxle? kel blrstance
n . t i ' . r L Of: -
N I N S e W e
Vimag .40 n(geher alDad het pa bot 885 S quedcehe S1Lkaceduitable
pﬁﬁgtrean1of the sequences that shoul d be expressed.

P T IR YRS Bt I At e § rFehES mrguch

o€ ey PEEIS 208, BFR) EFith oL Bl PRt 1
(BBl RgeREmo &L £, (i checaim be 25@M) | onobdai hisut tabl gse

pronoters and/or transcription term nator seqguences,
ppolyesetfeiehbest ahd the01i kEchaNep ectt hel sef®mce actin

encodi ng the. pol tide. of interest .is properly
pfRfON LY i P Ern g i ERe IR raRetkY,

pEoRiSErs ptadon @l 11lans| Sdmdno0f fdhee@nsosteskers for
pol ypepti de, the resulting expression cassette is
okisEF T FFPRRTECR he? ptpeptte el orleseh are

sﬁfé@éf@%f&n@éele%( pfﬁ%@%ré@&?@nﬁ?\?er‘fiﬁdﬂ ,ngare the CMV-

expression may
promoter, a mammalian EFl-alpha promoter, a mammalian

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
instance encompass cloning a test gene such as lacz,
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
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.
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i nclude pronoters, enhancers and the |ike, and
combi nati ons thereof. These should be capable of

wo evenisasd ng i n the host cel30 thereby dri vi ngPCT/EP2005/055794
expression of the nucleic acid sequences that are

functional | I|n ed.to them per k|IIed n the

ot P RS S P S pr T P B B 4rEir¢dhs "o
t10bt Bh Ve @XPFeSBd OP ©f @F geneedtohpsd . £eld Sp1 &% RT®d! egisch

can be constitutive or regul ated, and can_be obtai ned

V@@Wﬁ%a@@%tﬁs&%bw e, M3 HER kR A WY UBRighogy dgkaky derein
t}?é“;g?él}@éﬂ CS]?PP{&C?SID Qlfl‘a@ré ’é ' Cér?th | é/aﬂjef%lg tanc% be
Sl nuc S O e e

pre on of el c aci interest may rom-t
desmigmeaﬂ mzom»emg oraplerleyabf vieep hiecetofororid romolearyotic

| reI het er ol pr Kauf nan, 2000) . Sone

S il T b r b 1 Gr o eR e B G
dﬁﬂi@ﬂ’@téﬁ £l ise COMRE | S PEOTDE LY Syslef Fo@dr FLQfRnt
viruses, such as adenovirus, e.g. the El A pronoter,

tlmm@t@n soelerseddi oy othareryﬁme@fatmm reis %wyotﬂs@cchehlss
idru Tl IR EE Sontedd 1 S B S e of

stclone@rDNA, rd it fegely) stgbsbatiess cerlyecofipoiging the
Sim an Vi rus 40%(§ SV40) (Das et al, 1985), and the
deskecd it pte FHritot r%h%]alf] HWYDe derived from

eukaFyatd £ Lild 51 oS Ssormed hal drod hianeih (MDecules in
pronoters, elongation factor 10C (EF-1a) pronoter

tHag 1f¢rret0©l a . re@@@dinanthiplasiid @ora UBscprlohmirt viral

g I%n|1e| efh lasmocgl st%hor\PJpra?f nomggﬁg Ctl uced
pronot er’, NunNog T in pro heat'shot

1rptf@npélﬁlféry@tf\ﬂc thest ) k@elf@@uﬂﬂﬁ@feﬁﬁbpy oot & 5a f ol
obt ai ni ng expression in eukaryotic cells, mhlch are
1R t iR B TRt LY ﬁm%mocéﬁ SR | Y T $ drtarEthe

p LMDE QI Sy o @ FBTTR | e BFl s 8l phas PrOi&s  aBso uses

manmmal i an ubi quitin pronoter such as a ubiquitin C
tiprowot wres orf DBVAQL grwhet ero (de i vabt A mabher dvedn

t%e%%e%ca%%pge?%ﬁggnWstem SCA eggeeggrrec}—eesntlgon nfleorgt of

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
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
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.
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strength of a pronoter is a matter of routine for a
person skilled in the art, and in general may for

WO p@barmas enconpass cl oning & test gene such aBC1/ERI005/055794
lucif erase, GFP, etc. behind the pronoter sequence,

and test for expression of the test gene., & cours

or orter i e B et ol by e WIS HH BHRIF (1 et table
fé&lt@léﬁhffDﬁEwCﬁ%ﬁ hedieive @l test egrdiécription of

functionality, to find new, attenuated, or inproved
a et &7 encesntereor ditRP tRPthecpl bz ente used it
4 RACS ea SLEPOSIRE PREEE L0iin JLfCedtdiing yector .
Aarermateiesled. the cesdtadn rengpdok nemtespi sorNALyol ecul e
raccordinlg to the invention is part of a vector, e.g. a

PSR I B YRt or s can easily be mani pul ated by

nmet hods wel |l known to the person skilled in the art,
and can for instance be designed for being capable of
r epl Heats onidel pramrrgotdcedndiar eukamndioth csteeli¢isurg n
dityi on, cto ' ) int f
RS A h s O M RN iy g RS ene
expanss Dsmred £ ot ad s gerkad yiot | culeetyst andcad 14 (atggrat e
in whole or jn gart into the genonme of such cells,

Wh st it it stabt ) hoste Bt s Chmpr P8t hg e L9 ed

uﬂ&%%f%ébé¥&£%%#\$f%ﬁé DSRONE: o LORY SRt OP@l o £XPT &SBL OPion
systens are nol ecul es in the formof a reconbi nant
systeemivwiior a radoebi negruxdusl sgedomieon Theg bhas il or

the vital_genone i.s. i.ntroduced. into (guk ofi c_,host
sedfid o SRR T TR T R Gl

calEl hosls Kinowee | NMTd hen@rdasd nclig efleines efbothdiety Sclones
the present invention also uses these types of DNA
ol etiul 211D et VBT HE | i oV EIP TP dhstelRC ekl eI Uhe

arsy SE &4 1 8y PrEd e{ﬁ@&&é@%maﬁlmﬁ SAVERLEON Sn Lhg
use of plasmd DNA for delivery of the expression
oksty@ireeml A prasm bt coht hi genarallpare gfreferable to
increase the predictability of transcription. Therefore,
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
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
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
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conmponents: conventional conponents, known in the art,
are an origin of replication and a sel ectabl e narker
wo orspasapagat i on of the plas¥ d in bacterial ceti/EP2085/055794
sel ectabl e marker that functions in eukaryotic cells
to igentify and isol ate host cells that carry an
Lohid a?%%g? ransyge %ﬁ%?%%%% Wriem THe p?@?“é%t%f
ha¥d e5&st , A& Jhah @ VEd r 1RSSR $ SN0 f Stk Opiedent
~about by a pronmoter that is functional in eukaryotic
il g, R remet Hurken ey briebRlovE s 1B drefleRse Tattehe
g]_e@ﬁ ycc%ff@l{ﬁ{ e@ilf']arﬁg@fi p@’”sé@@?mt @Eaallm m‘}%\gfs%ions
and viral transcripti onal term nators c"{e.g. the ova
(PR 3 AgheRy) ate om. shh - (d@udtrenl & Bhe0 p, WA 982074969 hero

24QENEHENELE oS vhar Shetts ST aH G fag the
b&t &0 b INA e 4 st Caddye: Uused AL & anserdpt s of

a nucleic acid of interest. Wen host cells are used
betatgl ot eke@as k hatct hesev’ct cind st 1hfegfatd ngchung
ect or t j Vv Y a ) 5 PRy
eixfle% ( c%%ﬁ}’ge{/%% 'orlsé]\l/]fwﬁ ?ﬁ?e%@é%g%rle%ﬁa't :ewdﬁlto%gt LM’
Wehy ©ne 3 90 stwaicd Lf &2 253, atdel0®@pi @ENELZ)C, conisdduitous
mechanj sms may i nf]luence the expression of transgenes

ChiPmpa i yrgeine ¢ienenty. (YWiklel SR 104193200 MO " The

0B 4950 SLHOM L/ EXPFESSIRD 08 § So@FELF U 49 { Deepressor
invention formpart of a selection systemwth a

sequérres (gbio ousfeerettionms etfiTAR’ THeguegreershl [(Kwaks et
ol SUUEES b A FEANREL) PO | BYEL Spd LR Ot LR car

ol ce. I NCr ease’ t'he ance O I nail ng C? ones O

sdpsdn€ed | shd hatowsld by euddi® 1n gHOUSuSed et ipveitehiesre
and possibly to increase the stability of expression
the, IhtErsrdIvIonere 7t N@R| (%léh‘e\(aafill%/tb’él'pr Hhate to

£+ ERSE the-dsedi £labidid ¥g Ofk LI ANSET L1 O as
Therefore, in preferred enbodi ments, an expression
desessdted in WO 02/074969); DNA sequences comprising at
least one bent DNA element and at least one binding site
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
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
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,
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according to the invention further conprises at | east
one chromatin control elenent. A 'chromatin contro
web@esmss as used herein is B coll ective termPOI/ERNAS/055794
sequences that may sonehow have an effect on the
chro tructure and therew t t ssion .
R e or LY A1 1 0 BIY G bbi R oD (T heberbe
wd h®2 y 0 VA 6 i diyd (Kdeynd U | K0 1w € ' sec?wl-.&@mﬁmaatf €are
pl aced preferably within 5 kb, nore preferably wi thin
at lepstt10% FRrelirat eramycleehide 15@@IeRemM Eheany one
r W ryot
e CpaR L s CRE R LR 4 i R
amavhnglrd@MleobMemei‘syofseqm&gmlecmresﬁr@m SHpeID NO:

koo b R RELTe el Do bal g Sl 79 SRR
£ Phad €s Note £OP! £i @ Yooyl O1pdd g té/’@eﬁeﬁt sugh

el enents. However, such el enents have been descri bed,
idgritierl ttrieemtmoslé Imnthenpteserexamwh@n%nlrewb@mx n

SGRR e ETE S T R ATRET Tt dor Sra VLTS %

a (Sequeiiv - Mot etorgdr i dO9BEWNT DMO:7U GO, WWD1/02553.
2005/ 040377), insulators éV@st et al, 200%% such as
Nempel Yot alng Sf AR 1R 2t of %EF%n%*m (%‘Du fu in the

Fe | 9C4Sdnc

p%%&@mxﬁ%@ﬁ&gl 1093. 1997 S%‘?féutn?%%}qs%%ﬁégez and

7 190 WO W2 S44 %@Aﬁfummmm@;mm/mf Vand
2004/027 2. u UIt enin eIe nt

sE0Re S Wt o i B A0 o oDrdudted

s@ﬂpwﬂﬁnlwob@fﬂvxw;epr@@@mn&eﬂuedme]sl:ﬁah@osEQ ID NO:

referred to ?s STAR sequences Kwaks et al, 2003; WO
29005704500/ Mok 4§ mi gt BX Qﬁemﬁev%#e¥ of ‘and
s SEAUEACES A N Loul & be #’@Sedldéhéi&fuéﬂ@fg nyientd on

are the chicken [ysosyne 5 (Phi - Van et al, 1990)

storL¥ ragremsng eseofite. g. the B K and F regions as
gfscﬁé bed. 18y Y0 D2 974083 -1,0N8, sequences, conpr i sing
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
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
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), STAR44 (SEQ. ID. NO. 44),
STAR45 (SEQ. ID. NO. 45), STAR47 (SEQ. ID. NO. 47),
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| east one bent DNA el enment and at | east one binding

site for a DNA binding protein, preferably containing
wabookoasmso 10% of di nucl eoti d# TA, and/or at | eBGT/ERDYE/055794

of dinucleotide AT on a stretch of 100 conti guous base

| IS, h e nce selected fromthe group of

SERT G L Dduanboe S B e 4h SR dietD O

dSO0 OAA3 77 4 DPNETAS dqadycone ti SEQ M Nesadl § 0
27 in WD 2005/ 040377 being at |east 100 nucleotides in

PrefRyt FedrrmprAdTRN MAR 2Ed | YTRK, Se@errer kS thERR 8e GIEQ-

e 7, i i ' I ' egue : one
e T R R e R T s (S
thdmwredf Bndcdmavaing MY actediegbodiresret 1, MIRRCET Vot ya

is defined as being capabl e of bindin 0. nucl ear.
EURE T U] SER TR ¥ SRR 1R GHE of NOTOR (kT i 1 Honed
uEXPF eS| Oh Hfp Lol N SEAURNER S apesabl on ldnkegk to a

pronoter; sequences chosen fromany one of SEQ I D NO
myl B E o WE 07 DTRIO6R ¥yt 's- ofn apiyheonec et farmedne

BTy Seie R B ST s T AR Qs

i ke eodnh der s efjliticsd ten anytloneidds S5Q 41D NRistl de Santi -
WD 02/ 074969 or fragments thereof and having MAR
TERETRIY ; SSEferces chosen from SEQ ID NO 1 and SEQ

I D N quednddls WA 2004 D20 0726 1 fNE Oan%i&i%gf@@t&sed

thereof and sequences being ‘at |east 70%identica
hererrtare Aeprendes timt exaeptapadfle nesll at okeaguemgesrt

that could be .used in the present in %Q%&fn [
o}

efierce” ik Torrh ey S TO N0 | Vo v 1/ BESks,
pNoe 1 g1 whdrg ExesP| ©sotod i AEGEse theatheoed dcdepnsed in

the present invention are sequences depicted in
SETYHRAGRS DANNT BN DY 23930, 2F e FHnbi ot it al so
rdASF RS @00, SCGUENCES, ROl OO AledEdtle AR TN 1 8 ressor

thereto while still retaining activity; sequences
cehomnisigrSEQ | NGDLRS Ofr U 005 9814 28y véninten onad ve
befernagcﬁrlegéfost‘ehgrfgfwgn&/004704, incorporated herein by
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 STARI1l-
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,
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
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sequences being at |east 70% i dentical thereto while

still retaining activity. Preferably, said chromatin
wa@onwsne4sel ement is an anti-#epressor sequencepCT/EP2005/055794

preferably chosen fromthe group conS| sting of: a)

. 1 D. . 1 through NO. 66; b )
n§f¥enli TH1dRy o S RGeS sea
rdfreddr %?m@;' r\aﬁ@lr@b}fir@r@a@ti@w aadd 1 epsessor

activity ( functional fragnments'); ) sequences t hat
s et BEu T et rmmla%mm%a@n%t%cl@@u ReseRUENd®to a
e e
ERIPIDRE fhatiss it M R Tl

caogmpl saendrtioo knys ofwonfotehgr tgpeces, Rrefe abduy,besai d
chromatjn c ntrol elenment is chosen fromthe glzou thods

e |%?Jrrh% © STHNEY FEEQ TR CRKY T 68 IV

kaddn AR (SEQ 14D iNAh9)ar STARY (| QWd)D-
omoé , R27 SEQ ID. NO. 27), STAR29 (SEQ ID.

Sﬁmge,(SE@ 1% S Nk wg\)emsqmchsﬂ@ssﬁ

Nindte SABHS LR LR DR dho STAREY 080 4 B

ffa@gmem ﬁlmrhmimﬁrm@bﬁﬂ%@m@meghel n a

particul arI preferred enbodi nent, said STAR sequence
CRTPP 7L I BRICTIRARES S 68T Und 't el 3t g]g‘?'Fe‘h

7@% desiyvetdve d hereplordde caid@ddicPrel esd 84 sequences
enbodi nents, STAR 67 or a functional fragnent oOr

hafetny aai e represfos sapobiityned upsturamaiak fragments
r]%rg & driving ex reseS| ogroaflcéh\gl{rultl C|lstron| these
ranscri p\fl oh Unit. T ot her prejf er red enbodi
sédj‘l.@er&%@tf esisd o e easset 1@ss acros did@ut:'ocath&stmaerﬁaw the
are flanked on both sides by at |east one )
anint TrEHresTor %%‘E{h‘éh%% a%%?ﬁféh%%s ChaVF%glnventlon-

pAEd rL18P) £S$D1 4 a§é<¥1¥éﬂé’e§saf’§eélt heLLin @5

that are capabl e ['east in part counteracting the
moepressieealely ettt bfaHPI0O©F HRGPtical and still more
preferably at least 95% identical to the reference native
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
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
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
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protei ns when these proteins are tethered to DNA

Sequences having anti-repressor activity (sonetines
wab@e/ossaferred to as anti-relftessor sequences BET/EP2005/055794

anti-repressor elenents herein) suitable for the

t t h been. di scl din WO .
a5} OO AL | TS pHYIR Y HET BHIE By T o SHUTRECS R 18 o
asol Nesbr STANY SCEUENSES WIEBER| dad W T @VEs ridi (5 UeNEe the

is referred to as a STAR sequence herein, this
AZTHNIRTC HRCARG L9%@pressor activity according to the

i nventi o ‘pﬁlﬂ;l-l. 14 ;Da%g)_%e . sequences

of &%n%qlg%%ées}g%r e eérlre{[t}}% s]]n&%]grre ﬁﬁ{-]\?%gf(see WO
a O3 OtV 4) o atrite STAREI t alrevqniesent @dolnbd eath Tasa SEQe

| D. ..1-65 and 66, respectively, According to th
IR . S FIRCRS Oriif TOKAREIS St Tt ] R SAY aloee
W yBro@d 04 | ePEARSHE E) el rpSrL£ons i wereth agui val ent

to said anti-repressor elenent, when it still has
refgienedressor activity. The presence of such

antigs sor~activity gl e e y the
or SR TPTRP R e b YR GRRl e PRl P
t chersef ¢ dieed bel w. tieinet ¢ orat £ 5 Bggreid s(Oromlesdlv a1l §2%-A)
can easi I%/1 be. obt aj ned b% a cferson skilled in the art
anff ot e teF it ol gy REARY i hghSHA TSP fusion

p RSt d 112 DE SSEL n SEHUSNC €0 BN MDNRKD Ny Ao €§dSn and the
addi tions, substitutions, inversions and the like (see

ceding W O©B0047 02 theA HRihced ohRl2 f (Rugmeerhipka Polycomb

derivalive. al so conprises orthol ogs from other
gro%P.prote ns that %P¥ess ene e $Fs$%on when tethered
Species, ithcan ound- usi ng e Known

tAIMNA S efieSSOs a B egoiene el tty ¢t ihod st kaioom dyotdten) under
person skilled in the art (see e, g. WO 03/004704) .
PRl heth eSRrtOFhvierd T o Erichniiak serIt Falfent 2y dfem

(dhEes ANtdnd GRELSSPT SEOUENCRSe sMNEL LI O SAL drd FagrBRtS,

still have anti-repressor activity. The invention also
behvonpastsies seopereescehbs Goe Hie | wast-7@96¢sient i cal
acI:tnl\pi'Ii%l/ eé)st‘ééjye. qulyee}g]gretég psfgléjmlsc?,quw nfcs provides
hygromycin resistance, contains a polylinker sequence
positioned between four LexA operator sites and the SV40
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
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
tetracycline repression (doxycycline, 10 ng/ml; prevents
expression of the LexA-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
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havi ng anti-repressor activity or to functional
fragnments thereof having anti-repressor activity, as
WO og/oesse hese sequences that’ are at | east 70%RCT/EP2005/055794
identical still have the anti-repressor activity
accordj,ng to the invention. . Preferabl said s ences
HErR atdhﬁ a%‘?l%?)f%lf%eﬁ 249 e r“&?%]ﬁ%m‘ﬁ/“%%f | 'edst
cH%ddeniitateante sdndtedbse w1l sty Bdpdeast 95%
identical to the reference native sequence or

prasetdonhl © f remey the? koted Rt I TN SO b SeyFvem 1n
tﬁ.ﬁgé@gf 3 nPEECele e d g ybn%eél?%szé&cfl?afirpolfﬁignc&{trol
t r e that

erence native seque is found in the
plasgibntthe SE@E nuesndiaat N arkpreepr@ssyrtlaetiaxiy
according_to. the invention can be obtained by vari ous
TEREFVIR. | Ui PP Bt ™ notet i 1F ¢ et %I?Cﬂ LR 1OME N Fr om

opdea tHHE@Ns penoer o5 u f# 0ng the Oenere; Ofe@Noideein
organism or by for instance anplifying known
XSS 3Pt e ot use gerehbest @i $eetl e f2ers Sucse ke glehome. A

' e o), t s
s o TR T b aron wa T oy T o
piSegen casvdravi g Bhf i whepressdrsagienved yis atibned in the

functional fragnments or derjvatjves thereof, are

PRIYLERERRITY R i TRRP Pt ei Ml 33t tei Y2 etftRACE Arfef 115

sﬁﬂ@ﬂ%%}?@_?rv@eék@%é%@&i% d.%déh?dzéﬁcﬁ?ﬂ@f@ from
havi ng anti-repressor activity, which can be

swieh ez orete M ¢ t el b doy Riexeaddieed bettow. ngnymedium
seguence havi ng anti-repressor activity.accordi,ng to

ISR PR R LT AR TR S (LS R AT

wisetfe/d &/ | dxgll et £ohd 0and thed Fwtinet | o riess gyl 4 seedd acking
03/004704, exanple 1 , incorporated herein by

aIF"e]F‘elf%l%%f)SQr FRFREFELEDS (BRI § sbef W%%)OI&F% new

m%%% Y%%ﬂ%‘ﬁﬁﬁ?& eb Y1, 1Ay PI&iudd de PAGSLLLH ONd £Ch
conferring such growth after 5 weeks on zeocin in this

assay, does not qualify as a sequence having anti-
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
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
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 OS or CHO
cells, compared to when said reporter gene is not flanked

by anti-repressor sequences, or flanked by weaker
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and with nucleic acid encoding a LexA-repressor fusion
protein containing the LexA DNA bi ndi ng donain and the
wae odisng4segi on of either HPI3%r HPC2 ( Dr osophi PEI/EP2005/055794
Pol yconb group proteins that repress gene expression
when t et hg{g]:d to DNA: the assa% 1\{vorks W th ejfher
LRGPP ST A M der TEORT ol S O tHe Tersptla scs-
THT QNSLA i 1 | e £ 7 Q@ ub 81 10F V£ S S1 08 { K88 St apsbBUadtthr,
1992) . These cells are referred to bel ow as the

OF epBRt 3T CE¥F O Dr ahedegRTiheprissvranrts vi t30dsBHy. 2

ofr W@p&g}@m-pé@sm d, which provides hygronycin
resi stance, contains a polylinker sequence positioned

Atbet weeprd srwr Lekdnapes atan satesatantkddie S\ Hronmmter
that controls the zeocin resjstance, en;1 The seguence

CUHPE FEIFRE - T OrPETHC T P X5 ATV t Y an pe tronedse
thd I&@é&i@@éwimdwof Const ¢t Ueiey Wbs@ st ablfes that

reporter plasm such as pSelect, is described in
exxempt e PreldeF (At 1l duviy DOl Dp4rozep el ¢ epore ks (they
: S ecte S
ERC R T i e e e
they/ ttgnsedeet | o float prles eneei of o hef riaposdeit phrasima )a

and tetracycline_repression (doxycycline, 10 ng/m; )
1%?%\/@?&%0%%%3%? Tof O} HEXRIERRE eskor FRRY oppsSult in
hP$Ot&i1n 11444 6fidn Weekr-Of s & QWS- AHWIer i ENESL and/or (3)

condi tions, the doxycycline concentration is reduced
they Ordswby Mn thosthdeekl t hneex@rapressorigenere agicable
after 2 days zeocin is added]tto 2 Or@{m .. he cells
) cxltiva

P R R R o7 s etk PRt T TIFhe  Corit For i t ur es

Ay rsursh esd @ibndd hcammby wepdriertipd asththssien daskd thiges
a cloned anti-repressor sequence in the polylinker)
AGFREEIRY eleP b‘&/h? Her STRIRT N Y &+ o righe p%/%]s%ﬁ"&il,nq he

s O oamies 4 s rw@faﬁﬁam%t%f@fﬂm}@éﬁorsé si

protein that is tethered to the LexA operating sites,
NQ esab X i ngrART i 63HD f | TP erMO zeblci SEARY es3h@n Ih. sNeh 9),

sTAR 7 [SGUTM V&G EOF ), SE1A%SY OMro. Ap. 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), STAR61 (SEQ. ID. NO. 61), or
functional fragments or derivatives of these STAR
sequences.

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
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-
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sequence has anti-repressor activity according to the

present invention if, when said sequence is cloned in
WO bdepaisgd i nker of the repord%®r plasnid, the rEQEDEPENS/055794

cells survive the 5 weeks sel ection under zeocin.

Cells fromsuch colonies can still. be propagate nt o
ECRAF TR R TOTIS o1 g Dot R LY R oS oo
pE@hSEd T ONce SNEE 8RS Drel di51 ¢ ransiectzo wit hodeResd efhe 37

pl asm ds | acking anti-repressor sequences cannot be

e db%g@%%oalbﬁ‘orww R EHME Mg Hevcsriamgt the
pE&%@é@esé@geﬁggabl e of conferring such gromh after 5
weeks on z

ocin in this assay, does not qualify as a
sequence having antirepressor activity, or functional
frag%rrent or functional derivatjve thereof according to

the PrlesEtt FIVEHNTTEM A SVEhEianpt £ VtHetS knbtin °F

m&HE OSRS #dls SOOI Od s & et Sa$ Usd @sed hosee tesdisrly Pybdan
der Vlag et al (2000) , including Drosophila scs

eXKes P Ahd-Sedrddi € s 130 )mu bt 1 ¢St 9N § e i ekehon

- ' 3,19 0 [
oo S o s Y en arodn odBl) o
dnofesenty | sl &dit b s sayrkdn @dstidimon, so tthst psef ekt Bsh

that the anti-repressor sequence or functional

£e% Ayt SRR I vatF3R° T Het®of S domtetlar hiighr

e AP AOM DS FERAUA 6f o QYBFs X ESSd g €4 ,Or@.a)’\’”:%‘r the
flanking a reporter gene (e.g. lucif erase, P) which
expreé st kgr avedthatieate yehoheglf ¢h2iOPbraHdedl¢s, It

wifled et Lo, when sald, repord &rs gene. 1 s, nots Tl anked by
anti-Tepressor sequences,” or T ankeds%y
P WREKE T $1€ PH18S Sl ¢ © Ckd 1Y) iETRIENIE So 5 Usdi: lasmdly as®ophi | a
scs. This can be verified using, for instance the pSDH
PRRIZDY ,OBra sTIRIA LY 1R C ACHE 19l § n &t ety

af0di B Gl MR O3 004704 1 Anti 5 r el 85508 &) £MBMU Sing
can have at | east one of three consequences for
tiproductémn micheibt eaid (MYlaedele i neridaste the two
expression cassettes are present in a single
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
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,
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.
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the predictability of identifying host cell lines that
express a protein at industrially acceptable Ievels

W@ bivepsdaapai r the ability of4adj acent het er ochP@IEPI0NS/055794
to silence the transgene, so that the position of

i nt egration _has. a | ess pronounced effect on
L R HrS G B ey TS T T HYs (o R T (2 RETHS of
a IMETERESEE Proteidr yi £tdSpradeh©rod 3 4 heyld esubted dlion
host cell lines that exhibit nore stable protein
CHYBRILe®i on during prolonged cul tivation. Any STAR

S€q o £@ P HSEH 1 iaiNe£XPS eSsd %&ﬁ@@%t a . STAR

according to the present invention, ol T owi ng
s SRR ce uibnoed @ et pean | | arpyorusted il 1n SARSTp { SEJ on

ID._ NO. 66),, STAR7 (SEQ.ID NO 7), STAR9 (SEQ. |D.
SN CAd-) Sﬁ‘J)AFﬁa?S (@‘éﬁ}?er} Ry Q%I}e JﬁﬂF&Q t’(%(I—'_lif‘gfjffse NO.
SR, » s PR (FER ot s N2 s 298 . 2D SRR dssdNQe,
43), STAR44 (SEQ ID. NO 44), STAR45 (SEQ ID. NO

suS) | LISTARIP {SED 0N BEa NG L4y ) corgmaReiIng SEE tmnaggne is
r i r.. derivatj of these
il S L PR AR e LR
erddd irniept € SSi0¢  Ssegprenicel 1 priadetabdyl STARSEGh | stipdaced
upstream of said propoter, preferablj}/ such that | ess
t hant 2kb° a?}éo%?éé 1 etR@Een-ihec TP Ingif ot ¢her first

a1 r &SR £SSOT BEAUSNCE o SN I h & stRart r Mot de prenot er
sequence. In preferred enbodi nents, 1ess than 1 kb,

el pg efled adrtyre e3bon heas FOOCqUeY e deshgmntgntistil |

rIBLE, PLeterably .l ess Lhag abgut, 200, 100,50, or 30 nt
e presen?q%e weert the 2l ot Ct e an]tl repressor
sequenae lauktd ondd arit iofrddie anBiRfusR@E G Ha
certain preferred enbodi nents, the antirepressor

dierfriehera } s (WP SHSO 4 Febh 1 yEhipsIR ehrr R T B Dr Ipbirces
£ T &9 A d Nhd Mo Vs 2004 Ds Z0- Ween i hes Sor £NEh&fp)
the anti-repressor sequence and the start of the
may crteficeguengelaced in opposite direction with
respect to each other, such that the 3’ end of each of
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
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 3’ direction, unless otherwise indicated.

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
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For the production of multinmeric proteins, two or nore
expression cassettes can be used. Preferably bot h
wezpsesason cassettes are mdlicistroni c expr eBGI/BP2005/055794
cassettes according to the invention, each codr ng for
a different selectable marker protei
t%aeIP Tt $0r° %oc}iﬁ ° d¥pt bt %"n“g%%% et %%S %l%‘bjs%? it
sdtd sTrAb sk Tt i das Pr Vet o kver D90 d sessl) ts, TEeAD.
for the expression of the heavy and |ight chain_of
S HRI ARTNFRrGFT | OheSTl @ pPrehatcdbt I ekiprres seonthe

[
P e b B ane i PRSI D AL B Sene
tranh ecrd et 1 dyef oz en eyl en eseqienckiced satd dnm]sttlcmedsitlsonic

An advanta e of Iacr hem on. one, nucl gj c ac
Lttt i h‘“eajt(%o%%%(%rké%%%nl%aass

o &St 1 b 30]?' @)gl St eget araimed wiad+oi | ea gmlp 1)
when |ntroduced into host cells. On the other hand,

sqfieaN ¢t esenfunet iewa bl ¥ fdeeined s et cseienem| weitlegwhen

pidlSa 8l 04, UG, POSSI B 14 Yy O VarYS It MRl &L L&kl 0e "

WO expression ¢ e 'en Tntroduci ng
lévd D &tbsﬁraeééslpmmmmawh@mmmmmepréséﬂme on the
preferred molar ratio is drfferent froml:1 or when it

3 S ik rfofant lb%f%%%a%e%%?m%f% Coridtertee hotfar
t £ Ori SO dhalp Rty | on tihereediand somirécaliy 5’ side

finding the optinmum can easily be perfornmed by the
okkihe €ERpRr o - Aoebt tigietanphes | o EMRADsepreicealye

at Ieast one of the expr essi on_cas etcties but oI &
tran 1Ton t€ %n??] Nn and/or po %F T1 1on nals.
pre s y eac em conpri ses chr I cont o

o:eé et 1 it EnPretafimbd Yo Bina aIRAP I &PHeSISOs wm@e in
I n anot her enbodi nent, the different subunits or

SEfar t 50 of NG A4 i nierd ek Dt ef P Eher pFRARMCTIFRLRIngl e
m@eqpcs&éslr&nfmfse{éee Ansteads ofnored p addi tiam, to the

presence of a
described in WO 2004/055215

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 1line"
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.

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.
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sequence placed upstream of a pronoter in an
expression cassette, it has proven highly benefici al
wo o00pnesssde a STAR sequence bot h si des of aPCT/EP2005/055794
expression cassette, such that expression cassette
i.Sin transgene is flanked b
ceqetet? LA o b iRl

p@ﬁ@fﬁbﬁ{|ﬂs|£%ﬁk£ ot Ic eashl ptiefe PiefSrShDWER
herein that the conbination of a first anti-repressor

nEVeHEFD UERt Feati @t @S gt offART eRiL ¥ | @Rkd ngtare cell or
£ EXPSESSL AR CASILH & Y 101 PLNeF, AOLILERI 8361 smiting
sequences provi des superior resu A's at [east so
eraimmdim@ptrf,ssmléetmmmwslbam b I@HZeGﬂ |<mmtadao$a\/ﬁoma, CHO
0/ 0047 t he anti -repr se ces flankin h
A AT e T (VS et b U CR ot o Ty RR L -
R@enefé@ix%wam@ﬁ@d BHK OPROSH | %&I%f@@ﬂ%tﬁbﬁ&s pect
to each other, such that the 3 ' end of each of these
Mgk g efmiéé%nﬁsg skhuenerss ¢ &re G g gne pemrge temna eSO,
t n ) N
91;%9:‘% é‘dﬁ%@%ﬁ r(&‘ ﬁéé’%ﬁ&ﬁ‘l dAeP { %%R.%ém%ell.
Ixarrteftraam e@ﬂmdﬁh@mﬁltofaﬁe@ iﬂmeerDt\wxchra)mmim @1l is a
whj ch the inpfluence on the transgene is to be
C%I]r]m‘?ﬁ%]%%sjo%ﬂs%\ i al e T Ejepp'r RGP Eett 1Y FosQElB, of
arM dsh SPL ESSOTA S SUNRNC A UPSLS e b1 8s Prommt ef ddn Alcan
expression cassette, the 3 '“end faces the pronoter.
bahée sEqRntesn ofox hien%ﬂmmce elpmwsot‘relel%,rrefms imstadece
ssequence [istin 6) are given in 5
PRGN el | SRt o D e ALPPD PG By & >,
1@F7Iﬁlm1®gTbO@JqTErK549Ir§é§Célq)Ilml W 3B4 DY) exPresSSimn
cassettes accord| ng to the |nvent| on ar ovi ded
($%ARMER * cHrhriet by markete %W%é@alz R - C6°)
sSEAWENCE UPSt & eqgn of o d he &fof@érﬁraxﬁﬁ‘%cytes (e.g.
drivestranscription of the multicistronic
N32 aiscrdgt¢oibami in BiphTRAP ©e?7d) 948 Zandtpimilarly

FALeSLLoni O b g JRP ssauspes; downstisem ol s g

described for instance in US patents 5,994,128 and US

0, STAR o

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,
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,
CHO-DG44, CHO-DUKXB11l, 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
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pol ypepti de of interest and preferably downstream of

the transcription termnation sequence of said
Worosiogisse roni c transcripti ot unit, said TRAP Bei/RBR00$055794

a3' tob5 "' orientation; or ¢ ) both a) and b );

s wh T t | 1y defined
SoHOy I ST THERY bl ACRtP | MG cOF rHh e BT She i £
ce[§§élth£<§ | Thito rekicesh 1 eVebrof e tAIBNB LI it | o tdls § hen

nucleic acid present on the 3 ' side of the TRAP when

m@?%dl% ol tRITNRE Bt HharEerenr i oh P drewd ¢alihe
+§n al% %ﬁf@eéent <§lbelto:{oﬁ£] TF%AEJS:L(N?Q }llééTll.t' ng
exarrp es O

sequences are transcrlpt on
céErs ratd ore el oon pmi}th:ar‘qxlfjam ofosignalsne Gesre the

non-limtjng. exa . a TRAP. s encejs I n,
RGO N S Pl e aTu bl S TR CEtrerieading
tdes hoslse t@ i neh dheses crandk 4sesd theseof c hay el beedrms of

described in WD 2004/ 055215. DNA nol ecul es conpri si ng

expitesTien ripivel 2+ anlsard btivn TreWEh aefed o1 Clexpt skt on and
S e T e%f&&%éﬂéﬂ% x% the. &&f@e&sﬁlf‘&’r?{‘é '@Pad&é‘é‘rPﬁtlon

Nprovi hg expr essi on 0

urphefm;ah&ey tn@‘m@@édcﬁlsand'dsmly esaedicad | f4 hostegedt fon
and "cell line"/"host, cell |line" are respecti veI

lIf%u%a‘FlFEPIB%?C?IFPe]d %%gﬂao%ewa%rﬂoﬁ hoTRIy fstonal

aPopid atd ons gdiereefs thadnSad ber S8l it aiﬂ‘etghé rlg&%rhe

culture by methods known in the art, and that have the
Sabt¢iign torexpe kbs mmmug@utsh@m%n@f olgotisipren el o

can Sﬁre()kpaer tll_'n(l:e Z%e%ceeielcstfnan P r tsned %%ol%)%tgﬂ%\tmarker

pertorn g engl Neert ng W

p@p@pﬁﬁﬁepfuéheglmﬂm@nneﬁmnahéwn VIR Nt 1 §Seeind oo N
pl asm ds capabl e of replicating in pr okaryot| c host

S}&Je]r]r%'dsld%h R et M Sesta B THEEDF M t o t he

t]ﬁ%ﬁ@%ﬁr e‘%gﬁrﬁ@% Prefrabl ¥eds SR Y B ESn&ELL . in the
genome, an expression cassette according to the invention

can be generated in situ, i.e. within the genome of the
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
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
comprising the multicistronic transcription unit of the
invention, preferably in the form of an expression
cassette, i1s integrated into the genome of the eukaryotic

host cell according to the invention. This will provide
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manmal i an cell, such as a rodent cell or a human cell

or fusion between different cells. In certain
woomelisyse i ng ermbodi ments, s d host cell is aPCE/RPIBS/055794

ost eosarcoma CHO (Chi nese hanster ovary) , HEK 293,

WERI Rb- ret| bl ast oma,. BHK, Ver o,
Fns SRt WHCe Tyof OFE SHBT ot B TP Hon- seor et | ng
t Feser el &S0, NCI - H295R adrenal gl and car ci nonal
or a PER C6 (r) cell. In certain enbodi nents of the

i nvetrlortien Hert gt IPTaseneel ¢f e cxalertalele apatker

pcﬁioﬁ»?ﬁi‘ﬁdé” el g ably &l £9- E%}%ré’e?f&égﬁéﬁrg‘%ﬁ%er%&

imting exanples, suc rive
ddiotng ntshannmﬁu%mlm@imnq orf | tisd asel § r cand ckwldmeybe

exa HEK 2 ceI | s, see aham et I un
lqwere A%ﬁsft%%% ‘g Yyt WS PET B 45T otte ?n%l11 %é?;\ )

bR ©etd snd@r ket eds unsledvd hea 1 Eadss saiki PER %}519 the

see US patent 5,994,128), or from amiocytes (e.qg.
SeBRCIERN cRaR | b 10 L]Sitfzfa]t et A S5RIYL4)uoyhHy, or only

oéé i&(él\/l%e rl%ﬂgifﬂ'fo @@tf&ﬁél%s{lb%ﬂ%]gﬁ‘gg such

s are i'nstance I n
irS:,tQ%l 1281 eaaichi IS & 558 HBst RERL1GS. cel s for the

pur pose of the present invention neans cells from an

upstream or downstream passage or a descendent of an

upsty eam Bicstonns tcfﬁamtf&sé%eaé%oﬁﬁﬂcf @5 deposid&ttion
under E no. 96022940, i.e. having 1he
c¥hdracary iptétsinf amdswmyabd s2 ancwwbeemr@t@m ous| &

IO et SUEhcells BLe. APALL eof  EXBLESSl O8Ol

FOJ% el ns at eve ones

cdﬁpﬁdseioﬂB)leaétlKW&Kﬁolypépﬁi&Q @ﬂﬁiﬁhfﬁﬂwﬁkliﬁ&tlng
host ceIIs are CHQ cells, for instance CHO K, CHO S,
exarp et CHR TR |of a%féjt?JF%StF @é’eco}fcilwl%rt%%l tHhe

1 SPDod] SBNd Se é@iﬂm&oﬁ&ﬁéné@wlﬁn%&my(ﬂ%ms,

Such eukaryot| c st cells can express desired
tlpot apept 1 desyotamth ar kbl lof tant usethder pheatepuws poskood

cggggiation proteins such as Factor VIII, multi-
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
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
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
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can be obtained by introduction of a DNA nol ecul e of

theinvention, preferably in the formof an expression
weawseitey into the cells. Pteferably, the expPeBEPNS/055794

cassette is integrated in the genome of the host

b di ff t t i i
TR RN e LR S A S R e AR

inheiegtdut IRNsHenes s Smb T @Oriddece | N Sabbtabh e
position, leading to a host cell clone with desired

CTHRPEIERESs | P SFRLDIM eXprevsrerst elelan stability,
f?‘@@éﬂ%@fﬂ?t eliStigs, aﬁrgﬂngmoé ken Al {)Qagl vel y

ticistronic transcrlpt|on nit may be targeted
mok t freenctorn] yrsied Bt ekrd Geral grat¢lonan namtjabody is a

chr onnpsanal that is transcr 0] act e,
G e AR P A Do B ot Gt i ment s
cietest ) one fos Lol tgc congR) nbnardinea NSy t hen

i nvention can be perforned by sel ecting for t he
inyepreq kel harkay Q| §pepdedy usha e | drd et Flolds

n,
M]ert{g]cﬂpas/té{o]ﬁl% I?gns%é(}é%lglo%ﬂunl{??g{%%’tegr I‘?ﬁbeﬁ"'cf‘]lole
edp P oihberca $sd tiee geosts ranl BXpries shedv g asis@t I eght
according to the invention can be generated in situ,

chaln % HFCE HRF GRAHMEC DS t P HORES (R es Bt eramigites
cddie Hopingells ik HFramee st abl ol g 15@3511&%1@@ or

sel ect ed and propagated accordi ng to ‘standard
dpf breehur eSoknidwh two t¢wPpessorn skdsseldtes) + heacrt. A
SIS, OT- Speh. & clone, | capabl e, of s Bl aduel g corqsn
o?ypeprf?q% ot m‘feres FfUTHE et s conprise He g
tdSTUl’LHida Cist¢tien f rwmscmeaﬁy andin iglof dHein veid ofhe
Cells according to the invention preferably are able

PRLYRARW 3% SushrrRTont cid iR ¢ e sehim e rdiumten a
aPF LRI ETROUBRI fa ke PREY DA 24l & [ROIPLL i d e

multicistronic transcription unit of the invention,
for derlablgavn ame Yoyt ofhain expresssoon cassette can be

performed when the expression cassettes are introduced
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.

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

vitro protein production, etc.
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wawdob/oprsyi def or stabl e i nhetl tance of the

cassette, is integrated into the genone of the
eukaryotic host cell according to the invention. This

mul ticistronic transcription unit. Selection for the
presence of_the selectabl e marker £0|' eptide

henct fO1° XPrESsi on’® cHN B et fRr wE 3 r{&étpﬁgg for

gémdtd @ n@d ahd thdcOf 1 td¥ep €84 4 Bng e o SDHbsb HRId aver ed
~or stopped altogether after stable clones have been
i e wled. the m%twp%}%wws%@ bteeR® @bpld) t he

: ' aggg% ' r st [ I or
lrg%(g&%écca i ona |€%%2§asi|%f€ %]fs I?%%F‘C (g%/e: S tFS1aé/nP1
exfure ngiomi ta pdetsed endca@dinig the tostimetdtsiody and
ol ypeptjde of interest accordin o the ihvention can
oPEfERLAT (e | St Rt e b el Monthasr (et iy
sd PR fod SAPLdIBIdE PF Ot1Rd Nse Po UL 1 dTBEd £k F Ot ei n
conprises at | east two pol ypepti de chai ns.

PNaYRR P d¢ ngaek ampl B3lettinPprat elerof ot drest cell
p%&&éﬂk{ﬂg%ﬁ% é}&‘fﬁé}%’@f&% ol a{r?t?e%g@ez]{h{?r I{fe'method

I MMUNO(Q u ai'ns, therapeutic proteins
pEdiideant evepy of@bdisye b bodi € oagtthat e Oncips of #i s sfich

as Factor. VII1l, multifunctional proteins, such, as
O%?%W%M%@?%,V%F%%o%%?%e%r%%@f&é%g%reﬁ%?%?w Rt the

dd & AR S1 fhesetie USES thq fOe MRCSE NGL L DNy P ROSES: t Bl s,
known t'o t'he person skll?ed inthe art ."In certain

i erbodieremakesn exprebstiom cattieney fde tlwention
codes, an_1i nogl pbul i.n. hea or light chain or an
SR S e oo AT A5 e e i aref e
ttdres Bof ion NstBa Pt e @fietcenmboth Mefdwer @l @iies are
expression unit according to the jnvention is .
oRr DAL IS IREr R H THY PRV LMt RF TRt agent

e Aupegh obiibin Nepyye £hi fy s dhny 8ta i 0f hel1 pref&ly el gn
enbodi nent a protein expression unit according to the
penvantigpn 6 the obtained clones produces the

polypeptide of interest at high levels. In addition, the
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
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,
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

PCT/EP2005/055794
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provi ded, wherein said protein of interest is an

i mmunogl obulin |ight chain. Wen these two protein
WE@@sesEFDN units are presemt/ within the same PEDEP005/055794

ceIIa nultineric protein and nore specifically an

' obulln |s assenb ed. Henc [ ertain,

et o1 hel BTIoTRT ol SRy By gt en hsting host

cémwn@g&wwllmlﬁé@mm@ﬂ @ntehotys owhiehe iSrénsgene

mul timeric protein. Preferablg such an antjbody 1s a

o

Cqmﬁﬁﬁﬁ%rt%dm%ﬁﬁZ%%lb%tQQﬁﬁBﬂe 9 A FMDbHE hemEkon
I
#Qm%lﬁgé e uI}?L?}n%d%(e%%n%&ge ?%A@%ﬁ%eavy a%%i%%tthe

seshmirmbbsm ok f eer e d epapotesin omf casisetd s, cadimn a
i ngl e expression cassetie. Preferably,

Si
SETYROTHANY die REIEDT ebenth %ng%“%“é%a‘?%t’ig”‘%x‘b?

pEASSEt t Ehv@RETbMayHgidd S OWPT oS ern{yWi @ipf@a/s
the sane or different for the two expression
lewsket teshng @a%ﬁnw:bmi%tw:ep nurane¢siplogre unit

%I@é‘éf&ﬂ déﬁ{ mv?] Pf&oglgé g(f}%ﬁg I]i épvfiptﬁ}%] tlg]r?sgene

eavy an aln béin ol ypepti dé
is rnt@l@@ivehyldlqm,efjer@bleysgaicﬂramom nep s goeht fder Bntor

sel ect abl e narkerﬁgéoteln so that selectlon for both
SYRAAviE Shdt }Farfgh% Jne%xlb?]’es%‘?loh IR 1 et harPHesent

1 RSO SR O hERs Thiee eYPEESSE 08 C@ﬁsl%éﬁsc@% | & Oeced

and/or present in a eukaryotic host cel
tpotlypeprveret vini menests ey besd rommany0 sceptes @hdthia

0frta1n enbodinents s nannallan proteln
nic %rans rlptlon unit enome ? (F
Feia protein ? ) fUst on- pro @i ate

hcmftot@da]fl])s Gmﬁelpéﬁ]@bﬁlble'sak Stigahun®n s 0 qubferably less
Qovi ously,  the configurations of the expression
than sal t @P s t e blestht thevere othlIFF'ayP%‘P‘éJOdeég used

sipeicidie: ultd el & 908 oS 0% L &ﬁ#&% HOOf oA

pol ypeptide of interest, but the R self, for
inmstesicef §orcprozuci ay pm@m@d equ@ntmdzlreestloin RN

pEé%ﬁ?éﬁﬁfx 555%5%5120 pg/cell/day of an antibody.

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
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

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
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cassette, which may be used for purposes of regul ating
ot her genes (e.g. RNAI, antisense RNA), gene therapy,

WO 2006/048469 pr ot ei n pr oduct | o8 etc. I n one aspecPCT/EPE05/055794
i nvention provides a nethod for generating a host cell

f t t t hod .
TR Sihe CHE: AEERGRE oneritt G el Tt gronic
epbtEadidy OfiPrEe S MExEedd Sidh EXPESSIS M ERESRAG Eto
according to the invention, and b ) culturing the

tl@%n@?‘éﬁ%@%@d I%ﬂcﬂjr@é?rW%@F% B@MPW@d&? g?f interest
ressi t t t e:

eSSBS PRty O LA S L RRD Sl fe
poI yﬂe@th@l@t ocﬁelhtmlestthlﬁ'm&mt/eis rmtdswloblpy@tx/ldelsoat
Ve in ter the ratio of ob

e T BT R Bt L heh G B bt i S Rh e

reshd eh PhypepihLe. adsidg the nost stringent
conditions, i.e. the weakest translation efficiency

for Iherediekien| ef mukkeipoyidptiale J(:ﬂswgm h@Xpressed
kesty ”9&?'%‘%'8&@ L L REWENSS)e pa ] Hed whic

*cof oni es’ are obt ai ned ing the sang concen i on
as;eémltlmagemntmntmtﬂnem}sﬂb@dlm ﬂy@tams amb
a rel atlvely hi gh percentage of the, obtajned cl ones

deRpeRfifts Phe ol oot ofne merketc ACHi gtho RRel s.

idraldidd ons o fen ot Sl deth L BYRl S of £XPresSsSi P ARReal o
hi gher than those obtai ned when an even | arger nunber

tloatn@ifemﬁesorm,su iyt ¢ diel danowikn Bt ebe i ont 53/3% Eevgmail oms exhd

eld {580 ggdiLipoal advant pge hat o the. sel gl i on
Systemis” Swi ecause’ | does not 3 equl r & copy

@Wtﬂ@léflﬁaﬁem@fcaﬂn%é rémsgbned beneelecelds as
with | ow copy nunbers of the nulticistronic
de3RERIT RO units al ready provide high expression

| eveps. gl { F GRSASNE£OPY SUHDEE So.0fa e t1angs t

may be prone to genetic instability and r epeat -1 nduced
isitlemciwbtes gredivmett algast 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
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1998; McBurney et al, 2002) . Therefore, an additiona
advant age of the enbodi nents of the invention with
wo edoanisssd y | ow transgene cofy nunbers is thatP¢DRRI005/055794
copy nunbers are anticipated to be | ess prone to
reconbipation and to repeat-i nduced, sil enci ng, and
2PHET & or & st Pt ob g YRS (REPURT 1R %ﬁti ci pat ed
ra§ib Usd g heste e | shvbilidh acdlm deDbumewber D ©OPF&sred
_of the transgene conpared to host cells obtained using
innthemd T i tathare s%ane?n Gt el & Uit r €8 B9 elien
sﬁ&%«&?@{‘&% ozgnc‘foﬂ €8s ggr P&f]’?‘&ﬁ el% 31@41\% r@é%fé ble .of
protein of interest coding sequences may be present in
bé irey ganbnered imetioe|dbsdinee pr£sanima v ent i loumaon-ode dieged
exanpl es of hjgh expression ] evels, using the
STUit i T ST Tt %‘Pfi”b‘tcﬁ)%lhl‘ﬁ% t SRRt U Bm
whi | erhBecepaythyRberoef gtbRihgansgRNetip1yehgt by¥ely
low, i.e less than 30 copies per cell, or even |ess
(3¢rre 20- cbbssze ferligere, Aeadenic Rrosesditusenardi on

pALd OV, T hey gener ?‘éié’fb)l‘))f nostygel L s, feeordl ”19?1%10 the
I nvention, conpri sing less than 30 copies of e
expitd s €1 @i roni tthé ransaib piaon pirodudth dhe genomecof tlidie
host celjsb%greferabl | ess than 25 nnrgwg{eferably
P§REIN t Haht cjo‘bi%}é‘? F 1 eI%\tg?IP%r%janepH Ib]r%?/'i di ng
p%éé&l@,ﬂtaﬂ%%@&%‘ai e&’@é&n?&uéi‘%@@'ﬁ(&@ﬂﬁiﬁﬁ@fthe
interest for commercial purposes, e.g. nore than 15,
PprdfietrEbl vy nof enarireml 200 peg el ¢ibeyred can dem i bodyd in
VWiile clo vi.ng relativel OW. CO nmber s .of .t he
Ml FiFL RER e SR Badn i T ERE PR B o
BhtEeVet 5 €an, bErppedsed,13dE) sel ecti on system of the
i nvention neverthel ess can be conbined with L
anpl 11 i TRTOF e h oSy fihe h%%Plf%%?%Q/eprOteln 1S

cEXPEESSH O 4 VL Sq) T Sriedd #0851 18d 8ACe1 D& r from the
acconplished by anplification of a co-integrated dhfr

cyknereisiedil wret diot Frexatleoth orI i meaancleebyol Get tigedhf r
p&gﬁ%ﬂgdsggfng known methods, e.g. filtration, column
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
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
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
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nucl eic acid nolecule as the nmulticistronic
transcription unit of the invention, or by

waetsamasect i on when dhfr i s9bn a separate DNAPCT/EP2005/055794
nol ecul e. I n one aspect, the invention provides a

t.hod for. producing a | ypeptide of interest, the
Ot o CoHbr TS PG LTt T FHEE o Pbst™ CET TSP P host
sEQhd oD b N Ss DNA DY ectit €2 OIS i i@ to obtain
mul ticistronic expressi on uni t or an expressi on

ol skt et o corER S tof teRlOMVRNW B Ardr @pkeskirgrved
e Bolbentr e o1 | i et L The st el o oot
thdwsimspecile sata eukasarot | tiwsthe edibtajpned erkidheys a

mamal jan cell, such as a CHO cell, further, as
CHERTT Hed %v%?plf?ﬁ%%‘bc‘i?%%e%?e%dﬁ‘é?ca%%lrar?%?s?%r

sdQudecEXPRSSELL | b A Selb1e Catbhesdone by @ne of

several nethods, which as such are known to the person
Pekyperidide ehelnreresl sol depeptrntarn ters fororg o

) : . g . _
HIGEHE R e oo P U Pl (B don than
comfect iamgl i exeedd oinn teansdoremt i on, and the |ike.

Sui tabl e host cells that express the polg epti de of

i nt st heBRAI N by SHIeE: i th FEORRSHiDed
oB0DHFod ih&PIA QI dhefbad FENSy SEYEGH4ON S90RIsdRt in

present in the culture nedium east part of the
the nexpite$ higon heasigtie i aggordimert ntkaf ficemnion,
copesntsations 1o seleeto for, eplls; exprassing, dfe
PSefett'abl € har ker pOnyp%pI%I e or i'nTower
s€EDHEEd i ad y Odm . dd $c s ef @ riiece btk fefd Se s ecbt@ides
agent is no longer present in the culture nmedi um

ERRIrPRS Hivel Hrodet FoHt grases vierf R e TRRYPBIRT del¢eents
FEXPFESSebn 4 LY 10 MLrYids dane thgnable dich o

net abol 1 ze, and/ or grow and/or divide and/or produce
se@rante hawtten present in expression cassettes of the
invention under selection conditions. This easy screen,
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
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
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;
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proteins of interest. This can be acconplished by
nmet hods well known to persons skilled in the art, and

WO pboeas but is not |inmitedPko providing nutrPEnEB200H055794
the cell. The methods conprise growh adhering to

surfac rowth in ensi on,. oy conhj nat.i ons
Ce R PR ST it ST et ol o o e T h M s,
alpld@s, boddT escios ddr P ONEACHAUS, i WSERNGyRALSPy (Academic
fed-batch, continuous systens such as perfusion

PEga$ enklC ahd BHR2 1 ikeEra ot bralerARRyardrion 813 G er s | 8T,

b n reduct i on qug?' rote
H%ﬁ?%%’hu]g%lﬂo%u@'urée&% f|)£§sg%'re erir eg |9h£'t (r?;é iaér}?mf%tory
Mdvavel celld sl oapald eLade greds Ngl 988 suspension, and it is

preferred to have cells capabl e of. being cultured in.
Phe T ettt S Tl Lo e [t Pt el b Lowing
e2HPBd s . OFhdUBnSEs & V@Sl 1$8F UM EONPOReM Sventih in any
conditions for growing or multiplying cells (see e.qg.
way sstreunete by seadenie Eraskly Kehe el rivenPeder son,
editors (1973) ) and the conditions for expression of
t he reconbi nant product are known to the person
Esdkmpled in the art. In general, principles, protocols,
and practical techniques for paxinizin éhe
ERRILET | VT {51 C Tt i arc GeF 1G0T o BAREArR R TR
STAR h@ds Cel I Bl pb e mpﬂ%ﬁr@tféﬁé:tér?@l urfdRPF oach
(M Butler, ed., IRL Press, 1991). In a preferred
vaprbodd neht cunsiea ke esBetnpies e mnd twltleet edescribe
tﬂé3%§%f@ la%}ge%ergﬁg@ q%lsmghgrqpthecuIUMe
nedi um or ?ron1%o?h.y?% nmay t%en be FUrther purified
usi ng known net hods, e.g. filtration, columm

chr oat ogr aphy, etc, by nethods generally known to the
ExpRis ’ski‘F‘F’é%t’F‘FFH%“ 2% .S%g"ée‘r%%‘{-?% met hod

accof i1 & 4dhe RUSSeNd o nifmmonsé@!&%cé ydd€solated

absence of chromati'n control elenents, but i1nproved
us syl a sgenet bbt s neeh hendederibed in WO 03/004704, and

this novel sequence was coined STAR67. The effects of
STAR67 on expression of transgenes in mammalian cell
lines were tested. Here we describe the construction of

the various constructs.

Materials and Methods

Three plasmids were created (Fig. 1):

A) CMV-d2EGFP-ires-Zeo (CMV Control),

B) STAR67-CMV-d2EGFP-ires-Zeo (CMV-STARG7),

C) STAR7-STAR67-CMV-d2EGFP-ires-Zeo-STAR7 (CMV-STARG7
7/7)

The construction of construct A is described below.

Plasmid pd2EGFP (Clontech 6010-1) was modified by



10

15

20

25

30

mul ticistronic expression units are provided with such

el ements . The sel ection nethod according to the
w@e@serm4ss nventi on works par?d cul arly wel | whePCERP2005/055794

expression cassette according to the invention,

. conprising.at ]east one anti-r essor seque [

LSRR R 3 AETRe I B B 5% SRS -
11idve, SEh€ctiPife €AMmAde 8} taiie £BERS PEL JBElec Bt ides
stringent, that only very few or even no host cells

CRAFGFAVEATHREAEIBETAGRT AR n| 6382 anth r I es&br auences

Gﬁ@ﬁﬁﬁf@(ﬁﬁf@ﬁ@ﬁi‘ﬁ cSEDI nad 1 ool 88 NYEl oquce
sel éct’ion nmethod and anti-repressor sequehces provides

sateerfoatthackack, nByholl, tandbfakv oyt tiat ied

nunbers of colanjes with reatly | roved chance of
TGN GHEA %1 O T THEA TR Yo T e 16 it EpeeRo S1te
MESES ef gl Whdd £t Adn the SeaR didmedfie. ot e neslifd pgnes

conpri sing the expression cassettes with
GRaFEAGA Y & Seff CEeUBTRARST G BvT @eCE G T B GEP AP @SS on

(é)FE t@?p%dpe@éfd&@f interest, i.e. they are less
pr%’ne {

o silencing or other nmechani sms of |owering
(XG0 EEST OTGAATEGT ADTTRAGH A ARl A XX ASTA@FGE atSH) [ eBD. IND.
certain enbodi nents, al nbst no cl opnes are obtai ned
TQhefe i wFRT -‘?%rﬁ%%jsjo?i’ S2tRAE | & pF eSbntP i Hrdhe
pEXPEES ST N CRASHEL t e AL Ei Y d o depd VENS 1 Q0. of pIRES
providing for very stringent selection. The novel
(Cedmie¢lond G335t em th selobddo EST stuher®Bibs elnf seduced

S {%gl gé Eﬁgaﬁgh I§%é'§%éforéggé%é%géS.%ﬁdo%ycleases at
antl -repressor e enents or unctronality, Yy

MR yzndoadte £f fectstof £fStchr SERRISITC eso Wedi dresesnitial
_in expression cassettes of the invention under
1RFRER THMC T RIS M S TR S Ryt $ e 2 AIRFNC provi des

pPShALIDS! Of REYEn cONPL £t & Dl acky %@t}‘{mﬂag%ﬁﬁiﬂ&rféﬁf to

In many cases, therefore can contribute to identifying

1 floancd f @ rel Dpar f sagrener¢oeaposed §f orhantiweprestorgment,
LS MR CELomdVED, KW A T o { SRESSSPE1 SHE NSl tiple
cloning sites MCS A and MCS B), and the SV40
polyadenylation signal. This fragment was ligated with
the vector backbone of pd2EGFP-1link produced by digestion
with BamHI and Stul, to yield pIRES-1link.

The open reading frame of the zeocin-resistance gene
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,
cat.no. V50120), digested with BamHI and NotI, and
ligated with BamHI/NotI-digested pIRES-1ink to yield
PIRES-1ink-zeo. The d2EGFP reporter ORF was introduced
into pIRES-link-zeo by amplification of pd2EGFP (Clontech
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are tested, this assay can be used to characterize

them further. Wen fragnents of known anti-repressor
weemaermass are tested, the a¥say will provi de PCI/EP2005/055794

functional fragnments of such known anti-repressor

nces.. The. practice of this invention will enploy,
6%@%@3 Ot Herki ¥8°Thdi cat ed, conventional techniques of
GATOGCHWT TYYG GOOA RECEBEARE DA QUAGATECTORA® | oG . CBb] NO.

bi ol ogy, and reconbi nant DNA, which are within the
73kiandof the art. See e.g. Sanmbrook, Fritsch and

AL S | IS nd

Aedl t‘%gj;fcpi%g% mrﬁ%@m%%#s In m:(g%:du? ar gl ozf%%y,

(FEGubEDd. AN . €14 )al ,amdlsi ndO871 ot hef stere eSc et hailse $tned
nzynol o Academ c Press,_Inc.): P . A Practj cal

A ek Lot e Eeenh "BHLC 101 he Pl 158 zeo

p129Ri d At DO AL £S5+ A Lahos @tk ty ARl gdledtow gl zeo

Lane, eds, 1988. The invention is further explained in
(GMe Gontiomhng exanples . The exanples do not linmit the
invention in any way. They nerely serve to clarify the

i nV%ﬁg&g@ a‘%aot cgr?e ESant - Jr dGRETRE And &L NG,

of sequences | n various
tloomMs gurat tontalamgdt uhSlent viaemaiusi rog ricetmsdamcEBARG67 and

Exanpl es, 8 and further describe the novel se]ection
O SO T T e SR et ot Frand s
ASTARBT: MESI RIS (oipustarat ) - repressor (STAR) sequence
was i solated using a genetic screen as described in WO

03/004704, and this novel sequence was coi ned STARG7 .
The THARLt 7T TTHRET Diexigt % orPietk s geredssatte

e RBmMEL i an; celly 44 ngs. V@fﬁRiF%mee&"%fr&ﬁﬁ&%&ﬂfeiﬁ e
construction of the various constructs . terials an

5Meg bl saridhrdea Pl sste slsavedr®’ cBebl Boarf{dFiRpcll g9ites to

flank the entire cassette with STAR7. This is construct C

(CMV-STARG7 7/7) .

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

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 (EFlo Control)

4 STAR67-EF10-d2EGFP-ires-Zeo (EF10-STARG67)

5 UB6-d2EGFP-ires-Zeo (UB6 Control)
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A ) CW-d2EGFP-ires-Zeo (CW Control) , B)

STAR67- CW- d2EGFP-i res- Zeo (CW-STAR67) , C)
WEGINRA4S8IARG 7- CW- d2EGFP- i r Zeo- STAR7 ( CW- SHERBF2005/055794

7/ 7) The construction of construct A is described

o ﬁl”eﬁﬁ%ﬁ"‘ PR AP RREr e Crha B WP OSPERRE) yi el d

pd2EGFPI i nk. The |inker, made by anneal i ng
M&otégonLs | £04 i desh &sdACCGATATCAGATCTTTAATTAAG (SEQ I D.
NO. 67) and GTACCTTAATTAAAGATCTGATAT (SEQ ID. NO
Tig8)UB¢ munddiickd mierstdéns weee Paxichayed , fandtike oV

restriction endo ucle se s.created t | ti e
oS AP T e S Fase T T T & ‘ol 08

ﬂ&ﬁﬁté&lﬁﬁgscloned as follows. A DNA 0.37 kb stuffer

GATCAGATCTGECGCGCCATTTAAATCGTCTCGCGCGT TTCGGTGATGACGG

f]((gEth: mde%%le was amplified by PCR, as

d .7 \Ileq?gé%r@ IITQW a regi onﬁ%ﬁéﬁf }%%’)Err?

IPd2EGE-P, 6 Wamd Was Thserdadl t i mme Bohffesiwas ofloned

S tech 6028- yeld S- st uf
Rt R N S e A RS
}Iﬁ@@-ss@lif N@@m%ﬂ%@-@@uﬂsa@ Asdtdda®f fragment
fragment to avoid potential interference between STAR

was epheanad aiht adf e EQFROTRES sAepl RESIBtWiiglasthe CMV
pjg(glg(ga@g;dwg\gtp (g%é& and Fspl to liberate a DNA

ragnent conposed of the stuffer fragnent, the CW
pronoter, the I RES elenent (flanked by nmultiple

Tied 1Y i RSt MSvds aitb MIS &1 )by POR wheh PO/ V5-His
ol yadenyl ati on signal. This fragment was |ligated with

[ Ih‘é“iﬂé‘&%‘? Bekbohke a3 (RIBEGFR A | WK JRIURRIC Dy
S-
%e open readﬁng rarre o? %#C%%(g%?%%%s%%ncieﬁ g(ﬁ%e

Tasandiserted into BanEl/ Notl sites downstream of the

nQLEES 251 O A B AERE PSR o188 T 185 60y . The
PCR fragment was cloned in the Ascl and PpuMI sites of
CMV-d2EGFP-IRES-Zeo, from which the CMV promoter was

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
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
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
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by PCR with priners
GATCGGATCCTTCGAAATGGECCAAGTITGACCAGTGC (SEQ I1D. NO. 71)

W@ 6/ TTCTCAGTATGCTCCTC ( SEQ | DPCINEP20832)55794
from pl asm d pCW/ zeo (Invitrogen, cat.no. V50120) ,

ested wth and |i ted i.th BanHl/
“”r% r%u“@%%t%%i’ﬁﬁ“ﬁé% W%%&I\f%e% e bt saIPCi‘%%eo. The
tﬁE-’rE&fePcif&ﬂ)QféEIs %mwﬁa@&wﬂmm@@ A RES | dRkrZBght
\bft’r anplification of pd2EGFP (C ont ech6010-1) with

e 1 T CrsnalsT CTREre ARSI S AETA Tt aiatt ¢ SEegsh

%%ﬁ%ﬁé%ﬁ%mw&%&%@@wémm

o(SEQ gD, ilNbad)on ameb ¢ s ewd 3 cadadd tthe dEcodi cah tgest Boh
d2EGFP cassette into the EcoRl site in the

O%ﬁrétsiwﬁk b Prastrbls e (Febiwr¢ st het. After

% r'eam o @%@%‘é rom)%)d?t = )E?%%sé@%\xﬁé ‘% 25?

md @it &SNPl Th 1y b@éd\@ﬁm T@%R?] Al thed phonpiesqd
Thi s created const ruct gR67 CWA2EGFP- ires-Zeo

fl(JGM\ﬁlSTNRHI) lDCSH\AR@JZaJJva@,OMWQ gxt eaneg nVISFﬂéDlJQ)nt ext
S hat , cont S STAR7, on d
(%pl?]g% J?}%n%#)g %%ﬁt%ey% aaf a| ?tr‘sadég&) l%ﬂlt es and 3>
radgdddd antd Pesb saded witH | kst hee®@nin rmﬁa@s@tz@owm h
STAR7 . This is construct. C (CW- STAR67 7/7) rT
Indivigugls ¢ kRh CBRr e hjes%lféb?%%s‘?% t‘rwf%ﬁﬁldw
wtl apPa[‘tE’eéJ%n REQIDLETS1 4 b gt ahlycid ansdecied LHQ »
cell's. W tested whether the presence of STARG7
1%@!}@@@11 ¢o the CMONEN azwmt'LIUB@WQﬁthériso i e reddiegn.
the expr ess | e t hese Dronot er s S.
B R R AR e o RS Tab P T3 iy o
appBdLimsesl § 03 wdriss P (oS ex r i d ¢ b .OFdZH'IEFP

respective pronoters: 1 CW-d2EG-P-ires-Zeo (CW
e%Rﬁﬁ?%ﬂ?“ levels in the colonies were measured after

periods of two weeks. After the initial two weeks after
transfection when the first d2EGFP measurements were
performed, the colonies were cultured in medium without
zeocin or other antibiotics. This continued for the

remainder of the experiment.

Results
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
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
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2 STAR67- CW- d2EGFP-i res- Zeo (CW- STAR67) 3
EFl a- d2EGFP-i res-Zeo (EFla Control) 4 STAR67-EF
W@2@BBGHR i r es- Zeo (EFl a- STAM67) 5 UB6- d2EGFP- PCEEPI@055794
(UB6 Control)6 STAR67-UB6- d2EG-P-ires-Zeo (UB6- STAR6G7)
%Jcal s_and_Met hods The UB6 and Eli"] grormt e% h
famged FOPC e GRPRFoh R T thE AR ©
dmlabﬂﬁhall 11 gchd 10 The1 4Bt PrOFDE £fc MBS Gh DAL 18 S
follows. A DNA 0.37 kb stuff e r fromthe pd2EGFP
SHPa@YﬁWlwafW% ‘beWIF’@R meg supRG g FrE 45 days and

3%%@6%%% 66:_ esu tl ng é]fsét{l &]ebr}y%%&C oneoa;\gb

afther Bgltams Bedteian f qDLBmwwmccﬁmpwssime@MWZ&&asztOﬁuqt

creati st romp b- st uf an Ascl - Sacl
IR DERC T D 1 B O B RCEP e S27S  om
epi&ds1de (M DronDtes ]’!@Ofteé@V]&%teTﬂe £l s @aprpnot er
}y\/\%i anplified b y PCRw th pEFl a/V5-H s Inwtr%gen
twmf@@t}e@ %lQreemnl &@om@m@lmumr@ays after
o NO.
LG X D
pING s180) wad heerRERd rlagrmmltm@mdcmlbmi‘@s As[clmeaﬂtd;m
PpuM sites, o f CW-d2EGFP-] RES- Zeo, . from which th
WJ(NRP% OB EH nAkS T &Vl OTHRS CHP e Hatst e %@7
c&%ﬁrﬁé@%%cﬁe (GG CAE1) RS £yl vk esbddhce of
F12 medi um + 10% Fetal Calf Serum containing 2
S¢1¢Mg¢mtm$®rq0@u ndobamies | that dmdndioOcontain a
Sﬂfgépgcr(%rss /m streptorryci nat 37005% C2 . Cells
were trans ?ed with the plasm ds using Lipofectam ne
2000 (InV|trogen) a s described b y the manufacturer.
Brief]y, ceIIs were seeded t o culture vessels and

gr ovint bvet nilfES tthA Y 0-150v5 el tareile. the gttt ng-hat
céﬁ%ggﬂg g*ﬁ?éﬁ”%ﬂéhed upstream of the EFla- promoter

resulted in a number of CHO colonies that express

significantly higher levels of d2EGFP protein, as
compared to the “empty” control without STAR67, EF1Q
Control. The average of the d2EGFP signal in the 10
colonies transfected with the EF1a Control plasmid was
31, when measured 25 days after transfection. 60 days
after transfection the average of the d2EGFP signal in
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 STARG7-
encompassing EF1a construct conveyed a factor 2.9 higher
EFlo promoter driven expression level of the reporter

protein in stably transfected clones.
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with plasmd DNAat aratioof 6 mcroliters per

mcrogram (e.g. for a1 0 cmPetri dish, 20
worR@sogsns DNA and 120 micrdliters Li pof ect anPCEEPZN055794

added t o the cells. After overnight incubation the

transfectj onm xtur.e s replaced with fresh nediu

and 1o 11 AHEE L et Lot TE RS E THE (Bar WiF 1P Herict that
citLIn OVEr M gt c Cothdd iabs ©rcarf &b f StV e 4 ryRshat ged

and seeded into fresh culture vessels with fresh

ropgl tefl 18ty he?t dviY egRnieR Ut PKRERZS N was
: ' f 50 cells
S O LA SR P WD B T e
congel teal Was thepl ‘seect Yy ¢oresto nedi thocont BARG hg TROCI n
100 / and cultured f her. Wen jndivid
clr ol oeliid A S B Chd e A e gn L ofP e 10 ¢ er
cdIgmsd ectiong raedi g nas fieaoyed @k Fepl geesh tas 51,

fresh medi um w thout zeocin. Individual clones were
when|rgaezed 27 ataYeralieer otvansigttion ates day realf tew
| cl t [ L on. e
ool RS B Rob R
cd Ten DREGHRS r2Por 1red 1 getien gvaish IS Stetss el pupipd DX ek £ ynGe
weeks after transfection. d2EG-P expression levels in
StHLe P BT s er el e dR T 31 ertiFerd 6 &t 2o RiReks

d2rdf g1 dher | 1 tiid {00 YESKSe £ BAnd FOOSE ECH1 0D when

the first d2EGFP neasurenents were perforned, the
URot TMRs’ igkasreid twaed2 16 wieeh uneavwhedita Ziewei 25 odays

0 anti biotic his continued for the r i nder  of
2 4 A DLOLd Op SV LOOLL D LAt Do | BRI 8)

d@f s tdhec eonstaneted thivdn ot SIAES6 BlAREMmEd D6ty ugEss r eam
of the CW pronoter resulted in a nunber of CHO
CRIRies FHACESPressiYni fiTantINehi PrerPTIWRIRT of

d%%}%@é%{bn AB~FOI TR elglé %é}g@rﬁmﬂSté:ﬂmfﬁl stably
wi t hout "'STAR67, CW
transfected clones. After 60 days this factor was 7.7,
due to instability of expression in the control colonies
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
of selection pressure than colonies that do not contain a
STAR67 construct.

In conclusion, STAR67 increases expression from

three different, unrelated promoters.

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, EFlo and UB6 promoters influences the expression
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Control. The average of the d2EGFP signal in the 10
colonies transfected wwth the Cw Control plasm d was
wadosmksam neasured 25 days @ er transfecti on. PEDERRYS055794
after transfection the average of the d2EGFP signal in
0_.co s _reduced to 13 di cati th
L0 oS TS A SoT S BY T S5 Longan | S e
cEWVES Ag€ard 1§ heufk2EGHER st @nad 114, thee 160l @ SSructs as
transfected with the STAR67-CW plasm d was 42 when

1nyeesaiRle af t8r2531%RY's and 32 neasured 60 days after
transfection. Hence 60 days after transfection, a
STAR67- enconpassi ng CW construct conveyed a factor 2

Ma Be hi gher a: Mgt oods er driven expressi on level of the

reporter rote| i n,stabl fect n

Ty SR i S i el Hhanet B S oAl SR ce s

PER I S4° NRAIY Bt c19eheEld Ah PMESS WRIIWAS + YRR Q%e +
culturing the colonies in mediumw thout zeocin.

IHerretakobonins Toniai Mo Hert SIARBTLcoredr uct - QrreM
M%MezslébaB 1°¥CoﬁEkﬁlh” EES BEG{AESrS rgﬁk%ﬁg' on

sure oni es fha con TARG7

sERAst st in RiG. 3 Pcshows ddjat cknapsiecti erafkrbfeed with
construct that contains STAR67 cl oned upstream of the

LIEF| Oz sip dsrot eing e&quﬁ%ptammatﬁﬁfé@ ﬁn@n@qﬁar@hu TS

that EXPrESS Si n|f| ant | hi er vel s d2EGF
ad {885 SERNET Ol SALERN eI St FYE Sl HARE Focedea

téﬂE¥%ﬁﬂliﬁﬁﬁﬁ3ékamC&veﬂﬁ@gmwemﬁgﬁo{@o%fwbmﬁiﬁiﬁ%e
signal in the 10 colonies transfected with the EFl OC
W‘?%Wa%}%nlf%a%%%t 3@ s I el ¥ B 2151%%*9@ dfferat a

réﬁfé‘séﬁciﬁ) %cﬁ@lf‘@&ss abd £r3 th Anssecdh Ofe the %Fre@gfo cm

of the d2EGFP signal in these 10 col oni es was
Peﬂo]n.pahfslon 2@ hm@x/@qua@es OPNA h@@zmmmmhitemthe 10

G QTLE LA La PoiA Uik Ll SEIG STARSE mlasu g g
25miek>&ﬂﬁﬂ%ﬁﬁQhLOmit@Qﬂ%ehdﬁﬂ|1ncubatlon the
transfection mixture was replaced with fresh medium, and
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 ug/ml and the cells were cultured
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
plates before the d2EGFP signal was determined on a XL-
MCIL 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
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after 25 and 60 days after transfection, a STARG7-

enconpassi ng EFI OC construct conveyed a factor 2.9
wh@esssEFl OC promot er dri vel? expressi on | evel POF/EPIN65/055794

reporter protein in stably transfected clones.Fig. 4

hows. t hat, transfection of fhe, construct that contains
a%ﬁ%ﬁs% e %Jf?ae%‘}ﬁ%fc? &6 Hromo Lérrtr}?%%u‘?l& R
il therhess i cCHEF cad i es that express significantly

hi gher | evels of d2EG-P protein, as conpared to the

"enpty" control w thout STAR67, UB6 Control. The
Rgg/gja?e of the d2EGFP signal in the 10 col onies
tran,:si

cted .w t rol _pl i,d S
nmeasured gss%%a@%] éa%?%%%%@ Jet((:) Olrgnoéj‘sg@oh%\g@%n%%é{@e%at
cdi el € 3 TARG T hel aved ages tof e dri eo £l 2B RCV ghvedmaotte £ hese
10 colonjes was 29, indicating that, the expressi on was

el Abt e DVRAITRS Ot | FER dripaf? KOht o Heh v e Hoee bt
=116 A2EGEP ignalel mehe d G eaimnies dranstected with
the UB6- STAR67 Dl

asm d was 218 when neasured after 25
ceipyer ethdc @ 2zheresarup teyl” 60oniaysl af tdrout aFBARET i oFMV

Henc days after transf Lon, a .
CEey: SROiatE Ui on ity Sy e a1 ctr
cdiléh e ghera A Bbe Pt €0k £t h dfhey SIMEXPseS5d Dol £:ed d ofad hey,
reporter protein in stably transfected clones. After

Wit dBSASHHS $hcddrs vaist et rael et 1ot afff 193YS grfter
tﬁr@éﬁé‘é&%h | d Ne, COML Obe 0&%@%?@?@@%&5@&1 1 Yehdke 10

UB6- STAR67 col onies. Inportantly, 25 days after
cotambdectannrediced tdhel4,) rsndhemsinensmt sabestsomm
ressure renoved. by culturing the colonies in
" iU W RGO Soct HTS Holfh &S OWET ohT @ Rt o 17 1P K0
t I ARBTCIEONSIGel B EcHBI B S¢S el Oy ef rdndBedted hRith the
absence of selection pressure than colonies that do

ST 6 torifai Ml @STSTARETS chihks twlet Mg s e | 4ston, 3GTHR6Y
ax‘bc?g{r%f}gﬁsﬁ%&ﬁ essi ey dromdpres, difLor e, sUEl ¥Ehays
after transfection, a STAR67-encompassing CMV construct
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
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, EF1Q
Control. The average of the d2EGFP signal in the 10
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 EFlo-
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Exanpl e 3 : STAR67 enhances the expression |evel from

CW, EFla and UB6 pronoters in stably transfected
WOERsOB45%! | s. W tested whetther the presence BET/BIARSTS5794

adj acent of the CW, EFla and UB6 pronoters influences

SRS PR E A 2 Syl RERPATA el S 20

mddu SSIe6 ¢ § UetSe @ Srdds exafibe. lHWeE®, Useth after 30
Materi al s and Met hods Transfection, culturing and

a%a@%@%y%faﬁa'\r Cor et focPER Of (FARRI 18N eRIFRASSIng
t ured DVEM nedi d + 99% Epet al
Sl (TERETERT 1 it Tvat ba) Toier o T N R 2o

dﬂiﬁbﬂyéﬁpf5%%£éﬂ|IQVePﬂ§f1£Kbrﬂ OH B Fdtein in stably
str:hgtonycm at 37¢10% CO2 . Ils were transfected

tpantedlecpl @bPRYS- usi ng Li pof ect ami ne 2000
(Invitrogen) a s described b y the nmanufacturer.
Briefly, cells were seeded t o 6-wells and grown
overmight7 tstowd-1302% cton‘r;fﬂsmrcteloﬂ_iqn@ftaﬂé am et reagettat
mscomlnedwthlﬁ%% dDNAataratl(%ofl
r

COR'G BT e SRpercw YR of v WA Rrem Rt ri

réishie? £h N L @B DN RNEG 1201 S L1 R £F Sexpress
Li pof ectam ne) and added after 3 O m nutes |ncubat| on

sponidiGodty dlxqieelcelet\selsamﬁrdﬁmrpmm i@h the

AR TIE e A o L R E PR PR e

CAHit©s1 OVEidI agd‘ktra:g}é td>f/aith@rd2E:C€EH"H> Ssil@ﬁa‘:‘l t1y pshani z@d
and seeded (1:15, 1:30, 1:60, 1:120 dilutions) into
ce#%%eimn%#%%%d (DB my Dy ¥R st tedp LA 4 Hias 4.

wHEPGhdh AdAEd 30 QR SNELDE ratd O0r Qe 1 JP0 6B/ iy andridie

cells were cultured further. When col oni es becane
tndss btet iomdive gt rajonss wmedli!%@ﬂat%mrbaly Ferigpisy 10

d f 24- di ith
G e e £ b i o ot T L Momre

sigmBfafretk t1@ coveliepl@tLssfected with the UB6-STAR6G7
plasmid was 27 when measured after 30 days and 18
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.

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.

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

cells.
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St abl e col oni es were expanded for 2 weeks in 6-well

pl at es before the d2EGFP si gnal was determ ned on a
wXkiveh4Berkman Coul ter fl ovw‘?g/]t oneter . The meaPCDEP200HIES5794

d2EG-P signal was taken a s neasure for the level o f

d2EGFP i on.. Col oni d. f d
WY | TR S T Rk e N T B TBrO L of DAOb LTl (her e
SEAl tpiF &bt & t her BRseree e Z80stdssResUldse FigE this

shows that transfection of the construct that contains

PISTRRETE ¢ | DFHEP Tpst PR Bf 11 HeoTEMAP Bt ¥ th X RRRIC | n
PER..Gb. c0O ' t X S. St onj.fi

SRR |01 < 1 D B o o1 o Bompared 16 he Yt
wesnptsed cont riohi svhinous STAREY , F MW Qontawt: The

average o e d2 P. signal i 0 col oni es

tr anﬁf ect%@%qﬁgﬁ_ﬁﬁ}g@%‘? r g?‘”;(faé‘?ﬁ'ﬁr%)s 37, when
nmeasyr ed Sfamlaysswd §-edotcems e 00 6Oy ARySTREE BY
transfection the average of the d2EGFP signal in these

10 cdl oni EBARESS VARG - 126 s 7 4R 0BTARG {Hed0-START/7)

exprgssi _ 1 Ve e . conmpakd ,
The Svor aEtRE- Motath PO Y o e | 10 SR ARRT
transf ect esivad+$rame7 STAR67- CW pl asnid was 101 when

nmeasured after 30 days and 45 neasured 60 days after
transfection. Hence 60 days after transfection, a

MaJARGYT encomassi fgs CW construct conveyed a factor 3
' er driven expression |evel of the

Thepdv4@roprottedn was sambl yEiednsy eRtRdvitloneBREFias 6
tsho]\éés6 t ha%iﬁ ranrslf eé:]gsi on of the construct that contains
<HA 1_7eclll oned Iﬂpsntlream of the EFI OC- pronoter resulted
TTEC BT CEEHEEC ef C RER €6 €O ©FT @BCA AT ABXPTEBGAAAGAGG  (SEQ.
significantly higher |levels of d2EG-P protein, as
I%o%‘b@:\f Lt #2%he "enpty" control without STAR67, EFI OC

TFEEE F @b cadBec RNEE PERr R c A e (B EEs & Bl a A Adec i e
(SEQ. ID. NO. 82). The PCR fragment was cloned in the
AscI and SacI sites of CMV-d2EGFP-IRES-Zeo, from which

the CMV promoter was removed.

CHO cells were transfected, colonies were isolated and

propagated and analysed as in Example 2.

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
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
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colonies transfected with the EFl OC Control plasm d
was 5 , when neasured 30 dgs after transfection. 60
walays/oafsser transfection theéZaverage of the d2BCFRP2005/055794
signal in these 10 colonies was 6 . In conparison, the
aver age of t d2EGFP signal _.in the 10 c
AR Wi T B oA A TSR & b SRR

sT@asured afd erg 36 dayse aneh 20s feasdd et 69 €laysswefs-er
transfection. Hence, both after 30 and 60 days after
STARMS fREY $T6H] V@%T&@G@@hdﬁﬁ%@%f@@@d%d%@? wid the

a&é’f‘é’ié/ ege atl{é‘céféefp ahelr BRl QG progmief  gdrd yen
expression [eve the reporter protein in stably
ttamntsdeod@dvCtiongdse FV40-FTARhOWST tihbdsitidnsd£cdl o/vhemi

t he constuct at contai ns STAR67. cl oped ups am o
MO B ot L0 SR TE e b o R Th et
IO OB ERR tEBEmEXPS €SS ShANSTA € apt dnvothd Fhed ctmeéeswé was
d2EG-P protein, as conpared to the "enpty" control
olwenoed- STAR67, UB6 Control. The average of the d2EGFP
sig ' I t
Con[?é;ol I%ghéais]ﬁarrsl V\?acé) %ﬁ#%@gn%la%rlg%’% gfays a SV4O

pitdrabiséd ecin othe &0 @I@ylss aeif@ralf@enw egliiton ltiml,avaucag@ren

of t he d2EGFP signal in these 10 col onies was 2 .
‘b*hp%%% Ran lg%?% FLYHE V&%@Gﬂ@%uﬁﬁ‘élplfﬂ“?%f'io

wl?ﬂjslﬁ)%ﬁ ééﬁé‘?&@ffé&dtcy\%@ 4 hee MBOs STARS o RLASHR €, VRS s

7 when neasured after 30 days ‘and 18 neasured 60 days
hﬂagl‘u erachansird t¢xpre Hehere, ibothe afhsend® ahdz 6VTARAYS

fter transfe i O STAR67 enco UB6
© C%IF}% FuC %n@é?/e%\y%&f ?mOt ol dengll g’herc—“fJBeGXplaln

wipy ot € giet £ V€dn ©Xpf BSSt ot | $I‘/ZEk6”DfaId3‘tGe,r eRor$EART
rotein in stably transfected cl ones. Hence pl acing
f]?ﬂiﬂﬁé?g Ut reEtR e %re "B%n‘i}%%‘?r‘f%‘%ul ted in

si gnudy ANt | Yo Qik%ré;fé’tc% %%Rﬁ?ﬁéﬂ'@%iaﬁ\’ﬁ Sid Nthe 18
conmpari son Wi th STAR67-1ess constructs so in PER

cekbth bes Heremes BIAREY Wuﬂctt@sﬂ%ﬂﬁﬁ%@"én?/ﬂ plasmld was

209 when measured after 40 days colonies, which is a
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.

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
appear to function even better than in hitherto disclosed
configurations.

We have done experiments in which the flanking STAR7
elements were replaced by flanking STAR6 elements or by
flanking STAR4 elements, in combination with STARG67
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unrelated cell types . Exanple 4 : Novel configuration

of STAR67 conbined with other STAR el enents to enhance
WO b®eBWwIs promoter in CHO cid s. W tested whet PET/EPIN5/055794

presence of STAR67 adjacent of the SV40 pronoter

i nfl t.h ' I ' t
T AT brid orS T FC GoTBIELT of Vo UF Bt hef/ S SVv40-
SEARGENM /4 ) NrddpScexady & AR thdheakonsddiardBatiled as
were used for this purpose (see Fig. 8), are: 1

AT (o PRl § RISV TR OLIIRNCP REtgspon also with these

U I ol 1SS T A a4
e BIG7es STARGTh B be dOEGRM e SETe 0 STARISTAR

SV40- STAR67 . 7/ 7 terials and Met hods The Sv4 0
S‘?(J%‘?Fb‘f%?' vid a%ﬁ#lr% U by SHEhC p‘?géél%s“‘?‘é?ﬂpl ate

chef P4 #1068 Sof the expression cassette with the STAR
TT T GGGGECGECGCCECA CCATGGCCTGAAATAACCT CTGAAAGAGG

S¢BENCED, I NO@LBAYVemd
TTGGTTGCGAGCTCAAGCT TTTTGCAAAAGCCTAGGCCT CCAAAAAAGCCTCCT
C (SEQ ID. NO 82) . The PCR fragnent was cloned in
ExdmpAs CH : adocualotirsa tion o6 £ BRARKTE G | SYER 7 csnhdniasn UB6 -

whi ch t he, pronot er, was_ r enpved. cells were
dg ’r‘é‘?féfae‘&’f’e‘g?\élié JPERT RIS 1R el‘?%%f%t’e‘a %@inf o‘ﬁ%@'éﬁé%c%‘?f&
crdabyBES. as in Exanple 2 . Results Fig. 8 shows that

transfecti on of the construct that _eith_er cont ai ns
TISTARETO k¢ ohedk upsevwedntioft tthiee SVao ramiprerof STAR6G7 and

0- TARG%%/ r_ STAR 7_c¢lon t o, f1 ank ntire . .
SR TS o it e By dfein in
Crol anl Bs. thate expresstsd giidtioant tiye ht@hieind €venh so of

d2EG-P protein, as conpared to the "enpty" control
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.

Materials and Methods
Plasmids
The heavy chain cDNA (HC-EpCAM) was cloned in a construct
encompassing the UB6 promoter. The HC-EpCAM was coupled
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
(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
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wi t hout STARs (SV40 Control) . The average of the

d2EGFP signal in the 18 colonies transfected with the
wewe/0Bant rol plasm d was 8694 when neasured 40PCBEB2005/055794

aftertransfection. In conparison, the average of the

d2EC"%:P Si %gt}blaa%nifqbeii col ,es t Qﬁect dt \gﬁ%hﬁ)é he

pll@é/rﬁl@@dré]gf&%@lf aYEAOf - Muea@iﬂﬁfﬁ sigret) | srade, 18
col onies transfected with the SV40- STAR 7/ 7 plasm d

was 91 when rreasured after 40 days Hence, no

Tféz%‘fé&z?ﬁé‘)% %F_%e‘%ﬂie éh&s digments on the SV4 0

pronot er S Wwas o serve It appears that
Th@@@mms}ﬂmﬁ@web\safy omelhelfs\@,ocfmdfmt erAT(EC t¢te15e61)

cells ar aIr uite hi , and even C h|
g e Y i R o R i s

z &SRS der ¢l ﬁ@/rﬁ’ﬁ) aarv&fp/uﬁ&ﬁ% D(@n@t%/mﬂﬁlﬁobl gh
background expression in the absence of a STAR el enent
S@]s%@lqme @ dayprafptert Fan gHS et s, ZerGl Xyt 2 ey

t<$| an%d %!%]%]tmeeé{&gt eV%er? fAiR%Jt aé@f 7] £ &éﬁ? v131ble

e transgen serve vveve
(aygejfca;gﬁna)tfelﬁa d2EEF P Bt gnad ddine 1 dre d.-B za@é@im)esthe
transfected with the SV40- STAR67 7/7 cE)l asm d was 209
Clshiehr Prebt EY YR § elfe%"%%y%“%olf%ae%e vt idh §eliure

mé@fﬁ@rc@néam%%ﬁf@ﬁ‘yém Vet @98 r S hEnd & LM r@lys,

col oni es (86) nce,” when the STAR67 el enment” i s used
coFomombiwerte ohslattedronderr8TAR efedem , 24 islkesul ts
n_a. nunber f stably. transfected CHO col onl t hat
oAl o1 B v Bt e e EeeD M et B Th el o
Therefore in this noveI confl guration (5 - STAR
sequence A - STAR sequence C - pronoter - nucleic acid
R%’ﬁ%’éﬁng a protein of interest - STAR sequence B - 3

cabsimanttss that contain STAR67 cloned upstream of the UB6
promoter and two STAR7 elements cloned to flank the
entire cassettes resulted in a number of CHO colonies
that express significantly higher levels of EpCAM
antibody (measured by ELISA using an anti-human IgG
antibody) as compared to the “empty” control without
STAR67 and STAR7, UB6 (HC+ILC) Control. The average of the
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
zeoclin and puromycin were removed after 25 days. 45 days
after transfection the average of the EpCAM production in
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.



10

15

20

25

30

appear to function even better than in hitherto

di scl osed configurations . W have done experinents in
wabioshsssbe fl anki ng STAR7 el@®hents were repl acer/By2005/055794

flanki ng STAR6 el enments or by flanking STAR4 el enents,

i n_ conbinati on w ST upstream of the Sv40 .
He St et ‘be]‘sé\(gea;“@ﬁgg S VD= CISTAREYS A7t ton @
STASPELSTAR Yon MShpts & 11y SewE Aoenehat WEenwasSy oy efactor
and observed i nproved expression also with these

2 conee mat ¥ ofzld Thi Eher diRe RF¥RIOEMe 7ra NP SHARY
e AITH 5 CALY df%?%@%g}%é@éd %ﬁ@fcﬁ%ﬁ&
still t 0

equences, an i mpr ovenent t he novel
confHenuratplac ioig tHEARKprgsst orat asS etie pwdrntdre SIRR

se nces js observed ample 5 : A conbi natj on_ of
R AL il SreEES erha DS rr Yot oA | ety £2a %
BRI £584.00 § eV iSet Nest AR Int 1908 ect e LHR Celdge1d N
Sexanpl e 4 V\% _S%(I)wed_ t}t;%t thI:e conbi natli%g% of STARG7 andn
CESTARM ePTRpReets othew elikdpr EBAR O $BART sleds dXBEGHR ot ei n

in CHO cells. Here we tested whether the conbination
of STAR67 and STAR7 coul d be used for the production

Exdmple afii | STR67 ks alimis caranerstndndosx] Vb hackerst  wher &goAM
rmlgcul p§Hul_f et al, 1999) as test protein and used

STAR Lﬂb‘s .% é?®Materials and Methods Plasnids The
heavys Chad th SINA A& ERENY) dBshlanedhd fe Lonsd S ey
enconpassi ng the UB6 pronoter. The HC- EpCAM was

feoupiad proRdet Veoth el rdbist SPARS gemd BIARN, |RES
o RPANENC Sy The. 1L oo B2 6 P (hiz FPCAM, yas, @50
cloned i'n a construct €ncomnpas'sing e prionoter .
Enten ¢ Bpldtawmsa colpl e 19 tdecpuropcldcinsi st srwre
ene by an | RES sequence. Together these two plasm ds
e %Eﬁlé%eb?ﬁt"fq’%n UBgStrong enharncer and a promoter. Here we

tested whether also STAR67 is an enhancer blocker.

Materials and Methods

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
NcoI and Xbal restriction sites to replace the Luciferase
gene to create plasmid pGL3-promoter-GFP. A linker
(created by annealing oligo’s
CGATATCTTGGAGATCTACTAGTGGCGCGCCTTGGGCTAGCT (SEQ.ID.NO.
77) and
GATCAGCTAGCCCAAGGCGCGCCACTAGTAGATCTCCAAGATATCGAGCT
(SEQ.ID.NO. 78), was cloned in the SacI 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
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(HC+LC) Control (Fig. 9 ) To test the effects of

STAR67 and STAR7, STAR67 was cloned in both HC+LC
W@ onsIs464 s, upstream of theé@UB6 pronmpters . SAAREPWBS055794

cloned to flank the entirecassettes, both at the 5"

3 d ig..9 . Th t I ' t
B e AP L reletsd arne Uhe Rt Cht T beE oo ter -
crewl digH By of h CHEX sl | $nd heg G Nestee Hadisd £ 1 Ky as Va $iel di
| ine CHO KI (ATCC CCL-61) was transfected and cul tured

PGls3 79 aQERT B MO LT Tof Z e ot FUARA Oz Ignerindias placed
i 0e( I ' e Y el
o e e e e T e L i e
tdherevtentstactol oni @t ties asrehamnse bl @n (@pprocamed efyervces .
days. after addjtion of zeocin e cul ture nmedj um was
F{ b SHE CHTUENE Vi1 T GG UF b WO S ot hi B ween
IR ONYE i dnhdMESF ARProNd NBE L Y il ORYS , p £SO £SuMEKE the
isolated and transferred to 24 wells plates, in
Srel taned Aeel uresont el g edTin only. Results Fig. 9
shows that that transfection of antibody constructs
that contain STAR67 cl oned upstream of the UB6
pronoter and two STAR7 el enents cloned to flank the
Teat s fecthssedr@scubsutd edf | @HA awibber of CHO col oni es

t hat., express signifjcantl j gher | evels of E
Th RS Rt AR o Lo e w R ChE o)
1 &Nt + DOONA c BSq COIPRY eghd I@@I'Qﬁ@éﬁaﬁ%ﬁ@i ¥hd hout
STAR67 and STAR7, UB6 (HC+LC) Control. The average of

txdyves B r ST DN Ve Ihea 18 neAvied o ansfieted XL

i H I id 2.7
f%&%@%ﬁ%ﬁ% %@%gﬁ%@%)odg;? af }Ngf transfection.

Sel ection agents zeocin and puronycin were renoved
after 25 days. 45 days after transfection the average
R&fuih® EpCAM production in these 18 col onies was 2.7

F%@/C%@I?Q%Wﬁ W@ﬁ%o%%%ﬁ@%cﬁﬁ R¢fe an enhancer blocker,

whereas STAR6 and STAR7 act enhancer blockers in the same
assay. STAR6, STAR7 and STAR67 were cloned between the
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 STARG
or STAR7 was placed between the enhancer and the
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
not a good enhancer blocker, this in contrast with STARG6
and STAR 7, as well as other STAR elements, as previously

described (WO 03/004704, Kwaks et al, 2003).
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average of the EpCAM production signal in the 18
colonies transfected wth the STAR7- STARG67- UB6 ( HC+LC)

WO SDARTRs4pt asnid was 6.7 wherPheasured after 25PCBEB20851055794
7.7 pg/cell/day, when neasured 45 days after

tra fi both r_3 45. days_afi.er
E44uhq oft | SEAREF et 298 G226 itibay
eXPredsicn THrYEY elh aséﬁsiprtﬁa@sfébeeé) ¢rd dedui phier  UB6
pronoter driven EpCAM expreSS|on | evel in stab

In rprastiele et 'CHO P st hHe e pt et Hep STARETE Rehmnd

Séé%igg?géagggu teQQ%%M§|%%£$ﬁcaﬁ§P§q%|§%&Hth%£&%ggay in
CHt adobbly, eiqprtdssimnﬁ@velsflw@kﬁstmmrmbasrsmmeuch
TARG7/ R7-1 ess constyucts. Exanple_6 STARG7 i
TS e BT S Y R LGl SR AT o el e
tdd ded Wher i Or KNpaws BTARI Bl @ niSed Nedr Ve pesdedcfot of
that property, including STAR6 and STAR7, are enhancer

ERffAd¢ ke LRy 081904704, hawks ard allg%Gg}alnﬂEnﬁhlaﬁhcer
pjgéec?&éeén agh Vﬁié(sxh c;]t &ed & by é’i@&i@%&ﬁfﬁ%ﬁé@@%ﬁ for

ween a strong ancer and a
cd @st el avded s mﬁfkbﬁiﬂAR67 i s an enhancer bl ocker.
Materi al s and Met hods The d2EGFP gene was PCR-anplif
i ed using priners
MaHGETGEET.GAT GAATHEHGAGCAAGCCCGAGGAGCTGITC ( SEQ | D. NO
75) and ATTCTCTAGACTACACATTGATCCTAGCAGAAGCAC
P%&Em}di)hﬁ) 76) and cloned into plasm d pG.3- pronoter

r{ SOIRIA) sl NG e ol a0g KbAL (oSt TGl ot sitep §f
repla HEHUCTTEF as? gene ‘to create plasni

t}p@i@@rpfmi@tfeﬂ:&d Acdupked {cread e@bwlxanf@aismce
ol i go's CGATATCTTGGAGATCTACTAGTIGGCGCGCCTTGEECT
IFERY | ! NRET 5 RPCAT B 1) ErpiaedNA (LC EpCAM)

1 SEHELCTAGTAGNT (G (MM AT ST Tad PEQ D NP £ I 8ne

was cloned in the Sad and III sites
puromycin resistance gene by an IRES sequence. Basically

these are the constructs used in example 5. These two
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
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)
was transfected and cultured as in example 2, using
zeocin (100 pg/ml) and puromycin (2.5 ng/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
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to create nmultiple cloning sites. The original Bglll

site was destroyed upon |i gatl on of the |inker,
wee@anisag a new uni que Bgl 1 18&ite within the | PORIEP2005/055794

DNA. The SV40 enhancer was cut from plasmd

s PR Gt T e pra b e o o O | MO

p By cBh tRSr& T L@l Hl @8 dilture medium. The selection
pG.3- enhancer - pronot er - GF-P. The STAR4 0 el enment was

mesl e dTap R PR lof Ul el Sverbowipmieere uﬂswbawm and

e ce
‘%%%?%%ﬁn&g%%’a efri%: e%%%% Iflf%%lfntgsnf%g e rreﬁt SA%J&?]: 1 and
ccﬁﬂom\mse mmeﬂs@mmﬂm timﬁ&rzﬂe@n&mrﬂ:/efweahus t he
0O m.ni rra r onot er he Spel and Ascl
Plrae"sef?'n ctiorcsttesiess a%‘ﬁ"e‘%??%nl%n TRIIF O TCHFeocin
ak@! b srdigc Ghi nese Hanster Ovary cell Iine CHO Kl (ATCC
CCL-61) i1s transfected as in exanple 2 . One day after
the transfection, d2EGFP | evel s are neasured on an
R &fﬁSXL fl owcytoneter (Beckman Coulter) Results Fig.
ows that STAR67 is not an enhancer bl ocker,

Fidner Bhass I5wAR6E feand (STARTE @i s Badhiaineero bl ek edst i bode

same assay. STAR6, STARY ang STAR67 wer e cl oned
CRT et tﬂéa%\ﬂorbt%lrﬂr%n%%p@ heengdidritwagp the UB6 and

Cl@v e RS EE r 4IPSd S eprR @F 1 4 he SlgRGEP geneno Vg@Ibﬂ‘Pe§Ttﬁ%t

el enent was cl oned between the enhancer and the
eXPIOhDE eEp%RsM oargtlbcamcfm@w@m Lt EVEIA oms bex e ethti-

th & bl r I l <§¥] ”Il}‘googver V\heen?ﬁT%RG %%QQARgocy\actlon

ace vveen ancer and e pro
m I 8s CT 9 p¢¢wnﬂk§@p@eﬁ1§@e®@@ckgﬁpmdtm@v@@w | STARS! i ng
t hat  STAR6 and STAR7 are pot ent enhancer bl ockers. In
PRI Astas wheh RIS (@Y o Wit TRa swedd the pamkrer

+ A g e pyponoter rel ative transcription levels were
still 80% of the control, indicating that STARG7 is
not hlgwdtmmla,ncmrmltmml,ytm scoomes rastviwed of

t§g¢%¥gnsfection with the EpCAM Control plasmid. When
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
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
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
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and STAR 7 , as well as other STAR el enents, as

previ ously descri bed (WO 03/004704, Kwaks et al, 2003)
WO Edaigi489 7 © STARG67 enhance®® UB6 and CM- dri VBET/EP2005/055794

anti body expression levels in stably transf ected CHO

1ls . | 5 howed, t g
CISTNRGY P STARY ChERGRTE LG Sap SR b TRV & B o

£ &P CAM @t £ e GEy ek | Bn smﬁdme @@dﬁeﬁ spdsible
di stinct plasmds, which contained the heavy and |ight

fQhanediat g Hilsl exaffr et weStakt e viiee ke PISTRETO Botpes

R R e e e S Al

dusethsi the tm@@msmcslaécamlé orWHiem eqmdm:mmod)ﬁm’mRm is

rrar ker al s and, t hods, Pl asm d e heavy chain
rHti\%p ni&s $heY Bent R Or}h y“ an

@f B ard Sompl ethdSud e Leogi s f§<§1<§é@ﬂ§r€ by
an ES sequence. The light chain cDNA (LC EpCA

Wlmfmea ROt of $T¥ER@\M?JrImﬂbt@#D%W%h;plw ¢ Imaes
ngio ﬁ{‘v{ e&ﬂ&é@”fc??rg@{‘éaf) % TCEons
aS| Ca hese are e cons ruc S use n exarrp]

These two expression cassettes were placed on one
lasmd, jn such ‘1% manner that _transcription of the

HeRie® et S5T onl A SU%W%%O%%@%R ?m.rw%%d in

s T £ Oda it Bty de dRenand, s Y €level
separat%d by aﬁ%t uffer of 500 bp ( EpCAM Control%v? FSI gln

CH®,) .1in ncemed hesomp| wbph oB’BNBkF&‘ﬂS&va@O taiceet Het ween t he
UB6 and CW pronoter (EpCAM STARG7) (Fl g. 10)
Transfection and culture of CHO cells The Chi nese

Eximplers OGunstnaldtidmearddi®dd tingl G GCLZeﬁﬂdmNas
transf ected and cultured as in, exa usi

regirianee @R /Rr9dust B mriinter r;gahg??ﬁ‘}l‘?‘b’rne

Txgg(;lt%;i@nldéy 1SR €L1Re  aSANBSGHEA Y & S 6l egddon for

selection system is to place the gene encoding the
resistance gene upstream of a gene of interest, and one
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
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:

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,
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sel ection markers was used. In contrast, here both

sel ection agents were present in the culture
woredsoessul t aneously. One ddY after transfectPOIEP2005/055794

zeocin and puronycin were added to the culture medi um

The sel ection iumwas present until colanjes, wer.e
OF L el (SRS it 1 SF T oy T 7eRT AR art by fave
tNBErr &9l Db @S Mer€adSotit £hwndi & ransheit £6hd D codon

24-wel|ls plates, the cells were cultured in the

thiteseieeded Fatrihiamhpuremeidnimesafid vl have to
rom . .
R T N e B e e ik Wadt
leounoinx e(Big esl2A edhd By nunber of CHO col oni es t hat
express EpCAM ant.i bod measur ed by, ELI SA usi ng an
SR Rl bttt A R R LGRS - S
hF QW Predicdbe &S codpniss 4 ranstest ath it FaddBation
EpCAM STAR67 plasm d was 9.8 pg/cell/day, when

S treials LT eI 2B lay st o ¢ efhe refedeereDmMusth Tenttast,
e Bt eih: 7 7B U Sl LT LTOR dabi s

opestatted amd hhehddern zeect Newsn Pair ey maal omes e EpEAM
Control col onies survjved. However, when the sel ection

O 3 RAte S TG eRetNdy Pratet P4 ebfidn bredfshre
TFedOi thecheavy, aib b Ol cliRimle dNeSEhsONEHLAONS) the

all owed only colonies to survive that have a STARG
ngyreskeTE nstavet codosi detledo i et th Jhead esantextal so

at | [ i.on of.STA has_a bengeficial
PGP D PP oD lr e WP S bl when
pldedd ale $h ageth bt d@atre and ooeansdn essnod DhestSIARBIdon
element. This indicates that STARG67 nmay operate in a
(ACeRE @t (otal ¥dhird IhPtrFeerrhea' et iR edeln an

oﬁ%%%gd(%EEEéQt?QEggQgﬁMserve as startcodon (ACCTTGG)
(Fig. 12E). The most stringent translation condition is
the TTG codon, followed by the GTG codon (Fig. 12). The
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
downstream gene of interest should have an optimal
translation context (e.g. ACC&EQG)(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.

In example 8, step 1 is performed, that is, in the
Zeoclin 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
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STARG67 plasm d is black-white in the sense that only
transfection of EpCAM STAR67 results in the

westabkssshment of col oni es, Uhen the sel ecti onPEI/EBDUF/€55794
i's high. Thisopens an opportunlty to use thls pl asm d

confi on for ng .t he re |on
1Pl R A oo T A S T S def T B0
ol éﬁteﬁhﬁﬁ} PPty POF £ kSt Oémﬁﬂ\%c?l@é enPraaeskn
between the UB6 and CW pronoters, driving the EpCAM

thpdculIcRn BERAT IR 1A STRRETE i STt f Erment
c&r‘t’é@f‘tﬁ@@ Wid dp d‘J[’é’ﬁ VﬁcW‘SﬁlP&ti‘cf&Qcﬂ&@”&%ﬁéﬁfﬁ' n

are sinul t aneo y used as sel ection agent en a
tqm;)tréd ofmofttﬁél’ﬂRGﬂbllslmttaﬁ Lmtctlbncabnfesuo Lobaomes w |
surV|ve under identical selection conditions . Hence
ot He E?f@c%mf%p%t? SfeE e promot er resulted in
significantly higher EpCAM anti body expression |evels
in CHO in conparison with STAR-|ess constructs.

Mﬁ(%ﬂ?ﬂgﬂles San‘tdt@trl?‘%ﬂl on and testing of a Zeocin
cgfﬁgf%,},gpfgn %g%] dg%‘ﬁe Yt h no internal nethionine

asic | devel opnent of a novel
sel eriié oasn:isg/ﬂtam 1o tapgh aceadivey gerene ncodi tige t he

Iesistance gene upstreamof a gene of interest
O"f)]rrbgm?%(%u%‘???/e%r?% Xt €357 DR hi M%% c
é@\@tc&i&tt{ﬁ%ﬂ‘ ose®f fhe Wb Ccigiy onies SRNA 4s such

that only in a smal |~ percentage of translation events
s tdvet cedd s twhice @ren@pmrhatl bleran st owl | grenteriot 670 .-

dtatrm the i me the do rem ene_ of
[ n)t erest® vvlifs}? %pElrI%tansl SRt og\gﬁ:}%) etn ]gtt—le%%cgort hoef the
7.&d adsl@éxatm&dﬁtc_f; | Er e Ywad  dHen gs t FIeadndle sdifd BCEcgeien
must be severew hanpered in conparison to the

£59m R} 2T EH RINY 5 e/ IBF L FRIRWARE Fokin geHeh gprimer
pd i SFBStor PPt Cyerd hi fo . tigg cep £ £ps can be taken

accord| ng to the |nvent| on: 1) within the resistance
GAIECTEC @A TAC GO T TATG TR CPAAET TCAIUSAIRC R ETRPGDB| v

3 Okﬁétﬁ¥¥eég¥§eeﬂﬁtiﬁﬁld type; SEQ. ID. NO. 85):
AGGCGAATTCAGTCCTGCTCCTCGGC, using pCMV-ZEO (Invitrogen;
V50120) as a template. The amplified product was cut with
Nrul-EcoRI, and ligated into pcDNA3, resulting in
PZEOATGmut.

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
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
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AUG, since any downstream AUG nay serve as translation
start codon, resulting in a lower translation
wetdsoisaary of the second, dBwnstream gene of PCI/EPES#/055794
Hence, preferably any AUG in the resistance gene nRNA
wi ]l _haye to be replaced. | se thi '
=T et Tt Tt ot ARSI 62 h P i,
8 ACI £ha 2o hawerdve bee r ept@cerb byn@, dgdy erent am no
acid, for instance b%/qa | eucine (Fig. 12A and B) ; 2

AGGEHeL GG Gr ¢ CR e ©ff T ¢ HeC Pa5¢ B¢ (lefst HaweP@R
t t L opt i S i on
PP COME L PR (S A0 QB (B o2 f IR
pIE@ARCtmatt onTtats tiesubtad ticqekBO ody) in a limted
nunber of events, and hence in npst, events continue to
TQ 5t $or e bt e e hor @ Upt F Ml St e o (Hi Y. 2e°

op&C Fadiddreearfld fif efienthStEdDIENEd €St AL PEhe (not
di stinguished: a ) the normal ATG startcodon, but _
sipwicedoyth s bbrl Thht eddB) TGRS kel fee grR@nEgading

o iy I . .

reohtt? TRl S LR SR R el A Tt pe.

I02N0 angk ) Jndhr 2@+ BHR ye whese plsoed 1m. ano opg7)nal
context, TTG can serve as startcodon éACCTTG) (Fig.

A CC R TR ST ¢ &t CAT aHs PGt SBEC et i of'¢ FliRe

pIJGc00pms ot loned BamAhes GT6 sodom dhign 4R)o. The
Zeo "RNA with a TTG as start codon is” expected to

PiEQAEL heTh Baiste Febiedth ¥egpBE@neerprotein and wil |

rdePG8 SO0VEaYe e Latest S et onal. Zeosh L esf stance
o delfs (Figs. tﬁr c"l) ; %n) pr e erajb?y, he” norna

ol teLdiion £Aete )wDfh ttiee doydmsd resm genenof (hdit eslesikn,
shoul d, have an optimal translation context (e.g. CCATG

b ag ARy Figa-BB) (Gl weaFlas tatZeaf e stepding

£ Ak %J@Vénﬁffvf‘ié@k&é‘indy o DRl - §YeNt Sz EDEo Sk AF dMEPAPsE .

of the gene of interest"w Il function as start codon
IDf Nhe $cizid ofEQ@-VARNEverse (SEQ. ID. NO. 88):

AGGCCCCGCCCCCACGGCTGCTCGCCGATCTCGGTCCACGCCGG. The PCR
product was cut with BamHI-BglI and ligated into
PZEOATGmut. This resulted in pZEO(val).

Transfection and culturing of cells

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
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
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
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In exanple 8 , step 1 is perforned, that is, in the

Zeoci n resistance gene one existing internal
woretokioesasme i s repl aced by afibther anmino aci d $Ei/gP2005/055794

12B-E) . It is inportant that after such a change the

protein still.confers Zeocin resistance to.the

ook Teh TLTTRL O (s ¥ oL ofbt L Rnotr el o e
mvbE €Fe apa Nor§sl oo | wifnl fiddh thd @i wh) t&id Ume t hree

di fferent am no acids have been tried: |eucine,

Crampetrrird ol balvere TheikRte@rienthonsthtices qremight
mi | ha; S rs |
T I P o e S T S T LS oo
ciYtamsé et ek el wisth Matesh ahesdurd oret teodsi @prs¢oerict i 6100
of theégl asm ds. The original Zeo open reading frame

Hgyasl k heVien | v iyl del erke ik ouRe ¢aiee sthrtekRion:

T s t i : :
PSRN SR i v i dllye vere
ceontext (Fig. 12A) . First the optimal context of the

start codon of the Zeo open readi ng frane was changed
t hrough anplification fromplasmd pCW-zeo

Réduvid rogen V50120] , with prinmer pair ZEO orwar dMJT
(SEQ 1D NO 84) : GATCTCGOGATACAGGA A

1)

A R e dor e P8 Wi oy P2EO (val)
THd NVd 11 90RN e VROIZH e @Sor2 1 Mt Jdecaipl i fied
product was cut with Nrul-EcoRl, and ligated into
TpeDNES;ties w t | PHEQ Nl 9ZEQATGMIted MheamréqiahlnZeeer of
open reading fra contains an in frame ATG  .encodin
ZGRTHR o e B i P AT PosTEIH b7 o“&ﬁ%f“i%‘io?tlg‘ﬂ
pZH0 S(WTE erp@rto AJKx) eNtDdb TR0 (el Tefdw Nl des ato PHisidd oNn
94 was changed in such a way, that the_ nethionine was
biehae 31 hfor¢eerRs e re meonthetl? & hert 2 magnitude.

Hence it was concluded that changes of the internal

methionine into leucine, threonine or valine all resulted
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
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
bicistronic constructs with differential translation
efficiencies.

To create a bicistronic mRNA encompassing a mutated

Zeocin resistance mRNA with less translational
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respectively: 1) To replace the internal codon for

nmet hionine in the Zeo open reading frame with the
weowon4disr | eucine (Fig. 1284, part of the ZePCDERIN05/055794

readi ng frane vvasanpl ified using prinmer pair

%ég'd?r e dNUT (% déEGFﬂ’\IogeneAr)asan owZnEs J!"eEaPnrl eg\}/eergese f

SEISHFEATHT CEEIGC A SFEEGREE. £iher
PCR roduct was cut with BanH -Bgll and ligated into
ozbtz-E@oae@mfstqm.% Peseraerle n8>pzém%la)thaito el ace
r e
dif}@d%ér}%i'ef\?%nséf%%?hno% ﬁ%hcod&@ﬁ) re%%l?%% c%h%? ovvn,
cihedteds The FQLfd2B)ces ri&ﬂtw@erﬁ ttlin@sieoem)mn$ emad@ nighat
frame was applified using i mer pair ZFQF or war dMJT
ChSEGATD, d%\g SHAMT TP FES seweW%‘éh( BT MY NO. 87)
t ¥ a IR H LA A G T LA GO kile G0GFard he
]%’%R product was cut vﬁ:—hr BanHl - Byl | a%rﬁl gat ed |n]§o
1%ﬁﬁ§ymx§hﬁse1¢n§i¢@@mﬁt%ﬁp¢xﬂ¢ﬁ§§x$¢ﬁaceTg%neexﬁﬁﬁxpns
e in e e
R A T IR B SRR AN SR e e
1dbut a s in Fig. 12B) (GIG , part o f the Zeo open
reading frame was anplified using prinmer pair
ZEO orwardMJT (SEQ ID. NO 84) and ZEO VALreverse
Md 53 ald: a méods
AGGCCCCGCCCCCACGECTGCTCGCCGATCTCGGTC CAC GCCGG. The
CIPER productplasnids with BanHi -Bgl|l and ligated into

pZEQAT |s resulte n va T nsf ect i
andcﬁb‘%l n% BLAEARES (%1% "(‘ﬁl nese” rrs? IEJ)\C/ar]%/ %1”
Thd NEedikhdd {ATKS Ele 6d)amaSodar toHf ethif &EEL\@EM@NA is

medi um + 10% Fetal Calf, Serum cont ai ning 2

CipIIATEE WwRrrerdrnieibeidy - 100 nhil%f o%?)a'rrBW}H‘ﬁ:h
1§tﬂ§@t@§@/ﬁhe{‘l a As ?gqf’r/g@@tep Ce(hi@]?’“@rv?aé rﬁﬁﬁffﬁf@cﬁj

with the plasnids using Lipofectanm ne 2000
ff{omvpd2Egen) (alentdesier ¢ Ged-b) ywitle pmingast urer.

e Yo wardBamHT (SEQ. ID. NO. 90):
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,
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
initiation frequency towards the gene of interest still

further.

Now three classes of constructs were made:
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cells were seeded t o culture vessels and grown

overnight t o 70-90% confl uence. Li pofectam ne reagent
wowemeoey ned with plasmid DRA a t a ratio o fPGI/EP2005/055794

mcroliters per mcrogram(e.g. for a1 O cm Petri

dis 2 0 mcrograms. DNA and 120 mcroliters.

i poPect S Thet St T08 LRGN Lo TorL $AR98 ght
gemEeubalt oin thepdd ansd @stt onTNTATETE Wast repbacedowt tds
_fresh nedium and the transfected cells were incubated
17 driderl 3B tand oheb et RUIIRAGRT oI ¢S wipgtead of

VoSl N d deghinto fresh culture vessels with
tlﬁ% e@%&ﬂn{éﬁlfgpfﬁoﬁg hi%Agéoci n (100 ng/nm) . Wen

Thedspa ckral s ephantesi b eebaee i Goviph £t { cgopraii thet ATG t en

days after transfectjon) colonies were counted. . . . ..
S ‘ie'd?‘f%- FourtIHt SsThas ?%C?tl?%?r%ﬂr Y et t %ﬁ%twldln)
R | 8, sdcon®LED WuciZude PLEX BNt 3 JalLEY g ., and
4 ) pZEQ(val). The cells were selected on 100 ng/mni

re@eomre. tarkmst e o bfy pE@Yed) Besalsedf ntlks, a
¢ ; : lon .
P e T re et o S13m TnToe S35 and

r v ) dgevetd assingl DrivEs, sttt t ¢ ddonli & f esencesines e
not in the order of a rrtg?nitude_. Hence jt was )
NG ket t?%@t%}ﬁ%rfg%% angk b r i t iRt oni et s nt o

cAd B Nene LA LN NEF OF r YL T DEI B S epttbiegsd N Ahdengithse
resi stance protein that is still able to confer zeocin
of eglistancecnto inmecn e fidet eeif @ed | sendRathefphe stringency

eQIPLLTALH gy PRECLI e yes chosen, as sEALLL NG, oL, ..
or creatlng di erent Startcodons on e Zeo open

td et tige f rddere 6N CEhd Nt s Bxtaidgh ebn bied oo hef si@tdncy,
as well as internal pethionines are always replaced by
3 | WRFHe, SFHeTERdCH N, 1Mo AR fihabtiees sedlectapialn 2

= &S 8L r FENESy c BFr M [ ko DSk CI PRS0 f I OB AL [ Nel e exarpl es .
Exanpl € 9: Creation and testing of Zeoci n-d2EG-P
‘space’ is introduced, and used in the plasmid and primer
names to indicate the presence of such a spacer sequence.
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
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 i1s along these lines: the name of the
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
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bicistronic constructs with differential translation

efficiencies . To create a bicistronic nRNA
wepmenpassi ng a nut ated Zeocith resi stance nRNAPEU/EP2005/055794

| ess translationalefficiency, and the d2EGFP gene as

t t rt_cod f the
o G o vAG (1 vt L e (STl Th BT & giyal
confterwitata Ade-xid f f £t cy@s s 0Nsa Df y tdee L8061t Nresult

resi stance gene were created. The differences between
l@h%%%f¥%¥%m%n%r%ﬁ%#4¢%@nt%ﬁ%ﬁ%ﬁﬁkPQhﬁﬁe#%#@wsf%ﬁt

TRl M B e e ] TR

st&mﬁemdwme‘gsﬂemwﬁxﬁlmmmwxﬁa@eﬁlDmeﬁumwstthﬁuniﬁ ddves

nmodj fied d2E ene rials d net hods
S REhT oo TG Ao TSR Fehai T oL e
séjgéggbm@dnéﬂﬁ@r§p£»MB . The sequence around the

startcodon of this d2EGFP cDNA i s GAATTCATGGG

THetZ2ee corh Terdond; fSEG a3 NwlBOied ihiteh peimgr pair

A AR e PR PIaS) 20 (o
GAEEEE%T@nmm@@fmmﬁrGZGEKICGAAAGKETGEDAAATCTAGATCCGAGATTTT

GATCGGATCCTAT GAGGAATTCGCCA GCECC GACGAG
AP IR Ml SR TSR] OB A RGBT (Wherein the

A AL TALRAGMG c I Sises the

S
product contains now a startcodon with an optinm
spaems| sgquide comekt ZEOINATGEI se THSEQ crBat &P pd®BGFFche

d.su guent | the Z r in r adre_ wa
P G B bt f dSeme PR p i OB nhe
pcﬂEEGIE,Gdc@tutwi‘lteﬁ e ddrl-BareH DPtd e zain@np HOtAPGmut / space-
transl ational start sequence of the gene of 1nterest

EGFP as a nodel gene) is not essential but
preferred in order to skew the translation

2) GTG as a start codon in the Zeo resistance
gene, instead of ATG (Fig. 13C). The Zeo open reading
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.

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.
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
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initiation frequency towards the gene of interest

still further. Now three classes of constructs were
woramenis459 ATG as a start codbh in the Zeo resiBCERR®05/055794

gene, but in a bad context (TTTATGW) (not shown, but

as | 138 nd f ol er S C

o stthe hits g s SRS De e Th 3RS GHESEL Stance
c@@q&ﬁmﬁas Scpl agesd dDNEAM©am Dfmd BudTe BEEUeNELl ddn £

t he zeocin (and £OSS| bly in the blasticidin) RNA a

SeEEb et Y2 K FuEt ureM | sl prasbme, sy gl tIP@WJeb}sJefhre and
168 Ipfcf %@aﬂﬁ@/xﬁi ys@fén@y&g% ﬁ?cﬁysﬁ OCE/EtJJ”i@ Qs were
the ri

startcodon can I n so es be used by osone
txﬁsspfécetéa@lwrgtla el st s tdel oms g bIelpsrgfemtaHnlne 2000

non- 0 ext fOf tran ation nitiation
DN Ao e e e a2 O i
c&BBE @éré hec &g d ey diventd oped SieT £f H@ & eplersvd hieight

stringency for selection |ower. To decrease this
tef1@ci0% arenhbirece o Iﬁww@tmm%a@aq@et tWah st ored

o 0L B Lo £10he I 800y - 2 RpAcET, £SPECE i rd i Kpdyces

con ain a secon ruc ure
mil&AYram Hemogs. fde 4 erin apapetri sdism,r oztmoﬁaﬁcr@mbmsem\m

in the plasnid and rrer narrestomdlcatet e
a8 o B o Lihrs, Dipnc o amn AR A e B es
mifecdd %@f&ﬁﬂ@gzﬁ%q%‘%ﬁ%e fdcamgt, h%ﬁ%ranﬁ%q:

of the initiation codon, therewith causing the
lmq:lti@@iomtidl@ﬂalransf@mtsim |Im3g><tt1e$% Yaequemtdged andth

fresnﬁ: C51<:r easi n %ﬁ]e StarII]Sn ency. H1e sel ectl OMated
accor e II(10 The T'hvention. %e spacer tT oduces some
fext iér arnmexa%\ﬁémignmec@udim‘ﬁ@qpemms Tx,lféﬁe has

been done in sone cases for both zeocin and f

ERYREIEFA PN RS G IFd bED e pFRFHR Cflﬂlotfﬁuf%e‘f%&%ﬁlpﬁ? giith
£706n ARG A4 o T ad dion 0l 3568 151 A Pﬂiéﬂi@é&éﬁ‘ zeocin

general in the followng is along these IInes:
wawnedddd the a concentration of 50 ug/ml and the cells

were cultured further. After another three days the
medium was replaced by fresh medium containing zeocin
(100 ug/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
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

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.
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sel ect abl e marker polypeptide is referred to by
abbreviation (e.g. Zeo, Bias, etc); the startcodon is

worewsioenasd (e.g. ATG GIG THKG; when this stapCTBRIING/I055794
is placed in a non-optimal context for transl ation

t di t " "o
11EL TS o Airen A et mhes oLt Bt doney 211
b &0y 0Pl b rieed L@}Q@Eﬁéﬁm%ﬁ ht1ee NOTEGHES ﬁé;@éﬁ@@ﬁoqbn@uamevse

does not result in sufficient translation initiation

el ¢ oW F01C el WREF dh) Lhowh et AR spheen eglleritleres) or
t
grc,fﬁg oA e s ﬁrgﬁ@ﬁ@ Y %‘@;@#&mf %e%ﬁw <5r§oter

is 1s done usua st artc ons
arﬁ@rsm brd@vmts@dtrecfzahhetmmrmwp gdine (Zléngopbth
reagﬂ& frarrewasa I|f|ed W|th ri mer. pai r_ ZECF

Sg}:\% | B\Il u1‘93§TAR

ef%H$K¥¥QCEBH§%%d%é%3w1th ATGmut/s ace Zeo (A) and GTG
CEATCCAAACACTGCCAAATCTAEATCCGAGA TT

7N ACCHAGTIGATERGT GIRSITIC Rm@mn The
O ST SPcer SEuTEe) e T e

coDnNG B ,446 hﬁldPCR:‘ PETE Utd o Wasl et e sM wads ED@RITIBB&ETHI
and ligated into pd2EGF, cut with EcoRl -BanH ,
highaet v Eo Jf%fba]c%"el dPEGEES 429 RS HEEH may

rStRddt W%i%é@%@&é&%?t@f‘c@r@e% tasseats Oof NG

(Fig. he Zeo open readlngframs was anplified
Awrtnhtmpm ek amnpZ RO 8 oy visddiBaht c GIRT ARG et NQ, and

o 0 L, IR SONET 006 G, (PRI Ao

agattayeé tdo ECoR| iﬁﬁéﬂsldﬁmﬂévéﬁﬁEﬂﬁrdﬁ§féﬁﬁiﬁﬁwa(ﬁﬁe
wi t h EcoRI - BanHl cre_?}}l n/gz) pZEO GIG -d2EGFP . 3 ) TTG
ATEMAC A3RFFE RO TAR t ed ‘F%%E“r"s]f%%er%h]eteql nst ead

ccs)f_orﬁ-r& (VEi’&l A Dverddle FEOPEN SR NG, fT SREL VWSS 1138
anplified with prinmer’ pair ZECf orwardBanH -TTG : GAT

WICGHATL €& 0 @G QCANGT MGAG CACTR IGO0 T/ € 1ISER 11D, tINO,
control cells (46). Addition of STAR elements to the GTG

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
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
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
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95) and ZEOMreverse (SEQ ID. NO 85), the PCR

product was cut with EcoRI-BanmH, and ligated into
WQADEGHRs9 cut with EcoRl-Banfd, creating pZEO PAIEP2005/055794

-d2EGFP . Transfection, culturing and anal ysis of CHO

| | sTh ' ter Qv i Kl (ATCC
£ A T e S A R ASTAS SHRAR e g et
ik daSeigmEont @hdi Higr 2nddndd ob it @e N1 OO dM dystem

penicillin, and 100 m crogramnms /m streféonyci nat
wBE) Bs (XI6 | SEF Feodet el riahd f 20 €N i ¢ & e Ip| B @15

i . . vi .
ndE e S8 PR T L PR L SERRE ARe no
STAR t el @meress ed 1se gonck geown averthaghttie ol &0% £

confluence. Lipofectan ne reagent was conbi hed with
CHIUIRT TR HT0 ST R TG §C H0R T T IS por 3

M crpgram dsh @ uddd @hde O PR rdr B BAR & dhents in

m crogranms DNA and 120 microliters Lipofectanm ne) and

coraefeeh afeerwiBtlD Higuteslngriibate beckion s¥oen acepeding
ells.. . overyi ght .inc jon f nsfection

e TS AR Y HILAN QoRaLL D oG IAnSl o

ptodnsd ectel tted | generef | hetdwed e, further. After
overnight cultivation, cells were trypsinized and
seeded into fresh culture vessels with fresh nedi um

EidSTe 2@ eL+ QVEL Sk ¢ | € WD 1 $He £ BRI MESE aBFE dzdo
o a concentration o f 5 0 ng/mM and the cells were

STAR tepkenies tard  comparisentwith tan cERERZeQ heomstiugt .
was._ repl.aced b fresh, medi um cont.ai ni i 00
Tl'rlregllfﬁ:s £33, 1n ?%armdf?% nélc%eenthat tntgeaﬁ}o(gc i] cglhas

and “cul ur t'her. individ cof oni €s
ebecanel vi St i g d @ pt 0 $18d €1 gyn tehf Deysn@f t efhich might
transfection) medi um was, renoved and replaced with
D¢ e P HEYI tn SRR 29T nteF hli A eIt cimese kT e The

ciS0l aledi and,d g ansd £ e 1O ésiBlhoPA &t e8hd fo MR N be
w t hout zeocin. One day after isolation o f the

s ord ken epchire wataeeldeacht ol gheexmck s oExpresks orhat

uled 18, QPEGEP sepprier, genie, vas, 85555564, ARPY OF St el ¥

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

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
used. Transfections and selection were done in Petri

dishes.

Results
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transfection. d2EGFP expression levels in the col onies

were neasured after periods o f two weeks . Results
W@iOsMisssel | s were transfect®H with construct SPCTEP2005/055794

contain the ATGnut/space Zeo (Fig. 13B) , GIG Zeo

(Fi 13C) d TTG enes, as sel L O
Cond T {1 ER PR ot e e oo e e Thoofeer

smm/é’hﬁ‘secéﬁw@@;@@%éwm@dwm e thond r STAFH of many
el enents (Control) or with STAR elenents 7 and 67

cpztieant bEh t3e W%ﬁ%n%%%@F%nﬂl@@P It dobhstFlebinis as
h%%t r@té hien d@}gﬂlz (WI t%out ‘%%fll’?__?t Illzévg 5§'4c<§ﬂ91¥\f § I'Wére

h the cont r el enents) constructs
amlyue!ﬂ'awnérspramqoaﬁe@d (&) anfdor@l’ﬁlzceto YB)h gave Zeocin

col oni es that ressed d2E The av

S G i TR TR dre b e s | Cmidhomg 18 158)
160 Dk BSgas$2 HEF BNsk9f c S X €001 O £S6 WASa (@ wHdW SSTAR
hi gher average expression level in GIG Zeo col oni es

ekryenied | eaand he/ higreradded n@@n%:t}d@fa Gm}stlwct the

a%{i%%@%?%ﬁ% %&s@e d‘é%w J(the co ruct § (ﬁg(g%lt O%Oove

they cattordes(that hem) hlm\@ramﬁ@@eoﬂmprmm@@sskm

I | s. Transfection of the ATGrut/space Zeo STAR
THEH] RS UCIET CREIRLPT R ol TS S 2 1 S o b

k2 ES AR EXDE £SBRIOEL 1 &Y 8L o Pon 1S, ai £hed S & f ALK Oﬂlé)her_@

hi gher than the average in the control cells (46)
tlﬁ@rdl‘fth@rﬁ’b%RWW"él Breht3e OCerenIEEB Zeo construct

res in_an avera d2E ress of | evel _of
whi ¢ |s % factor” l% %ha%%h mtlhe avepf a%uerYe ﬁall

emfésf@in@&tésor(ﬂéé dlff@m tlﬁ’éﬂtdfe'en neh€ o TR BSo wer e
establi shed when the TTG Zeo?fﬂ truct was

STARSY BEt @D HOREYEhC0 (AR ohbS FUbt W tFIerTE ale, case
('fi‘@ni(&g V\Eﬂ@ gﬁ% fe\%‘ﬁs GJff e%éf@aé N 4 h@ne second

est abl |shmsnt of 6 colonies, With an average d2EG-P
caxpr EEREDrZe@vetheafcbé (ht-‘a@ a M@e . ‘Shpsnahel ol ‘ghasipe .

The plateau in the TTG Zeo curve could indicate that the
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
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).

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
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transl ation stringency, brought about by the TTG
startcodon (Fig. 12) yields to the highest d2EGFP
wezpsesason | evels, as predi®ted in Fig. 13. TREI/EP2005/055794
results also indicate that the stringency of the TTG
Zeo alone (wthout STAR elenments) is at_|least.in sone
CAXPer Hent ! t S HigH $or 2 of Bt & a?%e'sulf‘?ﬁl%?lsef?l%vde&‘/er,

cdToh Bd rehidepessierdn expes | HEfH SexSees HedbOWeve BOMN
col onies werefound with this construct w thout STAR
S@renEnt'AneeRli PRy tHr 1eeektIerentyn gretied
. ) T : :
A e e i R e i
cad s <ot @ni Esa twhibm mot STAR: &l re nent ematr n prestent] ahehents,

at the., nupber_. of col oni es obtai ned may vary between
o L et oS 1S3 6l R TIPS Hat 150 S TS STAR
cRL LB S ddhsPidinatdomadd dhe Sidh Ngeshese) ection

system according to the invention allows to readily

prefeeradly i ghl4t odllereet of the gene of interest.
Ex : i £, i T
T e A

sttonsgenict se Tdet T@s W yStam @@l end tadileat envdvat i de
TTG Zeo has extrenely stringent translatjon )

SWHE | 25 eFrESP It £ n%%h‘ih%% AR Yy t T TOhvERT Zdcihe

pi @818 A ecd Lot N8 Cald S-hdhe 4 I-ansy acidion Vs §Eahekein
up to test whether there would be 'sone” col oni es that

etpnes sieh heghl expression | evel s that they survive.
Scaling up the experinent could al so address the
guesti on whet her the high average of TTG Zeo STAR
7/ 67/ 7 woul d beconme hi gher when nore col onies were
anal yzed. Materials and nmethods CHO KI cells were

Exampbé el edCred tiomeandnsesting ofH BldsticidinJdZEGER

b PR ERtaTS Sote GhadRr grlen 8l fedbintial M {Sson
efficiencies.

There are four internal ATGs in the blasticidine
resistance gene, none of which codes for a methionine
(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
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
blasticidine resistance protein fragments. The primer
palrs were:

A) BSDBamHIforward (SEQ. ID. NO. 96):
GATCGGATCCACCATGGCCAAGCCTTTGTCTCAAG
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selection, culturing etc were as in exanple 9 , except

that 6 tines nore cells, DNA and Li pofectam ne 2000
woweneowasd. Transfections an® sel ection were dPCIEEPIN05/055794

Petri dishes . ResultsFig. 15A shows that transfection

Wi t TTG Zeo 677 c truct resulted in the
ge%péﬁ%&wevoefrsr%né-%l oljrﬁ'esb?%it an average d2EGFP

cEamrcROfA B TTdRSACSA@S high as in example 9,
except that now 58 col oni es were anal yzed. Wen

Bko R avaehst TRt Tt @ he®Peoci n resi st ance
i ES Fi 15B) , th
cRET RSt B e enence (11 55 T

xpression | evel was 61, and when STAR
el A révents 6 7( 3 .e Iadde .t dBuch a construct, the

ver P r Lon level was 125, a factor 2
G@%@?@%@]ﬂg&ﬁrﬁéﬁﬁqﬁﬁé& 15B) . The average of the TTG
C)eo BB 0 Sfibdr &0l 9 estmasng her@dpre a factor 9.2

hi gher than the STAR-|less | RES-Zeo col onies and a

CEAABCHRIAGERFRACAGHPC t he STAR7/67/7 | RES Zeo
colé%rqﬁ%ré%réros‘%se(rs\ﬁy.i o' [ S} haltofghe formof the curve
a exp C

of ressing onies differs between the TTG Zeo
CRIMRIGETTITEIEr ¢ RES oo STAR 7/67/7. In the first case

(TTG Zeo% the curve |levels off, whereas in the second
DhasePtl LAY hESFQr vEP hd¥©a Mt rexponenti al'*

cShenercAtec it At @athddsd he TTG Zeo curve coul d indicate
that the cells have reached a nmaxi nrum d2EG-P

ex {E5E] Dreveaes | (SElsbv e DvhiNeh IR )d2EGFP expr essi on

e AR AR Cor e 01 ose to the

maxi mum val ue that could be detected with the settings
of the detector of the FACS analyser. In |ater
expef THEMRES thetdt tYHeR bICIHEFACPBRR IR TS 91

arifd angech Lo bVt f Qe de! 66t 1 PP mdi Ohes Dy Al es, @it
I ndeed 1 n sone iInstances hi gher val ues than
and BSD399reverse were used to create the full length

blasticidine resistance protein cDNA, but with all
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

verify that all ATGs were replaced.

With this mutated gene encoding blasticidine
resistance protein (Blas), three classes of constructs

are made (Fig. 25C-E):

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
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obt ai ned here were neasured in |ater independent
experinments (see below) . Due to up-scaling of the

WO eansisast i ons three coloni e with the STAR-| eRGI/EFB05/055794

Zeo construct could be picked. The d2EGFP expression
els of the col oni es were 475, 158 and 43. The
($§§t §%1&¥é'dﬁgﬁ)300n after the first neasurenent.

GAME ScABSTAGeTrt cat eaTd et AT den ANEA FROTCEYSA TUTA GERBICGAGA

convey Zeocin resistance, resulting in colonies that

TRI Eeh (ef ARG FARSHC B &AM FBVEP ECT ARG /
i nst feqg ecddon et alcd:g))r.di n
to the ieB:Sv%ntl o(%’%%{}@%ée%%b\fﬁid %Etcg e%'r ggssj'l on '’ )
cas SATEFAATRACCIAGEI TAGTI G CCCATATHRIAACCABRE@EC, the

| enents, aJthough jt is clearl referred to use
D A M W Y T L e b B eer L peitas
pEEEIEIG~ A el ey abhy wi ST AR R erpitHT Thenfestdd$lts in

inditate that STAR el enents allow a nore stringent

PR ATGmit Aspacerdtk@ri ng to the invention, such as
exenplified in this exanple, resulting in the picking
of colonies that have a very high average protein
expressi aart evela Exanple@ddn Giseatdadmoankrs esthieg of

Bl asti ci di n-d2EGFP bicistronic constructs with _.
My 35 3t EFART af$ DS BARFRIRIRIEE . ORFRr P2 T our

eiher MRl oIS i e DL astd £ 61 O ﬁ@ﬂi_tﬁf‘ﬁﬁeﬂsene,
none of which codes for a nethionine (Fig. 25A) .
B3hiexew padBamblAy 1 bl 1@T@| ($FE@at Hol- tMoughO€)F g. 25B)

i | the ATG
G%%ﬁ%@A%&Aé fé(\’((g% e(>3<(ts(E QFe(?r'lgo as been nodifi ed,
ared B33 B0 M ¥d r s EBEDRI AV PEPLSEIRS 1hatNalo n@s) ; esiedripber

bl asticidine resjstance protein. Mre jnportantly,

PFPHIGE ATES GiT W HreRHIH ETEG R bntaRq ahsI 3§D RO tPEO-

GEEN®Birp Nt &L eshitRSesSRf esanied By J2ECEER 40 {Disssp-
—exanpl e for
GTG-d2EGFP.

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
and BSD399reversekEcoRIAvrII (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-
TTG-d2EGFP.

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
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purposes of illustration. To elimnate the internal

ATGs, the blasticidine resistance protein open reading
wo eanmisass first anplified B4 h 4 primer pair SPCT/EP2005/055794

generating 4 blasticidine resistance protein

ofLBUTELS: e, B (P PRLLS YETSS . Al BSRERTEH S £ 2508 ¢
wéAT GEOATCEACEATICE X ANKKT TSI EANCESH wrleverse ( SEQ

ID. NO. 97) : GIAAAAT GATATACGITGACAC CAG B )
el ot of vt Q"gg@s‘qqyamf ggye :CMV promoter and START

CSTGNTEBOTL S0 (0,15

thdk BEh 100 coGGRBATE BSDR 50 everse: s

A Rad 0 10 4015 GETCCCCTATCTATILL dha
C BRD3OAL vt SO LR s1dha NQr 24

e SFEARCACT GAUEK A
103) : GAT CGAAT TCT TAGC CCTCC CACACGTAAC CA
GHy aghenteokonie D wag el 4 sbl &ied ¥om and agfarbbe Beds and

] xed . t [y [ 0 .
O ERbaTET v er Uo e S s oHPES Ll TR e | 1B Grion
ldtabtici TIIGeBYes| &b ot Prmd ei e CRNY  Hid Wi gieal |

infernal ATGs replaced. The reconstituted blastjcidine
SR IHRTY Ut W Eh EOWWFB%BW?D aWth}&I%T%d(?‘?ﬁ oa]p%EO
TP 1e ORECHR wEH r W didh FCORs Bl s (WEEIvE 8! 8R8ES the
Zeo) , resulting in pB t-d2EGFP. The entire
m@ast el nyert rEEE stemdet ppwt ei n open reading frame was
sequensed 10 Yeridys thatnalle ATGR yere 1oplpcedsn ¥ ies
t hi s Mt at ed gene encodt ng T asti'¢i di ne
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
(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
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.

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



10

15

20

25

30

resi stance protein (Bias) three classes of constructs
are made (Fig. 25CGE) : 1 ) ATG as a start codon, but
WO mos/oksash cont ext and fol | o by spacer sequePCEEPIN®055794
nmut at ed bl asti ci di ne resistance protein open reading

L R0 LSRR

cadse G K SFALTr I dald A JEEA1 CCAGAe used.
TGCCAAAT CTAGAT CCGAGA
TTTTCAGGAGCTAAGGAAGCTAAAGCCAAGCCTTTGICTCAAGAAG, and

I . .
et A SRRy ot ddtcke Spisiditlin the novel
sglachioon isystemw t h BanHl - ECORI, and ligated into
EQ -d2EGFP, . cut wit cORl -BanHl .. This results
O fi e oS erAR L s e i O Wt ks tren Sylfred
uk@onsdnst £Ad-HaAdendheo il st £d Dlasiibdingy or

resi stance protein open reading franme in pBSD d2EG-P
dZREF R e £ ¢ 2 1% | P Ppradreest drivereBRerads | | - GIG
(SEQ ID. NO 106) : GATCGGATCCTAGG
ACCGGGECCAAGCCTTTGTCTCAAGAAG and
RBSIBOIr ever seEcCoRI Avrll (SEQ ID. NO 105), the PCR

product was cut with BanH -EcoRl, and ligated into _,
pZEGEHS TH2EEP, STAR (M ¢ i Ecort = BamHid LI 1%

1PBSRAE (B TFER &) I G A% @ A& 76 adops | istaad of

ATG The nutated bl asticidine open reading frame in
PIpBSIR e EE-FL Wasnavml i F¢ecinsidy Prowersn BSDF 17, the

a%vvardB%%l- TngSE% ID‘Q%?‘%lo%%%Snddays to

6 BEOB 99f ey r SEECOR AV ristcdSEQG ot oD rdO5)coldei SR 11
product was cut w th BanH -EcoRI, and ligated into
c hap Pl olel I A PF BRI Esdet h$velresults in

PBSRIHG, -4ETFERsc1 of Zeocin was lowered to 20 ng/ml
Zeocin, there was still an increase in the average d2EGFP
expression level, from 560.2 after 35 days to 604.5 after
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
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
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
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Results CHO Kl cells were transfected with constructs
that contain the GIG Bias (Fig. 16A) and TTG Bi as

W@ Fiog04si6B) genes as sel ecti®h gene, all bei ngpei/BPmds/055794
upstream of the d2EGFP reporter gene. Sel ection took

| f 20 mg/.m ticid
o4 Therd Uets TERS bt S o PR S ot T ySaage
sgidn STAR 18 eend §1.oh 288l wes UPSE I @amidicd hea £k an
pronoter and STAR7 downstream fromthe d2EGFP ene

inHgpl 1dgcredsey. Qe sHoneeThdn bkt tethel v orite
ot AR ey oo S, TG B )

(Prot €l 9. . The aver age d2EGFP signal of 24 GIG Bi as

colopnies was, 14,0 (Fig 16A). and of TTG Bi as l o
SRS B 1 P AEEISE ee TR Ce o (R ey e O S~
cleyglgl nediie Bi@se cobni B 9BVwdEfd estatde dd oheth that

stringency of TTG in conparison with GIG (see al so
easdtans el mqntam@v@pr@mm@em Gt ezebig viNe depeEr

t t. T o) S 1)
Wé%]gpme :{eem% and % Tegqﬁ{é éc](gngs c%r){]uc %O@gglﬁ% %a]?% t%é%ub
cTatedi @sew hat tihadc hs ghes t Bore rauges 2R exg s shotginal
I evel s., Transfection of the GIG Bi as STAR 7/67/7
rAt FERWFTRES et orRedomn Y hl%ﬁ]l%\‘if%‘ilaag‘édo‘@ﬁ@ﬁp in

6%%%%&@V@ilpfa§§l§sif' 6™y, W1 %'éox@pzﬁ?&i Ofhe

6.9 higher than the average in the control cell
oxfigimyl vabies orf ofhSTHR @l et kones t hes WQ@@FB shown
str resulted I n_an_.aver age d2EGFP naI
5 (B Toe Gt o W TR LR (Fartige
s:'a?{/ecfl?(geeak n(di‘@u@omr,oln@ehhﬁ ¢Bdje . wwvﬁﬂﬁenm()ﬁfth
%qu’l n that only 8 col onies survived the harsh

ERt$ b &bntl t fRmsr 1919 B oNHEl Rk 2R oni es
H%yéyedlm th,d TG B @s SSLTﬁPcJé@J/Jt i@&&%}w the fiye

hi ghest val ues are conpared, the average of the five
cmmsmad'Te@{@JadeHw(ngOD levels as the parent

clone. These expression levels were determined after 50
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).

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
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
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the average of the five highest TTG Bias STAR 7/67/7
was 561.2, which is a factor 5.1 higher. The results

WO padsoas4s9 t hat STAR el ement s34l | ow a nore st ri PGEAP2005/055794
sel ection system resulting in the picking of colonies

th have a_very high avera rotein expressi
PIRGLA T SThes” o &b Lheny (1Bt T e e ot DG & A FCFP
sI@SdT i 6t €80 ¢ 0 tHEgI/eRet 1h f BSh STRNESH Prvibdr akDne,

butthat al so other selection marker pol ypeptides, in

ok$revedsEFthe? Dl asts s Himel Fediwiehce wiki ©f faR S -
Ex?“'ng : i ldt 2ECFD e ' in

Tﬁgg}}%ve se %%%i%%%;%ggm %‘ol(]%}}}éljes elscgf%%%@f%?

sextaanp] el Ocaokbreidurtieet cubtaredlThdeso SEVAR al/67/7

conditions to assess the stability of d2EGFP
e R e o Bt SRt TSR s The
edgfe £8P AR 74 67/X0 21 N £9) ol @Soidh RiGoyl SHumber

were cultured for an additional 70 days in the
deperdsrey ofs 100s agrhen Zetki eeries arRVIRIEeFEFig 9711 e

. ' S r 0 r.35 d 0
A GGLE IR Poth " ORE FLEE it (R0l
dzR¢Frod DoEes ek andimgbwes  d2EGRRD exq@pBSSi Oid eved) . This
When the | evel of Zeocin was |lowered to 20 /'m
comRFIemReE YRR i FEFIR redee T Fithe? et age

r SZEGRR BXPL &% Sd | e¥eber f [100M200L 21 @f4 00 3D) days KO
604.5 after 105 days (Fig. 18) . Wen no selection

impestante es plesehfying atdlauecs othahovenapf tdhkatively

. ; i 0,
oF N from ¢ he. pul ure aediym . appy oxd el 4, B0908

z
S?%é col oni es” becane nos at’is; Wthin one cogl’ony
haod - SREKEFP Xt essl g eel ¥ S1.de cestey appasery . (Tdss than
resulted in | owering of d2EGFP expression |levels to

ahia’s I halEeRe R WY glomt Feiel 200U 3R Kiafnagive
nPSE AE, 1 £55: S haneG7P8 (dectsase Qfchtcisast erethifMvea

to be less amenable to genetic instability. The present
selection system allows to generate such clones,

including from CHO cells.

Example 13: Creation and testing of Zeocin-Blasticidin-
EpCAM bicistronic constructs with differential
translation efficiencies.

To test the selection system on the production of an
antibody, the anti-EpCAM antibody (see also example 5)

was taken as example.

Results

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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fromthe original signal, the colony was considered to

be unstable in respect to d2EGFP expression. O the 57
woriogiossaks col oni es 27 col oni®s remai ned st abl ePCT/EP2005/055794

according to this criterion; the average d2EG-P si gnal

w e obis T eokiras W Al i e o) AR (P
2 TP EGEPs 54 @b dov t @ sedsld o) prigssirsamfderceddaysam

was 290.0. Wen neasured after 105 days, the average
13_3@@?1_&@@%“ tHee ﬁl%tw%nwm@cm@ g eplaged,
eiﬂllléf al; deCHEasLrchlie/ &?S?E“ﬂf i@)V,e'é%é n#Ne 21) or

col oni es renmi ned stabl'e according to this criterion
TTEF (FidD2) & xstodrtdedanl e sexwmnel s ub]ect®Bd ttoymane of

round of subcloning. Cells were sown, in 96-wells
CORSLEEES WWith %‘2 T % GRS LRt a"i’h‘é}bo%‘bp%mﬁ% et &SP Ls
(Cort £81 ) SandNGLHE 06h il WASC PresSENta | FordithenMBoh Mg 805t ARt 7

fromthe start the sub clones grew wi thout selection
an &b e kemeit pachorihhaleatohny wixe sretdms wer e

Y d. an Od(l@,i - s, plate i
f%%fa yésql suigsfst%%lgogsgav\%{ corrpaéke(gm?%e]! off@‘?ha?n%/a#%%sthe
todind el it i@h nad i€l omgsy i abn@l Healyd shroawnfon FHieg. 15A,
with one of the sub clones. In_one of the six clones
LRI RE On Yl s BRI ohe WA sE oF eSEME 'R degeed and

t}% gf@éuiif‘iﬂ&‘egéﬁé‘tgﬁu@é dde ordgiaalychione. sHoyeyes, dfar
five out of six cases at | east one the sub clones had
7 ezjlerheni? EGRRY x40 €551 ol bvedrstsucthe parentraiofrcted

h [ d ' f .50 d
G CRGTAL o8 Bt P S%%ﬁ?%ﬁ U LSRR T GO
G IO presST S @ EShdiUd!
uind oPsfy SR TR il Pl B TP R

iidep asene ec Of orsed £Chd 08 PE EEStEER . arldi Srhdsgdeed under
confirmed in a simlar experinent (not shown

. e,
U A tHel Mttt RICTUPTes (1hbnd i Hikgiatel F9pcin 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
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the TTG Zeo STAR 7/67/7 col onies. DNA was isol at ed
when col oni es were 105 days under Zeocin sel ection
wee@sswiso (see Fig. 17) . A& shown in Fig 24 PEDEP2005/055794
popul ations could be distinguished. In Fig 24 the cut
e at 20 cople and t

G R0 oS o o, fe i D Y % e and G

B gherat hans 207 coph £5ridt Sdieox i tdey rangend $ an 490
to 800 d2EGFP S|gnal there was a hi gh degree of copy

ColRmESS dépendeneled ash kT gni Hred Byrage @%@W&%PWWOD
4) 1t Foney,
l%%%lgfs tjﬁéiélfFl uctzcu%lt e ar ou(%!r’dsué [Fz%gﬂg&gﬁial g%hf&féjo%s

raldmcg;hﬁr/can [ :a144)rpqmeebb}$/dawnherthmsc@btsml/emb (&igl 24),
ied with | o f 0.0328. Togeth the . .
oSl Pty chm i SrACRT P ittt e )y This s
aCRAOb e thatneod i N ATlSS Zee IR G:%@Hﬂcmrﬁﬁéd&i@lon
there is copy nunber dependent d2E expression up to
in e dobiksst Af ke %@lw WP yCopiesd deperden cgontsrol

CHE ST S of - T ey ESr Sy ot s i 1 o A
whtilgnahe NelE STARDT 61T Hanc@scopites 4 thc2ddse Jhis

conbi nat j on_ bet ween hi gh d2EGFP expression and a .
facket i vet y 46 codye nidibert }E%eét“(/%re%%dﬂ%%%"l FON P 11

mddPOoFL @My fﬂe'@ﬁﬁ“ééé&@%&c@&?nﬂf&? thats L BB fon markers
relatlvely stabl e w thout selection pressure. It is an

waglvaihy el can hlay en tdlogrestivin hviteh athie ATCoW sopye start

cg g@ers (l ess than about 30, nore preferably |ess than

out 20) that give high expression | evels, because

suci‘u?i:c_l; OIESstasi@s betd evierk i o e TES Sz esenad| BTE Blas
genetic instability. The present sel ection system
C%ﬂ?%ﬂ% ?%P%%ﬁéﬁéﬂ&’é&ﬂ@?ﬂ%ﬁuﬂ?r?rﬁﬁ{mﬁ%g ok &HEs in

e%}gfe ﬁxq}@tjﬂ? drge ﬁ@f@“p@ﬁﬂdﬂﬁ@s&éﬂ@tﬂjct colonies

Zeocin-Bl asticidin- EpCAM bicistronic constructs wth
welrd f epemd al The aansd s JorERGAN céxpice esion levels of the
STAR 7/67/7 TTG colonies was 10.4 pg/cell/day (Fig 22).
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
be 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,
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
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To test the selection systemon the production of an
anti body, the anti-EpCAM anti body (see al so exanple 5

w0 2wesss4aken as exanple. Reslts A plasm d wasPCT/EPL0e1055794
on whi ch both t he heavy chain (HC) and light chain

C d te t ti
niee (eSS o Barecte BroRohairhfaT R vote T e
ﬁ]);néﬁee@@éﬁmt@f .t RSt ¥ eem ©f o t hen &AM heavy chain

e Zeocin resistance gene was placed, eitherwith the
ATGrut/ space (Fig 20), GIG (Fig 21) or TTG (Fig 22)
as startcodon (see exanple 9 ) . Upstream of the EpCAM

Eddffiie CTRI Ncidiee RiRSIAS] &@&ﬁ§%étm&ﬂ&w VEBG
placed elther wwth the ATGmt7 space (Fig 20), GIG
2444 n 2AJEGRP HiT{ oy censtrucisdorth sdif femantial
s of constructs were nade, one construct

tﬁﬂ%?&ﬁﬁlgﬂﬁéggﬁ%ﬁﬁﬁﬁﬁ itbntrol) and one construct with

a combf fatdon R r ST 1o ANhd 7z &b eI NESs i dhendd.
el ements were placed as follows: upstream of eac CNV

Wikl Bt et ted . raBhOdeRS tHR r%%%ﬂkgﬁ@lowtﬁmmple 8.
r i on
BESIRLS S T A ARGI @ cddiind TAREIOPLLON M 33m),
addhnst ot lei@ahksatdawctdidmé w11&imdstt1r83mR 7
eIe Fi constr re tr ect ed
O K T LR re i SPLEEES

Zéghfm/ﬁ@sfgﬁéﬁé&|§%ﬁb(@6r§f§n§&ﬂ§ré'é@ﬁatedvtﬁﬁg 33)
sel ection independent col onies were isolated and

ampi opkgrr @dRiderare ont i M usodef ked | MEQPrR s (3B Yy

%ﬁ%agy/%1 zeocin and 20 ng/m blasticidin) . Fig 20
S that the STAR 7/67/7 conbi nation had a

benefi ci al effect on EpCAM pr oducti on. The

Ahghﬁ%ispac a d ATGwt/space Bias had no effect
% r %ﬁ onies that were formed with

cRlasmdsoeoni gy g STAR el ements or not. However, the
ssion levels of either 24 contro

ver sieuisTaRlitional GTG constructs were made:
1) GTG as a start codon in the Zeo resistance gene
(Fig. 33A), 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
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-

GTGsEace—dZEGFP.

2) GTG as a start codon in the Zeo resistance gene, but
in a bad context (TTTGTG) (Fig. 33C). The Zeo open
reading frame was amplified with primer pair

ZEOTTTGTGBamHIF (SEQ. ID. NO. 123):
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7/ 67/ 7 colonies ranged fromO0.61 pg/cell/day in the

control to 3.44 pg/cell/day in the STAR7/67/7
weonsisdss (Fig 20) . This i%la factor 5.6 i NCPEREPR2005/055794

Since there were many colonies in the ATGwt/ space

Rl PR R e e SR A B oo ea.
ZHOWTE Rev €064 I (dEATGWIL /1¥pACES { Ni shavascB. Pr@i&el wd dayut

versus 7.8 pg/cell/day with the ATGrut/space STAR
wizgls A ORbrizd ks | a%fh T eed el vfo PIHSEr X Wigh 21

g]ﬂy? IRl N33 had a
%%enefl cla ect o EpOAK/iI%rYL rronr@%Es(?ﬂ;}% t heGTIG

startcodon for the markers. Wth the GIG Zeo and GIG
B| as_ STAR 7/ 67/ 7 construct approxi mtely 2 tlrres nor e
3kol o%f%sa%ve? es?"i‘)lﬁ're%ogl e HRrH gene,
ik L$sbomrevet sy of 3 gy h%u@“wf’@ﬂﬂta{r@' ad’&i@i@naslTAR
7/ 67/ 7 col oni es ranged f'rom 2. 44 pg/cell/day in the
melert ¥ 1o §15 129y <Rt /eRading theasT ARy /579y, which was

[ ct
%Hs]%é%%g& a%}gr%b% %—bj(fﬁ\/l Lr oduc?hr{c)%' in ?)ﬁ'e %l%ﬁlélgj?éfi ve
mCtod o e Swaa si ictorgdnesd B atﬂi;elrﬂy\im@ltl@'@é@i@p@ms 5.7
glcell/day, versus 13.0 cell/day with the GIG STAR
%%37’}‘37 oS tR RS r aiﬁha%c%]’g(g% Vb?r%G%(%chbW 2(FFEQ | K- NO.

e Adptcd e GVEr @REs ERGRMREQStich T Qe dREAGESEEBYC t he
G start codon forthe sel ection markers Was
and ngE@WT;mdalysehi gﬂ%@ thlén N@t hB3he ATGRER speedust aras
oGotpn. Fig, 22 shavs thal Wil dhe T1G Zemand TG Bl as,
cont con ruc no FO ot S Ter € FOrvEd s i
EctdiREXMﬂiﬂlE, %reéNiﬂgtﬂer:cST@—Trlﬁﬂ—?dzrﬂ@Eonst ruct
colonies were fornmed. The average EpCAM expression
| evel s of the STAR 7/67/7 TTG col onies was 10. 4
4 P9/ cobd / days (&agr@?aod&hl $n i SnQ0ALA Rl gheradhanaid h
the ATGrut/space and GIG as start codon (see Figs 20,
ipdtdad cbOnde®i oy . .33ke, but with an additional

mutation in the Zeo open reading frame at Pro9, with was

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
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

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),
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aver age EpCAM production in the highest five TTG STAR

7/ 67/ 7 col onies was 22.5 pg/cell/day. The results show
WO bab/0sg389 sel ection system c# al so be appl i edPCDEP05/055794

sinultaneously pr oduced polypeptides inthis case t wo

B RS0 S T ot b A TR ch v Tt 1 ) & e

Tlﬁﬂuiécﬁ(l)@ﬁ)al meﬂg W mbﬂchT@h%érgT(“z@@(ﬁé@rt (chqipmw)
Is nore stringent than the GIG start codon, which in

gwﬁ»:ﬁ a% IOFRCEIIN BT thbh RPN ATERAGS PR (FAHOT X he
d eog?o ?Pe e é“ é‘&yf{ Uééx?sﬁf‘u@t%%éf@%d‘%out
nu e 0

no co onies in the case
SThre dll<haond r (I]:omttnaﬁl )hasr ol START 8k enfeartesn t st haghed 7

stringen f sel ection upled to
uy A e i | O STt Gt T B e
tﬂél dofEeatdone aneh § es§ing ofg adshh térond GIGE of the

Zeoci n-d2EGFP bicistronic constructs with differenti al
centars) it B¢ eiwheiest STRAR felemgniereibnstid ¢He Zeo

t
L L T R e R S A T G SRR e e ©
exooofnsed XN e Brotding. B3A)ont skl t i ankl cdsmdtufmcewb
startcodons with distinct trans]atjonal. efficienc are

C%%%%%%g THER & Wl 2 e oc? PR ERT st eSS sed

AMEES QRS VST, Ofte@tfch { Faw;ﬁ@)fmsir&é@&@e Ué’ﬁg%ﬂ@f@ﬁfll
the nodi fi ed d2EGFP gene, as in Exanple erials

GEhdZ et fousr @ eatlomiad prashi ds, R@@rl%noréirft‘nm\cw c@rgies
t 1 tart ipth
wEAISLEHEL S BT £1 TROP o de TIE0 8P A1 L 126007 Py Lhe

80 TEsT st ance gene
cspathss SEgUENCeof F6 grTB3B)G . zJ@amnﬁpac@lc‘&epes)p:em .5,
readi ng frame was WP|Ifled wWith primer pair

O%T%p% MFZ?CSEB 10 q@oq@’; 423, and of 16 GTG

Phe9 Zeo colonies 550.2 (Fig. 34).

The higher stringencies of the novel GTG mutations
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
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
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
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GAAT TCGGAT CCACCGTG GCGAT CCAAAGAC TGCCAAAT CTAG and
(wherein the sequence follow ng the underlined

WG emaerasy conpri ses the spac® sequence), and PCT/EP2005/055794
ZEONTreverse (SEQ ID. NO 85) the PCR product was

e th Eco | - anHI [ nt o P, cu
el it T TSt s S el e S8 ing
1IGT£Iﬂ§g1@e§t@QEGE@d@>Ethé1s§ﬂﬁqzﬁ@véES| stance gene, but

in a bad context (TTTGIG (Fig. 33C) The Zeo open
r eadWIglf’r reeRclR@eAnhat i dee V\Wﬁh C&%ﬁz@rlbe

%%&%@&ﬁﬁ%%%m ol se Ty

rédm1NGn asu)ghemeemsmmaem cuf wihd Mo oGH - Bamtin,

and ] i gat i nto pd2E cut Wit h EcoRI-BanHI
2atin %ZJE’@ ﬁ%@sl' B) GIG as a start

codomw éi@ngﬁ@ f@ﬁl’zﬁéﬁr@&n&%@raﬁé@t@@éj s A (Hi - to
33A) , but with an additional nutation in the Zeo open

Plf@'\alﬂehgfcflf anenett ey evhi e weist yrggeedo i the

Thr 9o,
FomL e D P07 e 20 opbre Phbar oy e
eWIé@ilqnal YeZEGHof fvad dfddE dit o f SEketddt N@Ile’la?é])y, the
AATTGGATCCACC GTG GCCAAGTTGACCAGTGCCGIT ACC GIGCTIC and
PRSI et ked (%E@h? D'MtNCB’l]SIS)be t FRP PR p‘?%o‘iﬁﬁ‘ a9
ticde WA d Mﬁﬂblﬁ@léé 9@d ek b Nt PAZEERR: s cut
wi th EcoRl-BanmHl, creating pZEOGTGTth-dZE P. 4 )
A5G e3ed ezein ctrlon. imutdes Zde rasdstantte pehkiion 9 to
oifisteat of ATGUFIQ. A3 Dutsyithap agdiional use o
Ut atd on He® 2zt open Bt ng f he dtoProg, wth
GT@So ecp&}@@zedswfit‘cﬁtﬁmyixal amme-cﬁﬁwfn)ax FHigansSBH)ion The

Phe9 nutation was introduced by anplifying the Zeo
1pbleht FRANT Yt hE QF | FRAC Pai 9T ZEEFT Wit e GreeprHRrkers;

o£ %Raﬂ@ oé\}%r 1290 e ot PN dliHHTr CAC LG LAGGT TGAC
GI' GCCGTITrr CGTACTC and ZEOMreverse (SEQ 1D. NO

f&ﬁ@tlwmﬁﬂixga pﬂmuummswEmpe use a sequence coding for a
neomycin resistance gene having a mutation at amino acid

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.

Example 15: Creation and testing of additional TTG
Zeocin-d2EGFP bicistronic constructs with differential
translation efficiencies.

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
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cut wwth EcoRl-BanH , and ligated into pd2EGFP, cut

Wi th EcoRI-BanmHl, creating pZEO GIG - Phe9- d2EGFP .
wae@asisse i on, cul turing and?anal ysis of CHO cet1/EP2005/055794

Transf ection, culturing and anal ysis of CHO KI cells

erforned as le 8 . Results cells

r%\?ejrsegﬁ?%%s?ee%‘? e‘ée%\ﬂ?{‘scg;ﬁ%ﬁ u%lf%%%cgta%%n(f T ‘E hePGrsam
oZeend Fhgi BAA)  dSiGpagenZepr{di g3533B) . TTT GIG Zeo

(al so called: GIGrut Zeo) (Fig. 33C), GIG Thr9 Zeo

(leu) (Fig. 33D) and GIG Phe9 Zeo (leu) (Fig. 33D
M.Qﬁé‘:?%l? erdipbudene, all being cloned upstream of

the d2 reporter gene. These five constructs were
Cwed ot STAR edreidnt s (Control) or with STAR el enents

u yeam o ormter and STAR 7
St e had LA ol RS ONSPIOTR e dnadar ) 34

1shoverd had Dfstdec Cémcsxoll&omé IAEd Sy 1 SHoak ST

el enents only the GIG Zeo construct w thout STA

(Blenemb) gdwet clod brwed thiata eXpr €35 etk GXEGP bEiﬂeii‘rﬁB)-

t ts_caontaini T S
Tl B e B RS B D PR S RTRRS ras
m&dlmmm spagial T sddcdFdmZED (EHp r ofD. NO.
colonies was 20.3, of 13 GIG Zeo colonies with STARs
%7/ 7 104.9, of 24 GTG space Zeo 7/67/7 col onies
ROy &R cEnddTTEd s Rt A AT dT €t DA RSTRd Qapy Of 22
GIG Thr9 Zeo 7767/ 7 col onies 423, and of 16 GIG Phe9
ZPZ@E)TJC@Y@W@SSEBO IQD(FI}T@ 87), e PiRheroduet ngehctes

t.he lOI’]S orrel at hi gher. an
ijiflhoér]%s%gﬁce Sl gna a{ %4 &Wﬁi L7

Eﬂdfﬁﬂ#]?amﬂthEN@itlrg@VﬁZWMGﬂd%-gﬁQm essing
colonies and a few | ow expressing colonies. This nmay
indicate that this nutation is at the brink of the

2kstriTHferry 2 hatarheaeder| 1R e IRArreF1FLanes xawne,
1 EONCERtSAtARD pf; Zeosidy adsed §.0ck hen cubd i foipgi um

mutation in the Zeo open reading frame at Pro9, with was

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
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
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) : AATTGGATCCACCTTGGCCAAGTTGACCAGTGCCGTTTTCGTGCTC
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The Thr9 and Phe9 nutations do not influence the
translation efficiency of the Zeo nutants. |nstead

wo bagossasuce the functional i9) of the Zeoci n reGi/EPENDESS5794
protein, by preventing an optimal interaction between

t he hal ves o e ocl 0 resi stanc ot ei Dunas
LA SR g ph e S TS I
clhi@swion bec dr DARGRET | Gardd i By£r & @Si st ans@2Rgew Nséut heith

Zeocin in the culture nedium A s a consequence, the
EeeR T 1RARiAGs et £92 had P AL TEHE e HedlP BT R hi gher

| evel, eventually resulting in a higher d2EG-P
expression level. It is concluded that the use of the
Rekskts bed transl ation efficiencies of the Zeocin

resi nce result in higher_ expression |evels of
[ ho CHETER RIS Lt SOt e T g toat
cheiBNtshe TS BxQMPhey f UBsAES troonstd ates they. 35B),

possibility to provide for fine-tuning of the
TEG rTgenese of Fithe 3l ecandnlEyskked ofee heFidwentPorgenes

. ral . I . ¢

24 SR = BRI SRSt

dirGERpedberodr cpsid Ni Tige 44 eSeuancbod telictpossd e | witlesut
within the concepts disclosed herein (e.g. nmutate the

STAR G st 90N @l k PothkrD adt Mo Sk Cor/ RGt @/

upd £t RIHET L ROSENY ONSomdiSEr 3a e GPAR OF hehw s @Fd SR IO om
in a non-optimal translation initition context for

threctiFCor erier (Bed ecidon g keds; slovwanitiate of hidre

cSELESH! QL MRLLEE S Lo sducer ey funcli onabi by, 4RL 7o
st ance’ lise & seqlience” coding for a neonyd n
cHIeSt 51 @ Ce1 gene: NSIFAR G Bergh t8d | gt caldmie aict itk t
resi due 182 or_ 261 or both, see e.g. WD) 01/32901), and
XML TTRE, d1ECHF R efeeFor SuctrrtrRsturthl, canritpycts

AP Y1 A8 SETAY IRLRLM Deg RS Ukd O £ £OMDI DAL oN Oy
features for the selection marker, |eading to enhanced
dZB@rRssiore bi . tHee putapepiEEkep of luotesestice signal of 3
TTG Zeo Control colonies was 26.8, of 24 TTG Zeo colonies
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
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
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
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wo eaamisasd on effici encies .

Exanple 15 : Creation and testing of additional TTG
Zeoci n-d2EGFP bhicistronic constructs with differenti al

Zeoci n resistance gene vvith mut at ed startcodons were

r| be i de esc TTG
eSS e S R s Tt Tty 19 B S ek s ain s
tlﬁi§tirﬁ10<§orﬁ]d5ﬂﬂ§l{ﬁﬂ1 onath edfARi €neyef£. possi bl e. These
di fferent Zeoci nresi stance gene versions were created

and cl oned upstream of the nodified d2EG-P gene (Fig.
35) . Materials and nethods Creation of plasm ds Three

Efdibid 0@l I EANS AME  Ced Bl f@ﬁepuﬂoﬂ%J Trﬁ&’éE@'P
start codon in the Zeo resistance gene (

bixd s todn bmecongtruchs ot th cdpdfeeer ti gl B&B)slaﬁim Zeo
en. reading frame (wth the spacer sequence) was
e ‘ﬁ’p‘l”r??%’oemth primer pair TTGspaceBanH F (SEQ |ID.

NO. e : a keAdh ALECATE GGROCTATES $30GA T KAy cin
TGCCAAAT CTAG and ZEOMreverse (SEQ ID. NO 85), the

rw%mc@e@e\s *adh i F HWIEERI c Bl foamy me@mwm%t 0
E t I ce
(PESEGH Uy IR SRRlsa R St E Sn 00
(FBsi STamoe) gesince nsieadv D]l Add(digs S5t , cdudibn wiidn
an addi ti onal tation .in the Zeo en r franme
S L T R A E T Tt S NS
na@Fied,Thend hii9i gupat i one WVaBt | 11 r@@w@f&eyytml ad yhdg

the Zeo open reading with prinmer pair
T ZFEI ¥ Svap T TH Or ¢ SECyangs mtqm) Mo A TINGEATCENGY

t T%%QC%AW%A&I pr oduc vvas cujtzé'w%rﬁee/ﬁé “dene

ofEchRie Bawt]l | aﬁnldelbltegﬁletded by @EREGFPin ctiiisMdétample for
puEJ%g)oFge_sBacmf_"1llCL£setaJ£<=_|1tn§OIPZE'Ig1}1e TnTe(%:thohrglgnedSZEwGe:rPe 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
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
fragments. The primer pairs were:

PURO BamHI F (SEQ. ID. NO. 129):
GATCGGATCCATGGTTACCGAGTACAAGCCCACGGT,

PURO300 R LEU (SEQ. ID. NO. 130):
CAGCCGGGAACCGCTCAACTCGGCCAGGCGCGGGC; and

PURO300FLEU (SEQ. ID. NO. 131):
CGAGTTGAGCGGTTCCCGGCTGGCCGCGCAGCAACAGCTGGAAGGCCTC,
PUROGOORLEU (SEQ. ID. NO. 132):
AAGCTTGAATTCAGGCACCGGGCTTGCGGGTCAGGCACCAGGTC.

9 fferent versi onsPOI/EP1V5/055794
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3 ) TTG as a start codon in the Zeo resistance gene,

i nstead of ATG (Fig. 35A) , but with an additional
WOoianisas i n the Zeo open redding frame at Pr oBCT/MP005/055794

was replaced with Phenyl al anine (Phe) (Fig. 35D) . The

Phe9 tati i d db lifyi .the Z ,
TR RS rF T T 1A O S S R DS (R
and. 3NQa A28 £ | t A TIEFANFEACTHIEEIANT TEACCATHKICHT

GCCGTCCTCand ZEOMTeverse (SEQ I1D.. NO. 85), the PCR
PR daet Weise cadded t e IRYre L Barll amRkhbt 19 Gt eleh | FiRP

P t Wt c amH)., i PGRD- G
sAflEE LRy 1h L hOT O o AT burSEFERRY PEES AT S o,
132 h Tonsteuct sindaRCr ot @duct hea J T Zeol {1 BpmBEAJcoRI
T ace Zeo (Fig, 35B 1TG Thr9 Zeo (Fig. 35C) and
o O FG So 14t inaar TP TS ofaok | i ing | oF
t1IPBd NG ShONEL- LPsd i eaia ©f 2 T her 1WheEGH L f €PO4 T EATEENEad been
These four constructs were wi thout STAR el enents

ceopprred) Bre vl STARIEIRY@H soFe e B g st Fareen wis

onpt Rﬁ%ﬁ dpﬂ?%t r fr t P
t%ée}ﬁea {@F/I gﬁl%@)&{tlﬁ% SI%IOWS at : o%’it hjgmcoik?'r o) )
GARTHRICEAT GCALT TIEE T SIACG A EACAAGC OIAYGETR dd Zeo

ruct without_ STAR el ements gave col oni es that

P@%&i@%@ d9EEP 1 ot n. 149 coltt Rt BT Lot an

e£OM 8k &IAR eherent 5y gares £ol i s thal rexpisssed
d2EGFP protein. The nmean d2EG-P fl uorescence signal of

b auE Zde CHht rat motbediebdevast 263 8intofo@acaT G Zean
colonies wth STARs 7/67/7 426.8, of 24 TT. ace Zeo
oS el Sl Sos o " Sl 7 7
igoteni@sd 2. dre sdrth ©f t13e Td&a PheP Zeamenl onies 677.1
(Fig. 36). The higher stringencies of the novel TTG
mut ati ons correlate with higher nean fl uorescence
Red@W@ds (Fig. 36) . The TTG Thr9 Zeo 7/67/7 and TTG
Phe9 Zeo 7/67/7 constructs, however, gave only two
hi giCExpfessehis were transfected with the construct

that contains the TTG Puro (Fig. 38) gene as selection
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
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 wvalues is taken, the d2EGFP fluorescence signal
of TTG Puro Control colonies was 69.5, and of TTG Puro
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
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col oni es each and a few | ow expressing colonies. This
may i ndicate that these nutations are at the brink of
wo b@ssssssngency that the cel9% can bear with apPEi/ERT05/055794
concentration of Zeocin added to the culture medi um

[t ] | ud t th f.the d j bed. .
14telS) of T e i et e Lo (oS o vt en
sTaNA Bstdtd N hi gher expression |evels of the d2EG-P

protein, this in conbination with STAR el enents.
Exanph &S 18P Eeg i ordetrn tiest i ey oia Puktenii rrieEarP
| Ci [ i [ L al ation
roH T SR R S e e SR he
s yuanyEs Nthrese St @nc ewlgehe, raecin oig whiredt todek. fMsreover

.hethionine (Fig.. 28, Fig. 37A).. These AT ave to be
L0 o St feded JndB s Sefealion uSured Qhrue o
1irSdet ¢ i SOUONs Whghr it ey ATIG pdard £odad (14 bei sotexXter,

thereof) has been nodified, and this will result in
Ppeptyeles. t hat do not resenbl e puronycin resistance
protein. Mre inportantly, these ATGs will prevent
efficient translation of the gene of interest, as
represented by d2EG-P in this exanple for purposes of
Exarmpbe rbl i Credticomsdnd oresiebngwer mecmyeih | eymstructs

Jeucine, like. in the zeocin resistance. protein
i Ak ey cialipeRnd it it B RFRTIP the TTG codon
for teued nerd forxi st alee i LEOEGH 1M EXRMpd&nPdin NOW
the CTG codon for |eucine was chosen (in humans, for,
re¢gigiaece BTG Eodorrt sviusell frie 69k en i e T @

T [ . T hec ] r ATGs, '

FeP e 1P ST AEAb el el AT, I, Dyseryedn,

tlangd | $1eteaw tATEs fravertpabe sel Jeheaadd ngF g pus BRCT) N
resistance protein frqgnents. The prinmer pairs_ were:

S téé‘?%llw lJ( Sﬁjvq[f l\ﬁfa]ﬁ_tZﬁOqO when the ATG
sé%?%X%%8KI%8%1@H¥“¥E¥%@¥¥3¥¥%¥%¥¥¥Iﬂés been modified,

and this will result in peptides that do not resemble
neomycin resistance protein, and this will decrease the
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,
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.
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.
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PUROB00 R LEU (SEQ ID. NO. 130) :

CAGCCGGGAACCGCTCAACT CGECCAGECECEEEC ;. and PURGCBOOFLEU
W@ 3BQo4d4B NO. 131) 99 PCT/EP2005/055794

CGAGT TGAGCGGT TCCCGECT GECCGCGCAGCAACAGCTGGAAGECCTC

T T A A S T e R GG A PSR IS AR FAT TG

aggnerates two PCR products, corresponding to the 5
and 3 ' part of the }puron%ci n resistance gene. The two

NEf JeeeR s SRPR &3ffed tRgeiPerl &R anplified with PURO
R ! ﬁ%ﬁ§§QORLEU (SEQ ID. NO
5%%; G%e repé%%?%&%ﬁg%%(; uct was cut with

BanHl - ECORI and |igated, creating pCW-ATGPURO (I eu)

RSeqjgenci ng of this clone verified that all three
¢$4trhal ATGs had been converted. The entire puromycin

openg I €3} Ngx & ¥ &PEs Wasrd heseanpd i {4 od wid hr BURBamdd i t v
TTA@F (SEQ ID. NO 133) : GAATTCGGATCCACC TTG
O IGTHE AT

CTECATEETE aviel PROGO0RL B {SEG L } B TR
Thi i ey i T
u e 1S e o TR RS QAT Qulth AR Y e

coneet et it dechddt | Sonttd TndiucedsTOrNan Optg med IO exXITG Neo
and hence two nore nucl eotides are i ntroduced to

(PrEset Ve tHNT i iyl FTat? FRRUl 13650191 cerd’s Rk
b)}gr@f&ﬁﬁ?& ech W Bd £ die £ NSt eim HAL . GO Qi DSeddiee 1z 1

uro (Fig. 38) gene as sel ection gene, cloned upstream
nedmydien dXEGHCIRpDryenre gere. g et et $ bt awce uangeindio

[nd _ pur cin. The construct S Wthout. S
<Lttt (BT o o o o Dl d bl e sene

repsl tedm of t Hdef GVMA T @irod £rE adisil STAR on tlesnst r&@anyhich
fromthe d2EGFP gene (Fig. 38) . Fig. 38 shows that .
LRGP LA HY CUPEEFP 19 U e sttt b e ofs2leted P

SERRS MOk a€OL 101 @S Wash 3, Ino @ £ 28 TdGb4 O £O) oni es
wth STARs 7/67/7 75.5. Moreover, when the average of

efhici¢nvepies of the Neomycin resistance mRNAs, as well as
the removal of all ATGs from the Neo open reading frame
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

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
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)
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hi ghest values is taken, the d2EGFP fl uorescence
signal of TTG Puro Control colonies was 69.5, and of

WA TB6Purss col oni es with STARE07/67/7 186.1, anpel/RRBIS/055794
three-fold increase in d2EGFP fluorescence signal.

Thi h that .th b di fjed.t | a
haly (et b e AT s o E b e e e e £

d@lwrr@s@ﬁlﬁﬁéld}ﬂfﬁvﬁhﬁt@inl hendl2EGFP qeot&idse thds in
conbi nation wth STAR el ements . This experinent

bt Tt eSrehathe HEOWUT BRI roReis | Beathted glerrne gerdbing
t v t e
£ e AR EINE. | oF filR et NeEE SO ol ©
unhies sef etcie admwaxt thiboh of Td k@limﬂ/mmtte orhal smte/\mdds AlGd,
et _anot her selection ma ur onyc Ie 17 :
S e e TR TR o Sy RS HE o
sehfdes endd alstg ansh atnon £3d) ci £HChESer thed ea@é\ﬁe for
si xteen internal ATGs in the neonycin resistance gene,

n¢PmECHt - wht chr dorletd orerl 3t hilomi AES | sitahle erdmycyhth

ad f Fi 31 y 9
SI x{]Fee?ew h%@ﬁ% ngi%l |4rr(1x§at e#%@%nt%%%ﬁs%%%e
gdiineywad Iimphif/ﬁecawsttlarprnﬁmt@m DR 1-Fiei AT Bt @SE@odDD.
éw t he context ther n nodified, and this

of
FRib iy ety fin O vt it s A

DI B3 B¢ SREL6 P4 -Of e dkp angp T hiS, W 41) decrease the
transl ati on from t he downstream open readi ng frane

AGUHT PAATEP TTMeT GUT T(PEM TCETAAFAGTE@r est i n the
transcription units of the invention. To elimnate the
i nternal ATGs, the neonycin resistance protein open

Resulitsig frame was entirel y synt hesi zed by a conmerci al
provider_ (GeneArt, Germany wherein all interpal

codi %gcsz\ir{;sb%%?r%tvye%éﬁeqi e e by TR G eyt ty
of Ofnd-Ciklrr ANk H00- LA Moh £H1155 WLT RE SIUERE e SHGFE 4 NAL

a degenerat'ed codon was used
E.coli was transformed with the constructs that contain

the GTG dhfr (Fig. 40B) or TTG dhfr (Fig. 40C) gene.
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
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.

The mutated dhfr genes are incorporated in a
multicistronic transcription unit of the invention, and
used for selection with methotrexate in eukaryotic host

cells.
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and hence no nmutations in the protein sequence

resul ted; the synthesised sequence of the neomycin is
wa@wensddso SEQ |I1D. NO. 134. 1Ph order to repl aceCt/RR208§635794

start codon with GIG (Fig. 39B) or TTG Fig. 39C), the

A S0 GO 3y A R S0 AL R B
w A @EEI A€ FT G LA LM P EX L dilds il PED EE ORI
800R (SEQ ID. NO 137) :

celk T TGAATTCTCAGAAGAACTCGTCAAGAAGGCG . Resul ts E. col i
bact.er j r t . ctl .
neo rr\f/écll£ %OL\?% s?%#%ﬁg egl Ig? okt?%i'i SnE J%?%énwmh#% @%I Vili %"r@u 1f’/\%tfeeed
stanovedond,. coll dhotad | @ serean rahstlos EEGH R hodine were

constructs th contain the GIG Neo (Fig. 39B) or TTG
te?\%ibec% F}I@.%C%aépgeﬁ & Ht%ion gene. Selection took

pl ace by growi ng the bacteria on kanamycin. Only a
functi onal neonycin resistance gene can give
Reswlts ance agai nst kanamycin. Transformation with

1 L fi . .
£ cotte Gt 2o DF Pl e b Frddit et e d e
m@ehei cotd chdbe(ssol al o6 Eddmsl shois that 4he aescthdedrc

nodi fied translation effjcjencies of the Neonycin
blagh st FNAEIC RIFRFICEEIR P FEMARTFS FCRf | ATGs

médomide Moo ppen Jeadimgdsaae 1espid. idbfihes11 cloned
production of functional neonycin resistance protein.

ufsier ean st edteoBRGTP resistwace yernstegeed neor Pk £ @d

in a [ti.cistronig. transcription unit of. th

ot or W USeor Bel BCT on G 197 G’ groth the

CTERUIREEIn | An®UEBE Y€ Tosdiceddse fxampted 181 colonies
Creation and testing of dhfr constructs with

R RFRART SR tAHHET Bt | B A TG Frheh e mp e gt
si&“éirE% ZﬂxéTGrEéémkéﬂgﬁiég”Wbs56§.8, while the average

d2EGFP signal of 20 GTGspace Zeo colonies was 185,
demonstrating that also in PER.C6 cells the GTGspace Zeo
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 d2EGFP. The average d2EGFP fluorescence
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.

This example demonstrates that the selection system
of the invention can also be used in other cells than CHO

cells.
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of which code for a nethionine in the dhfr open

reading frame (Fig. 29, qu 40A) . All these ATGs
whawe/nssasbe el i minated (Figl040B, C©), since theyr/mpions/os5794

serve as start codon when the ATG startcodon (or the

f fied d h |
SR 1 pESTHAL R ottt T b1 TR Bl gpal
pause vui¢n@tecwa§er:t¢1€zédﬁts4@2mm f dong ¢ Fgc€lownst r eam

open readi ng frane codi ng for the polypeptide of
Eﬁ\@?%@fl??\l%ehli%sﬁw)i OTPTHRREE of S t HouFent? orgt

T I t r T4 e, t e
e R e L (e
aﬂSBe)asta&qusa:rtqura\b@vte froanseoigticion to eortder faid

| ace the ATG start. codon 40B) or TTG
oA E S Gt e oSy ool S a0 G S Lo ) TR
ﬁ.ﬁ&é&'i@rﬁuwﬂjﬂ:a _[fll_dcﬁéflr(eSEQs | D. sé@eﬂé@)whlch when
TCAAGCTTTTGT TCGACCATTGAACTGCATCGTIC and

P BHER] EEDIRY - BOOC R SEPLIM WO ta4a9sults in a reduced

T I T TTCTICT, TC I
LY o SV R e 15 o N TLTEY | Sha T Ty T h the
3dhg1deprof eilie fTRAP Wheh @mpdfddss weriehd emwebl of. coI [

was transforrred with the constructs that contain the .
C eSS GRFR T J(CﬁPgO %@e%rlﬁr@%hﬁlﬁdﬁﬁ% a‘?ﬁft)%eﬂée 57 side

ofSet RSt ol oéjflfd%&?-elmug‘_ﬁo%ﬂ bbb bt €I @A P s equences
trlmathoprlm(Slgma T7883- 50) ly a functional dhfr

alg@nier@ra?\clgmﬁemrest@ltmtagrau qisgnat§ mektthoprdew to
nsformation wth either nodified dhfr ene, resul t ed
e O T o 1O s =R o £ ST R e e
thDé asra ks @ondtad s ngnithe generrarl Os bigo 1150l Bt eced Tld St ream
shows that the described, nodified translation
ohf iRFUME s Srivheg o?ﬁ?r‘?ﬁ\i‘%n ek Ve It@nsaelRielrial

ur?:ft allg ATSE RO di0e, dhfge Oﬂ‘?na readi Nos f raEe Eesdh I 14
the production of functional dhfr protein.

order to prevent at least in part formation of antisense
RNA, the TRAP should be located downstream of the open
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 termination
sequence that is usually present behind the open reading
frame in a transcription unit). A combination of a TRAP
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
the effects of the TRAP sequence in the context of the

TTG Zeo resistance gene.
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The nmutated dhfr genes are incorporated in a
multicistronic transcription unit of the invention,

waewsosas f or sel ection wit AO%et hotrexate in eRKBEYDOH/@55794
host cells .Exanple 20: Testing of Zeocin- and

RB qfticidin constructs with differential translation

1k %ﬁencies in PER C6 cells. Various Zeocin and

bl asth€igi® Dehesn VAZICIRIted sk starticodonss £ldnied@netch
upstream of the d2EGFP gene were tested in the PER C6

SERT ¢lereentes(iis. The O Zexdi hieth e Grdsp rdd Hebren o f

Ui SPARIRG GNP rita Dot ORS BOGR SIRILC I
Ao, AL <l oned bt t eam of 1 he. dOFCED. bene. wers
afr Sl dind Sonre e mnl 1€ Uhe & Snaer Ui 5558
diransi&ef i origd t4s pothuthesfalic Zepcd iy angh KIEBnaCE,/ 7 -

Zeocin gene resulted in colonies that expressed
TR tarhel By eV egleo 6 BGRFE i 1t ekeerre &9 vk - 20

s@tﬁ@&f@%@%ﬁé@é?ﬁ%&&@ﬁ e @é’%@?%ﬂ@&%&ence

signal o 0 col oni es wa
i rehesroatst Tad | wigrd heda @b sed | A PEREGIM ciad | Bid hed BliGspace
Zeo has_a higher translation, strjngency than the GIG

AP IR PR SHP $ 7P Y. SHat ranst 2ctton’ s ot 7
cSen (IS R asti sl ) noant e Blastd sl dism@ener st d@thoe

in colonies that expressed d2EG-P.” The average d2E
signok estent I'Ee ghed TRARSTERG Bl GsTRAR di ol el oni wss was

6%%.‘ %gﬂ%& | & Lhe, aves AR {4 RS Sanal Six?ﬂ%"i st

aSYI m%‘?n CcOol onl es was ?I.%%? dser%ns ra |ngg
5ttet ZdsBTAR PER Geoehiss ties TIES Bl asitiLidli thdasverage
apaQiE eI I STSIEASD 1A DP0EYs \PRE 108 R AR )AL
TRAP colonies was 784.7.

This result indicates that the addition of TRAPs
does not enhance the d2EGFP fluorescence signal in the
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.

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
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
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Thi s exanpl e denonstrates that the sel ection system of
the invention can also be used in other cells than CHO
waeelobsis4sExanpl e 21: TestinglBft the addition of P@I/EP2005/055794
transcriptional pause signal to a TTG Zeoci n- d2EG-P

consfruct.. A TanSC{irF“ on P&\u e éTRAP seguence i s
¥ Hotright " Y H S at Ot a3t H pattd pravehtte o 1o ot" ¢
pEddd SENSEL IRV OThidle st dgasdsdibpardveps event

transcription to enter said protein expression unit

(see WD 2004/ 055215) . A TRAP sequence is functionally
defi ned as a sequence which when placed into a

EL4APEE3P! | @Sy Uilmbd £ 54 Snddndy S USRSd SYEbn Of

transcriptionin the nucleic acid present on the 3 '
Wes i dea bf z ¢ dh et TRAD ¢ e cionpad e e tpre siei devetvals in

t i pti b din th | ei [ the, 5
el he NRAB TG Hort1T T T il dR TR
sequences are transcription termnation signals. In

order to function to prevent or decrease transcription
Respkbf er the transcription unit, the TRAP is to be
™ UPSLL eam of Fo L i Df £33 O 2f

P Traraae prian T e F e T S e
(1©) TG recticavy |ChattetHT)o, fretvtentx@tes east wmi tpar t

formati on of antisense e TRAP shoul d be | ocat ed

,. th
DT Eam 9t t HRopeh @@m%gcw et (see Fig
44y anpedd phd oSttt Sl PIESEMYTAR A hd 4P Psee Fig.
direction (that is, in an opposite orientation as the
44or Nt lertieon el otons tweare cPu P i Ul Wik 209 i 1w/ ml
that | ; in ;
L o R T S A
caxit vo TRAPL aipsd ¢ eamd i TARE) pewroiesd iand dnly tITAR'7/67/7
orientation and a TRAP downstream of the open reading
celepEes PWBVedo 5 ' oreintation is preferred. Adding
a TRAP sequence to a STAR el enent inproves the effects
of STAR el enments on transgene expression (see WO
DR 0l © 55983 ted Heren vgo t@zies were 60 days under Zeocin

and Blasticidin selection pressure (see Fig. 44). The R?
value 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
Blas EpCAM STAR 7/67/7 constructs there is copy number

dependent EpCAM expression.

Example 23: Methotrexate induction of higher EpCAM
expression

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
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the effects of the TRAP sequence in the context of the

TTG Zeo resistance gene.Results The TTG Zeoci n- d2EG-FP
waawseise t hat was flanked WPh STAR7 el enent sSPCFEBR005/055794

43) was nodified by the addition of the SPA/ pause TRAP

S ence (see WO 4/ 055215); SEQ 1D.. NO_142) . both
R rmr TS T BTTE e (rieedt ot it glf ) upg Al
gaidl leymsdt eaimh Dfe tnd CHETARA{n$ Shat tOS dhfr-

direction) (Fig. 43) . Both STAR 7/7 and TRAP- STAR

deficiqrRaP EontRE e i ¥eetnd wet@e Kt ahsfdeted ffyerefore
rdfi o1 SADLE OO OO, VBLS TP Rk G ANthd NG, AP
u . A's shown In

orescence intensities were neasure
mdd um 43 vdet @vies qopee IRBORP 4 eilbs eis cionc earsp el caf1i @8 by
., TTG Zeo STAR 7/ 7 col oni es was 4 1,. whi]e the average
RS hlic eSUHTRIEE K g S of Pt el fap. STAR
7/ 7- TRAP col oni es was 642.3. The average d2EGFP
fluorescence signal in highest 5 TTG Zeo STAR 7/7
Resube® es was 705.1, while the average d2EGFP

u ' | _ of TT P; ST. -l
Tl SHEETES S TS S vt S T AR Rt
(FRChch TT®B d s TIRARSt dtiesi motL.@nhansteh tdwep o2&Fdh units
fl uorescence signal in the highest col onies, but that
be g ginder %}F%n‘%f%%?& ?hi e Y REMUMLRY - PR AT OF

c £XPT QFP | LS ONi SBARINGL LA, O Vi Sndd QS TIR W4
col oni es had d2EG-P si gnal above 600, 17 TTG Zeo

USRAP: STAR IV 7ETRAN tof @ nd @$s dibite a( SRXEGRJ | Baresbenkd,

Si g bove 600. I|n_ the experj.,nent 3 of each
g e T
mdd BAsd @by ol £E fngi &ncyva@sdisi i dagsetthe tDtmdudwindnefr
of colonies wwth the TTG Zeo STAR 7/7 plasm d was 62
IGRE | & dHe T EFOhuibetn oF VA RFPRRLSH t P HEeard R JiC

ad AR TR s I RAG, DL ASIH b ash d 16e c S d0SEaRe FlOKR] 4 Ng.

45) . CHO-K1 cells were transfected. Selection was done
with 100 pg/ml Zeocin and 10 pg/ml Blasticidin in the
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
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
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
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We concl ude that addition of TRAP elenents to the STAR

containing plasmds with nodified Zeocin resistance
wa@ewe/0sg4ans| at i on codons redlfts in a signifi ceei/Ep2005/055794

hi gheroveral I nunber of colonies and that nore

nEY LR I PL S s A sl EXErESELAN on
fé@!xﬁ%f Otfhé/ﬁmw&d éahe EPEAM and | HOthn @XPrESSt OTh

evels in relation to the nunber of integrated EpCAM

%mlés Hemgayy | S AR Hel izt s iad t1hg %ﬁ]se@'e]s‘?léd“%d
O%th?] e \Irélgll.nf rg]@éﬂ] ﬂé—QomJTﬁ%ﬁ'ﬁuﬁe @orﬁﬂfg%lble
of e control

expression units bel ng under t
wiONWV l‘pl’)(rnnﬁdance(@eaﬂﬁrgcenﬂ@a)t off hpsotcairstexiete £oi@mi ned
STAR 7 and 67 (see Fig. 44) . Selection conditions
1% such that with 200 mg/ M Zeocin and 20 mg/ m
Blasticidin in the culture nmediumno control colonies
(no STARs) survived and only STAR 7/67/7 col oni es
survived. DNA was isol ated when col oni es were 60 days
Exafrle Zbci TTErZr Bl 321ectiph eRerrtedipthe sentexe of

df £o 4n c-ﬂi@t val ue is cal cul ated and shown. In
%e Ié%tl re rang&?rom 5 to 40 pg/cell/day EpCAM t here

Wavesnal yr gl dEgEEeR @ipm@q{wimnb@vebl@p'ﬁmdmmyqomtsext of
si nified b rel ativel [ 5978 (Fig 44).
el 2 el e A SH PR oval Db eet O Rydietrts n e
c&%%&%ﬁ@%c@m &b §1Tz@< Z&0snldiz Bi BS MI&T&E{ of
7/'67/7 constructs there is copy nunber dependent EpCAM

Eles P08 s¢ R N Exiafpf @R, Nt otV ek saehanericf pegmefer and
EpCAM expy essi on W anal yzed EpCAM ant i body
ol I SRR SR BT Wiy on of "ot ones. wi th
met hotrexate (MIX) . The purpose of this experinent

was to determ ne whether anplification of a
ReplREgont ai ni ng construct woul d result in hi gher EpCAM

XPr§SSA@ we 1ndf%§€% {hgu rbﬁé%% ét&gntégtége ghfr
context of the TTG Zeo selection marker. The tested
plasmids consisted of the indicated control constructs
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
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
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
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gene product. Wile sone CHO strains that are
dhfrdeficient have been described, CHOKI is dhfr + .

wab@seisase rel atively hi gh dBAcentrations of MIXI/EPRoDFIESS794

cul ture nmedium have to be present to select for

amplification_ by increased MIX concentrations.in
CHRSHY Vol FoE T PR 12 PR Ros th UL het Ml Taetigred
tv@s THG e HeavomGhad v d Q@2 EJFES Bl Bged-igdd  Chai n

(LC), both expression units being under the control of

s } el IOWA b bt BFh e Upsh 3 e aph @ fee Ho MY P ot een 26§
oglt d S f ire
VAR PP i 8T B R P T [ FA
dZrest egles did SnE&ONSTGuct i yast Tyrdhefe ok drh ey
pl aci ng an SV40-dhfr cassette (a nouse dhfr gene under
Ao TF 1N AR ISVEP Ovpkusmt 6950 bt ween the HC and LC
cassettes, upstream of the second STAR67 (Fig. 45) .
CHO Kl cells were transfected. Sel ection was done with
100 ng/ M Zeocin and 10 ng/m Blasticidin in the
Example 2% dCompaiosamno £ odi £620em & SSTAR tdibenerfis\Rin the

nts), survived and only colonies with constructs
T“_E‘%%%’rﬁ T'f‘l’emé'ﬁf?a%?’%hent s survived. Colonies were
Wé SO At P£h ANh It oW £k DR O B FBES U hh Nh EPEAM ext of

expression levels. Six colonies that produced between
the GG Bsoprieet TTEa8e Nl ¢ ¢lahet argdeiet camdidim

C [N 0] Thi s C [ r ai :
B T A0 0o T At 1 Thal 55 B500 A W T Lo
SR ksl grasntogl sgive betavdens eacdssltep. iftletrs tounteeks on

2000 nM MrX, EpCAM concentrations were nmeasured. A s

shown in Fig. 45, four colonies showed enhanced EpCAM
R&$wpeet i on. Colony 13: from 22 to 30; colony 14: from

28 to 42; colony 17: from 20 to 67 and colony 19: from
Wg7clonsy py/STAR |¢legnt Cotprird dowmst 16ams ohedhe "MV

pﬁ%ﬁg%g§g&{gm%gé§g%ﬁéfﬁiég%sg%%e. 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,
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
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).
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
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conclude that addition of nmethotrexate to the

cul turenedi um of CHO Kl colonies created with the
wa elogossson system of the i nd8ftion can result PEI/EP2005/055794

enhanced protei n expressi on. Hence, STAR el enments and

t he sel ectio i nve can_ be i ned
O LIS A 8 bonbat T bbb th TS noiR oo @hhaEabent
e DEmdH O ehdly EXPF eBSI DbV ELS11 EXFIPE S Z#f ic TEndeP and
sel ection operates in the context of different

thtonbt et Weel hrikd sl I2HEP TR ebbi obf | V@] 3 iwPtlhe
T f
b el o e S e S S o

se’el‘aactcmm ex&r]oérstheoﬁl\zth eﬁdﬁfmnﬂprmﬁtat ahe Sv4 0
ncer ronoter and the CW. enhancer/ b-
FLRERTREL TR e pa i 0 sk o rondrians «

tét\.@té&smeeﬁel Mdde: context1 @fstAre dlikndeds sehfedi PrsTar
mar ker. The tested Iasm ds consi sted of the indicated

ckerraniol Condit rlitt s2 W t30 1 e B f&Yemt’ piIm'mQJe'r singhigced

B P S GO Eou AR P S T BRES ene
avoarsde W2BCIRrexprensi@ct bevd b OHG:HG @@’n’irc&hd We
sel ection was erforrred wth 200 /m Zeocjn in the

IR PR Uit (PP o 2B 3depe t ot D st V%‘FPGR
eléﬁ%ﬁ%é“%ﬁﬁ“&éﬁé&%gﬁﬂéﬁbk%%é%fﬁﬁgﬁ%ysTﬁe0§e§ﬁi¥§¢ére

expression levels. A's shown in Fig. 46, incorporation
shdwisTIAR Bl ®@neht s Imp@mltatmrs of t$TAMecGMMENts in the

enhancer/ PLS o ted { he  SV4 Oene@h% cggégrggot&a%eé he

R ehhancer 7 b-att Th prom)]fer altoresul
dIRC @t ¢ 0 ©f s Torh 0N € Sc dvhb dir ddl gmrtw@%&mpr eBssd 0N 7)
| evel s than with the correspondi ng control constructs.

Thhi 3VerRAR 1HHT | RFEREPEIPOnI LYt elf dFotM ¢hvent i on,
thdn SOIDL D@Ly O WIS TV & QOB Sru AP&FAL €59 Wfe | 1

thecontext of different pronoters. Further analysis
awhioygels from d2EGFP expression levels in colonies with

the 7 different STAR constructs ranged between 151 (STAR
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
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.

Example 26: Other chromatin control elements in the

context of a selection system of the invention
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that the nmean of CW-driven d2EG-P val ues was

significantly higher than the nean of SV40-driven
Wal2686PpRsal ues (p<0.05) . |A%ontrast, the neaPCDEP2005/055794

CW-driven d2EG-P val ues di d not S|gn|ficantly differ

oL E R T 1 19 o T S H ShERTS S ET pi Ehe
1dd6z Z@@n%fcﬂ;é%bﬁyéf €Mhe Vgl%ﬁ@éﬂz@ﬂ%ﬁ@c&ﬁ:aocus (Chung

expression | eve In the context of
etprahpt BY 9 MG iZetor sel &t a dnmeratr kmgamb SR f 63l f et

ST emen t.0. obt ai n r nsj i n, whi ch STAR
o b RSO T & et Beb T o fatd o Lty s et
(irRest t (Bwl\/?lférﬁ@eéit 3B STAR 3 el Sodh ardb slovast & amve
of the CW pronoter-TTG Zeo- d2EG-P cassette. The

benrs fowi ah e} AN teI en jwhecthese DNA

cts. STARZ- A9 4 7
LY Ui GO o Ry 5 Yot heee
DN Nst ekt tss wet teh t tlansdeld @i dro S dh ol tise ahdventlon

sel ection was perforned with 200 ng/m Zeocin in the

culture medium Up to 24 independent col onies were

i sol ated and propagated before anal ysis of d2EG-P
RéE@IEssion levels. Incorporation of STAR elenents in

the constructs resulted in different degrees of

Tle@]hlan%%dklelzf@é:m@m@ssww chenednparedth® ¢hesette
ef@&ﬁ%@é51ﬂ%cﬂ{£o&% 019%0 & Aer(% ei@&‘tén&“dzé&ﬁ“% 52

eri nment I N an 1 ncrease
tmmaiagfydyfgi%i@mp§®s§ltm1mb%ﬂlmhf cand tohct nol STAR

nment ou some, constructs_ ( STAR
Sttt 5 HS% le%benﬁ% PR aRL ERELYN kbt | HETR
wQ@V&oﬂé ot M%l@e@wmoﬂ ess @hd t£5ILE STAR
el ements except 14, 18 and 55 resulted in average

SRIXBEGFRS ©XpT elsled oFMY evedro i ighePTE hzm oind &2E@R 1 ol .

Tlgé rr%?%éllckg? Ible n%é&g%eceq% n:\?sngzr'rﬁ;rA and {hSe B aaft 155189
was cloned 5’ and 3’ of the cassette encompassing the CMV
promoter, TTG Zeo and d2EGFP.

The 2614 bp long UCOE (Williams et al, 2005) was a NotI-
KpnlI 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
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 npg/ml
Zeocin in the culture medium. Colonies were isolated,
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
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that it is well possible that STAR 14, 18 and 55 work

better in other cell types W th other pronoters,
worhenssasd ecti on markers, ofdlPn different contBXI/EPT005/055794

configuration than in the particul ar set of conditions

AESERES: O LALL SR ST R i
@mﬁeﬂtm agep SREEFFh eXpF £58) oin | evedpsr N ghesithagnd

t1mes the average d2EG-P expression |evel of the
cRpte bl colEn et r als e TetR e LORRTRACAREPT @bnshe uct s

T I r r
LYoty NBuE! E0Bi S AN | RESE Sl Do KPP TR o et
exgp et d dIEGHR s:mif:m&rstl;eshdglmjrt M'oe frieament
rees of. en d2 P ressi on,. as conpared t
AR ST STl g oS T d D S T o A e S ras
rhevetold Koot esnddk ansfeed e 4 the1 &R & OlBest
construct was 29. The averages from d2EG-P expressi on

regvkls Vere ot Ezed thrveeey, by fiaremfP&IRng STAR 7

28 nd R AR o S o T Al et L
t Iy eficge dmmm egnts o i ol Diavels wasolsoncradle ddhat a )

t he vast majority of STAR el errents have a positive
CErR R orf g %‘i‘b S PRiRT s W <§°It<h]elt jighat other

cVBEhAL PNed i te ]ﬁ@gr@PeIﬁ)éntPQSéﬁéWea§fl\flﬁ@§ Scafdyc ads &y

the different STAR el enents, and c ) out of 53
in ethedSTRR | eherhs $¢ﬂdm1el¢mr%y5*em @ﬁf@t@ Hvegrigeon .

d2EGFP ex SI on Iev as_ cor ared to the trol,
M et ST AR b et E ST doe Had- Tt Feher
c PABERgE wk2AEGRS @X i € SSh 0dnd evel corﬂtSr@D@Bérﬁéhﬁ@ t he
control. Exanple 26: O her chromatin control elenents
in the context of a selection system of the
i nventi onDNA el enents such as the HS4 hypersensitive
site in the locus control region of the chicken
DESGRIRTION QRESFI@REY et al, 1997), matrix attachment

F1§9'P” él‘tenﬁat(s‘:’t fggﬁgm of transcription units without

and with STAR elements.

A) bicistronic gene containing (from 5’ to 37) 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
expression unit has the SV40 transcriptional terminator
at its 3’7 end (t). The name of the construct is CMV-
d2EGFP-ires-Zeo (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-
CMV-d2EGFP-ires-Zeo (CMV-STARG7).

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)
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al, 1989) and a ubiquitous chromatin opening el enment
(UCOE) (WIllianms et al, 2005) have been reported to

whawe/okssef i ci al ef fects onlykne expressi on wheer/EPme®055794

DNA el enments are incorporated in a vector. W conbi ned
these DNA el enents with the sel ection system of the
invention. Results The 1.25 kb HS4 el enent was cl oned

Fidl! @ | her LR s elher SNEH NES Sd v d hed GAE Proaptess1dd Gn
Zeo and d2EGFP by a three way ligation step to obtain

CRO comstFuct with a tandem of 2 HS4 el enents (Chung et

il g?éatqrgﬁf -t HO! $2 Bt £ Fpng, pot C{\ﬁ%éé‘f?déné ?%Gﬁe

e cassette enconp SS|nd3the onot er
cZbon gl 0P B t ddhef @9 5h dopi habingga todvdl odkaams ¢ mrsoizy men MO

i ef et al, 1989 5 ' of th
cabtd ot Al s aRoa e ) SRE bt o (Toprc e S
ATRHF R xghes 2634 bpvd D HGOR (W 1 dd Bomi &l . adee 200Mple

was a Notl- Kpnl fragnment, excised froma human BAC

2 cfoned¢tRPl1s. 93D5) , corresponding to nucl eotide 29449
to 32063. This fragnent was cloned 5 ' of the CW
pronoter. The STAR construct contai ned STAR7 and

FigARS7 STAROT 1her&Mas ot @F i dael SIRERP expdsihen in
cassette. These four constructs, as well as the
CROneebls cofwte ikt Wi a hout Butankewngy thir gt d rocome el . A)

el ements, _were transfected to CHO Kl cells.
Eé@&éﬁ?@%ﬁO@bste$?%ﬁéﬁa B1%00 ng/ni zeocin in the
cul ture nmedium Col onies were isolated, propagated and

d2EG-P expression |level s were neasured. A's shown in
Fi1y g.4 48 TARGT ruepsoves RS | dDNeR| @MRGER ¢xaeit s eion nin

e formatl on of EGFP expr essi col oni es. ver,
et BhTacTHe Gf° Forr of eHht Y ARl her UG oot
pr&tetdr ] MY herd acortton; of) coromépsurhat di spl ayed
hi gher d2EGFP expression |levels, in conparison with
the control colonies. In contrast, incorporation of

Fi&? 5. STAR67 improves CMV driven d2EGFP expression in
PER.C6 cells. Same as Fig. 2, but now in PER.C6 cells. A)
CMV Control; B) STAR67-CMV.

Fig. 6. STAR67 improves EFla driven d2EGFP expression in
PER.C6 cells. Same as Fig. 3, but now in PER.C6 cells. A)

EFla Control; B) STAR67- EF1d.

Fig. 7. STAR67 improves UB6 driven d2Z2EGFP expression in
PER.C6 cells. Same as Fig. 4, but now in PER.C6 cells. A)
UB6 Control; B) STAR67-UB6G.

Fig. 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
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| ysozyme MAR resulted in the formation of col onies

that expressed d2EGFP significantly higher. The nean
wezpsesason | evel induced bylRAR contai ning copst/EPmNS055794

was four-fold higher than in the control col onies.

st. results were_obtai ned, _however,_ Dby_lncorporatjng
S8 B Tt SO Eer e o Rt e
SVACFSESRET N $ 10 "EErR T2EGHE) expd @SS 0 d BVAhd Wers4 0 -
observed, as conpared to the control colonies . W

SEARGT uble’ t h¥ge GtFRrP khr b ¥ rAlont k! DNA el enent s
such as MARs can be used in the context of the
sel ection system of the invention. However, the best
Figsu®t sSTER €7 ot aresks \iiedh GETAR®| enmerd s e el arsels ast

chr tin control ele ts . SCRI PTI ON CF FI S
i G gl hARY TR 7S T anet T AU i T oror
ddd hout and-an $ e STAR »f et ssTard d1bh&hsd F ofj ¢ gene

containing (fromS5 ' to 3 ' ) a transgene (encoding
conyteyalippl el theS TG PIRREegan g P REDtengrd flanking

e g e T e e
phaserted S 0pd f @aBLidpg i anal8) eravawdgs miodist Bon Bkl

%t) . The nanme, of the construct is CWd2EG-P- ires-Zeo
of ke ohtFt9PieB ) construct as in A, but now STAR

67 is cloned upstreamof the CW pronoter. The nane of

the construct is STAR67- CW-d2EGFP-ires-Zeo
FIOWLETARH 67 1 )neonst rerharsef roB okt wipsteaansTAR
6 )chy dpvst T eam STARE £l esepts que, of oned to flank the

entire constTuct: € hanhe 0 e construct is

STAR7- STAR67- CW- d2EGFP- i res- Zeo- STAR7 ( COW- STARG7

7/ 7)Fig. 2 . STAR67 inproves CW._driven d2EGFP.
Figprkksi DRG rpantes . UBheanr &l or At heer 2ereeadynal

eiﬁ%eééﬁéﬁdﬁQﬁQﬁ§nfnSéégﬁfy transfected CHO cells. See
example 7 for details. A) single DNA molecule containing
anti-EpCAM heavy chain (HC) and light chain (LC), each
behind a promoter, and each linked to a different
selectable marker gene (simultaneous selection was 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
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
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;
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colonies is plotted for the indicated constructs in
CHO cells. A) CW Control; B ) STAR67-CW. X(10O:

wa®sagasd2EGFP expr essi on 1&3els of the 10 cOPOMER®NS/055794

See example 2 for details. Fig. 3. STAR67 I mpr oves

EFI OC driven d2 P expression in CHQ cells. Sane
LI TBEAIY 1S ot T M T o S e 53 G e - .
sdmitd 918, Bout JMPrts B @ muthged 4 rasPR6ioh Mproves

UB6 driven d2EGFP expression in CHO cells. Sane as

in gt o, Mo We rpcuse%t?c%t@e TG UB6
7- T
VR EED iy cher o T PR ROl 1 S S H

uﬁtldmiomov@j nsaFfEeR £6 Belbst o,ﬂompﬁ\A/ir@m rrmhtatBad

STARG7- CM/ STAR67 roves iven
‘b‘?”é‘@%’%&p% onEGl n°> PER. B %'e 3t e ;9_<|Eg 3,

st 806 N FER (nsetd Ssunde) BR 8 GoRdd qi,'-rEB )
STAR67- EFl a . Fig. 7 . STAR67 inproves UB6 driven

S PEGHR exbl e s dicd e PER O eV sanSamte @5 mgtlattlon

A B A R T
£ CREGR e X eSSt Orhé neHMK| seghdscén spnttiaat iioss awhé

anot her STAR elepent. Symlar as Fig. 2 , but now
byfsi oty b 5%/4%)9% AR FHE IEf’eTPIP%r ahd® t higey

ihddleat ecdh canst{Ucd sy The reans picide d2EGRR sdgnal is
plotted for 18-20 independent stabl ecol onies 60 days

cerfipared ramsfach i @rhey )L 8vAChComta bl ta tShvi4D -1 8SIRETs may

40- STAR/ SV4O ntrol nd, SV40-. STARG7 .7/ 7.
SR S 10, O R Do SR R TRL ene

ee exa

itdB6n tth b v £ NS @ pEesmp DN & eﬂ@i Sd@tfa:[l‘@. EpCAM ant i body in
CHO Kl cells. See exanple 5 for details. A)
constructs wi thout STAR el enents; B ) constructs with

Fiyg ARBY, upstdeam of %%ﬂa%%@%'rﬁ@léﬁ@tronlc

elfements. The anti CAM anti body concentration is
transcription unit accordlng to the invention, with more

or less reciprocal interdependent translation efficiency.
Explanation as for Fig. 12, but now a dEGFP 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

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
(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
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presented as pg/cell/day. X(18): average production
| evel of the 18 colonies. Fig. 10. STAR67 is not an
wenhaneas bl ocker, whereas $TAR 6 and 7 are. SeeT/EP2005/055794
exanpl e 6 for details. Fi g 11. STAR67 enhances UB6

driv antlbod ressign levels ip stably,
Rttt e e 15 SR e Sl 1 Joge
es5d & Mﬂ[ﬂ[@@éﬂﬁs contai ning anti-EpCAM heavy chain

(HC) and light chain (LC) , each behind a pronoter,

and each linked to a different sel ect abl e mar ker gene
[ t lesﬁ el ec ry
Fc‘%nrs%%f uﬁgwt %uc%fs AR e eneﬁ&% %ﬁ%@k@‘f Zehe
idoemidioB In samecalendtexiod rimdint S(IE@%?aﬂo@tmavaﬁmom woith
onpfers . The anti CAM ant i body concentrati o
o et b K Bty TEr TGP 54 1690 vt agtS Pibatib 1 e
(Bevelooirt hei didh Lot ORi Bsdedd @ded?. cSEhIBS i L5 shown on

representation of the use of a selection marker gene
the et ¢ebi FthncSgrmyametordl et deteliawention. A
w | d-type zeocin resitance gene, having its nornal
translation initation site (ATG startcodon) and one
Figt et éal RESQ codon, s cti codegs fan wibt il tieci S ronic
mut ant . zeoci n resi stance, gene, wherein the interpnal

L 0S FakP b it bt BCO TR ko ddie oV Rute e, T

b4 @ 1dsn aad UDCLd QNG aBROCHA K SS] SA ancEs geneiafn -
same as B, but conprising a nmutated transl ation

remstmq:@rgeme anuiphiee@i o t¢teneoexa GFG t$iea WJgedon. B.

ta,{tcoc?lon has. been nut at ed to .decrease the.
astl

rans la JILI%)n eIsn:llh? I%I on Iﬁ m%%a}f%e t% COIEP]EJ- corrprl Scl5 ng

sttafideded. ST tisnaort ¢ {1y red st Had® @snd hadutumtlidr
a TTG startcodon. The nunbers under_the figures CGE

behahatteed | 0 i FRINEH 2 bl reter TRR dhbftnte $ienehti A4 P
s{4RAUEASY { nd Qi LI EAAONs AL RE AN LIHOUMY L1 cal

frequency (under the coding sequence) by t
axipostmessxample 11 for details.

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
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.

Fig. 19. As Fig. 17, but zeocin was absent from culture

medium after establishment of clones.
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but only in a sem-quantitative manner, i.e. they

i ndicate the efficiency of transl ation initiation
weomwpassash t o each ot her, butllPhe qualitative nREEP®05/055794

nay differ conpl etely: the nunbers only serve to

xpl he inventio le, 8 for
SRS R B AR e et A RS e TR RS
sd TEMSTEh Pd § Herd i1 t 1IRCERE dhiDt 1 @1 4 o T et d oder Wbt Ton
nore or |ess reciprocal interdependent translation

urskf | RF YL NEXEP drE | DRt F R - lfrlge h@a\fﬁbﬁhww gIC) and
P, e f t
1%5@.‘; pl?ﬁced (Yey & fxempl oédiﬂge il £ §t3 In N@Bi s

downstr eam cta l'e nmar
emhyb@ptE'akeh ocmﬂltigesemmr;meese‘rﬂnte ﬁeoazlsnepasam ance
ene conprises the internal >Leu nut at LSsee

15 CH i 10N Sl o AR 93?%'\@%%]%&?? %Jrrbg cleic

am%éﬁe@h@ei@%p@ SYStETES, aﬂ?@r@@nﬂst@réé@jed by the
invention, with and wi thout STAR el ements. A . zeocin

zew%tm@@@v@e viee m@sm%rf%omnseke%e@bk%ﬁne&ker

ed t " AT t
p4l R i B e 1R SR L o e
redi stande dgexd @mtan@l chyr r&fﬁl@zdtai]@l@&narker
"ATGMut [ s ace") ., Zeocin resistance gene wth GIG

PRERER U el BT 0et s et RFth Mg ted to
céﬁﬁﬂwd&m AFREGFR-slans ford ndspensenta cokam ss: i S

shown on the vertical axis. See exanple 9 for details.
(FgtATG” Restdlqeref et emq:demt@rﬁm@@r a3 erguemce heand

héﬁ‘%’%e”“ ol |n Y gc%a%neéjraei( erl éé)w C—%‘d compari son

HIEion s em accor’ O prior art using an

“AtFﬁﬁu(Eapac@kz)EGFﬁ@h gnal tkﬁ@rmmndﬁpﬁﬂﬁﬁdiﬁlcﬂoim%riﬁtlon
shown on the vertical axis. See exanple 10 for

uRfe®i s, UK} Q@‘t%%ﬂﬁsao@M\éePw?Wsﬁ?%?ﬁW?W with
STAR L4 Lhhed f QI Co & T ANSLEL DL %f’é"éoﬁ?&é’é&“ Snddeicts

I nvention, using blasticidin as a sel ectabl e mar ker. A
w1tm¢@@t$fﬂm|$equences The antibody levels obtained when
these constructs were introduced into host cells are
given on the vertical axis in pg/cell/day for 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

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.

Fig. 23. Stability of expression in sub-clones in the
absence of selection pressure (after establishing

colonies under selection pressure, some colonies where
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resi stance gene nutated to conprise a GIG startcodon.
B . blasticidin resistance gene nutated to conprise a

WO TB6sssass codon. The bl asti é&@l n resi stance gePET/RPE05/055794
further been nutated to reane all internal ATG

@mqaﬁnce . %F for inde endent col oni es f

P5n tHe IQ/% lf‘“&:a‘F &filjs“l%é‘% Tt for example

1detet |GetdiDs. 17. Stability of expression of several
clones with a nmulticistronic transcription unit
according to the invention (including a zeocin wth

%G fli arv\%&goﬁumbelse& éﬂ@&ﬂéeéﬁ% ]gébogl&glfévels of

oci n) present r|ng t conplet e experi nent
anl 261 snegmal o f orhe nikepemidisod . @ nesesp e sm)v\fb]on t he
verI cal axis. See exanple 12 for details. Fig. 18. A
det# 45+ 17, but zeocin concentration was | owered to 20
ng/ m "after establishnment of clones. Fig. 19. As Fig.
17, but zeocin was absent from culture medium after
Figi ob? i Shwehntg of 121 oviels. Fog. the bIsgkkekdbn wfshstance
| (ant ' el ectil o em i
SR M LTS T AT S e FEE L Y e
frmmaﬁ¢@nmﬁhﬂﬂmamwmhauhéH@n@mmémmﬁr@mm¢1(LQ
are the polg tide of interest in this exanple. Each

TRAURIRARY | &F pridR it @ SXfar@e 1ehst? .wa%?ﬁ unftgse
A §W§Eﬁoxbt9t1ﬁh@a[‘t%1€' 1 1 USRI £ B b "D £§ W Eidhce

this exanpl e is preceded by the zeocin
of elisteameede@dnereioeiimg for a sel ectabl e marker
pol ypeptide, while the LC is preceded by the
bl asticidin resistance gene coding for a sel ectable
Figy k26 . podghept setpueod o f eshs taitd- geneszdeyen been
nmutated to conprise an ATG startcodon in a non ostiwm

r%%ﬁ@@c? "FRAATEER n H gie;, W) i e i rfor

e, T de ienc e, émti‘ﬁ;t%tt%r@ééﬂé’o&&ﬁ e”ed to
as "ATGrut/ space™) . Each of the nulticistronic

transcription
Fig. 27. Coding sequence of the wild-type blasticidin

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.

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.

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.
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units is under control of a CW pronoter. Constructs

W th STAR sequences as indicated were conpared to
W@ onsIs4s4 s Wi t hout STAR seddiénces. The ant i boPyT/ER20e$/es5794

obt ai ned when these constructs were introduced into

host cells are given on the vertical axis in

pg/ cell/day for various independent clones. See

Fﬁ_‘ﬁanﬁm.e daiy sefqwdhSe &f othlwiAd-stbd. hyProdiptibot h
the sel ecti on marker genes have been provided wth a

TG 50 cCIRivh. (e elanpgi@- 1Bl §or @iAES’ Figpdeofon

' 2 . ecti S

" e}g%&b?b\%%%gprﬁrgéﬁgg air%t co o?géggcg%ﬁbl@e@{%
AT@®Ts dit athhes . sddpgen @3 . a1St almdet yindd exphessi omtemal

i@b- cclljones in the_absence, of, sel ection $r ssure (after,
AR SH U offt BTt 527 e 0T OH Pt 56T TS oMt 10
£EShONi es wher esub-cl oned i n nedi um cont ai ni ng no

zeocin) . See exanple 12 for details. Fig. 24.

Copy- nunber dependency of expression |levels of an

P e s Cote  Jai o kS LIRS Fiod i
rdd bstactdi genes{SE@NCED gane. Nohe. dolder sl ntesdal for

ATG s in this gene are in frane CO%E for a
Mt R HBC T her Rt HrTE hES rigkfrdlaicy Ot hedther

AEENeL{ ¢ Godes @S MSEhi0 AL B fdeSer I  sn i Lhout

mutating the internal am no acid sequence of the _
ARpcodie protedde g meGhidodiag Becpedeetlofy tdvee not in
fWi Ié}l-type zeocin resistance gene (SEQ ID. NO 108).
B64" ATG s code for nethione. The first bold ATG is
the startcodon. Fig. 27. Coding sequence of the
Wl d-type blasticidin resjistance gene (SEQ ID NO
F490)32 Bt NG SLTLR £ wé%h%ﬁ%-.tmfe Fipan ghplpmine
sfﬂ%%é§btt@3ﬁt§gﬂ§og§ﬂb.C%@?FNO. 120) . 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.

Fig. 33. Schematic representation of some further
modified zeocin resistance selection marker genes with a
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
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
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ATG s in the sequence are underlined: these internal

ATG s do not code for nethionine, because they are
waotciossssr ame . Fig. 28. Codilfig sequence of thBCT/EP2005/055794

wi | d-type puronycin resistance gene (SEQ ID. NO

11 d AT code for nethion Thef rst bo
at}m@? seﬁ @’%‘? COYSH- T . Ry chb‘g%% %seqﬁé%c%r%sre%%
ofM ST YPeqmses DHRR W @ese (i SEQedrb. oﬂQhélﬂﬁem@Qéﬂ and

ATG s code for nethione. The first bold ATGis the

S%%Pa?t%bﬁtr@me@fm*@ %rTIhS(flhjepi’sjé%fye%J@niam@tion site),
d%l oni ne, %@edéﬁgﬁg%/@a?éﬂ\%t&go?@hC%gg%él axis

i antge 5 edpieticle oigrhdk. wi | d-type hygronycin resi stance
gene (SEQ ID. NO 116). Bold ATG s code for
nmet hi one. The first bold ATGis the startcodon. O her

ﬁj‘rG 3%, | Sl difa SEE ULHSE S e |  hesbmd heserndit er nal

ATG s do not code for nethionine, because they are
medified frepein m@lsmncwhgctsmém@k@f q¢res with a

T S R PRI O O TR el g 8

fuhehst af icodomidy hef A& séldacﬂtidfte Stetleneec ar eSee
underli ned: these jnternal ATG s do not code for

e%\%ﬁ?ﬁ%n]r%efo%e%%%%lsthey are not in frame . Fig. 32.

Codi ng sequence of the wild-type human gl utam ne

synt hase (GS) gene (SEQ ID. NO 120). Bold ATG s
Figde3¢ orRmht@nfeitm@xpm%siml W AT $ sceheaining the
furg’[tCOdocﬁ] f ezreéA(;r% rsel ik theceSe nceloarge ker

ST i TR s AR AT L RTECS o nor TodEH

gded §j ot xBEBISES they @&seaDd. imots a:nf&:llcflteg 33.

Schematic representation of sone further nodified
15¢bet H3 kit amel Bt ectivrs mrddraRndse TR 20GTG

ey AL E0GOM ALOL Ji NG d Ocd g FvENtd A0, 1 b1 O Y 0 the

horizontal axis, and schematically depicted above the

graph; vertical axis indicates d2EGFP signal.

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.

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
average expression levels; used constructs are indicated
on the horizontal axis, and schematically depicted above

the graph; vertical axis indicates d2EGFP signal.
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further fine-tuning of the sel ection stringency. See
exanple 14 for details. q 34. Results with
wexpsesason systens contai ni'hd the further nodpdi/eRR005/055794
zeocin resi st ance sel ection narker genes. See exanple
14 f ts i.ndj cat I ndi vi dual data points;
P el i b T et et dRaTbi TR AT B
gERASt St B BeRe al BOr bt gdeté’é’a)wr el ngi categbOmddieycin

hori zontal axis (the addition of 7/67/7at the end of
TS BT raRAC haES | FRITERMN @3S téhlee m%@%@% AR coding

fdfmnstrﬁ§n1n$ﬂ£ﬂ§7lﬁﬁ§%£ %QRSSE$R7

eam o e transcripti ntermnatlon site)
narrtly s ervad 1 cedhge d@m@tmﬁtM%T@&smw@pewer&m@ahth

axi s indicates d2EGFP si Fi 35. Schenat |
= P4 AL G0 ofC s GO There hi e Sete, i thout ATG

séQsd S AN e 5@l ertn on TRt ket geneso th a TTG
st art codon accor di ng to the invention, allow ng for

further fine-tuni ng of the selection stringency. See

F:ﬁ;a% P]‘é ﬁf }!u?t% aifelg tﬁ% ﬁf]ﬁ:’%% é%e fExacfnple

pression sy tens con ni ng
lgebsi Metesi b4 anke wel et yion dmfzkegexgeneere Seeqexaded eare
15 for details. Dots indicate jndjvidual data cﬁm nts

IR i THER TR eh A P AR ER DA TRVEISI CRls
MEONSEHEt Sh@rord N Cahipelr AfbAdig, Nk O AL %een@é@

schematically depicted above the graph; vertical axis
andditeh es GEEGRRSterddn . FF g. dIBr gene Rigthawt AUE for

t he urorTyC| | St ene. three internal ATG
Sequel? or® CE]t"Fn Z}}w agfa(?}e aﬂ\rsccécl%\%% are replaced by

CTG sequences coding for leucine (panel B ) . See
exanpl e 16 for details. Fig., 38. Results wth
Jeeiqor si RS Ebns it se%%ﬁﬁ%ﬁ%gc?%tlﬁﬁﬁ%y@ehocm

séféé@é@f@%nagﬁ@rwé&@rJ r@g%@%}?@%@ﬂ‘@l&? inteERate
ATG codons . See exanple 16 for details. Dots

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

graph; vertical axis indicates d2EGFP signal.

Fig. 42. Results with expression constructs (blasticidin
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

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
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i ndicate individual data points; lines indicate the
aver age expression |evels; used constructs are
wo pasoss4er on the horizontall28xi s, and schemat PCEEP3005/055794
depi cted above the graph; vertical axis indicates
d2EGFP s 2, but for the
S TR T S b e TR s s
averadé | sk Ydes NEONYST N § £S5 SE ANEEh YENEG t ATET & eTUENELSed
are 1 ndicated, ATGs codlrpfg for nethionine are

on rlehe @l BN el abbve aME FAEME 1cqbbmdsmicted above
£e,gene t 1 S£aUeneess a GIG
tﬁg #lsécﬁgoﬁv .C%\ieo%ygié% nﬁ}cgs(?st ance gebn%n%%ogt ATG
sequences and with a TTG startcodon. Fig. 40. A's

2, but f t he dhf . Ex | 18 f
PR e COY -t Ot e e Eh e A o

ah b SRy s 1 iy Gor £8P £ DEn NBY 1 SN 6o B End NE caxteed by
Met above the ATG B . dhfr gene wi thout ATG
ixegpueheres, SemExnmla Grder adelevdbn. C . dhfr gene
W t hout ATG sequences, and with a TTG startcodon. Fig.
41. Results with expression constructs (zeocin
Figl ef3 albi et 1ies e rgx@moeos thm gf tam t del dmbvent camtaining
PER. C6, cells. See Exanple 20 for detai|s. Dots
SRR TR | FrF S TS o %Olfféﬂ?ﬂf sto | F sl TR ke tHerein
LI & XSS Sb ON | EVEL S o USELh CONSEF ML Ss I € amplified
i ndi cated on the horizontal axis, and schematically
bxiemich@dr@b@w tf'nee gﬁmlaeﬂiﬁ@t @e(t@lmlvﬂaﬂe% bars:

sREFTL 519 -7 £ @ n 489 “' tS e@( L &R SLOL .
cons ructs ESa n se 3 accor di ng

séedtiton NVEtH i m¢mP&&ﬁtrceidlsn aﬁaﬁe riextetigpt €:20c 4 or
details. Dots indicate individual data points; |ines

(Mot o N RHES aer Bt prRERP 1fF | 2RI SePiRd on the

h&PNst fuci s, e i ndi cat ed on the horizontal axis, and
schematical |y depicted above the graph; verti cal axi s

i ndi cates d2EGFP signal. Fig. 43. Results with
Fléprf§5|§53u @gtéygh§d5§fé¥éggmkromoters See Example 24
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.

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
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
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35

the invention, further conprising a transcription

pause (TRAP) sequence. See Exanple 21 for details.
woetsiossdseat e i ndi vi dual datldlpoints; |ines i NPCTEP®05/055794

t he average expression |levels; used constructs are

i ndi cated on Ihf.horiz ntal axis, and schenat'calig.
PPt Tt et Hpove THe ot apht TET17 €0l S3 S THft ot s
uSREGEth st anats & dg. iddh coRy -sninbes wepersieney Htis, and

expression of an antibody using transcription units

scheerigi el 1o deRl¢rembore S Eampl back ofriangles
iR AULS aft e rdpe AN DO EXRLEES! &Sh%f&ﬁ‘ &Pé&%.@é) ;
contal ni ng expression constructs according to the
venvierdl ek ishendicetde ¢OpGFhunberabf the expression
constructs is anplified by nethotrexate. See Exanple
23 for details. Wite bars: selection with zeocin and
bl asticidin; black bars: selection with zeocin,
bl asticidin and nethotrexate (MIX) . Nunmbers of tested

RefSITGALB] are depicted on the horizontal axis. Fig. 46.
Resuldshawict hudiddirirent, promt &, s poseen fxaneke 24 for
details. Dots indicate individual data points; |ines

Flecdenateir h& arefagehaidpressliion(1Ad| & vesegetrong
e UCE S R cindpSatach @F hheididizent ahr BXigeneand
schemati cally depicted above the graph; vertical axis
hyTich CHERECARECRBUS] Ghbl A1 FPG 9% Resul (s wi Lh
gio f featent JsT%ﬁ&egr@ggmi aiRe FeQ6anpt Bd 2(‘|§ f(qr99g§etdz;ai grs.
ts indicate_ individual data points; lines indicate
chfErav Bl age® SRPrask| }E)%tal‘@%?)é?p cSASYTUAS %are
indudia¢at edth arurtahe chothZoint ak1axi snd ardtsebernmidicak! vy

depi.ct ed_gbove the graph; vertical axis.indicates
eSERAEE ST LEPEo S Tes L T RUSTRED- ohr omati n
contctalngeliaperd 8. ASeeFEXaeica 26.f or 9@Bt.aichara®odsization
at apoi

oL 90RO dual 0oL SR L35 123 40 oBLE U oo
94:ndi76abed. on the horizontal axis, and
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officerCains 1 . A DNA nolscul e conprising a

mul ticistronic transcription unit coding for i ) a
sel ect abl e marker polypeéihﬂﬂﬂiunctional in a

egkany ONAC mMdaslcud®l lecomd sfidly lal hud tRelirephiide of
interest, the polypeptide of interest having a

t r an$iraniser ipkionatingry segiaddgc dogepar at écflegimabtigt mgirker
t he I I I .pol_ypeptid teri zed |

that TENGPERAeS SOhoEARD Y otk fle SO Soat ag ogE ool

i nt emest fiox ddwnst pedmpkpaidiche fcdditegesequence f or

the selectable marker in said nulticistronic

tr andOF POIYRERNIOS Sid PRE TR 62V 126 @ S&gusdasion

codi NG iftQhthike seleehahl e RMeE FIMPeRLILd® rCQmRr i ses
a mutation that decreases the translation efficiency
of t Iseleeltebtlabime ek @olivipe@tédlear yoti c host cell. 2

. A DNA nmol.ecul_e according.to clai.m 1 _, wherei
nucl ei @f&&t&%&g&i nce tglc?&. FGT SPTRE SEREERE & Farl B

pol y pentyipde tdeRp Ibifs &% ta rgiatiisodoiitat réeer gasas thie
translation initiation efficiency of the sel ectable
nark@PdPﬂgas§@W§P§§tﬁ@rh6§@ s&liectablepmprikesp e e d

accoﬁ%h%gcﬁ%tgb%ﬁ@'%ran@%%ﬁ fﬂoﬁh%nq%kation t hat
decreases the translation efficiency of the selectable

mar kemdr ¢dwgl naicilie iz rod-dosEiguencer aesliagi diors ttéuet
sequenqe QhLhRe SeheH! 301K RANMRSRYIS mutation
that decreases the translation efficiency of the

selectable marker in a eukaryotic host cell.

2. A DNA molecule according to claim 1, wherein nucleic
acid sequence coding for the selectable marker
polypeptide comprises a mutation that decreases the
translation initiation efficiency of the selectable

marker in a eukaryotic host cell.

3. A DNA molecule according to claim 2, wherein the
mutation that decreases the translation efficiency
of the selectable marker results in a non-optimal
translation start sequence of the selectable marker

polypeptide.

4. A DNA molecule according to claim 3, 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
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4 . A DNA nol ecule according to claim3 , wherein the
resulting translation start sequence in the coding

watooanagsssor the sel ectabl e marker pol ypepti de PeT/EPm®®055794

fromthe group consisting o7 a ) an ATG startcodon in

a non-optimal, context, faortranslation initiation; b ) a
GTG STAPELGUIR A1) > FIE St ar t codon; d ) a CTG

st ar ,godomTce sk adt AHEbnSt art codon; and f ) an ACG
startcodon. 5 . A DNA nol ecule according to claim3 ,

wher €)n & AEG eda@lrticeglonrans! ati on start sequence in

t he di_n r faor, the sel ectabl e mar ker
polyg@pﬁi §%£§%%%F§§§°§'GTG startcodon or a TTG

st ar eoodon ATE .stArDNAdwEI;eamlde according to any one of
t he preceding clains, wherein the sequence encoding
the del && e STErk&Pd98 - ypept i de has no ATG sequence
in the coding strand follow ng the startcodon of the
sel ect abl e marker polypeptide up to the startcodon of

t e poDPPeprilgeude agrcordsng ro AlBNA Pol ebgirein the
accordi ng.t.0 _any _on f. the precedi ng cl ai.ns, ,wherei.n
oy SEGUCOIATE NeR BB S o T PANE ind o SBEnG TP
met hisatanel ifort ke eseguertabledimag kieer pohgpaiptd deype

mar ker pol ypeptide is nutated to code for valine,

t hr e GRFRE 1SS0 Pe Fith & Lo Hcedorner 8. TACDRARNCOENe

according to any of the preceding clains, wherein the
sel ect abl e marker protein provides resistance agai nst
| ét.h&dl DA grodwichiliehialsicioadyi ngf ftectesyofong odl ébiei prreceding

agent.. 9 . A QNA mol ecul e according to.claim@8 ,

mhergﬂﬁ;gEde ereiln %%e Sequéence é%c&%lng Hﬁe 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.

7. A DNA molecule according to any one of the preceding
claims, wherein any sequence ATG when present in
frame and coding for methionine in the sequence
coding for the wild type marker polypeptide is
mutated to code for valine, threonine, isoleucine or

leucine.

8. A DNA molecule according to any of the preceding
claims, wherein the selectable marker protein
provides resistance against lethal or growth-

inhibitory effects of a selection agent.

9. A DNA molecule according to claim 8, wherein said

selection agent is an antibiotic.
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sel ection agent is an antibiotic.10. A DNA nol ecul e
according to claim8 or claim9 , wherein said

W(se(bmimtmm agent is chosen fromthe group CONSPGI/EP05/055794

zeoci n, puronyC|n bl as38i ci di n, hygronycim

ny otr xat e, met.hi oni ne sy OXIn1 e .an
kiﬁan%c%ﬁ‘ AR L SN )
wher Wh%ﬂeli@l %@Il@lctsleqréc%q%t adlg@nZeqG %ho:!s%n f/hoaN%he
nmol ecul e according to claim 10, wherein the selection

agengTioyibh[ceSSEitding. o3, ZRODNA/mpluEOmYE e c drldistg cielin,
C' ai Ey‘é%&m%ﬂr €l %eto% Sl e%%'t?%t%%%‘te' S n%\ﬁf]ig%@n%

edule a cordln rein the
selesb&@hexﬁanberammomamamyﬁlancoded by the neomycin
resi stance gene. 15. A DNA nol ecul e according to claim
8 , wherein the selectable marker protein is encoded

by 1t.he. @iar n@qré%ulel@coérla%gwloe%qlaqnaq@or WrRG LA @M
one of the preceding claims, wherein the sel ectable

nark@ﬁlﬁ@W}p@pB@@@tfuﬁtW@DG@@nprlses a nmutation that
reduces the activity of the sel ectable nmarker

pol ypepti de conpared to its wild-type counterpart. 17.
A1DNA ANDINEC thlog eatid @ Gica® ridd ngl &iomclG,imMier, eihetdedn the
sel ect abl e marker polypeptide i.s a zeocin resistance
pol yFEPEICHe RhELENt ProFilae tacid8di-tion 9 is changed
into a different ami no acid.18. A DNA nol ecul e
according to any one of the preceding clains, wherein
t 8. c@d@N@Ag@q@@mde efccolrelipgl yyoeptlieder df0,i mherestn the
conpri ses an transl ati oqn start sequence. 19.

An efﬁré?élgh @ggﬁgttg é%hﬁ?|§’ng a DNA nol ecul e

according to any one of the preceding clains, said
14. A DNA molecule according to claim 8, wherein the
selectable marker protein is encoded by the neomycin

resistance gene.

15. A DNA molecule according to claim 8, wherein the
selectable marker protein is encoded by the dhfr

gene.

16. A DNA molecule according to any one of the
preceding claims, wherein the selectable marker
polypeptide further comprises a mutation that
reduces the activity of the selectable marker

polypeptide compared to its wild-type counterpart.

17. A DNA molecule according to claim 16, wherein the
selectable marker polypeptide is a zeocin resistance
polypeptide wherein proline at position 9 is changed

into a different amino acid.
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expression cassette further conprising a pronoter
upstream of said nulticistronic expression unit and

whesosg4dsancti onal in a eukaryotic host cell foPCT/EP2005/055794

initiating transcription of2the nulticistronic

expressi uni.t, and sai d expression casset furt her
cahor ParNg 2AedE AREBE R enathon Beqlends
downgtriceaioly the imdl,t hdlesleionithceXass @R gdRinte 4% the

An expression cassette according to claim 19, further
conpiiodivRgPatl dee@dt 1ove rélsito wermby icemt Bal oPtémadt |

chos fr . r i.sting of a matrix or
scaf%%ﬁﬁsggkggﬁh%ﬁ%%&e%% N R/ SAR) , an insul ator
sequence, a universal chromatin opening el enent (UCCE)
, .and _an anti-repressor@&STAg) seguence . 21. An
e%ére% GHPEESSEOPe CASCEdenGOPe Teirdm 20 PNihdrderule
sai d ;GRierBhigN t60RMOlbrel eFerhd $rak by @ALERS0r said
sequence. 22.” An expression cassette according to

cl ai mxPresaieneica ssaitd cadirthepr €osPr isdqge ic @riogoter
chosen fromth rQup cqnsi sting of: a any one qf
B e e e AL
of ampgiere fahcSEQnallDinN@ elikalifeudkSEQs tl Re 1NOLGH,
wherein said fragnents have antirepressor activity; c

) se&@éﬁé@§lpﬁaﬁréP§C&ﬂﬂté§§tOfO%P@d@W@F&&PSFﬁODlC
nucl eotj de SeAUERGe 1 And kalld Rdp MRRHSNN Salsbtte
sequences have anti-repressor activity; and d ) the
conplfemsihert coapy isi@goke &rpnsgrdpfkion23erAination

expr ession sasselie acgordi ng o, laim2z, whersileosion
said gﬁﬁreggi i EisSet e co%brls S “dive Sof"; p
unit.

20. An expression cassette according to claim 19,
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.

21. An expression cassette according to claim 20,
wherein said chromatin control element is an anti-

repressor sequence.

22. An expression cassette according to claim 21,
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;
b) fragments of any one of SEQ. ID. NO. 1 through
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wo e@st0484890 | dent i cal

a) SEQ ID. NO 66, b ) a fragnent of a ) having
anti-repressor activity; ¢ ) a sequence that is at

) wherein said sequence hasdtanti-repressor activity,

wherejn a : ) ar c.) is positiagned upstream of the
oSl s Mot $&s ke Serioh TORSRRRLs Have antlS
mul t iy @icsels@RirC 2¢@N&it34. An expression cassette
according to any one of clainms 19-23, wherein said

mul t icdi SEavsincegetdaits affeagked eas thdtilf didgad ilgplatin

| eas |- r.sequyence,. . expressi on
cassé#%g%5%2%$ﬁﬁﬁg$%§%b g?h%‘4?&bgﬂp%?§ingp é&fﬁ?

ant i skeeueaseer haseUamnte -Acp raitisiore plogdsadr ysegueince B -
promoter - nulticistronic gene encadi ng the functiona
sel e abPe merPdETSNSt &i%h 2RYd O8Gwdt Part Féreof t he
pol ypeptide of interest - transcription termnation
sequence - anti-repressor sequence C- 3 ' , wherein
afti-- AEPEEPIEIS s§Ofuerces tAcard cCrdayndb& ot lvd agane 2or
diffgﬁpnt.and aég chosen.fron1%%%t%roup consistin% of

éreill sait 6§pF5§Sﬁ89 fathrouﬁhcgﬁﬁFlFSF ﬁB.GgFE

a ) any one o
b ) fanagment gpaf Nany éene of the sequences of a ) |,

said _fragnments having anti-repressqr activity; c ) .
sequ@ﬁcésfFﬁ&PGQFeoégaPeQ@Wlﬁg%FP&éﬁﬁﬁﬁgﬁsﬁﬁr activity;

nucl g9t i,de 3RAUERCE LR 89 2 1R tWIRREIHSRi¢al in
sequences have anti-repressor activity, and wherein

ant i 'uepreedsoie sequence Bo )clasén frhemetiime sgricup
consisting of: i) EQ 1D NI 66, . .

sequetficé has ‘antisrepressor activity,
wherein a), b) or c) i1s positioned upstream of the
promoter that drives transcription of the

multicistronic gene.

24. An expression cassette according to any one of
claims 19-23, wherein said multicistronic gene is
flanked on both sides by at least one anti-repressor

sequence.

25. An expression cassette according to claim 24,
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.

in nucl eotide sequence torar/EPmos/b55794
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i) a fragnment of i ) having anti-repressor activity,
and iii) a sequence that is at |east 70% identical in

WO R@bew4sge sequence to i ) or i) wherein sai BCT/EP2005/055794
sequence has anti-repressot3lactivity. 26. An
expr e sion cassette according to claim?25, wherein
anti -répressor sequences A and C are chosen from a )
SEQ pl)Dfrgmehtis B ahkrdmRNGE ehcoreRlnldle sequgncesid
of aﬁ) , said fragments having anti-repressor
act i Viregnead &ayisgqasided SPrgts sere gt IVa&dr 70%
i dentj,cal_ i I i,.d eque 0-&o) :0f 1 .) rein
said cge%ﬁglﬁlc%gs Lé%a\e/tgltagn%r?er g%r g%%cﬁt zz?t"i \}:&teﬁt%lﬁwgﬁ
expr essilen tdales ekiggcaceortd rg e any whreecdh cladidrs
19- 26, wherein_ the polypeptide of interest is a part
of aSRAYERFES LaYPotdith. TR AT O&x Fidsdidl rcasset t e
acConLaNghe? eGhaiaMid Lrephelstic? therelkpreptisdendfsen from
interest is an inmmunogl obulin |ight chain or an
i mutdgl elngiuien cleesvy témai 9£29. An expressi on cassette
accor.di to y.one of clainms 19-28, further
conpﬁﬁs?%ﬁ% §%§ gﬁ%rgﬁgcription pause (TRAP) sequence
upst rigéamaoff raaime npr @Fotigr hard ngeiang i-Hredres'soro a3 t'ivity;
direction; or b ) a TRAP sequence downstream of said
tran§€ﬂiption term nati on sequence and being in a 3"
to 539N ieRAlicde Phat ki PAN12a)taAP0 shentirgneisn
a TRAP sequence is a sequence which when placed into a
t r ans@dlpoitddeusisguengsultios ii)n oa riéduede redwelsadd

transcription.in the.nucleic acid . .
séquence has anti-répressor activity.

26. An expression cassette according to claim 25,
wherein anti-repressor sequences A and C are chosen
from:

a) SEQ. ID. NO. 7;

b) fragments of one of the 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.

27. An expression cassette according to any one of
claims 19-26, wherein the polypeptide of interest is

a part of a multimeric protein.

28. An expression cassette according to claim 27,
wherein the polypeptide of interest is an
immunoglobulin light chain or an immunoglobulin

heavy chain.
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present on the 3 ' side of the TRAP when conpared to
the level of transcription observed in the nucleic

waceood/oesass he 5 ' side of the TRAP. 30. An exprBSHEPIV05/055794

cassette according to claiun29 wherei n said TRAP i's

S ILD. NO. 142. 31.
S eiBe CBREG e SR B B R e AL i) RE

pol ypaptiide 1 ochar, agheihesd dompliriati ngai d DNA nol ecul e:
i ) has a non- optlnal transl ation start sequence

fol | Gved Eyfa@ﬁcétl@érl\@lns@aﬂ@ﬁct(ﬁm seliengls epgdream of
coding ; %eg%faﬂl%%'er ‘b)ﬁ *ﬁle 2CQdi ng, strand of 1521% or

sequence inin e Select abl e marKer "polypept
down®t)r @eamrafP bQQU@m@eombmmﬁkr@bartﬁb@aﬁdamdammckdpthan
stopcodon i s .devoi d of ATG seqguences .

. A host
cel | tesmIrediing £eBNR S &Q4 &Pgaﬁneﬁpéésé‘iooﬁg

cassehtiendeeqigdi.ngt 0 any one of the preceding clains
33. A host cell according to claim32, which is a

éukéﬁyo&p¢hh@éta@glb ) i34. A host cell according to

cl ai mal i an host cel |
ceIImggggﬁg'ngq?g‘claqﬁF§fe b&i i i ng °8 enﬁese%ﬁa

Ovar p1eGHQ) iteld a 3@anAcraiphadnl amigeneeatilng a_nh @st
cell expressing a pol ypeptide of interest, the nethod

conpriesiieg s Hevedepd drrangoriphicrgddsal fgei muslgic acid

Pl ur al il n@f o @Gr S0r s(:‘L%l' | & 2 LNATRRIEE GilS 20RPadid to
to any one of clains 1-18 or an expression cassette

accortdiend etve lamyf densfcrdipdilion D®s8Fveandnb the nucleic
cul turling thergensr aied o8 s gl conditions

30. An expression cassette according to claim 29,

wherein said TRAP is SEQ. ID. NO. 142.

31. A DNA molecule comprising a sequence encoding a
functional selectable marker polypeptide,
characterized in that said DNA molecule:

1) has a non-optimal translation start sequence
followed by an otherwise functional selectable
marker coding sequence, and

ii) in the coding strand of the sequence defining
the selectable marker polypeptide downstream of the
non-optimal startcodon and up to the stopcodon is

devoid of ATG sequences.

32. A host cell comprising a DNA molecule or an
expression cassette according to any one of the

preceding claims.
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sel ecting for expression of the sel ectable marker
pol ypeptide, and ¢ ) selecting at |east one host cel

w@r@doessng t he pol ypeptide of interest. 37. A PEI/RPI0S/055794

for producing a polypeptidanof i nterest, conprising

[turi ho sai d host cel |, conprising an
i e85 o Seld EREe nG £ooIy e MBE.Clt D
19- 3QukaRg @xRr essitn@ctine pol ypeptide of interest from
t he expression cassette. 38. A nethod according to

claim 37, further conprising isolatlng t he pol ypepti de

°f 4' Nty ?1%%% &1 %%c%'}%l %%“fceia %@9 WS Hod4eRCe

the ranscription p
accomdmmglhamnmo&mec@ﬂlcla|ns 1-31. 40. A selectable
mar ker pol ypepti de encoded by a DNA nol ecul e accordi ng
to claim 31, wherein the sel ectabl e marker pol ypeptide

previ des dsesicelianee Rqalitet tlethalindB34, being a Chinese
growt h-i nhibitory effects of a selection agent chosen

f r omtielhe tgro Gy acandiCstA) ngedfl:. zeoci n, puronyci n,

bl asti ci di n, hygronycin, neonycin, nethotrexate,

nmet hi oni ne sul phoxi mi ne, and kanamycin, with the

PRGVI 20 nichaicds #ot gehecizalng mahker pellypemprde sisignaet
the bl asticidin resistance protein haV|ng met hi gni ne

as fPPIYPERitH6caditd inseaesitp, tRe, methped comprising the

steps of:

a) introducing into a plurality of precursor cells a
DNA molecule according to any one of claims 1-18 or
an expression cassette according to any one of
claims 19-30, and

b) culturing the generated cells under conditions
selecting for expression of the selectable marker
polypeptide, and

c) selecting at least one host cell producing the

polypeptide of interest.

37. A method for producing a polypeptide of interest,
comprising culturing a host cell, said host cell
comprising an expression cassette according to any
one of claims 19-30, and expressing the polypeptide

of interest from the expression cassette.

38. A method according to claim 37, further comprising

isolating the polypeptide of interest.

39. An RNA molecule having the sequence of the

transcription product of a DNA molecule according to
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40.

134

any one of claims 1-31.

A selectable marker polypeptide encoded by a DNA
molecule according to claim 31, wherein the
selectable marker polypeptide provides resistance
against lethal or growth-inhibitory effects of a
selection agent chosen from the group consisting of:
zeocin, puromycin, blasticidin, hygromycin,
neomycin, methotrexate, methionine sulphoximine, and
kanamycin,
with the proviso that said selectable marker
polypeptide is not the blasticidin resistance
protein having methionine as first amino acid (SEQ.

ID. NO. 111).



