
Title: Selection of host cells expressing protein at
high levels The invention relates to the field of
molecular biology and biotechnology. More specifically
the present invention relates to means and methods for
improving the selection of host cells that express
proteins at high levels . Proteins can be produced in
various host cells for a wide range of applications in
biology and biotechnology, for instance as
biopharmaceuticals . Eukaryotic and particularly
mammalian host cells are preferred for this purpose
for expression of many proteins, for instance when
such proteins have certain posttranslational
modifications such as glycosylation. Methods for such
production are well established, and generally entail
the expression in a host cell of a nucleic acid (also
referred to as 'transgene' ) encoding the protein of
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.One method describes the use of selectable
marker proteins with mutations in their coding
sequence that diminish, but not destroy the function
of the marker (e.g. WO 01/32901) . The rationale is
that higher levels of the mutant marker expression are
required when selection conditions are employed and
therefore selection for high expression of the marker
is achieved, therewith concomitantly selecting host
cells that also express the gene of interest at high
levels. Another method makes use of a selection marker
gene under control of a promoter sequence that has
been mutated such that the promoter has an activity
level substantially below that of its corresponding
wild type (US patent 5,627,033). Another method
describes the use of an impaired dominant selectable
marker sequence, such as neomycin phosphotransferase
with an impaired consensus Kozak sequence, to decrease
the number of colonies to be screened and to increase
the expression levels of a gene 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
selectableprotein produced from the selectable gene in
the host cell (European Patent 0724639 Bl) . In yet
another method, DNA constructs are used comprising a
selectable gene positioned within an intron defined by
a 5 ' splice donor site comprising an efficient splice
donor sequence such that the efficiency of splicing an
mRNA having said splice donor site is between about
80-99%, and a 3 ' splice acceptor site, and a product
gene encoding a product of interest downstream of 3 '
splice acceptor site, the selectable gene and the
product gene being controlled by the same
transcriptional regulatory region (US patent
5,561,053). In certain methods, use is made of
polycistronic expression vector constructs. An early
report of use of this principle describes a
polycistronic expression vector, containing sequences
coding for both the desired protein and a selectable
protein, which coding sequences are governed by the
same promoter and separated by a translational stop
and start signal codons (US patent 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 theprotein of interest and the downstream
coding sequence of the selection marker (Rees et al,
1996) . Such vectors are commercially available, for
instance the pIRESl vectors from Clontech
(CLONTECHniques, October 1996) . Using such vectors
for introduction into host cells, selection of
sufficient expression of the downstream marker protein
then automatically selects for high transcription
levels of the multicistronic mRNA, and hence a
strongly increased probability of high expression of
the protein of interest is envisaged using such
vectors. Preferably in such methods, the IRES used is
an IRES which gives a relatively low level of
translation of the selection marker gene, to further
improve the chances of selecting for host cells with a
high expression level of the protein of interest by
selecting for expression of the selection marker
protein (see e.g. international publication WO
03/106684) . The present invention aims at providing
improved 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
transcriptionunit, i.e. the expression level of the
polypeptide of interest is directly and more or less
reciprocally dependent from the expression level of
the selectable marker polypeptide (see Fig. 13 for a
schematic view) . In contrast, approaches using an
IRES between the coding sequences for the polypeptide
of interest and the selectable marker polypeptide
(e.g. Rees et al, 1996), involve independent
translation of both polypeptides, so that in those
approaches there is no direct effect of the
translation efficiency of the selectable marker
polypeptide on that of the sequence coding for the
polypeptide of interest. In one aspect, the invention
provides a DNA molecule comprising a multicistronic
transcription unit coding for i ) a selectable marker
polypeptide functional in a eukaryotic host cell, and
for ii) a polypeptide of interest, the polypeptide of
interest having 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 selectablemarker
polypeptide comprises an ATG sequence defining a
startcodon, said ATG sequence being in a non-optimal
context for translation initiation. This results in a
decreased use of this ATG as startcodon, when compared
to an ATG startcodon in an optimal context. In a more
preferred embodiment, the translation start sequence
in the coding strand for the selectable marker
polypeptide comprises a startcodon different from an
ATG startcodon, such as one of GTG, TTG, CTG, ATT, or
ACG sequence, the first two thereof being the most
preferred. Such non-ATG startcodons preferably are
flanked by sequences providing for relatively good
recognition of the non-ATG sequences as startcodons,
such that at least some ribosomes start translation
from these startcodons, i.e. the translation start
sequence preferably comprises the sequence ACC
[non-ATG startcodon] G or GCC [non-ATG startcodon] G .
In preferred embodiments, the sequence encoding the
selectable marker polypeptide has no ATG sequence in
the 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 valine,
threonine, isoleucine or leucine. In preferred
embodiments, the selectable marker protein provides
resistance against lethal and/or growthinhibitory
effects of a selection agent, such as an antibiotic .
Preferably, the coding sequence of the polypeptide of
interest comprises an optimal translation start
sequence. The invention further provides expression
cassettes comprising a DNA molecule according to the
invention, which expression cassettes further comprise
a promoter upstream of the multicistronic expression
unit and being functional in a eukaryotic host cell
for initiation transcription of the multicistronic
expression unit, and said expression cassettes further
comprising a transcription termination sequence
downstream of the multicistronic expression unit. In
preferred embodiments thereof, such expression
cassettes further comprise at least one chromatin
control element chosen from the group consisting of a
matrix or scaffold attachment region (MAR/SAR) , an
insulator sequence, a ubiquitous chromatin opener
element (UCOE) , 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),STAR44 (SEQ. ID. NO. 44),
STAR45 (SEQ. ID. NO. 45), STAR47 (SEQ. ID. NO. 47),
STAR61 (SEQ. ID. NO. 61), and functional fragments or
derivatives of these STAR sequences. In certain
embodiments, the expression cassette comprises STAR67,
or a functional fragment or derivative thereof,
positioned upstream of the promoter driving expression
of the multicistronic gene. In certain embodiments,
the multicistronic gene is flanked on both sides by at
least one anti-repressor sequence. In certain
preferred embodiments, expression cassettes are
provided according to the invention, comprising in 5 '
to 3 ' order: anti-repressor sequence A -
anti-repressor sequence B - [promoter - multicistronic
transcription unit according to the invention
(encoding the functional selectable marker protein and
downstream thereof the polypeptide of interest) -
transcription termination sequence] - antirepressor
sequence C , wherein A , B and C may be the same or
different. 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 .The invention
also provides host cells comprising DNA molecules
according to the invention. The invention further
provides methods for generating host cells expressing
a polypeptide of interest, the method comprising the
steps of: introducing into a plurality of precursor
host cells an expression cassette according to the
invention, culturing the cells under conditions
selecting for expression of the selectable marker
polypeptide, and selecting at least one host cell
producing the polypeptide of interest. In a further
aspect, the invention provides methods for producing a
polypeptide of interest, the methods comprising
culturing a host cell, said host cell comprising an
expression cassette according to the invention, and
expressing the polypeptide of interest from the
expression cassette. In preferred embodiments thereof,
the polypeptide of interest is further isolated from
the host cells and/or from the host cell culture
medium. 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 ii) a
polypeptide ofinterest, the polypeptide of interest
having a translation initiation sequence 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 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. Such a DNA molecule can be used
according to the invention for obtaining eukaryotic
host cells expressing high levels of the polypeptide
of interest, by selecting for the expression of the
selectable marker polypeptide. Subsequently or
simultaneously, one or more host cell(s) expressing
the polypeptide of interest can be identified, and
further used for expression of high levels of the
polypeptide of interest . The term "monocistronic
gene" is defined as a gene 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,combinations thereof, and the
like. Transcription units comprising several cistrons
are transcribed as a single mRNA. In contrast to
approaches used in the prior art, in the
multicistronic transcription units of the invention,
translation of the second coding region (i.e. that for
the protein of interest) present on that RNA is not
dependent on the use of translation reinitiation sites
or internal ribosome entry sites for translation
iniation of the second coding region, but rather it is
dependent on the efficiency of translation of the
first coding region (i.e. that for the selectable
marker protein) in a more or less reciprocal manner:
the higher the translation level of the selectable
marker, the lower the transcription level of the
protein of interest and vice versa. A multicistronic
transcription unit according to the invention
preferably is a bicistronic transcription unit coding
from 5 ' to 3 ' for a selectable marker polypeptide
and a polypeptide of interest. Hence, the polypeptide
of 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 forsubunits of a
multimeric protein, e.g. a heavy and a light chain of
an immunoglobulin, encoded as a first and second
polypeptide of interest (in any order) , to code for
subunits of a multimeric protein within a single
multicistronic expression unit. It is however
preferred to use separate transcription units for the
expression of different polypeptides of interest, also
when these form part of a multimeric protein (see e.g.
example 13: the heavy and light chain of an antibody
each are encoded by a separate transcription unit,
each of these expression units being a bicistronic
expression unit according to the invention) . The DNA
molecules of the invention can be present in the form
of double stranded DNA, having with respect to the
selectable marker polypeptide and the polypeptide of
interest a coding strand and a non-coding strand, the
coding strand being the strand with the same sequence
as the translated RNA, except for the presence of T
instead of U . Hence, an AUG startcodon is coded for
in the coding 



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 inthe coding strand of
the DNA is referred to as startcodon as well in the
present invention. The same is used for the reference
of in frame' coding sequences, meaning triplets (3
bases) in the RNA molecule that are translated into an
amino acid, but also to be interpreted as the
corresponding trinucleotide sequences in the coding
strand of the DNA molecule. The selectable marker
polypeptide and the polypeptide of interest encoded by
the multicistronic gene each have their own
translation initation sequence, and therefore each
have their own startcodon (as well as stopcodon) ,
i.e. they are encoded by separate open reading frames
. The term "selection marker" or "selectable marker"
is typically used to refer to a gene and/or protein
whose presence can be detected directly or indirectly
in a cell, for example a polypeptide that inactivates
a 



selection agent and protects the host cell from the
agent's lethal or growth-inhibitory effects (e.g. an
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)
, lucif erase, 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
beingselected for in eukaryotic host cells. Any
selectable marker polypeptide fulfilling this
criterion can in principle be used according to the
present invention. Such selectable marker polypeptides
are well known in the art and routinely used when
eukaryotic host cell clones are to be obtained, and
several examples are provided herein. In certain
embodiments, a selection marker used for the invention
is zeocin. In other embodiments, blasticidin is used.
The person skilled in the art will know that other
selection markers are available and can be used, e.g.
neomycin, puromycin, bleomycin, hygromycin, etc. In
other embodiments, kanamycin is used. In yet other
embodiments, the DHFR gene is used as a selectable
marker, which can be selected for by methotrexate,
especially by increasing the concentration of 



methotrexate cells can be selected for increased copy
numbers of the DHFR gene. Similarly, the glutamine
synthetase (GS) gene can be used, for which selection
is possible in cells having insufficient GS (e.g. NS-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 oralternatively each
one may be present on a separate nucleic acid
molecule. The term "selection" is typically defined as
the process of using a selection marker/selectable
marker and a selection agent to identify host cells
with specific genetic properties (e.g. that the host
cell contains a transgene integrated into its genome)
. It is clear to a person skilled in the art that
numerous combinations of selection markers are
possible. One antibiotic that is particularly
advantageous is zeocin, because the zeocinresistance
protein (zeocin-R) acts by binding the drug and
rendering it harmless. Therefore it is easy to titrate
the amount of drug that kills cells with low 



levels of zeocin-R expression, while allowing the
highexpressors to survive. All other
antibiotic-resistance proteins in common use are
enzymes, and thus act catalytically (not 1:1 with the
drug) . Hence, the antibiotic zeocin is a preferred
selection marker. However, the invention also works
with other selection 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, andare therefore included within the scope
of the term ^selectable marker polypeptide', as long
as the selectable marker protein is still functional.
For convenience and as generally accepted by the
skilled person, in many publications as well as
herein, often the gene and protein encoding the
resistance to a selection agent is referred to as the
selectable agent (resistance) gene' or ^selection
agent (resistance) protein' , respectively, although
the official names may be different, e.g. the gene
coding for the protein conferring restance to neomycin
(as well as to G418 and 



kanamycin) is often referred to as neomycin
(resistance) (or neor) gene, while the official name
is aminoglycoside 3 '-phosphotransferase gene. For the
present invention, it is beneficial to have low levels
of expression of the selectable marker polypeptide, so
that stringent selection is possible. In the present
invention this is brought about by using a selectable
marker coding sequence with a non-optimal 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 is
superimposed on the hightranscription levels selected
for by the stringent selection conditions (and
resulting from the use of a strong promoter in the
host cells to drive transcription of the
multicistronic transcription unit) . The DNA molecules
according to the invention have the coding sequence
for the selectable marker polypeptide upstream of the
coding sequence for the polypeptide of interest, to
provide for a multicistronic transcript with
reciprocally interdependent translation of the 



polypeptide of interest and the selectable marker
polypeptide. Hence, the multicistronic transcription
unit comprises in the 5 ' to 3 ' direction (both in
the transcribed strand of the DNA and in the resulting
transcribed RNA) the coding sequence for the
selectable marker polypeptide and the sequence
encoding the polypeptide of interest. According to the
invention, the coding regions of the multicistronic
gene are preferably translated from the cap-dependent
ORF, and therefore the selectable 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 ofantibiotic selection the
mutation will result in less resistance than obtained
with the sequence having no such mutation and hence
normal translation efficiency, which difference can
easily be detected by determining the number of
surviving colonies after a normal selection period,
which will be lower when a translation efficiency
decreasing mutation is present. A s is well known to
the 



person skilled in the art there are a number of
parameters that indicate the expression level marker
polypeptide such as, the maximum concentration of
selection agent to which cells are still resistant,
number of surviving colonies at a given concentration,
growth speed (doubling time) of the cells in the
presence of selection agent, combinations of the
above, and the like. In a particularly preferred
embodiment, the mutation that decreases the
translation efficiency, is a mutation that decreases
the translation initiation efficiency. This can for
example be established according to the 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 suitably decreased according to the invention by
mutating the startcodon and/or the nucleotides in
positions -3 to -1 and +4 (where the A of the ATG
startcodon is nt +1) , for instance in the coding
strand of the corresponding DNA sequence, to provide a
non-optimal translation start sequence. A translation
start sequence is often referred to in the field as
Kozak sequence' , and an optimal Kozak sequence is
RCCATG G , 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,the context thereof, in particular nucleotides
-3 to -1 and +4 , are relevant, and an optimal
translation startsequence comprises an optimal
startcodon (i.e. ATG) in an optimal context (i.e. the
ATG directly preceded by RCC and directly followed by
G ) . A non-optimal 



translation start sequence is defined herein as any
sequence that gives at least some detectable
translation in a eukaryotic cell (detectable because
the selection marker polypeptide is detectable) , and
not having the consensus sequence RCCATG G (startcodon
underlined) . Translation by the ribosomes starts
preferably at the first startcodon it encounters when
scanning from the 5'- cap of the mRNA (scanning
mechanism) , and is most efficient when an optimal
Kozak sequence is present (see Kozak M , 1986, 1987,
1989, 1990, 1997, 2002) . However, in a small
percentage of events, non-optimal translation
initiation sequences are recognized and used by the
ribosome to start translation. The present invention
makes use of this principle, and allows for decreasing
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 TTTATG T 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
presentinvention, as can be routinely and easily
tested by the person skilled in the art. The idea of
this first embodiment is that the ATG startcodon is
placed in a 



non-optimal' context for translation initiation. In a
second and preferred embodiment, the ATG startcodon
itself of the selectable marker polypeptide is
mutated. This will in general lead to even lower
levels of translation initiation than the first
embodiment. The ATG startcodon in the second
embodiment is mutated into another codon, which has
been reported to provide some translation initiation,
for instance to GTG, TTG, CTG, ATT, or ACG
(collectively referred to herein as nonoptimal start
codons') . In preferred embodiments, the ATG
startcodon is mutated into a GTG startcodon. This
provides still lower expression levels (lower
translation) than with the ATG startcodon intact but
in a non-optimal context. More preferably, the ATG
startcodon is mutated to a TTG startcodon, which
provides even lower expression levels of the
selectable marker polypeptide 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 nonoptimal 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 .ATG sequences within the
coding sequence for a polypeptide, but excluding the
ATG startcodon, are referred to as ^internal ATGs',
and if these are in frame 



with the ORF and therefore code for methionine, the
resulting methionine in the polypeptide is referred to
as an ^internal methionine' . It is strongly preferred
according to the invention that the coding region
(following the startcodon, not necessarily including
the startcodon) coding for the selectable marker
polypeptide preferably is devoid of any ATG sequence
in the coding strand of the DNA, up to (but not
including) the startcodon of the polypeptide of
interest (obviously, the startcodon of the polypeptide
of interest may be, and in fact preferably is, an ATG
startcodon) . This can be established by mutating any
such ATG sequence within the coding sequence of the
selectable marker polypeptide, following the
startcodon thereof (as is clear from the teaching
above, the startcodon of the selectable marker
polypeptide itself may be an ATG sequence, but not
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 whichleads to a
mutated selectable marker polypeptide that is 



still active as such (quantitative differences may
exist, but those are less relevant, and in fact it
could even be beneficial to have less active variants
for the purpose of the present invention; the minimum
requirement is that the selectable marker polypeptide
can still be selected for in eukaryotic cells) . Amino
acids valine, threonine, isoleucine and leucine are
structurally similar to methionine, and therefore
codons that code for one of these amino acids are good
starting candidates to be tested in place of methione
within the coding sequence after the startcodon. Of
course, using the teachings of the present invention,
the skilled person may test other amino acids as well
in place of internal methionines, using routine
molecular biology techniques for mutating the coding
DNA, and routine testing for functionality of the
selectable marker polypeptide. Besides routine
molecular biology techniques for mutating DNA, it is
at present also possible to synthesise at will (if
required 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
undueburden for selection marker coding sequences
lacking internal ATG sequences, where the wild-type
coding sequence of the selection marker polypeptide
comprises several such internal ATGs . By providing a
coding sequence for a selectable marker polypeptide
lacking any internal ATG sequence, the chances of
inadvertent translation initiation by ribosomes that
passed the (first, non-optimal) translation start
sequence of the selectable marker polypeptide at a
subsequent internal ATG trinucleotide is diminished,
so that the ribosomes will continue to scan for the
first optimal translation start sequence, i.e. that of
the polypeptide of interest. It will be clear that it
is not necessarily strictly required to remove all
internal ATG sequences from the coding sequence of the
selectable marker, as long as the vast majority of
ribosomes will not use such internal ATG sequences as
a translation initiation start site, for instance
because such internal ATGs usually are not in an
optimal context for translation initiation. However,
also in view of the fact that even an ATG sequence in
a nonoptimal 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,
theratio of ribosomes translating the polypeptide of
interest might even be further enhanced by mutating
any non-optimal potential translation initiation sites
within the sequence coding for the selectable marker
polypeptide. Clearly, any sequence present in the
coding strand between the stopcodon of the selectable
marker and the startcodon of the polypeptide of
interest can easily be designed such that it does not
comprise ATG sequences, or other non-optimal potential
translation start codons . Clearly, it is strongly
preferred according to the present invention, that the
translation start sequence of the polypeptide of
interest comprises an optimal translation start
sequence, i.e. having the consensus sequence RCCATGG
(startcodon underlined) . This will result in a very
efficient translation of the polypeptide of interest.
A s a consequence of these 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 thatfine-tuning is
possible: for instance using a TTG startcodon for the
selection marker polypeptide, onlyvery few ribosomes
will translate from this startcodon, resulting in very
low levels of selectable marker protein, and hence a
high stringency of selection, and at the same time
almost all ribosomes will translate the polypeptide of
interest. It is demonstrated herein that this can be
used in a very robust selection system, leading to a
very large percentage of clones that express the
polypeptide of interest at high levels, as desired. In
addition, the expression levels obtained for the
polypeptide of interest appear to be significantly
higher than those obtained when an even larger number
of colonies are screened using selection systems
hitherto known. In addition to a decreased translation
initiation efficiency, it could be beneficial to also
provide for decreased translation elongation
efficiency of the selectable marker polypeptide, e.g.
by mutating the coding sequence thereof so that it
comprises several nonpreferred 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. A s
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 residue182 or 261 or both may
further be mutated (see e.g. WO 01/32901) . In some
embodiments of the invention, a so-called spacer
sequence is placed downstream of the sequence encoding
the startcodon of the selectable marker polypeptide,
which spacer sequence preferably is a sequence in
frame with the startcodon and encoding a few amino
acids, and that does not contain a secondarystructure
(Kozak, 1990) , and does not contain the sequence ATG.
Such a spacer sequence can be used to further decrease
the translation initiation frequency if a secondary
structure is present in the RNA (Kozak, 1990) of the
selectable marker polypeptide (e.g. for zeocin,
possibly for blasticidin) , and hence increase the
stringency of the selection system according to the
invention. The invention also provides a DNA molecule
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 i ) and ii) can again be
provided according to the description above. Such DNA
molecules encompass a usefulintermediate product
according to the invention. These molecules can be
prepared first, introduced into eukaryotic host cells
and tested for functionality (for some markers this is
even possible in prokaryotic host cells) , if desired
in a (semi-) quantitative manner, of the selectable
marker polypeptide. They may then be further used to
prepare a DNA molecule according to the invention,
comprising the multicistronic transcription unit . It
is a preferred aspect of the invention to provide an
expression cassette comprising the DNA molecule
according to the invention, having the multicistronic
transcription unit. Such an expression cassette is
useful to express sequences of interest, for instance
in host cells. An 'expression cassette' as used herein
is a nucleic acid sequence comprising at least a
promoter functionally linked to a sequence of which
expression is desired. Preferably, an expression
cassette further 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, anintron is present behind
the promoter and before the sequence encoding the
selectable marker polypeptide. To obtain expression of
nucleic acid sequences encoding protein, it is well
known to those skilled in the art that sequences
capable of driving such expression, can be
functionally linked to the nucleic acid sequences
encoding the protein, resulting in recombinant nucleic
acid molecules encoding a protein in expressible
format. In the present invention, the expression
cassette comprises a multicistronic transcription
unit. In general, the promoter sequence is placed
upstream of the sequences that should be expressed.
Much used expression vectors are available in the art,
e.g. the pcDNA and pEF vector series of Invitrogen,
pMSCV and pTK-Hyg from BD Sciences, pCMVScript from
Stratagene, etc, which can be used to obtain suitable
promoters and/or transcription terminator sequences,
polyA sequences, and the like. Where the sequence
encoding the polypeptide of 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 ofinterest may be from the
natural promoter or derivative thereof or from an
entirely heterologous promoter (Kaufman, 2000) . Some
well-known and much used promoters for expression in
eukaryotic cells comprise promoters derived from
viruses, such as adenovirus, e.g. the ElA promoter,
promoters derived from cytomegalovirus (CMV) , such as
the CMV immediate early (IE) promoter (referred to
herein as the CMV promoter) (obtainable for instance
from pcDNA, Invitrogen) , promoters derived from
Simian Virus 40 (SV40) (Das et al, 1985), and the
like. Suitable promoters can also be derived from
eukaryotic cells, such as methallothionein (MT)
promoters, elongation factor lOC (EF-la) promoter
(Gill et al ., 2001), ubiquitin C or UB6 promoter
(Gill et al ., 2001; Schorpp et al, 1996), actin
promoter, an immunoglobulin promoter, heat shock
promoters, and the like. Some preferred promoters for
obtaining expression in eukaryotic cells, which are
suitable promoters in the present invention, are the
CMVpromoter, a mammalian EFl-alpha promoter, a
mammalian ubiquitin promoter such as a ubiquitin C
promoter, or a SV4 0 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,
lucif erase, 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.In certain embodiments, a DNA molecule
according to the invention is part of a vector, e.g. a
plasmid. Such vectors can easily be manipulated by
methods well known to the person skilled in the art,
and can for instance be designed for being capable of
replication in prokaryotic and/or eukaryotic cells. In
addition, many vectors can directly or in the form of
isolated desired fragment therefrom be used for
transformation of eukaryotic cells and will integrate
in whole or in part into the genome of such cells,
resulting in stable host cells comprising the desired
nucleic acid in their genome. Conventional expression
systems are DNA molecules in the form of a recombinant
plasmid or a recombinant viral genome. The plasmid or
the viral genome is introduced into (eukaryotic host)
cells and preferably integrated into their genomes by
methods known in the art. In preferred embodiments,
the present invention also uses these types of DNA
molecules to deliver its improved transgene expression
system. A preferred embodiment of 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.The
vector used can be any vector that is suitable for
cloning DNA and that can be used for transcription of
a nucleic acid of interest. When host cells are used
it is preferred that the vector is an integrating
vector. Alternatively, the vector may be an episomally
replicating vector. It is widely appreciated that
chromatin structure and other epigenetic control
mechanisms may influence the expression of transgenes
in eukaryotic cells (e.g. Whitelaw et al, 2001) . The
multicistronic expression units according to the
invention form part of a selection system with a
rather rigourous selection regime. This generally
requires high transcription levels in the host cells
of choice. To increase the chance of finding clones of
host cells that survive the rigorous selection regime,
and possibly to increase the stability of expression
in obtained clones, it will generally be preferable to
increase the predictability of transcription.
Therefore, 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 knownfor all types of such
elements. However, such elements have been described,
and for the purpose of the present invention chromatin
control elements are chosen from the group consisting
of matrix or scaffold attachment regions (MARs/SARs)
(e.g. Phi-Van et al, 1990; WO 02/074969, WO
2005/040377), insulators (West et al, 2002) such as
the beta-globin insulator element (5' HS4 of the
chicken beta-globin locus), scs, scs', and the like
(e.g. Chung et al, 1993, 1997; Kellum and Schedl,
1991; WO 94/23046, WO 96/04390, WO 01/02553, WO
2004/027072), a ubiquitous chromatin opening element
(UCOE) (WO 00/05393, WO 02/24930, WO 02/099089, WO
02/099070), and anti-repressor sequences (also
referred to as STAR' sequences) (Kwaks et al, 2003; WO
03/004704) . Non-limiting examples of MAR/SAR
sequences that could be used in the current invention
are the chicken lysosyme 5 ' MAR (Phi-Van et al, 1990)
or fragments thereof, e.g. the B , K and F regions as
described in WO 02/074969) ; DNA sequences comprising
at 



least one bent DNA element and at least one binding
site 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,fragments of any one of any one
of SEQ ID NO: 1 to 5 in WO 02/074969 and having MAR
activity, sequences that are at least 70% identical in
nucleotide sequence to any one of SEQ ID NO: 1 to 5 in
WO 02/074969 or fragments thereof and having MAR
activity; sequences chosen from SEQ ID NO: 1 and SEQ
ID NO : 2 in WO 2004/027072, functional fragments
thereof and sequences being at least 70% identical
thereto. A non-limiting example of insulator sequences
that could be used in the present invention is a
sequence that comprises SEQ ID N0:l of WO 01/02553.
Non-limiting examples of UCOEs that could be used in
the present invention are sequences depicted in
Figures 2 and 7 of WO 02/24930, functional fragments
thereof and sequences being at least 70% identical
thereto while still retaining activity; sequences
comprising SEQ ID NO: 28 of US 2005/181428, functional
fragments thereof and 



sequences being at least 70% identical thereto while
still retaining activity. Preferably, said chromatin
control element is an 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 antirepressor
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),STAR61 (SEQ. ID. NO. 61), or a functional
fragment or derivative of said STAR sequences . In a
particularly preferred embodiment, said STAR sequence
is STAR 67 (SEQ. ID. NO. 66) or a functional fragment
or derivative thereof. In certain preferred
embodiments, STAR 67 or a functional fragment or
derivative thereof is positioned upstream of a
promoter driving expression of the multicistronic
transcription unit. In other preferred embodiments,
the expression cassettes according to the invention
are flanked on both sides by at least one
antirepressor sequence. Sequences having
anti-repressor activity as used herein are sequences
that are capable of at least in part counteracting the
repressive effect of HPl or HPC2 



proteins when these proteins are tethered to DNA.
Sequences having anti-repressor activity (sometimes
also referred to as anti-repressor sequences or
anti-repressor elements herein) suitable for the
present invention, have been disclosed in WO
03/004704, incorporated herein by 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) . A s a non-limiting example, the sequences
of 66 anti-repressor elements, named STARl- 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
ofmolecular biology, by starting with a given
antirepressor sequence, and making deletions,
additions, substitutions, inversions and the like (see
e.g. WO 03/004704) . A functional fragment or
derivative also comprises orthologs from other
species, which can be found using the known
anti-repressor sequences by methods known by the
person skilled in the art (see e.g. WO 03/004704) .
Hence, the present invention encompasses fragments of
the anti-repressor sequences, wherein said fragments
still have anti-repressor activity. The invention also
encompasses sequences that are at least 70% identical
in nucleotide sequence to said sequences 



having anti-repressor activity or to functional
fragments thereof having anti-repressor activity, as
long as these sequences that are at least 70%
identical still have the anti-repressor activity
according to the invention. Preferably, said sequences
are at least 80% identical, more preferably at least
90% identical and still more preferably at least 95%
identical to the reference native 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
inaddition are functionally defined as sequences
having anti-repressor activity, which can be
determined with the assay described below. Any
sequence having anti-repressor activity according to
the present invention should at least be capable of
surviving the following functional assay (see WO
03/004704, example 1 , incorporated herein by
reference) . Human U-2 OS cells (ATCC HTB-96) are
stably transfected with the pTet-Off plasmid (Clontech
K1620-A) 



and with nucleic acid encoding a LexA-repressor fusion
protein containing the LexA DNA binding domain and the
coding region of either HPl or HPC2 (Drosophila
Polycomb group proteins that repress gene expression
when tethered to DNA; the assay works with either
fusion protein) under control of the Tet-Off
transcriptional regulatory system (Gossen and Bujard,
1992) . These cells are referred to below as the
reporter cells for the anti-repressor activity assay.
A reporter plasmid, which provides 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
mg/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 LexArepressor gene, and
after 2 days zeocin is added to 250mg/ml . The cells
are cultured for 5 weeks, until the control cultures
(transfected with empty reporter plasmid, i.e. lacking
a cloned anti-repressor sequence in the polylinker)
are killed by the zeocin (in this control plasmid, the
SV40 promoter is repressed by the LexArepressor fusion
protein that is tethered to the LexA operating sites,
resulting in insufficient zeocin expression in such
cells to survive zeocin selection) . A 



sequence has anti-repressor activity according to the
present invention if, when said sequence is cloned in
the polylinker of the reporter plasmid, the reporter
cells survive the 5 weeks selection under zeocin.
Cells from such colonies can still be propagated onto
new medium containing zeocin after the 5 weeks zeocin
selection, whereas cells transfected with reporter
plasmids lacking anti-repressor sequences cannot be
propagated onto new medium containing zeocin. Any
sequence not capable of conferring such growth after 5
weeks on zeocin in this assay, does not qualify as a
sequence having antirepressor activity, or functional
fragment or functional derivative thereof according to
the present invention. A s an example, other known
chromatin control elements such as those tested by Van
der Vlag et al (2000) , including Drosophila scs
(KeHum and Schedl, 1991), 5'-HS4 of the chicken
b-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. lucif erase, 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
weakerrepression blocking sequences such as Drosophila
scs. This can be verified using for instance the pSDH
vector, or similar vectors, as described in example 1
and Fig. 2 of WO 03/004704. Anti-repressor elements
can have at least one of three consequences for
production of protein: (1) they increase 



the predictability of identifying host cell lines that
express a protein at industrially acceptable levels
(they impair the ability of adjacent heterochromatin
to silence the transgene, so that the position of
integration has a less pronounced effect on
expression); (2) they result in host cell lines with
increased protein yields; and/or (3) they result in
host cell lines that exhibit more stable protein
production during prolonged cultivation. Any STAR
sequence can be used in the expression cassettes
according to the present invention, but the following
STAR sequences are particularly useful: STAR67 (SEQ.
ID. NO. 66), STAR7 (SEQ. ID. NO. 7), 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), 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 antirepressor
sequence and the start of the promoter sequence. In
certain preferred embodiments, the antirepressor
sequence is cloned directly upstream of the promoter,
resulting in only about 0-20 nt between the 3 ' end of
the anti-repressor sequence and the start of the
promoter sequence. 



For the production of multimeric proteins, two or more
expression cassettes can be used. Preferably, both
expression cassettes are multicistronic expression
cassettes according to the invention, each coding for
a different selectable marker protein, so that
selection for both expression cassettes is possible.
This embodiment has proven to give good results, e.g.
for the expression of the heavy and light chain of
antibodies. It will be clear that both expression
cassettes may be placed on one nucleic acid molecule
or both may be present on a separate nucleic acid
molecule, before they are introduced into host cells.
An advantage of placing them on one nucleic acid
molecule is that the two expression cassettes are
present in a single 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
.In another embodiment, the different subunits or
parts of a multimeric protein are present on a single
expression cassette . Instead of or in addition to the
presence of a STAR 



sequence placed upstream of a promoter in an
expression cassette, it has proven highly beneficial
to provide a STAR sequence on both sides of an
expression cassette, such that expression cassette
comprising the transgene is flanked by two STAR
sequences, which in certain embodiments are
essentially identical to each other. It is shown
herein that the combination of a first anti-repressor
element upstream of a promoter and flanking the
expression cassette by two other antirepressor
sequences provides superior results. A s at least some
anti-repressor sequences can be directional (WO
00/004704), the anti-repressor sequences flanking the
expression cassette (anti-repressor A and B ) may
beneficially placed in opposite direction with respect
to each other, such that the 3 ' end of each of 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
drivestranscription of the multicistronic
transcription unit, said TRAP being in a 5 ' to 3 '
direction; or b ) a TRAP sequence downstream of said
open reading frame of the 



polypeptide of interest and preferably downstream of
the transcription termination sequence of said
multicistronic transcription unit, said TRAP being in
a 3 ' to 5 ' orientation; or c ) both a ) and b );
wherein a TRAP sequence is functionally defined as a
sequence which when placed into a transcription unit,
results in a reduced level of transcription in the
nucleic acid present on the 3 ' side of the TRAP when
compared to the level of transcription observed in the
nucleic acid on the 5 ' side of the TRAP. Non-limiting
examples of TRAP sequences are transcription
termination and/or polyadenylation signals. One
non-limiting example of a TRAP sequence is given in
SEQ. ID. NO. 142. Examples of other TRAP sequences,
methods to find these, and uses thereof have been
described in WO 2004/055215. 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'V'host cell"
and "cell line"/"host cell line" 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.A host cell according to the
present invention preferably is a eukaryotic cell,
more preferably a 



mammalian cell, such as a rodent cell or a human cell
or fusion between different cells. In certain
non-limiting embodiments, said host cell is a U-2 OS
osteosarcoma, CHO (Chinese hamster ovary) , HEK 293,
HuNS-I myeloma, WERIRb- I retinoblastoma, BHK, Vero,
non-secreting mouse myeloma Sp2/0-Ag 14, non-secreting
mouse myeloma NSO, NCI-H295R adrenal gland carcinomal
or a PER.C6 (r) cell. In certain embodiments of the
invention, a host cell is a cell expressing at least
ElA, and preferably also ElB, of an adenovirus. A s
non-limiting examples, such a cell can be derived from
for instance human cells, for instance from a kidney
(example: HEK 293 cells, see Graham et al, 1977), lung
(e.g. A549, see e.g. WO 98/39411) or retina (example:
HER cells marketed under the trade mark PER.C6 (r),
see US patent 5,994,128), or from amniocytes (e.g.
N52.E6, described in US patent 6,558,948), and
similarly from other cells. Methods for obtaining such
cells are described for instance in US patents
5,994,128 and US 6,558,948. PER.C6 cells for the
purpose of the present invention means cells from an
upstream or downstream passage or a descendent of an
upstream or downstream passage of cells as deposited
under ECACC no. 96022940, 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-Kl, CHO-S,
CHO-DG44, CHO-DUKXBll, 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
theinvention, preferably in the form of an expression
cassette, into the cells. Preferably, the expression
cassette is integrated in the genome of the host
cells, which can be in different positions in various
host cells, and selection will provide for a clone
where the transgene is integrated in a suitable
position, leading to a host cell clone with desired
properties in terms of expression levels, stability,
growth characteristics, and the like. Alternatively
the multicistronic transcription unit may be targeted
or randomly selected for integration into a
chromosomal region that is transcriptionally active,
e.g. behind a promoter present in the genome.
Selection for cells containing the DNA of the
invention can be performed by selecting for the
selectable marker polypeptide, using routine methods
known by the person skilled in the art. When such a
multicistronic transcription unit is integrated behind
a promoter in the genome, an expression cassette
according to the invention can be generated in situ,
i.e. within the genome of the 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, is integrated into the genome of the
eukaryotic host cell according to the invention. This
will providefor stable inheritance of the
multicistronic transcription unit. Selection for the
presence of the selectable marker polypeptide, and
hence for expression, can be performed during the
initial obtaining of the cells, and could be lowered
or stopped altogether after stable clones have been
obtained. It is however also possible to apply the
selection agent during later stages continuously, or
only occasionally, possibly at lower levels than
during initial selection of the host cells. A
polypeptide of interest according to the invention can
be any protein, and may be a monomeric protein or a
(part of a ) multimeric protein. A multimeric protein
comprises at least two polypeptide chains.
Non-limiting examples of a protein of interest
according to the invention are enzymes, hormones,
immunoglobulin chains, therapeutic proteins like
anti-cancer proteins, blood coagulation proteins such
as Factor VIII, multifunctional 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)
cella multimeric protein and more specifically an
immunoglobulin, is assembled. Hence, in certain
embodiments, the protein of interest is an
immunoglobulin, such as an antibody, which is a
multimeric protein. Preferably, such an antibody is a
human or humanized antibody. In certain embodiments
thereof, it is an IgG, IgA, or IgM antibody. An
immunoglobulin may be encoded by the heavy and light
chains on different expression cassettes, or on a
single expression cassette. Preferably, the heavy and
light chain are each present on a separate expression
cassette, each having its own promoter (which may be
the same or different for the two expression
cassettes) , each comprising a multicistronic
transcription unit according to the invention, the
heavy and light chain being the polypeptide of
interest, and preferably each coding for a different
selectable marker protein, so that selection for both
heavy and light chain expression cassette can be
performed when the expression cassettes are introduced
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.In one aspect, the
invention provides a method for generating a host cell
expressing a polypeptide of interest, the method
comprising the steps of: a ) introducing into a
plurality of precursor cells an expression cassette
according to the invention, 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. This novel method provides a
very good result in terms of the ratio of obtained
clones versus clones with high expression of the
desired polypeptide. Using the most stringent
conditions, i.e. the weakest translation efficiency
for the selectable marker polypeptide (using the
weakest translation start sequence) , far fewer
colonies are obtained using the same concentration of
selection agent than with known selection systems, and
a relatively high percentage of the obtained clones
produces the polypeptide of interest at high levels.
In addition, the 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 lessproblems in this respect are anticipated
when using host cells with a limited number of copies
of the transgene compared to host cells obtained using
an amplification system where hundreds or even
thousands of copies of the selectable marker and
protein of interest coding sequences may be present in
the genome of the cell. The present invention provides
examples of high expression levels, using the
multicistronic transcription unit selection system,
while the copy number of the transgene is relatively
low, i.e less than 30 copies per cell, or even less
than 20 copies per cell. Hence, the present invention
allows the generation of host cells according to the
invention, comprising less than 30 copies of the
multicistronic transcription unit in the genome of the
host cells, preferably less than 25, more preferably
less than 20 copies, while at the same time providing
sufficient expression levels of the polypeptide of
interest for commercial purposes, e.g. more than 15,
preferably more than 20 pg/cell/day of an antibody.
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
cellcomprising a DNA molecule comprising a
multicistronic expression unit or an expression
cassette according to the invention, and expressing
the polypeptide of interest from the coding sequence
for the polypeptide of interest. The host cell for
this aspect is a eukaryotic host cell, preferably a
mammalian cell, such as a CHO cell, further as
described above. Introduction of nucleic acid that is
to be expressed in a cell, can be done by one of
several methods, which as such are known to the person
skilled in the art, also dependent on the format of
the nucleic acid to be introduced. Said methods
include but are not limited to transfection,
infection, injection, transformation, and the like.
Suitable host cells that express the polypeptide of
interest can be obtained by selection as described
above. In certain embodiments, selection agent is
present in the culture medium at least part of the
time during the culturing, either in sufficient
concentrations to select for cells expressing the
selectable marker polypeptide or in lower
concentrations . In preferred embodiments, selection
agent is no longer present in the culture medium
during the production phase when the polypeptide is
expressed. Culturing a cell is done to enable it to
metabolize, and/or grow and/or divide and/or produce
recombinant 



proteins of interest. This can be accomplished by
methods well known to persons skilled in the art, and
includes but is not limited to providing nutrients for
the cell. The methods comprise growth adhering to
surfaces, growth in suspension, or combinations
thereof. Culturing can be done for instance in dishes,
roller bottles or in bioreactors, using batch,
fed-batch, continuous systems such as perfusion
systems, and the like. In order toachieve large scale
(continuous) production of recombinant proteins
through cell culture it is preferred in the art to
have cells capable of growing in suspension, and it is
preferred to have cells capable of being cultured in
the absence of animal- or human-derived serum or
animal- or human-derived serum components . The
conditions for growing or multiplying cells (see e.g.
Tissue Culture, Academic Press, Kruse and Paterson,
editors (1973) ) and the conditions for expression of
the recombinant product are known to the person
skilled in the art. In general, principles, protocols,
and practical techniques for maximizing the
productivity of mammalian cell cultures can be found
in Mammalian Cell Biotechnology: a Practical Approach
(M. Butler, ed., IRL Press, 1991). In a preferred
embodiment, the expressed protein is collected
(isolated) , either from the cells or from the culture
medium or from both. It may then be further purified
using known methods, e.g. filtration, column
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 antirepressor sequences
are present. Hence, the combinationof the novel
selection method and anti-repressor sequences provides
a very attractive method to obtain only limited
numbers of colonies with a greatly improved chance of
high expression of the polypeptide of interest
therein, while at the same time the obtained clones
comprising the expression cassettes with
anti-repressor sequences provide for stable expression
of the polypeptide of interest, i.e. they are less
prone to silencing or other mechanisms of lowering
expression than conventional expression cassettes. In
certain embodiments, almost no clones are obtained
when no anti-repressor sequence is present in the
expression cassette according to the invention,
providing for very stringent selection. The novel
selection system disclosed herein therefore also
provides the possibility to test parts of
anti-repressor elements for functionality, by
analyzing the effects of such sequences when present
in expression cassettes of the invention under
selection conditions. This easy screen, which provides
an almost or even complete black and white difference
in many cases, therefore can contribute to identifying
functional parts or derivatives from antirepressor
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, 2nd
edition, 1989;Current Protocols in Molecular Biology,
Ausubel FM, et al, eds, 1987; the series Methods in
Enzymology (Academic Press, Inc.); PCR2 : A Practical
Approach, MacPherson MJ, Hams BD, Taylor GR, eds,
1995; Antibodies: A Laboratory Manual, Harlow and
Lane, eds, 1988. The invention is further explained in
the following examples . The examples do not limit the
invention in any way. They merely serve to clarify the
invention. Examples Examples 1-7 describe the testing
of STAR67 and other STAR sequences in various
configurations and under various circumstances.
Examples 8 and further describe the novel selection
system of the invention. Example 1 : Construction of
STAR67 vectors A novel anti-repressor (STAR) sequence
was isolated using a genetic screen as described in WO
03/004704, and this novel sequence was coined STAR67 .
The effects of 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-STAR67) , C )
STAR7-STAR67-CMV-d2EGFP-ires-Zeo-STAR7 (CMV-STAR67
7/7) The construction of construct A is described
below. Plasmid pd2EGFP (Clontech 6010-1) was modified
byinsertion of a linker at the BsiWI site to yield
pd2EGFPlink. The linker, made by annealing
oligonucleotides GTACGGATATCAGATCTTTAATTAAG (SEQ. ID.
NO. 67) and GTACCTTAATTAAAGATCTGATAT (SEQ. ID. NO.
68), introduced sites for the Pad, BgIII, and EcoRV
restriction endonucleases . This created the multiple
cloning site MCSII for insertion of STAR elements.
Then primers
GATCAGATCTGGCGCGCCATTTAAATCGTCTCGCGCGTTTCGGTGATGACGG
(SEQ. ID. NO. 69) and
(AGGCGGATCCGAATGTATTTAGAAAAATAAACAAATAGGGG (SEQ. ID.
NO. 70) were used to amplify a region of 0.37 kb from
pd2EGFP, which was inserted into the BgIII site of
pIRES (Clontech 6028-1) to yield pIRES-stuf . This
introduced sites for the Ascl and Swal restriction
endonucleases at MCSI, and acts as a "stuff er
fragment" to avoid potential interference between STAR
elements and adjacent promoters. pIRES-stuf was
digested with BgIII and Fspl to liberate a DNA
fragment composed of the stuffer fragment, the CMV
promoter, the IRES element (flanked by multiple
cloning sites MCS A and MCS B ) , and the SV40
polyadenylation signal. This fragment was ligated with
the vector backbone of pd2EGFP-link produced by
digestion with BamEI and Stul, to yield pIRES-link.
The open reading frame of the zeocin-resistance gene
was inserted into BamEI/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 Notl, and ligated with BamHI/
fotl-digested pIRES-link to yield pIRES-link-zeo. The
d2EGFP reporter ORF was introduced into pIRES-link-zeo
by amplification of pd2EGFP (Clontech6010-1) with
primers GATCGAATTCTCGCGAATGGTGAGCAAGCAGATCCTGAAG (SEQ.
ID. NO. 73) and
AGGCGAATTCACCGGTGTTTAAACTTACACCCACTCGTGCAGGCTGCCCAGG
(SEQ. ID. NO. 74), and insertion of the EcoRI-digested
d2EGFP cassette into the EcoRI site in the
pIRES-link-zeo plasmid. This created construct A ,
CMV-d2EGFP-IRES-Zeo (CMV Control) . STAR67 was cloned
upstream of the CMV promoter, in the Ascl site (about
15 nt remaining between STAR67 and the promoter) .
This created construct B , STAR67-CMVd2EGFP- ires-Zeo
(CMV-STAR67) . STAR67 was also tested in the context
of a cassette that contains also the STAR7, cloned
directionally in the 5 ' Sail and Xbal sites and 3 '
BgIII and Pad sites to flank the entire cassette with
STAR7 . This is construct C (CMV-STAR67 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, EFla and UB6 promoters influences
the expression level of these promoters in CHO cells.
The constructs A and B (Fig. 1 ) described in Example
1 are used for this purpose, modified for the
respective promoters: 1 CMV-d2EGFP-ires-Zeo (CMV
Control) 



2 STAR67-CMV-d2EGFP-ires-Zeo (CMV-STAR67) 3
EFla-d2EGFP-ires-Zeo (EFla Control) 4 STAR67-EFl
a-d2EGFP-ires-Zeo (EFla-STAR67) 5 UB6-d2EGFP-ires-Zeo
(UB6 Control)6 STAR67-UB6-d2EGFP-ires-Zeo (UB6-STAR67)
. Materials and Methods The UB6 and EFl a promoters
were exchanged for the CMV promoter in the plasmids
described in Fig. 1 . The UB6 promoter was cloned a s
follows. A DNA 0.37 kb stuff e r from the pd2EGFP
plasmid was amplified b y PCR, a s described in
example 1 , using primers identified b y SEQ. ID. NOs.
6 9 and 70. The resulting DNA stuff e r was cloned in
the BgIII site o f pUB6/V5-His [Invitrogen V250-20] ,
creating pUB b-stuf . From pUB b-stuf an Ascl-Sacl
fragment was cloned into CMV-d2EGFP-IRES-Zeo, from
which the CMV promoter was removed. The EFl a promoter
was amplified b y PCR with pEFl a/V5-His [Invitrogen
V920-20] a s template, using primers
GATCGGCGCGCCATTTAAATCCGAAAAGTGCCACCTGACG (SEQ. ID. NO.
7 9 ) and AGGCGGGACCCCCTCACGACACCTGAAATGGAAG (SEQ. ID.
NO. 80) . The PCR fragment was cloned in the Ascl and
PpuMI sites o f CMV-d2EGFP-IRES-Zeo, from which the
CMV promoter was removed. The Chinese Hamster Ovary
cell line CHO-Kl (ATCC CCL-61) was cultured in
HAMS-F12 medium + 10% Fetal Calf Serum containing 2
rtiM glutamine, 100 U/ml penicillin, and 100
micrograms /ml streptomycin a t 37C/5% CO2 . Cells
were transfected with the plasmids using Lipofectamine
2000 (Invitrogen) a s described b y the manufacturer.
Briefly, cells were seeded t o culture vessels and
grown overnight t o 70-90% confluence. Lipofectamine
reagent was combined 



with plasmid DNA a t a ratio o f 6 microliters per
microgram (e.g. for a 1 0 cm Petri dish, 2 0
micrograms DNA and 120 microliters Lipofectamine) and
added t o the cells. After overnight incubation the
transfectionmixture was replaced with fresh medium,
and the transfected cells were incubated further.
After overnight cultivation, cells were trypsinized
and seeded into fresh culture vessels with fresh
medium. After another overnight incubation zeocin was
added to a concentration of 50 mg/ml and the cells
were cultured further. After another three days the
medium was replaced by fresh medium containing zeocin
(100 mg/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
. 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 isnot stable over time. In comparison, the
average of the d2EGFP signal in the 10 colonies
transfected with the STAR67-CMV plasmid was 42 when
measured after 25 days and 32 measured 60 days after
transfection. Hence 60 days after transfection, a
STAR67-encompassing CMV construct conveyed a factor 2
.5 higher CMV promoter driven expression level of the
reporter protein in stably transfected clones.
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. Fig. 3 shows that transfection of the
construct that contains STAR67 cloned upstream of the
EFlOC- promoter resulted in a number of CHO colonies
that express significantly higher levels of d2EGFP
protein, as compared to the "empty" control without
STAR67, EFlOC Control. The average of the d2EGFP
signal in the 10 colonies transfected with the EFlOC
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 EF10C-STAR67 plasmid was
60 when measured after 25 days and 76 measured 60 days
after transfection. Hence, both 



after 25 and 60 days after transfection, a STAR67-
encompassing EFlOC construct conveyed a factor 2.9
higher EFlOC promoter driven expression level of the
reporter protein in stably transfected clones.Fig. 4
shows that transfection of the construct that contains
STAR67 cloned upstream of the UB6 promoter resulted in
a number of CHO colonies that express significantly
higher levels of d2EGFP protein, as compared to the
"empty" control without STAR67, UB6 Control. The
average of the d2EGFP signal in the 10 colonies
transfected with the UB6 Control plasmid was 51, when
measured 25 days after transfection. 60 days after
transfection the average of the d2EGFP signal in these
10 colonies was 29, indicating that the expression was
not stable over time. In comparison, the average of
the d2EGFP signal in the 10 colonies transfected with
the UB6-STAR67 plasmid was 218 when measured after 25
days and 224 measured 60 days after transfection.
Hence, 25 days after transfection, a
STAR67-encompassing UB6 construct conveyed a factor
4.3 higher UB6 promoter driven expression level of the
reporter protein in stably transfected clones. After
60 days this factor was 7.7, due to instability of
expression in the control colonies 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, EFla and UB6 promoters influences
the expressionlevel o f these promoters in another
cell type than CHO cells, namely human PER.C6 cells.
The same constructs a s in example 1 were used.
Materials and Methods Transfection, culturing and
analysis of PER.C6 cells PER.C6 (r) cells were
cultured in DMEM medium + pyridoxine + 9% Foetal
Bovine Serum (Non-Heat Inactivated) , 8.9 rtiM MgCl2
100 U/ml penicillin, and 100 micrograms/ml
streptomycin a t 37C/10% CO2 . Cells were transfected
with the plasmids using Lipofectamine 2000
(Invitrogen) a s described b y the manufacturer.
Briefly, cells were seeded t o 6-wells and grown
overnight t o 70-90% confluence. Lipofectamine reagent
was combined with plasmid DNA a t a ratio o f 15
microliters per 3 microgram (e.g. for a 1 0 cm Petri
dish, 2 0 micrograms DNA and 120 microliters
Lipofectamine) and added after 3 0 minutes incubation
a t 2 50C t o the cells. After 6-hour incubation 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 t o a concentration o f 100 mg/ml and the
cells were cultured further. When colonies became
visible, individual clones were isolated b y scraping
and transferred t o 24-well plates in medium with
zeocin. When grown t o ~70% confluence, cells were
transferred t o 6-well plates. 



Stable colonies were expanded for 2 weeks in 6-well
plates before the d2EGFP signal was determined on a
XLMCL Beckman Coulter flowcytometer . The mean o f the
d2EGFP signal was taken a s measure for the level o f
d2EGFP expression. Colonies were measured for a second
timeafter 2 weeks . Thereafter colonies were further
cultured in the absence of zeocin. Results Fig. 5
shows that transfection of the construct that contains
STAR67 cloned upstream of the CMV 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, CMV Control. The
average of the d2EGFP signal in the 10 colonies
transfected with the CMV Control plasmid was 37, when
measured 30 days after transfection. 60 days after
transfection the average of the d2EGFP signal in these
10 colonies was reduced to 14, indicating that
expression was not stable over time. In comparison,
the average of the d2EGFP signal in the 10 colonies
transfected with the STAR67-CMV plasmid was 101 when
measured after 30 days and 45 measured 60 days after
transfection. Hence 60 days after transfection, a
STAR67-encompassing CMV construct 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 EFlOC- 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, EFlOC
Control. The average of the d2EGFP signal in the 10 



colonies transfected with the EFlOC 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 EFlOCSTAR67 plasmid was 25 when
measured after 30 days and 20 measured 60 days after
transfection. Hence, both after 30 and 60 days after
transfection, a STAR67-encompassing EFlOC construct
conveyed a factor 4 higher EFlOC promoter driven
expression level of the reporter protein in stably
transfected clones. Fig. 7 shows that transfection of
the construct that contains STAR67 cloned upstream of
the UB6 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, UB6 Control. The average of the d2EGFP
signal in the 10 colonies transfected with the UB6
Control plasmid was 4 , when measured 30 days after
transfection. 60 days after transfection the average
of the d2EGFP signal in these 10 colonies was 2 . In
comparison, the average of the d2EGFP signal in the 10
colonies transfected with the UB6-STAR67 plasmid was
27 when measured after 30 days and 18 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.We tested whether the
presence of STAR67 adjacent of the SV40 promoter
influences the expression level of this promoter,
either alone or in combination with another STAR
element, in this example STAR7 . The constructs that
were used for this purpose (see Fig. 8), are: 1
SV40-d2EGFP-ires-Zeo (SV40 Control) 2
STAR67-SV40-d2EGFP-ires-Zeo (SV40-STAR67) 3
STAR7-SV40-d2EGFP-ires-Zeo-STAR7 (SV40-STAR7/7) 4
STAR7- STAR67-SV40 - d2EGFP-ires-Zeo-STAR7
(SV40-STAR67 7/7) Materials and Methods The SV4 0
promoter was amplified by PCR with pIRES as template
using primers
TTGGTTGGGGCGCGCCGCAGCACCATGGCCTGAAATAACCTCTGAAAGAGG
(SEQ. ID. NO. 81) and
TTGGTTGGGAGCTCAAGCTTTTTGCAAAAGCCTAGGCCTCCAAAAAAGCCTCCT
C (SEQ. ID. NO. 82) . The PCR fragment was cloned in
the Ascl and Sad 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
aftertransfection. In comparison, the average of the
d2EGFP signal in the 18 colonies transfected with the
SV40- STAR67 plasmid was 82 when measured after 40
days and the average of the d2EGFP signal in the 18
colonies transfected with the SV40-STAR 7/7 plasmid
was 91 when measured after 40 days. Hence, no
significant effect of these STAR elements on the SV4 0
promoter in CHO cells was observed. It appears that
the expression levels from the SV40 promoter in these
cells are already quite high, and even much higher
than those observed with the CMV promoter, which was
considered to be a very strong promoter. This high
background expression in the absence of a STAR element
using the SV4 0 promoter in CHO cells, may explain why
no significant effect of STAR67 alone, or STAR7
flanking the transgene, was observed. However, the
average of the d2EGFP signal in the 18 colonies
transfected with the SV40-STAR67 7/7 plasmid was 209
when measured after 40 days colonies, which is a
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 STAR67upstream of the SV40
promoter (SV40-STAR67 6/6 and SV40- STAR67 4/4,
respectively, using the same nomenclature as above) ,
and observed improved expression also with these
combinations. This proves that the flanking STAR7
elements can indeed be exchanged for other STAR
sequences, and still the improvement of the novel
configuration of the expression cassette with the STAR
sequences is observed. Example 5 : A combination of
STAR67 and STAR7 enhance UB6- driven antibody
expression levels in stably transfected CHO cells. In
example 4 we showed that the combination of STAR67 and
STAR7 enhanced the expression levels of d2EGFP protein
in CHO cells. Here we tested whether the combination
of STAR67 and STAR7 could be used for the production
of an antibody. We chose an antibody against the EpCAM
molecule (HuIs 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+LC) 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 entirecassettes, both at the 5 '
and 3 ' end (Fig. 9 ) . These two plasmids represent
STAR7-STAR67-UB6 (HC+LC) STAR7 . Transfection and
culture of CHO cells The Chinese Hamster Ovary cell
line CHO-Kl (ATCC CCL-61) was transfected and cultured
as in example 2 , using zeocin (100 mg/ml) and
puromycin (2.5 mg/ml) for selection. One day after
transfection, zeocin was added to the culture medium.
When first colonies became visible (approximately 7
days after addition of zeocin) the culture medium was
removed and replaced with culture medium containing
puromycin. After approximately 7 days, colonies were
isolated and transferred to 24 wells plates, in
culture medium containing zeocin only. Results Fig. 9
shows that that transfection of antibody constructs
that contain STAR67 cloned upstream of the UB6
promoter and two STAR7 elements cloned to flank the
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+LC) 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 zeocin 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.Hence, both after 30 and 45 days after
transfection, a STAR6 7/STAR7 -encompass ing UB6
construct conveyed a factor 2.5 to 2.9 fold higher UB6
promoter driven EpCAM expression level in stably
transfected CHO clones. Hence placing STAR67 upstream
of the promoter and two STAR7 elements to flank the
cassettes resulted in significantly higher EpCAM
antibody expression levels in CHO, in comparison with
STAR67/STAR7-less constructs. Example 6 : STAR67 is
not an enhancer blocker, whereas STAR6 and STAR7 are.
All hitherto known STAR elements that were tested for
that property, including STAR6 and STAR7, are enhancer
blockers (WO 03/004704, Kwaks et al, 2003) . Enhancer
blocker activity is tested by placing a STAR element
between a strong enhancer and a promoter. Here we
tested whether also STAR67 is an enhancer blocker.
Materials and Methods The d2EGFP gene was PCR-amplif
ied using primers
TTGGTTGGTCATGAATGGTGAGCAAGGGCGAGGAGCTGTTC (SEQ.ID.NO.
75) and ATTCTCTAGACTACACATTGATCCTAGCAGAAGCAC
(SEQ.ID.NO. 76) and cloned into plasmid pGL3-promoter
(Promega) using the Ncol and Xbal restriction sites to
replace the Luciferase gene to create plasmid
pGL3-promoter-GFP. A linker (created by annealing
oligo's CGATATCTTGGAGATCTACTAGTGGCGCGCCTTGGGCTAGCT
(SEQ. ID.NO. 77) and GAT CAGC TAGC CCAAGGC
GCGCCACTAGTAGAT CTC CAAGATAT CGAGC T (SEQ.ID.NO. 78),
was cloned in the Sad and BgIII sites 



to create multiple cloning sites. The original BgIII
site was destroyed upon ligation of the linker,
creating a new unique BgIII site within the linker
DNA. The SV40- enhancer was cut from plasmid
pGL3-basic (Promega) usingBsaBI and BamHI and cloned
into the pGL3-linker-promoter- GFP using the EcoRV and
BgIII sites creating plasmid
pGL3-enhancer-promoter-GFP. The STAR4 0 element was
placed upstream of the SV40 enhancer using Kpnl and
Sacl sites to prevent action of the enhancer on
upstream sequences . Finally, STAR elements 6 , 1 and
67 were placed in between the SV4 0 enhancer and the
SV4 0 minimal promoter using the Spel and Ascl
restriction sites. Transfection and culture of CHO
cells The Chinese Hamster Ovary cell line CHO-Kl (ATCC
CCL-61) is transfected as in example 2 . One day after
the transfection, d2EGFP levels are measured on an
Epics XL flowcytometer (Beckman Coulter) Results Fig.
10 shows that STAR67 is not an enhancer blocker,
whereas STAR6 and STAR7 act enhancer blockers in the
same assay. STAR6, STAR7 and STAR67 were cloned
between the SV4 0 enhancer and a minimal SV4
0-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 STAR6 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
STAR6 



and STAR 7 , as well as other STAR elements, as
previously described (WO 03/004704, Kwaks et al, 2003)
.Example 7 : STAR67 enhances UB6 and CMV-driven
antibody expression levels in stably transfected CHO
cells . In example 5 we showed that the combination of
STAR67 and STAR7 enhanced the expression levels of
EpCAM antibody in CHO cells, in the context of two
distinct plasmids, which contained the heavy and light
chains. In this example we tested whether STAR67 could
be used for the production of EpCAM antibody when both
heavy and light chains are placed on one plasmid. We
used simultaneous selection for each selectable
marker. Materials and Methods Plasmids The heavy chain
cDNA (HC-EpCAM) is under the control of the UB6
promoter and coupled to the Zeocin resistance gene by
an IRES sequence. The light chain cDNA (LC-EpCAM) is
under control of the CMV promoter and coupled to the
puromycin resistance gene by an IRES sequence.
Basically these are the constructs used in example 5 .
These two 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-Kl (ATCC CCL-61) was
transf ected and cultured as in example 2 , using
zeocin (100 mg/ml) and puromycin (2.5 mg/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
mediumsimultaneously. One day after transfection,
zeocin and puromycin were added to the culture medium.
The selection medium was present until colonies were
isolated (approximately 14 days after transfection) .
After colonies were isolated and transferred to
24-wells plates, the cells were cultured in the
presence of zeocin and puromycin. Results Fig. 11
shows that that transfection of the antibody construct
that contains STAR67 cloned between the UB6 and CMV
promoters resulted in a number of CHO colonies that
express EpCAM antibody (measured by ELISA using an
antihuman IgG antibody) . The average of the EpCAM
production in the 19 colonies transfected with the
EpCAM STAR67 plasmid was 9.8 pg/cell/day, when
measured 25 days after transfection. In contrast,
surprisingly no colonies survived of the transfection
with the EpCAM Control plasmid. When 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 STAR67 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. Thisopens an opportunity to use this plasmid
configuration for identifying the region in STAR67
that is responsible for mediating this effect.
Smaller, overlapping portions of STAR67 are placed
between the UB6 and CMV promoters, driving the EpCAM
molecule. When a portion of STAR67 is functional,
colonies will survive when both zeocin and puromycin
are simultaneously used as selection agent. When a
portion of STAR67 is not functional, no colonies will
survive under identical selection conditions . Hence
placing STAR67 upstream of the promoter resulted in
significantly higher EpCAM antibody expression levels
in CHO, in comparison with STAR-less constructs.
Example 8: Construction and testing of a Zeocin
resistance gene product with no internal methionine
The basic idea behind the development of a novel
selection system is to place the gene encoding the
resistance gene upstream of a gene of interest, and
one 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,preferably any AUG in the resistance gene mRNA
will have to be replaced. In case this AUG is a
functional codon that encodes a methionine, this amino
acid will have to be replaced by a different amino
acid, for instance by a leucine (Fig. 12A and B ) ; 2
) the start codon of the resistance gene must have a
bad context (be part of a non-optimal translation
start sequence); i.e. the ribosomes must start
translation at this start codon only in a limited
number of events, and hence in most events continue to
search for a better, more optimal start codon (Fig.
12C-E) . Three different stringencies can be
distinguished: a ) the normal ATG startcodon, but
placed in a bad context (TTTATGT ) (called ATGmut)
(Fig. 12C), b ) preferably when placed in an optimal
context, GTG can serve as startcodon (ACCGTG G ) (Fig.
12D) and c ) preferably when placed in an optimal
context, TTG can serve as startcodon (ACCTTG ) (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. CCATG
G ) (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
Zeocin resistance gene one existing internal
methionine is replaced by another amino acid (Fig.
12B-E) . It is important that after such a change the
Zeo protein still confers Zeocin resistance to the
transfected cells. Sinceit is not known beforehand
which amino acid will fulfill this criterium, three
different amino acids have been tried: leucine,
threonine and valine. The different constructs with
distinct amino acids have than been tested for their
ability to still confer Zeocin resistance to the
transfected cells. Materials and methods Construction
of the plasmids The original Zeo open reading frame
has the following sequence around the startcodon:
AAACCATGGCC (startcodon in bold; SEQ. ID. NO. 83) .
This is a startcodon with an optimal translational
context (Fig. 12A) . First the optimal context of the
start codon of the Zeo open reading frame was changed
through amplification from plasmid pCMV-zeo
[Invitrogen V50120] , with primer pair ZEOforwardMUT
(SEQ. ID. NO. 84) : GATCTCGCGATACAGGA A
GGGTGGCCAAGTTGACCAGTGCCGTTCCG and ZEO-WTreverse
(WT=WiId type; SEQ. ID. NO. 85) :
AGGCGAATTCAGTCCTGCTCCTCGGC, using pCMV-ZEO
(Invitrogen; V50120) as a template. The amplified
product was cut with NruI-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 valine 



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 wasamplified using primer pair
ZEOforwardMUT (SEQ. ID. NO. 84) and ZEO-LEUreverse
(SEQ. ID. NO. 86) :
AGGCCCCGCCCCCACGGCTGCTCGCCGATCTCGGT CAA GGCCGGC. The
PCR product was cut with BamHI-Bgll and ligated into
pZEOATGmut. This resulted in pZEO(leu). T o replace
the internal codon for methionine in the Zeo open
reading frame with the codon for threonine (not shown,
but a s in Fig. 12B) , part o f the Zeo open reading
frame was amplified using primer pair ZEOforwardMUT
(SEQ. ID. NO. 84) and ZEO-THRreverse (SEQ. ID. NO. 87)
: AGGCCCCGCCCCCACGGCTGCTCGCCGATCTCGGT GGT GGCCGGC. The
PCR product was cut with BamHI-Bgll and ligated into
pZEOATGmut. This resulted in pZEO(thr). T o replace
the internal codon for methionine in the Zeo open
reading frame with the codon for valine (not shown,
but a s in Fig. 12B) (GTG) , part o f the Zeo open
reading frame was amplified using primer pair
ZEOforwardMUT (SEQ. ID. NO. 84) and ZEO-VALreverse
(SEQ. ID. NO. 88) :
AGGCCCCGCCCCCACGGCTGCTCGCCGATCTCGGTC CAC GCCGG. The
PCR product was cut with BamHI-Bgll and ligated into
pZEOATGmut. This resulted in pZEO(val). Transfection
and culturing o f cells The Chinese Hamster Ovary cell
line CHO-Kl (ATCC CCL-61) was cultured in HAMS-F12
medium + 10% Fetal Calf Serum containing 2 rtiM
glutamine, 100 U/ml penicillin, and 100 micrograms /ml
streptomycin a t 37C/5% CO2 . Cells were transfected
with the plasmids using Lipofectamine 2000
(Invitrogen) a s described b y the manufacturer.
Briefly, 



cells were seeded t o culture vessels and grown
overnight t o 70-90% confluence. Lipofectamine reagent
was combined with plasmid DNA a t a ratio o f 6
microliters per microgram (e.g. for a 1 0 cm Petri
dish, 2 0 micrograms DNA and 120 microliters
Lipofectamine) and added t o thecells. After overnight
incubation the transfection mixture was replaced with
fresh medium, and the transfected cells were incubated
further. After overnight cultivation, cells were
trypsinized and seeded into fresh culture vessels with
fresh medium containing zeocin (100 mg/ml) . When
individual colonies became visible (approximately ten
days after transfection) colonies were counted.
Results Four plasmids were transfected to CHO-Kl
cells, 1 ) pZEO(WT), 2 ) pZEO(leu), 3 ) pZEO(thr), and
4 ) pZEO(val). The cells were selected on 100 mg/ml
zeocine. Transfection of pZEO(leu) resulted in an
equal number of zeocin resistant colonies in
comparison with the control pZEO (WT). pZEO(thr) and
pZEO(val) gave less colonies, but the differences were
not in the order of a magnitude. Hence it was
concluded that changes of the internal methionine into
leucine, threonine or valine all resulted 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 translationalefficiency, and the d2EGFP gene as
downstream gene of interest, the start codon of the
d2EGFP gene was first optimized (step 3 in example 8 )
. After that, the different versions of the Zeocin
resistance gene were created. The differences between
these versions are that they have different start
codons, with distinct translational efficiency (step 2
in Example 9 , Figure 12C-E) . These different Zeocin
resistance gene versions were cloned upstream of the
modified d2EGFP gene (Fig. 13) . Materials and methods
Creation of plasmids The d2EGFP reporter ORF was
introduced into pcDNA3 . The sequence around the
startcodon of this d2EGFP cDNA is GAATTCATGGG
(startcodon in bold; SEQ. ID. NO. 89), which is not
optimal. A s a first step, d2EGFP was amplified from
pd2EGFP (Clontech 6010-1) with primers
d2EGFPforwardBamHI (SEQ. ID. NO. 90) :
GATCGGATCCTATGAGGAATTCGCCACCA GGGTGAGCAAGGGC GAGGAG
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:1 ) ATG as a start codon in the Zeo resistance
gene, but in a bad context (TTTATGT) (not shown, but
as in Fig. 13B) and followed by spacer sequence,
instead of the optimal ATG (Fig. 13A) . The spacer
sequence is placed downstream of the ATG sequence. In
the zeocin (and possibly in the blasticidin) RNA, a
secondary structure is present, causing the ribosome
to be temporarily delayed. Because of this, a poor
startcodon can in some cases be used by the ribosome,
despite being a bad startcodon or being in a
non-optimal context for translation initiation. This
causes the chance of translation to increase, and in
case of the current invention therefore renders the
stringency for selection lower. To decrease this
effect, and hence to further decrease the translation
initation efficiency, a spacer sequence is introduced
that does not contain a secondary structure (Kozak,
1990) . Hence, the term space' is introduced, and used
in the plasmid and primer names to indicate the
presence of such a spacer sequence. 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 is along these lines: the
name of the 



selectable marker polypeptide is referred to by
abbreviation (e.g. Zeo, Bias, 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
usuallyonly done for ATG startcodons, as combining a
non-optimal context with a non-ATG startcodon usually
does not result in sufficient translation initiation
to allow for selection) ; when a spacer sequence is
used behind the startcodon, the addition "space" is
used (this is done usually for "ATGmut" startcodons
for Zeo or Bias selectable markers) . The Zeo open
reading frame was amplified with primer pair ZEOf
orwardBamHI- ATGm ut/ space (SEQ. ID. NO. 93) :
GATCGGATCCTTGG A GG
CGATCCAAAGACTGCCAAATCTAGATCCGAGATTTT
CAGGAGCTAAGGAAGCTAAAGCCAAGTTGACCAGTGAAGTTC (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 pd2EGF, cut with EcoRI-BamHI,
creating pZEO- ATGmut/space - d2EGFP. 2 ) GTG as a
start codon in the Zeo resistance gene, instead of ATG
(Fig. 13C) . The Zeo open reading frame was amplified
with primer pair ZEOf orwardBamHI -GTG (SEQ. ID. NO.
94) : GAT CGGAT CCACCGTGG CCAAGT TGAC CAGT GCCGTTC 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 ZEOf orwardBamHI -TTG : GAT
CGGAT CC CC G CCAAGT TGAC CAGT GCCGTTC (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
cellsThe Chinese Hamster Ovary cell line CHO-Kl (ATCC
CCL-61) was cultured in HAMS-F12 medium + 10% Fetal
Calf Serum containing 2 rtiM glutamine, 100 U/ml
penicillin, and 100 micrograms /ml streptomycin a t
37C/5% CO2 . Cells were transfected with the plasmids
using Lipofectamine 2000 (Invitrogen) a s described b
y the manufacturer. Briefly, cells were seeded t o
culture vessels and grown overnight t o 70-90%
confluence. Lipofectamine reagent was combined with
plasmid DNA a t a ratio o f 15 microliters per 3
microgram (e.g. for a 1 0 cm Petri dish, 2 0
micrograms DNA and 120 microliters Lipofectamine) and
added after 3 0 minutes incubation a t 2 50C t o the
cells. After overnight incubation the transfection
mixture was replaced with fresh medium, and the
transfected cells were incubated further. After
overnight cultivation, cells were trypsinized and
seeded into fresh culture vessels with fresh medium.
After another overnight incubation zeocin was added t
o a concentration o f 5 0 mg/ml and the cells were
cultured further. After another three days the medium
was replaced b y fresh medium containing zeocin (100
mg/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 t o 24-well plates in medium
without zeocin. One day after isolation o f the
colonies zeocin was added t o the medium. Expression o
f the d2EGFP reporter gene was assessed approximately
3 weeks after 



transfection. d2EGFP expression levels in the colonies
were measured after periods o f two weeks . Results
CHO-Kl cells were transfected with constructs that
contain the ATGmut/space Zeo (Fig. 13B) , GTG Zeo
(Fig.13C) and TTG Zeo (Fig. 13D) genes as selection
gene, all being cloned upstream of the d2EGFP reporter
gene. These three constructs were 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. 14) . Fig. 14 shows that
both the control (without STAR elements) constructs
with ATGmut/space Zeo (A) and GTG Zeo (B) gave
colonies that expressed d2EGFP protein. The average
d2EGFP expression level of 24 ATGmut/space Zeo
colonies was 46 and of GTG Zeo colonies was 75. This
higher average expression level in GTG Zeo colonies
may reflect the higher stringency of GTG, in
comparison with ATGmut/space (example 8 ) . Addition
of STAR elements 7 and 67 to the constructs resulted
in colonies that had higher average d2EGFP expression
levels. Transfection of the ATGmut/space Zeo STAR
7/67/7 construct resulted in colonies with an average
d2EGFP expression level of 118, which is a factor 2 .6
higher than the average in the 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 werefound with this construct without STAR
elements, indicating that the stringency of the
selection system with the TTG startcodon in the zeocin
selection marker not necessarily precludes the finding
of colonies when no STAR elements are present, and
that the number of colonies obtained may vary between
experiments . It is concluded that the use of STAR
elements in combination with the stringent selection
system according to the invention allows to readily
identify high producers of the gene of interest.
Example 10: Establishment: of a higher number of TTG
Zeo STAR colonies and comparison with an IRES-Zeo
construct. The results in example 9 indicate that the
TTG Zeo has extremely stringent translation
efficiency, which might be to high to convey Zeocin
resistance to the cells. The transfection was scaled
up to test whether there would be some colonies that
have such high expression levels that they survive.
Scaling up the experiment could also 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-Kl 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 . ResultsFig. 15A shows that transfection
with the TTG Zeo STAR 7/67/7 construct resulted in the
generation of many colonies with an average d2EGFP
signal of 560. This is as high as in example 9 ,
except that now 58 colonies were analyzed. When
compared to a construct with the Zeocin resistance
gene placed behind an IRES sequence (Fig 15B) , the
average d2EGFP expression level was 61, and when STAR
elements 7 and 67 were added to such a construct, the
average d2EGFP expression level was 125, a factor 2
above the control (Fig. 15B) . The average of the TTG
Zeo STAR 7/67/7 colonies was therefore a factor 9.2
higher than the STAR-less IRES-Zeo colonies and a
factor 4.5 higher than the STAR7/67/7 IRES Zeo
colonies. An observation is that the form of the curve
of all expressing colonies differs between the TTG Zeo
STAR7/67/7 and IRES-Zeo STAR 7/67/7. In the first case
(TTG Zeo) the curve levels off, whereas in the second
case (IRES-Zeo) the curve has a more ^exponential'
shape. The plateau in the TTG Zeo curve could indicate
that the 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 Zeoconstruct can
convey Zeocin resistance, resulting in colonies that
also can give high expression levels in some
instances. Hence, the novel selection method according
to the invention can be applied with expression
cassettes that do not contain chromatin control
elements, although it is clearly preferred to use
expression cassettes comprising at least one such
element, preferably a STAR element. The results
indicate that STAR elements allow a more stringent
selection system according to the invention, such as
exemplified in this example, resulting in the picking
of colonies that have a very high average protein
expression level. Example 11: Creation and testing of
Blasticidin-d2EGFP bicistronic constructs with
differential translation efficiencies . There are four
internal ATGs in the blasticidine resistance gene,
none of which codes for a methionine (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 pairs were: A ) BSDBamHI forward
(SEQ. ID. NO. 96) :
GATCGGATCCACCATGGCCAAGCCTTTGTCTCAAGBSDl50reverse (SEQ.
ID. NO. 97) : GTAAAAT GATATACGTTGACAC CAG B )
BSDl50forward (SEQ. ID. NO. 98) :
CTGGTGTCAACGTATATCATTTTAC BSD250reverse (SEQ. ID. NO.
99) : GCCCTGTTCTCGTTTCCGATCGCG C ) BSD250forward (SEQ.
ID. NO. 100) : CGCGATCGGAAACGAGAACAGGGC BSD350reverse
(SEQ. ID. NO. 101) : GCCGTCGGCTGTCCGTCACTGTCC D )
BSD350forward (SEQ. ID. NO. 102) :
GGACAGTGACGGACAGCCGACGGC BSD399reverse (SEQ. ID. NO.
103) : GAT CGAAT TCT TAGC CCTCC CACACGTAAC CAGAGGGC
Fragments A to D were isolated from an agarose gel and
mixed together. Next, only primers BSDBamHI forward
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 (Bias) 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
BSDforwardBamHIAvrll-ATGmut/space(SEQ . I D. NO . 104
) : GAT CGGAT CCTAGGT TGG TTTATGTCGAT CCAAAGAC
TGCCAAAT CTAGAT CCGAGA
TTTTCAGGAGCTAAGGAAGCTAAAGCCAAGCCTTTGTCTCAAGAAG, and
BSD399reverseEcoRIAvrII (SEQ. ID. NO. 105) :
GATCGAATTCCCTAGGTTAGCCCTCCCACACGTAACCAGAGGGC, the PCR
product is cut with BamHI-EcoRI, and ligated into
pZEO- GTG -d2EGFP, cut with EcoRI-BamHI . This results
in pBSD- ATGmut/space -d2EGFP . 2 ) GTG as a start
codon instead of ATG. The mutated blasticidine
resistance protein open reading frame in pBSD-d2EGFP
was amplified using primers BSDforwardBamHIAvrll- GTG
(SEQ. ID. NO. 106) : GATCGGATCCTAGG
ACCGGGGCCAAGCCTTTGTCTCAAGAAG and
BSD399reverseEcoRIAvrII (SEQ. ID. NO. 105), the PCR
product was cut with BamHI-EcoRI, and ligated into
pZEOGTG -d2EGFP, cut with EcoRI-BamHI. This results in
pBSDGTG -d2EGFP. 3 ) TTG as a start codon instead of
ATG. The mutated blasticidine open reading frame in
pBSD-d2EGFP was amplified using primers BSDf
orwardBamHIAvrll- TTG (SEQ. ID. NO. 107) :
GATCGGATCCTAGG CCTGGGCCAAGCCTTTGTCTCAAGAAG and
BSD399reverseEcoRIAvrII (SEQ. ID. NO. 105), the PCR
product was cut with BamHI-EcoRI, and ligated into
pZEOGTG -d2EGFP, cut with EcoRI-BamHI. This results in
pBSDTTG -d2EGFP. 



Results CHO-Kl cells were transfected with constructs
that contain the GTG Bias (Fig. 16A) and TTG Bias
(Fig. 16B) genes as selection gene, all being cloned
upstream of the d2EGFP reporter gene. Selection took
place in thepresence of 20 mg/ ml Blasticidine . The
two constructs were without STAR elements (Control) or
with STAR elements 7 and 67 upstream of the CMV
promoter and STAR7 downstream from the d2EGFP gene
(Fig. 16) . Fig. 16 shows that both the control
(without STAR elements) constructs with GTG Bias (A)
and TTG Bias (B) gave colonies that expressed d2EGFP
protein. The average d2EGFP signal of 24 GTG Bias
colonies was 14.0 (Fig 16A) and of TTG Bias colonies
was 81 (Fig 16B) . This higher average expression
level in TTG Bias colonies may reflect the higher
stringency of TTG, in comparison with GTG (see also
example 9 ) . However, only 8 colonies survived under
the more stringent TTG conditions . Addition of STAR
elements 7 and 67 to the constructs resulted in
colonies that had higher average d2EGFP expression
levels. Transfection of the GTG Bias 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 Bias
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 Bias, whereas 48 colonies
survived with TTG Bias STAR 7/67/7. When only the five
highest values are compared, the average of the five
highest TTG Bias was 109.1 and 



the average of the five highest TTG Bias 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,
butthat also other selection marker polypeptides, in
this case the blasticidine resistance protein, can be
used. Example 12 : Stability of d2EGFP expression in
the novel selection system Colonies described in
example 10 were further cultured under several
conditions to assess the stability of d2EGFP
expression over an extended time period. Results The
TTG Zeo STAR 7/67/7 containing colonies in Fig 15A
were cultured for an additional 70 days in the
presence of 100 mg/ml Zeocin. A s shown in Fig 17, the
average d2EGFP signal rose from 560.2 after 35 days to
677.2 after 105 days. Except for some rare colonies
all colonies had a higher d2EGFP expression level.
When the level of Zeocin was lowered to 20 mg/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 onethird) 



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 65days
was 290.0. When measured after 105 days, the average
signal in the 27 colonies was 300.9. Hence, after an
initial decrease, the expression levels in the 27
colonies remained stable according to this criterion
(Fig. 19) . Six of the colonies were subjected to one
round of subcloning. Cells were sown in 96-wells
plates as such that each well contained approximately
0.3 cells. No Zeocin was present in the medium so that
from the start the sub clones grew without selection
pressure. Of each original colony six sub clones were
randomly isolated and grown in 6-wells plates till
analysis. In Fig. 23 we compared the original values
of the original clones, as already shown in Fig. 15A,
with one of the sub clones. In one of the six clones
(clone 25) , no sub clone was present with d2EGFP
signal in the range of the original clone. However, in
five out of six cases at least one the sub clones had
equal d2EGFP expression levels as the parent clone.
These expression levels were determined after 50 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) . A s shown in Fig 24 two
populations could be distinguished. In Fig 24 the cut
off was made at 20 copies and the R2 value is
calculated and shown. Also the R2 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
R2 of 0.5685 (Fig 24). However, in thepopulation of
colonies that fluctuate around a d2EGFP signal of 800
a high variation in copy number was observed (Fig 24),
as signified with a low R2 of 0.0328. Together the
data show that in the novel selection system, in
colonies that contain TTG Zeo STAR 7/67/7 constructs
there is copy number dependent d2EGFP expression up to
~ 20 copies. Also, although copy number dependency is
lost when >20 copies are present, still a substantial
proportion of the colonies with high (>800) d2EGFP
signal have no more than 30 copies (Fig. 24) . This
combination between high d2EGFP expression and a
relatively low copy number (between 10 and 30) may be
important for identifying colonies that remain
relatively stable without selection pressure. It is an
advantage to have clones with relatively low copy
numbers (less than about 30, more preferably less than
about 20) that give high expression levels, because
such clones are believed to be less amenable to
genetic instability. The present selection system
allows to generate such clones, 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, eitherwith the
ATGmut/ space (Fig 20), GTG (Fig 21) or TTG (Fig 22)
as startcodon (see example 9 ) . Upstream of the EpCAM
light chain the Blasticidine resistance gene was
placed, either with the ATGmut/space (Fig 20), GTG
(Fig 21) or TTG (Fig 22) as startcodon (see example
11) . Two types of constructs were made, one construct
without STAR elements (Control) and one construct with
a combination of STAR 7 and 67 elements. The STAR
elements were placed as follows: upstream of each CMV
promoter (i.e. one for the transcription unit
comprising HC and one for the transcription unit
comprising LC) STAR 67 was placed and the resulting
construct was flanked with a 5 ' and 3 ' STAR 7
element (Figs 20-22). All constructs were transfected
to CHO-Kl cells and selected on 100 mg/ml Zeocin and
20 mg/ml Blasticidin (at the same time) . After
selection independent colonies were isolated and
propagated under continuous selection pressure (using
100 mg/ml zeocin and 20 mg/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 Bias 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 theGTG
startcodon for the markers. With the GTG Zeo and GTG
Bias STAR 7/67/7 construct approximately 2 times more
colonies were formed. Also, the average EpCAM
expression levels of either 24 control versus STAR
7/67/7 colonies ranged from 2.44 pg/cell/day in the
control to 6.51 pg/cell/day in the STAR7/67/7
construct (Fig 21) . This is a factor 2.7 increase.
Also the average EpCAM production in the highest five
colonies was compared. In the control GTG this was 5.7
pg/cell/day, versus 13.0 pg/cell/day with the GTG STAR
7/67/7 construct, an increase of a factor 2.3. Also
note that the average EpCAM production mediated by the
GTG start codon for the selection markers was
significantly higher than with the ATGmut/space start
codon. Fig 22 shows that with the TTG Zeo and TTG Bias
control construct no colonies were formed, similar as
in example 9 . With the STAR 7/67/7 TTG construct
colonies were formed. The average EpCAM expression
levels of the STAR 7/67/7 TTG colonies was 10.4
pg/cell/day (Fig 22). 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, andhigher
stringency of the selection marker is coupled to
higher expression of the protein of interest. Example
14 : Creation and testing of additional GTG
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 GTG
codons (Example 8 , Fig. 33A) , additional modified
startcodons with distinct translational efficiency are
possible. These different Zeocin resistance gene
versions were created (Fig. 33) and cloned upstream of
the modified d2EGFP gene, as in Example 9 . Materials
and methods Creation of plasmids Four additional 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) : 



GAAT TCGGAT CCACCGTG GCGAT CCAAAGAC TGCCAAAT CTAG 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 pZEOGTGspace -d2EGFP . 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) :GAATTCGGATCC
TTTGTG GCCAAGTTGACCAGTGCCGTTCCG and ZEOWTreverse (SEQ.
ID. NO. 85), the PCR product was cut with EcoRI-BamHI,
and ligated into pd2EGFP, cut with EcoRI-BamHI,
creating pZEO(leu) -TTTGTG -d2EGFP. 3 ) GTG as a start
codon in the Zeo resistance gene, instead of ATG (Fig.
33A) , but with an additional mutation in the Zeo open
reading frame at Pro9, which was replaced with
threonine (Thr) (Fig. 33D) . The Thr9 mutation was
introduced by amplifying the Zeo open reading with
primer pair ZEOForwardGTG-Thr9 (SEQ. ID. NO. 124) :
AATTGGATCCACC GTG GCCAAGTTGACCAGTGCCGTT ACC GTGCTC 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-Thr9-d2EGFP. 4 )
GTG as a start codon in the Zeo resistance gene,
instead of ATG (Fig. 33A) , but with an additional
mutation in the Zeo open reading frame at Pro9, with
was 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) : AAT TGGAT CCAC CGTG GCCAAGT TGAC
CAGT GCCGTTrrCGTGCTC 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
Transf ection, culturing and analysis of CHO-Kl cells
was performed as in Example 8 . Results CHO-Kl cells
were transfected with constructs that contain the GTG
Zeo (Fig. 33A), GTGspace Zeo (Fig. 33B),TTT GTG Zeo
(also called: GTGmut Zeo) (Fig. 33C), GTG Thr9 Zeo
(leu) (Fig. 33D) and GTG Phe9 Zeo (leu) (Fig. 33D)
genes as selection gene, all being cloned upstream of
the d2EGFP reporter gene. These five constructs were
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. 33) . Fig. 34
shows that of the control constructs without STAR
elements only the GTG Zeo construct without STAR
elements gave colonies that expressed d2EGFP protein.
In contrast, all constructs containing STAR elements
gave colonies that expressed d2EGFP protein. The mean
d2EGFP fluorescence signal of 11 GTG Zeo Control
colonies was 20.3, of 13 GTG Zeo colonies with STARs
7/67/7 104.9, of 24 GTG space Zeo 7/67/7 colonies
201.5, of 6 TTT GTG Zeo 7/67/7 colonies 310.5, of 22
GTG Thr9 Zeo 7/67/7 colonies 423, and of 16 GTG Phe9
Zeo colonies 550.2 (Fig. 34). The higher stringencies
of the novel GTG mutations 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. A s a consequence, the
entire cassette hasto be transcribed at a higher
level, eventually resulting in a higher d2EGFP
expression level. It is concluded that the use of the
described translation efficiencies of the Zeocin
resistance mRNA result in higher expression levels of
the d2EGFP protein, this in combination with STAR
elements. This example further demonstrates the
possibility to provide for fine-tuning of the
stringency of the selection system of the invention,
to achieve optimal expression levels of a protein of
interest. Clearly, the person skilled in the art will
be capable of combining these and other possibilities
within the concepts disclosed herein (e.g. mutate the
zeocin at position 9 to other amino acids, or mutate
it in other positions; use a GTG or other startcodon
in a non-optimal translation initition context for
zeocin or other selection markers; or mutate other
selection markers to reduce their functionality, for
instance use a sequence coding for a neomycin
resistance gene having a mutation at amino acid
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 Zeocinresistance gene versions were created
and cloned upstream of the modified d2EGFP gene (Fig.
35) . Materials and methods Creation of plasmids Three
additional TTG constructs were made: 1 ) TTG as a
start codon in the Zeo resistance gene (Fig. 35A) ,
but followed by a spacer sequence (Fig. 35B) . The Zeo
open reading frame (with the spacer sequence) was
amplified with primer pair TTGspaceBamHIF (SEQ. ID.
NO. 126) : GAAT TCGGAT CCACCTTG GCGAT CCAAAGAC
TGCCAAAT CTAG and ZEOWTreverse (SEQ. ID. NO. 85), the
PCR product was cut with EcoRI-BamHI, and ligated into
pd2EGFP, cut with EcoRI-BamHI, creating pZEO- TTGspace
-d2EGFP . 2 ) TTG as a start codon in the Zeo
resistance gene, instead of ATG (Fig. 35A) , but with
an additional mutation in the Zeo open reading frame
at Pro9, with was 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) : AATTGGATCCACC
TTG GCCAAGTTGACCAGTGCCGTT ACC GTGCTC 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) : AATTGGATCCACCTTGGCCAAGTTGACCAGTGCCGTT
GGCGTGCTCand ZEOWTreverse (SEQ. ID. NO. 85), the PCR
product was cut with EcoRI-BamHI, and ligated into
pd2EGFP, cut with EcoRI-BamHI, creating pZEO- TTG
-Phe9-d2EGFP . Results CHO-Kl cells were transfected
with constructs that contain the TTG Zeo (Fig. 35A) ,
TTGspace Zeo (Fig. 35B) , TTG Thr9 Zeo (Fig. 35C) and
TTG Phe9 Zeo (Fig. 35D) genes as selection gene, all
being cloned upstream of the d2EGFP reporter gene.
These four constructs were 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. 35) . Fig. 36 shows that of the control
constructs without STAR elements only the TTG Zeo
construct without STAR elements gave colonies that
expressed d2EGFP protein. In contrast, all constructs
containing STAR elements gave colonies that expressed
d2EGFP protein. The mean d2EGFP fluorescence signal of
3 TTG Zeo Control colonies was 26.8, of 24 TTG Zeo
colonies 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
mRNAresult in higher expression levels of the d2EGFP
protein, this in combination with STAR elements.
Example 16: Creation and testing of Puromycin-d2EGFP
bicistronic constructs with differential translation
efficiencies . There are three internal ATGs in the
puromycin resistance gene, each of which codes for a
methionine (Fig. 28, Fig. 37A) . These ATGs have to be
eliminated (Fig. 37B,C), since they will serve as
start codon when the ATG startcodon (or the context
thereof) has been modified, and this will result in
peptides that do not resemble puromycin resistance
protein. More importantly, these ATGs will prevent
efficient translation of the gene of interest, as
represented by d2EGFP in this example for purposes of
illustration. The methionines were changed into
leucine, like in the zeocin resistance protein
(example 8 ) . However, instead of using the TTG codon
for leucine (for instance in Zeocin in example 8), now
the 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,
PURO600RLEU (SEQ. ID. NO. 132) :
AAGCTTGAATTCAGGCACCGGGCTTGCGGGTCAGGCACCAGGTC.This
generates two PCR products, corresponding to the 5 '
and 3 ' part of the puromycin resistance gene. The two
products were added together and amplified with PURO
BamHI F (SEQ. ID. NO. 129) - PURO600RLEU (SEQ. ID. NO.
132) . The resulting PCR product was cut with
BamHI-EcoRI and ligated, creating pCMV-ATGPURO (leu) .
Sequencing of this clone verified that all three
internal ATGs had been converted. The entire puromycin
open reading frame was then amplified with PUROBamHI
TTGlF (SEQ. ID. NO. 133) : GAATTCGGATCCACC TTG
GTTACCGAGTACAAGCCCACGGTG and PURO600RLEU (SEQ. ID. NO.
132) . This primer introduces an extra codon (GTT)
directly after the TTG startcodon, because the G ' at
nucleotide +4 is introduced for an optimal context,
and hence two more nucleotides are introduced to
preserve the reading frame. Results CHO-Kl cells 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
mg/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 values 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 expressionlevels of the d2EGFP protein, this in
combination with STAR elements . This experiment
demonstrates that the puromycin resistance gene can be
mutated to remove the ATG sequences therefrom, while
remaining functional. Moreover it is concluded that
the selection method of the invention also works with
yet another selection marker, puromycin. Example 17 :
Creation and testing of neomycin constructs with
differential translation efficiencies. There are
sixteen internal ATGs in the neomycin resistance gene,
five of which code for a methionine in the neomycin
open reading frame (Fig. 31, Fig. 39A) . All these
sixteen ATGs have to be eliminated (Fig. 39B,C), since
they will serve as start codon when the ATG startcodon
(or the context thereof) has been modified, and this
will result in peptides that do not resemble neomycin
resistance protein, and this will decrease the
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.ID. NO. 136) :
GATCAAGCTTTTGGATCGGCCATTGAAACAAGACGGATTG and NEO EcoRI
800R (SEQ. ID. NO. 137) :
AAGCTTGAATTCTCAGAAGAACTCGTCAAGAAGGCG . Results E.coli
bacteria were used to test the functionality of the
neomycin resistance protein from which all ATGs were
removed. E.coli bacteria were transformed with the
constructs that contain the GTG Neo (Fig. 39B) or TTG
Neo (Fig. 39C) gene as selection gene. Selection took
place by growing the bacteria on kanamycin. Only a
functional neomycin resistance gene can give
resistance against kanamycin. Transformation with
either modified Neo 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 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. 4OB, C), since they will
serve as start codon when the ATG startcodon (or the
context thereof)has been modified, and this will
result in peptides that do not resemble dhfr protein,
and 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 dhfr protein open
reading frame was entirely synthesized (SEQ. ID. NO.
138), as described above for neomycin. In order to
replace the ATG start codon with GTG (Fig. 40B) or TTG
(Fig. 40C), the synthesized DHFR gene was amplified
with primers DHFR-F-HindIII (SEQ. ID. NO. 140) :
GATCAAGCTTTTGTTCGACCATTGAACTGCATCGTC and
DHFR-EcoRI-600-R (SEQ. ID. NO. 141) :
AGCTTGAATTCTTAGTCTTTCTTCTCGTAGACTTC. Results E.coli
bacteria were used to test the functionality of the
dhfr protein from which all ATGs were removed. E.coli
was transformed with the constructs that contain the
GTG dhfr (Fig. 40B) or TTG dhfr (Fig. 40C) gene.
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 .Example 20: Testing of Zeocin- and
Blasticidin constructs with differential translation
efficiencies in PER.C6 cells. Various Zeocin and
blasticidin genes with mutated startcodons, all cloned
upstream of the d2EGFP gene were tested in the PER.C6
cell line. Results The GTG Zeocin and GTGspace Zeocin
resistance gene modifications (see also Example 14;
Fig. 41) and the GTG blasticidin and TTG blasticidin
resistance gene modifications (see also Example 11;
Fig. 42), all cloned upstream of the d2EGFP gene were
transfected to PER.C6 cells. A s shown in Fig. 41,
transfection with both the GTG Zeocin and GTGspace
Zeocin gene resulted in colonies that expressed
d2EGFP. The average d2EGFP fluorescence signal of 20
GTG Zeo colonies was 63.8, while the average d2EGFP
signal of 20 GTGspace Zeo colonies was 185,
demonstrating that also in PER.C6 cells the GTGspace
Zeo has a higher translation stringency than the GTG
Zeo mRNA. A s 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 .Example 21: Testing of the addition of a
transcriptional pause signal to a TTG Zeocin-d2EGFP
construct. A TRAnscription Pause (TRAP) sequence is
thought to, at least in part, prevent formation of
antisense RNA or, to at least in part, prevent
transcription to enter said protein expression unit
(see WO 2004/055215) . A TRAP sequence is functionally
defined as a sequence which when placed into a
transcription unit, results in a reduced level of
transcription in the nucleic acid present on the 3 '
side of the TRAP when compared to the level of
transcription observed in the nucleic acid on the 5 '
side of the TRAP, and non-limiting examples of TRAP
sequences are transcription termination signals. In
order to function to prevent or decrease transcription
to enter the transcription unit, the TRAP is to be
placed upstream of a promoter driving expression of
the transcription unit and the TRAP should be in a 5 '
to 3 ' direction. In order to prevent at least in part
formation of antisense RNA, the TRAP should be located
downstream of the open 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.Results The TTG Zeocin-d2EGFP
cassette that was flanked with STAR7 elements (Fig.
43) was modified by the addition of the SPA/pause TRAP
sequence (see WO 2004/055215); SEQ. ID. NO. 142), both
upstream of the 5 ' STAR7 (in 5 ' to 3 ' direction)
and downstream of the 3 ' STAR7 (in 3 ' to 5 '
direction) (Fig. 43) . Both STAR 7/7 and TRAP-STAR
7/7- TRAP containing vectors were transfected to
CHO-Kl. Stable colonies were isolated and the d2EGFP
fluorescence intensities were measured. A s shown in
Fig. 43 the average d2EGFP fluorescence signal of 23
TTG Zeo STAR 7/7 colonies was 455.1, while the average
d2EGFP fluorescence signal of 23 TTG Zeo TRAP-STAR
7/7-TRAP colonies was 642.3. The average d2EGFP
fluorescence signal in highest 5 TTG Zeo STAR 7/7
colonies was 705.1, while the average d2EGFP
fluorescence signal of 5 TTG Zeo TRAP-STAR 7/7- TRAP
colonies was 784.7. This result indicates that the
addition of TRAPs does not enhance the d2EGFP
fluorescence signal in the 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 mg 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
higheroverall number of colonies and that more
colonies are present with the highest expression
levels. Example 22 : Copy-number dependency of
expression We analyzed the EpCAM antibody expression
levels in relation to the number of integrated EpCAM
DNA copies . Results The construct that was tested was
TTG-Zeo-Light Chain (LC) -TTG-Blas-Heavy Chain (HC),
both expression units being under the control of the
CMV promoter (see Fig. 44) . This construct contained
STAR 7 and 67 (see Fig. 44) . Selection conditions
were such that with 200 mg/ml Zeocin and 20 mg/ml
Blasticidin in the culture medium no control colonies
(no STARs) survived and only STAR 7/67/7 colonies
survived. DNA was isolated when colonies were 60 days
under Zeocin and Blasticidin selection pressure (see
Fig. 44) . The R2 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 R2 of 0.5978 (Fig 44).
The data show that in the novel selection system, in
colonies that contain TTG Zeo-TTG Bias 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 higherEpCAM
expression. MTX acts through inhibition of the dhfr 



gene product. While some CHO strains that are
dhfrdeficient have been described, CHO-Kl is dhfr + .
Therefore relatively high concentrations of MTX in the
culture medium have to be present to select for
amplification by increased MTX concentrations in
CHO-Kl cells. Results The construct that was tested
was TTG-Zeo-Heavy Chain (HC) -TTG-Blas-Light Chain
(LC), both expression units being under the control of
the CMV promoter. Upstream of each CMV promoter STAR67
was positioned and STAR7 was used to flank the entire
cassette (see also Example 13, Fig. 22 for such a
construct) . This construct was further modified by
placing an SV40-dhfr cassette (a mouse dhfr gene under
control of an SV4 0 promoter) between the HC and LC
cassettes, upstream of the second STAR67 (Fig. 45) .
CHO-Kl cells were transfected. Selection was done with
100 mg/ml Zeocin and 10 mg/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. A s
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
culturemedium of CHO-Kl colonies created with the
selection system of the invention can result in
enhanced protein expression. Hence, STAR elements and
the selection method of the invention can be combined
with and are compatible with MTX-induced enhancement
of protein expression levels . Example 24 : TTG-Zeo
selection operates in the context of different
promoters We analyzed d2EGFP expression levels in the
context of the TTG Zeo selection marker and different
promoters. We compared the action of STAR elements in
the context of the CMV enhancer/promoter, the SV4 0
enhancer/promoter and the CMV enhancer/ b-actin
promoter. Results In Fig. 46 we indicate the promoters
we tested in the context of the TTG Zeo selection
marker. The tested plasmids consisted of the indicated
control constructs 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-Kl cell and
selection was performed with 200 mg/ml Zeocin in the
culture medium. Up to 23 independent colonies were
isolated and propagated before analysis of d2EGFP
expression levels. A s shown in Fig. 46, incorporation
of STAR elements in constructs with the CMV
enhancer/promoter, the SV4 0 enhancer/promoter or the
CMV enhancer/ b-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
thecontext of different promoters. Further analysis
showed 



that the mean of CMV-driven d2EGFP values was
significantly higher than the mean of SV40-driven
d2EGFP values (p<0.05) . In contrast, the mean of
CMV-driven d2EGFP values did not significantly differ
from CMV/b actin-driven d2EGFP values (p=0.2). Example
25 : Comparison of different STAR elements in the
TTG-Zeo selection system. We analyzed d2EGFP
expression levels in the context of the CMV
promoter-TTG Zeo selection marker and 53 different
STAR elements, to obtain more insight in which STAR
elements give the best results in this context.
Results We cloned 53 STAR elements up-and downstream
of the CMV promoter-TTG Zeo-d2EGFP cassette. The
following STAR elements were tested in such
constructs: STAR2-12, 14, 15, 17-20, 26-34, 36, 37,
39, 40, 42-49, 51, 52, 54, 55, 57-62, 64, 65, 67. The
constructs were transfected to CHO-Kl cells and
selection was performed with 200 mg/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 thanfor the control.
It should be noted that some STAR elements may act in
a more cell type specific manner and 



that it is well possible that STAR 14, 18 and 55 work
better in other cell types, with other promoters,
other selection markers, or in different context or
configuration than in the particular set of conditions
tested here. Addition of 10 STAR elements, namely STAR
elements 7 , 9 , 17, 27, 29, 43, 44, 45, 47 and 61,
induced average d2EGFP expression levels higher than 5
times the average d2EGFP expression level of the
control. We retransformed the control and 7 constructs
with STAR elements and repeated the experiment. The
results are shown in Fig. 47. Incorporation of STAR
elements in the constructs resulted in different
degrees of enhanced d2EGFP expression, as compared to
the control (Fig. 47) . The average d2EGFP expression
level in colonies transfected with the control
construct was 29. The averages from d2EGFP expression
levels in colonies with the 7 different STAR
constructs ranged between 151 (STAR 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
inventionDNA elements such as the HS4 hypersensitive
site in the locus control region of the chicken
b-globin locus (Chung et al, 1997), matrix attachment
regions (MAR) (Stief et 



al, 1989) and a ubiquitous chromatin opening element
(UCOE) (Williams et al, 2005) have been reported to
have beneficial effects on gene expression when these
DNA elements are incorporated in a vector. We combined
these DNA elements with the selection system of the
invention. Results The 1.25 kb HS4 element was cloned
into the cassette encompassing the CMV promoter, TTG
Zeo and d2EGFP by a three way ligation step to obtain
a construct with a tandem of 2 HS4 elements (Chung et
al, 1997) . This step was done both for the 5 ' and 3
' of the cassette encompassing the CMV promoter, TTG
Zeo and d2EGFP. The 2959 bp long chicken lysozyme MAR
(Stief et al, 1989) was cloned 5 ' and 3 ' of the
cassette encompassing the CMV promoter, TTG Zeo and
d2EGFP. The 2614 bp long UCOE (Williams et al, 2005)
was a Notl- Kpnl fragment, excised from a human BAC
clone (RPlI- 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-Kl cells.
Selection was performed by 200 mg/ml Zeocin in the
culture medium. Colonies were isolated, propagated and
d2EGFP expression levels were measured. A s 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 didnot
result in the formation of colonies that displayed
higher d2EGFP expression levels, in comparison with
the control colonies. In contrast, incorporation of
the 



lysozyme MAR resulted in the formation of colonies
that expressed d2EGFP significantly higher. The mean
expression level induced by MAR containing constructs
was four-fold higher than in the control colonies.
Best results were obtained, however, by incorporating
STAR 7 and 67 in the construct. An almost ten-fold
increase in the mean d2EGFP expression level was
observed, as compared to the control colonies . We
conclude that other chromatin control DNA elements
such as MARs can be used in the context of the
selection system of the invention. However, the best
results were obtained when STAR elements were used as
chromatin control elements . DESCRIPTION OF FIGURES
Fig. 1 . Schematic diagram of transcription units
without and with STAR elements . A ) bicistronic gene
containing (from 5 ' to 3 ' ) a transgene (encoding
for example the d2EGFP gene) , an IRES, and a
selectable marker (zeo, conferring zeocin resistance)
under control of the CMV promoter. The expression unit
has the SV40 transcriptional terminator at its 3 ' end
(t) . The name of the construct is CMVd2EGFP- 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-STAR67) . C ) construct as in B , but upstream
and downstream STAR7 elements are cloned to flank the
entire construct. The name of the construct is
STAR7-STAR67-CMV-d2EGFP-ires- Zeo-STAR7 (CMV-STAR67
7/7)Fig. 2 . STAR67 improves CMV driven d2EGFP
expression in CHO cells. The mean of the d2EGFP signal
for 10 independent stable 



colonies is plotted for the indicated constructs in
CHO cells. A ) CMV Control; B ) STAR67-CMV. X(IO):
average d2EGFP expression levels of the 10 colonies.
See example 2 for details. Fig. 3 . STAR67 improves
EFlOC driven d2EGFP expression in CHO cells. Same as
Fig. 2 , but now with EFl a promoter. A ) EFlOC
Control; B ) STAR67- EFl a . Fig. 4 . STAR67 improves
UB6 driven d2EGFP expression in CHO cells. Same as
Figs. 2 and 3 , but now with UB6 promoter. A ) UB6
Control; B ) STAR67-UB6. Fig. 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 EFl a driven
d2EGFP expression in PER.C6 cells. Same as Fig. 3 ,
but now in PER.C6 cells. A ) EFl a Control; B )
STAR67- EFl a . Fig. 7 . STAR67 improves UB6 driven
d2EGFP expression in PER.C6 cells. Same as Fig. 4 ,
but now in PER.C6 cells. A ) UB6 Control; B )
STAR67-UB6. Fig. 8 . STAR67 improves SV40 driven
d2EGFP expression in CHO-Kl 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 stablecolonies 60 days
after transfection. A ) SV40 Control, SV40-STAR67,
SV40-STAR7/7 ; B ) SV40 Control and SV40- STAR67 7/7.
See example 4 for details. Fig. 9 . STAR67 improves
UB6 driven expression levels of the EpCAM antibody in
CHO-Kl cells. See example 5 for details. A )
constructs without STAR elements; B ) constructs with
STAR67 upstream of promoter and flanking STAR7
elements. The anti-EpCAM antibody concentration is 



presented as pg/cell/day. X(18): average production
level of the 18 colonies. Fig. 10. STAR67 is not an
enhancer blocker, whereas STAR 6 and 7 are. See
example 6 for details. Fig. 11. STAR67 enhances UB6
and CMV-driven antibody expression levels in stably
transfected CHO cells. See example 7 for details. A )
single DNA molecule containing anti-EpCAM heavy chain
(HC) and light chain (LC) , each 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 STAR67 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;this
mutant is a functional zeocin resistance gene. C .
same as B , but comprising a mutated translation
initiation site, wherein the context of the ATG
startcodon has been mutated to decrease the
translation initiation. D . same as B , but comprising
a mutated startcodon (GTG) . E . same as B , but with
a TTG startcodon. The numbers under the figures C-E
schematically indicate a relative amount of initiation
frequency (under the startcodon) and scan-through'
frequency (under the coding sequence) by the
ribosomes, 



but only in a semi-quantitative manner, i.e. they
indicate the efficiency of translation initiation
compared to each other, but the qualitative numbers
may differ completely: the numbers only serve to
explain the invention. See example 8 for details. Fig.
13. Schematic representation of a multicistronic
transcription unit according to the invention, with
more or less reciprocal interdependent translation
efficiency. 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 forindependent colonies is
shown on the vertical axis. See example 9 for details.
Fig. 15. Results of selection system according to the
invention in upscaled experiment (A) , and comparison
with selection system according to prior art using an
IRES (B) . d2EGFP signal for independent colonies is
shown on the vertical axis. See example 10 for
details. Fig. 16. Results of selection system with
multicistronic transcription unit according to the
invention, using blasticidin as a selectable marker. A
. blasticidin 



resistance gene mutated to comprise a GTG startcodon.
B . blasticidin resistance gene mutated to comprise a
TTG startcodon. The blasticidin resistance gene has
further been mutated to remove all internal ATG
sequences . d2EGFP signal for independent colonies is
shown on the vertical axis. See example 11 for
details. 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 mg/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. A
s Fig. 17, but zeocin concentration was lowered to 20
mg/ml after establishment of clones. Fig. 19. A s Fig.
17, but zeocin was absent from culture medium after
establishment of clones.Fig. 20. Expression of an
antibody (anti-EpCAM) using the selection system with
the multicistronic transcription unit according to the
invention. The heavy chain (HC) and light chain (LC)
are the polypeptide of interest in this example. Each
of these is present in a separate transcription unit,
which are both on a single nucleic acid molecule in
this example. The HC is preceded by the zeocin
resistance gene coding for a selectable marker
polypeptide, while the LC is preceded by the
blasticidin resistance gene coding for a selectable
marker polypeptide. Both resistance genes have been
mutated to comprise an ATG startcodon in a non-optimal
context ("mutATG" in Figure, but including a spacer
sequence, and hence in the text generally referred to
as "ATGmut/space") . Each of the multicistronic
transcription 



units is under control of a CMV promoter. Constructs
with STAR sequences as indicated were compared to
constructs without STAR sequences. The antibody levels
obtained when these constructs were introduced into
host cells are given on the vertical axis in
pg/cell/day for various independent clones. See
example 13 for details. Fig. 21. A s Fig. 20, but both
the selection marker genes have been provided with a
GTG startcodon. See example 13 for details. Fig. 22. A
s 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 wheresub-cloned in medium containing no
zeocin) . See example 12 for details. Fig. 24.
Copy-number dependency of expression levels of an
embodiment of the invention. See example 12 for
details . Fig. 25. A s Fig. 12, but for the
blasticidin resistance gene. None of the 4 internal
ATG' s in this gene are in frame coding for a
methionine, and therefore the redundancy of the
genetic code was used to mutate these ATG' s without
mutating the internal amino acid sequence of the
encoded protein. Fig. 26. Coding sequence of the
wild-type zeocin resistance gene (SEQ. ID. NO. 108).
Bold ATG' s code for methione. The first bold ATG is
the startcodon. Fig. 27. Coding sequence of the
wild-type blasticidin 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.Fig. 30.
Coding sequence of the wild-type hygromycin resistance
gene (SEQ. ID. NO. 116). 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. 31. Coding sequence of the
wild-type neomycin resistance gene (SEQ. ID. NO. 118).
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. 32.
Coding sequence of the wild-type human glutamine
synthase (GS) gene (SEQ. ID. NO. 120). Bold ATG' s
code for methione. The first bold ATG is the
startcodon. Other ATG' s in the sequence are
underlined: these internal 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 7/67/7at the end of
the construct name indicates the presence of STAR
sequences 7 and 67 upstream of the promoter and STAR7
downstream of the transcription termination site) ,
and schematically depicted above the graph; vertical
axis indicates d2EGFP signal. Fig. 35. Schematic
representation of some further modified zeocin
resistance selection marker genes with a TTG
startcodon according to the invention, allowing for
further fine-tuning of the selection stringency. See
example 15 for details. Fig. 36. Results with
expression systems containing the further modified
zeocin resistance selection marker genes. See example
15 for details. Dots indicate individual data points;
lines indicate the average expression levels; used
constructs are indicated on the horizontal axis, and
schematically depicted above the graph; vertical axis
indicates d2EGFP signal. Fig. 37. A s 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.Fig. 39. A s Fig. 12, but for the
neomycin resistance gene. See Example 17 for details.
A . wild-type neomycin resistance gene; ATG sequences
are indicated, ATGs coding for methionine are
indicated by Met above the ATG. B . neomycin
resistance gene without ATG sequences, and with a GTG
startcodon. C . neomycin resistance gene without ATG
sequences, and with a TTG startcodon. Fig. 40. A s
Fig. 12, but for the dhfr gene. See Example 18 for
details. A . wild-type dhfr gene; ATG sequences are
indicated, ATGs coding for methionine are indicated by
Met above the ATG. B . dhfr gene without ATG
sequences, and with a GTG startcodon. C . dhfr gene
without ATG sequences, and with a TTG startcodon. Fig.
41. Results with expression constructs (zeocin
selectable marker) according to the invention in
PER.C6 cells. See Example 20 for details. Dots
indicate individual data points; lines indicate the
average 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.
Dotsindicate 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. 44. Copy-number dependency of
expression of an antibody using transcription units
according to the invention. See Example 22 for
details. Fig. 45. Antibody expression from colonies
containing expression constructs according to the
invention, wherein the copy number of the expression
constructs is amplified by methotrexate. See Example
23 for details. White bars: selection with zeocin and
blasticidin; black bars: selection with zeocin,
blasticidin and methotrexate (MTX) . Numbers of tested
colonies are depicted on the horizontal axis. Fig. 46.
Results with different promoters. See Example 24 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 datapoints; lines indicate the
average expression levels; used constructs are
indicated on the horizontal axis, and 



schematically depicted above the graph (black
triangles indicate different tested chromatin control
elements); vertical axis indicates d2EGFP signal.
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officerClaims 1 . A DNA molecule comprising a
multicistronic transcription unit coding for i ) a
selectable marker polypeptide functional in a
eukaryotic host cell, and for ii) a polypeptide of
interest, the polypeptide of interest having a
translation initiation sequence 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 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. 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 fortranslation initiation; b ) a
GTG startcodon; c ) a TTG startcodon; d ) a CTG
startcodon; e ) an ATT startcodon; and f ) an ACG
startcodon. 5 . A DNA molecule according to claim 3 ,
wherein the resulting translation start sequence in
the coding strand for the selectable marker
polypeptide comprises a GTG startcodon or a TTG
startcodon. 6 . A DNA molecule according to any one of
the preceding claims, wherein the sequence encoding
the selectable marker polypeptide has no ATG sequence
in the coding strand following the startcodon of the
selectable marker polypeptide up to the startcodon of
the polypeptide of interest. 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 growthinhibitory effects of a selection
agent. 9 . A DNA molecule according to claim 8 ,
wherein said 



selection agent is an antibiotic.10. A DNA molecule
according to claim 8 or claim 9 , wherein said
selection agent is chosen from the group consisting
of: zeocin, puromycin, blasticidin, hygromycin,
neomycin, methotrexate, methionine sulphoximine and
kanamycin. 11. A DNA molecule according to claim 10,
wherein the selection agent is zeocin. 12 . A DNA
molecule according to claim 10, wherein the selection
agent is blasticidin. 13. A DNA molecule according to
claim 10, wherein the selection agent is puromycin.
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.18. A DNA molecule
according to any one of the preceding claims, wherein
the coding sequence of the polypeptide of interest
comprises an optimal translation start sequence. 19.
An expression cassette comprising a DNA molecule
according to any one of the preceding claims, said 



expression cassette further comprising a promoter
upstream of said multicistronic expression unit and
being functional in a eukaryotic host cell for
initiating transcription of the multicistronic
expression unit, and said expression cassette further
comprising a transcription termination sequence
downstream of the multicistronic expression unit. 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 antirepressor
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 throughSEQ. ID. NO. 66,
wherein said fragments have antirepressor 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 ) . 23. An
expression cassette according to claim 22, wherein
said expression cassette comprises one of: 



a ) SEQ. ID. NO. 66, b ) a fragment of a ) having
anti-repressor activity; c ) a sequence that is at
least 70% identical in nucleotide sequence to a ) or b
) wherein said sequence has anti-repressor activity,
wherein a ) , b ) or c ) is 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 - antirepressor sequence B -
promoter - multicistronic gene encoding the functional
selectable marker protein and downstream thereof the
polypeptide of interest - transcription termination
sequence - anti-repressor sequence C - 3 ' , wherein
anti-repressor sequences A and C may be the same or
different and are chosen from the group consisting of:
a ) any one of SEQ. ID. NO. 1 through SEQ. ID. NO.65;
b ) fragments of any one of the sequences of a ) ,
said fragments having anti-repressor activity; c )
sequences that are at least 70% identical in
nucleotide sequence to a ) or b ) wherein said
sequences have anti-repressor activity, and wherein
anti-repressor sequence B is chosen from the group
consisting of: i ) SEQ. ID. NO. 66, 



ii) a fragment of i ) having anti-repressor activity;
and iii) a sequence that is at least 70% identical in
nucleotide sequence to i ) or ii) wherein said
sequence has anti-repressor 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.29. An expression cassette
according to any one of claims 19-28, further
comprising: a ) a transcription pause (TRAP) sequence
upstream of said promoter and being in a 5 ' to 3 '
direction; or b ) a TRAP sequence downstream of said
transcription termination sequence and being in a 3 '
to 5 ' orientation; or c ) both a ) and b ) ; wherein
a TRAP sequence is a sequence which when placed into a
transcription unit, results in a reduced level of
transcription in the nucleic acid 



present on the 3 ' side of the TRAP when compared to
the level of transcription observed in the nucleic
acid on the 5 ' side of the TRAP. 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:
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 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
.33. A host cell according to claim 32, which is a
eukaryotic host cell. 34. A host cell according to
claim 33, which is a mammalian host cell. 35. A host
cell according to claim 34, being a Chinese Hamster
Ovary (CHO) cell. 36. A method for generating a host
cell expressing a polypeptide of interest, the method
comprising the steps of: a ) introducing into a
plurality of precursor cells a DNA molecule according
to any one of claims 1-18 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 toany one of claims 1-31. 40. 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. Ill) . 




