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VECTOR The present invention pertains to a mammalian
expression vector for expressing a polypeptide of
interest as well as to methods for expressing a
polypeptide of interest in a mammalian host cell by
using a respective vector and host cells comprising
said vector. The ability to clone and express
recombinant peptides and proteins in large amounts has
become increasingly important in the recent years. The
ability to purify high levels of proteins is important
in the human pharmaceutical and biotechnological
field, for example for producing protein
pharmaceuticals as well as in the basic research
setting, for example for crystallizing proteins to
allow the determination of the three dimensional
structure. Proteins that are otherwise difficult to
obtain in quantity can be over-expressed in a host
cell and subsequently isolated and purified. The
choice of an expression system for the production of
recombinant proteins depends on many factors,
including cell growth characteristics, expression
levels, intracellular and extracellular expression,
post-translational modifications and biological
activity of the protein of interest, as well as
regulatory issues and economic considerations in the
production of therapeutic proteins. Key advantages of
mammalian cells over other expression systems such as
bacteria or yeast are the ability to carry out proper
protein folding, complex N-linked glycosylation and
authentic 0-linked glycosylation, as well as a broad
spectrum of other post-translational modifications.
Due to the described advantages, mammalian cells are
currently the expression system of choice for
producing complex therapeutic proteins such as
monoclonal antibodies. The first step in generating a
recombinant cell line is the construction of an
expression vector. The expression vector is the key
element for driving the expression of the heterologous
gene in the host cell and for providing selection
markers for generating the recombinant cell line. The
essential elements of mammalian expression vectors
usually include a constitutive or inducible promoter
capable of robust transcriptional activity; optimized
nnRNA processing and translational signals that
usually include a Kozak sequence, a translation
termination codon, mRNA cleavage and polyadenylation
signals, as well as mRNA splicing signals; a
transcription terminator; selection markers for the
preparation of stable cell lines and for gene
amplification; a prokaryotic origin of replication and
selection markers for vector propagation in bacteria.
In recent years the focus of development was
concentrating on the design of improved vectors for
gene expression in mammalian cells. In spite of the
plethora of available vectors, however, robust
polypeptide/protein production in mammalian cells is
still challenging. Several factors can influence
recombinant expression in mammalian cells, including
promoter strength, the context of the 5' untranslated
and the translation initiation region, the efficiency
of the 3' untranslated region, to polyadenylate and
terminate transcription, the  WO
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randomly integrated recombinant gene in the host
chromosome, and the number of integrated copies of the
gene that is being expressed. Increases in gene copy
number are most commonly achieved by gene
amplification using cells lines deficient in an enzyme
such as dihydrofolate reductase (DHFR) or glutamine
synthetase (GS) in conjunction with expression vectors
containing genes encoding these enzymes and agents
such as methotrexate (MTX), which inhibits DHFR, and
methionine sulfoxamine (MSX) which inhibits GS. Using
expression vectors containing the recombinant gene
under control of a strong promoter and genes encoding
DHFR or GS, DHFR+ or GS+ transfectants, respectively,
are first obtained and gene amplification is then
achieved by growing the transfectants in progressively
increasing concentrations of MTX or MSX. It is the
object of the present invention, to provide an
improved expression vector as well as an expression
system for expressing a polypeptide of interest in a
mammalian cell. Accordingly, a vector nucleic acid for
expressing at least one polypeptide of interest in a
mammalian cell is provided, comprising (a) at least
one expression cassette (P01) for expressing a
polypeptide of interest; (b) an expression cassette
(MSM) comprising a mammalian selectable marker gene;
(c) an expression cassette (MASM) comprising a
mammalian amplifiable, selectable marker gene; wherein
the expression cassette (P01) is flanked 5' by the
expression cassette (MASM), the expression cassette
(MSM) is located 3' from the expression cassette (P01)
and wherein the expression cassettes (MASM), (P01) and
(MSM) are arranged in the same 5' to 3' orientation. A
"vector nucleic acid" according to the present
invention is a polynucleotide that carries at least
one foreign nucleic acid fragment. A vector nucleic
acid functions like a "molecular carrier", delivering
fragments of nucleic acids respectively
polynucleotides into a host cell. It comprises at
least one expression cassette comprising regulatory
and coding sequences. An expression cassette allows
the proper expression of an incorporated
polynucleotide. The expression cassettes decisive for
the present invention will be subsequently described
in further detail. Foreign polynucleotides e.g.
encoding the polypeptide of interest may be inserted
into the expression cassettes of the vector nucleic
acid in order to be expressed. The vector nucleic acid
according to the present invention may be present in
circular or linearized form. Said site may e.g. be a
multiple cloning site (MCS).  
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interest or comprises a site suitable for inserting a
respective polynucleotide encoding the polypeptide of
interest. A "polypeptide" refers to a molecule
comprising a polymer of amino acids linked together by
a peptide bond(s). Polypeptides include polypeptides
of any length, including proteins (for example, having
more than 50 amino acids) and peptides (for example,
having 2 - 49 amino acids). Polypeptides include
proteins and/or peptides of any activity or
bioactivity. Suitable examples are outlined below. The
expression cassette (MSM) defines the expression
cassette comprising a mammalian selectable marker
gene. Mammalian selectable marker genes allow the
selection of mammalian host cells comprising said
genes and thus of mammalian host cells comprising the
vector. Suitable examples are described in detail
below. The expression cassette (MASM) defines the
expression cassette comprising a mammalian
amplifiable, selectable marker gene. Mammalian,
amplifiable, selectable marker genes allow selection
of vector-containing mammalian host cells as well as
gene amplification. Suitable examples are described in
detail below. The terms "5'" and "3' " is a convention
used to describe features of a nucleic acid sequence
related to either the position of genetic elements
and/or the direction of events (5' to 3'), such as
e.g. transcription by RNA polymerase or translation by
the ribosome which proceeds in 5' to 3' direction.
Synonyms are upstream (5') and downstream (3').
Conventionally, DNA sequences, gene maps, vector cards
and RNA sequences are drawn with 5' to 3' from left to
right or the 5' to 3' direction is indicated with
arrows, wherein the arrowhead points in the 3'
direction. Accordingly, 5' (upstream) indicates
genetic elements positioned towards the left hand
side, and 3' (downstream) indicates genetic elements
positioned towards the right hand side, when following
this convention. The arrangement and orientation of
the expression cassettes present in the vector of the
invention is important. According to the teachings of
the present invention, the expression cassette (P01)
is flanked 5' by the expression cassette (MASM).
Accordingly, the expression cassette (MASM) is located
5' adjacent to the expression cassette (P01) and in
close proximity thereto. Of course, vector backbone
sequences may separate the expression cassettes (MASM)
and (P01). However, preferably, no other expression
cassette is located between the expression cassette
(MASM) and the expression cassette (P01). The
expression cassette (MSM) is located 3' from the
expression cassette (P01). Further expression
cassettes may be inserted between the expression
cassettes (P01) and (MSM), such as e.g. an additional
expression cassette (P01') for expressing an
additional polypeptide of interest (described in
further detail below). The expression cassettes
(MASM), (P01) and (MSM) are all arranged in the same
5' to 3' orientation. The inventors found, that  WO
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nucleic acid configuration allows the fast generation
of high yielding cell lines. According to one
alternative, the expression cassette (P01) does not
comprise the polynucleotide encoding the polypeptide
of interest. Thus, an expression vector with an
"empty" expression cassette (P01) is provided.
However, said polynucleotide encoding the polypeptide
of interest can be incorporated into the expression
cassette (P01) by using appropriate cloning methods,
for example by using restriction enzymes in order to
insert the polynucleotide encoding the polypeptide of
interest into the expression cassette (P01). For this
purpose the expression cassette (P01) may comprise
e.g. a multiple cloning site (MCS) which can e.g. be
used in all reading frames. Suitable MCS sites are
described in detail below. A respective "empty" vector
nucleic acid can e.g. be provided to customers, which
then insert their specific polynucleotide of interest
to be expressed into the expression cassette (P01).
The expression cassette (P01) may also comprise a
replacement polynucleotide or a stuffer nucleic acid
sequence, which can be excised and replaced by the
polynucleotide encoding the polypeptide of interest.
The present invention also provides a vector nucleic
acid as described above, comprising an expression
cassette (P01) comprising the polynucleotide encoding
the polypeptide of interest. This embodiment pertains
basically to the final expression vector nucleic acid
that is transfected for expression into the host cell.
A polynucleotide is a polymer of nucleotides which are
usually linked from one deoxyribose or ribose to
another. The term "polynucleotide" does not comprise
any size restrictions and also encompasses
polynucleotides comprising modifications, in
particular modified nucleotides. According to one
embodiment, the vector nucleic acid is circular and
the expression cassette (MSM) is arranged 3' of the
expression cassette (P01) and the expression cassette
(MASM) is arranged 3' of the expression cassette
(MSM). As an alternative description of a circular
vector according to the teachings of the present
invention is a circular vector nucleic acid for
expressing at least one polypeptide of interest in a
mammalian cell, comprising (a) at least one expression
cassette (P01) for expressing a polypeptide of
interest; (b) an expression cassette (MSM) comprising
a mammalian selectable marker gene; (c) an expression
cassette (MASM) comprising a mammalian amplifiable,
selectable marker gene; wherein the expression
cassette (MSM) is arranged 3' of the expression
cassette (P01) and the expression cassette (MASM) is
arranged 3' of the expression cassette (MSM) and
wherein the expression cassettes (MASM), (P01) and
(MSM) are arranged in the same 5' to 3' orientation.  
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acid can be transfected into the host cell in its
circular form. Supercoiled vector molecules usually
will be converted into linear molecules within the
nucleus due to the activity of endo- and exonucleases.
However, linearization of the vector nucleic acid
before transfection often improves the efficiency of a
stable transfection. This also as the point of
linearization may be controlled if the vector is
linearized prior to transfection. Hence, according to
one embodiment of the present invention the expression
vector comprises a predefined restriction site, which
can be used for linearization of the vector nucleic
acid prior to transfection. Intelligent placement of
said linearization restriction site is important,
because said restriction site determines where the
vector nucleic acid is opened/linearized and thus
determines the order/arrangement of the expression
cassettes when the construct is integrated into the
genome of the mammalian cell. Accordingly, the vector
nucleic acid may comprise a linearization restriction
site for linearizing the vector, wherein said
linearization restriction site is located between the
expression cassettes (MSM) and (MASM). Preferably,
said linearization restriction site is unique and is
only once present in the expression vector nucleic
acid. E.g. a linearization restriction site can be
used that is recognized by a restriction enzyme having
a low cutting frequency in order to patronize that the
vector is only cleaved at the linearization
restriction site but not (or only rarely) e.g. within
the expression cassette(s) or the vector backbone.
This can e.g. be encouraged by providing a restriction
site for a restriction enzyme having a recognition
sequence of more than six base pairs or which
recognizes sequences that are under-represented in
chromosomal DNA. A suitable example is the Swal enzyme
and the vector may therefore incorporate a Swal
recognition site as unique linearization restriction
site. In case said linearization restriction site is
present more than once in the vector nucleic acid
sequence (including the polynucleotides encoding the
polypeptide of interest), or in case a restriction
enzyme is used which cuts several times in the vector
nucleic acid sequence, it is also within the scope of
the present invention to e.g. alter/mutate the
restriction sites besides the linearization
restriction site which is located between the
expression cassettes (MSM) and (MASM), in order to
eliminate those additional restriction sites and to
obtain a unique or at least rare linearization
restriction site. In case the vector is used as a
standard expression vector intended e.g. as a tool for
the expression of several different polypeptides, it
is advantageous to provide a linearization restriction
site comprising multiple recognition sites for enzymes
having a low cutting frequency. The restriction
enzymes chosen for linearization should preferably not
cut within the expression cassettes for the selectable
markers or other vector backbone sequences in order to
ensure that the enzyme cuts only once for proper
linearization of the vector. By providing a
linearization restriction site comprising multiple
recognition sites for restriction enzymes having a low
cutting frequency, the user may chose a suitable
restriction enzyme for linearization from the provided
options in order to securely avoid restriction within
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encoding the polypeptide of interest. However, as is
outlined above, additional restriction sites may be
mutated or a partial restriction digest could be
performed. Placing the linearization restriction site
between the expression cassette (MSM) and the
expression cassette (MASM) has the effect that the
expression cassette (P01) (and further expression
cassettes for expressing the polypeptides of interest
- if present) is flanked 5' by the expression cassette
(MASM). The expression cassette (MSM) is located 3' of
the expression cassette (P01) upon linearization.
Thereby, the expression cassettes (MSM) and (MASM) are
separated upon linearization of the circular vector
nucleic acid. If an expression cassette (PSM) for a
bacterial selection marker is present (see below), the
linearization restriction site is preferably placed
between the expression cassettes (PSM) and (MASM).
This has the effect that the bacterial selection
marker gene is 3' and thus "outside" of the
"mammalian" parts of the linearized vector nucleic
acid. This arrangement is favorable since bacterial
genes are presumably not advantageous for mammalian
expression as bacterial sequences may lead to
increased methylation or other silencing effects in
the mammalian cells. Non-limiting examples for
mammalian selectable marker genes that can be
comprised in the expression cassette (MSM) include
antibiotic resistance genes e.g. conferring resistance
to G418; hygromycin (hyg or hph, commercially
available from Life Technologies, Inc. Gaithesboro,
Md.); neomycin (neo, commercially available from Life
Technologies, Inc. Gaithesboro, Md.); zeocin (Sh Ble,
commercially available from Pharmingen, San Diego
Calif.); puromycin (pac,
puromycin-N-acetyl-transferase, available from
Clontech, Palo Alto Calif.), ouabain (oua, available
from Pharmingen) and blasticidin (available from
Invitrogen). Respective mammalian selectable marker
genes are well known and allow the selection of
mammalian host cells comprising said genes and thus of
host cells comprising the vector. The term "gene" as
used herein also refers to a natural or synthetic
polynucleotide encoding a functional variant of the
selectable marker providing the intended resistance.
Hence, also truncated or mutated versions of a wild
type gene or synthetic polynucleotides are encompassed
as long as they provide the intended resistance.
According to a preferred embodiment, said expression
cassette (MSM) comprises a gene encoding an
enzymatically functional neomycin phosphotransferase
(I or II). This embodiment works well in combination
with the use of a gene encoding an enzymatically
functional DHFR as an amplifiable selectable marker
gene. Amplifiable, selectable mammalian marker genes
allow selection of vector-containing mammalian host
cells as well as gene amplification. A non-limiting
example for an amplifiable, selectable mammalian
marker gene is the dihydrofolate reductase (DHFR)
gene. Other systems currently in use are among others
the glutamine synthetase (gs) system (Bebbington et
al., 1992) and the histidinol driven selection system
(Hartmann and Mulligan, 1988). These amplifiable
markers are also selectable markers and can thus be
used to  WO 2009/080720PCT/EP2008/067947 select those
cells that obtained the vector. DHFR and glutamine
synthetase provide good results. In both cases
selection usually occurs in the absence of the
appropriate metabolite (hypoxanthine and thymidine in
case of DHFR, glutamine in the case of GS), preventing
growth of non-transformed cells. With amplifiable
systems such as the DHFR system, expression of a
recombinant protein can be increased by exposing the
cells to certain agents promoting gene amplification
such as antifolates (e.g. methotrexate (MTX)) in case
of the DHFR system. A suitable inhibitor for GS
promoting gene amplification is methionine
sulphoximine (MSX). Exposure to MSX also results in
gene amplification. According to one embodiment, said
expression cassette (MASM) comprises a gene encoding
an enzymatically functional glutamine synthetase (GS)
or a dihydrofolate reductase (DHFR). According to one
embodiment, said expression cassette (MSM) comprises a
gene encoding an enzymatically functional neomycin
phosphotransferase and said expression cassette (MASM)
comprises a gene encoding an enzymatically functional
dihydrofolate reductase (DHFR). The vector may
comprise at least one additional expression cassette
(P01') for expressing an additional polypeptide of
interest. Said additional expression cassette (P01')
is located between the expression cassette (P01) and
the expression cassette (MSM). Said expression
cassette (P01') is arranged in the same 5' to 3'
orientation as the expression cassettes (P01) and
(MSM). According to one embodiment, it comprises the
polynucleotide encoding the additional polypeptide of
interest. Accordingly, the vector nucleic acid
according to the present invention can comprise more
than one expression cassette for expressing
polypeptides of interest. Therefore, it is also
possible that several expression cassettes ((P01),
(P01'), (P01") etc.) for expressing different
polypeptides of interest are arranged in the
expression vector nucleic acid according to the
present invention. These expression cassettes are
flanked 5' by the expression cassette (MASM) and 3' by
the expression cassette (MSM). Hence, the present
invention also provides a vector nucleic acid
comprising more than one expression cassette encoding
e.g. subunits of dimeric or higher order multimeric
proteins. Expression cassettes encoding different
subunits of a multimeric protein, each incorporated in
a different expression cassette can be placed adjacent
to each other. For multimeric proteins encoded by at
least two distinct genes (for instance, immunoglobulin
light and heavy chains or functional fragments thereof
such as at least the variable regions of the
immunoglobulin light and heavy chains), the
polynucleotides encoding the desired subunits of the
polypeptide of interest are inserted in the expression
cassettes (P01) and (P01'). A respective embodiment
using at least two expression cassettes (P01) and
(P01') for expressing polypeptides of interest is
particularly advantageous for expressing
immunoglobulin molecules such as antibodies or
functional fragments thereof. Accordingly, a vector
nucleic acid is provided for expressing an
immunoglobulin molecule comprising in each expression
cassette (P01) and 
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polynucleotide encoding either a light or a heavy
chain of an immunoglobulin molecule or fragments
thereof, wherein each expression cassette (P01) and
(P01') comprises one of said polynucleotides.
Accordingly, the expression cassette (P01) can either
comprise the polynucleotide for expressing the light
chain, or the polynucleotide for expressing the heavy
chain of the immunoglobulin molecule. According to one
preferred embodiment, the expression cassette (P01)
comprises the polynucleotide encoding at least part of
the light chain of said immunoglobulin molecule or a /
functional fragment thereof and the expression
cassette (P01') comprises a polynucleotide encoding at
least part of the heavy chain of said immunoglobulin
molecule or a functional fragment thereof. To arrange
the expression cassette for the light chain 5' to the
expression cassette of the heavy chain proved to be
beneficial regarding the expression rate of the
immunoglobulin molecules. According to one embodiment,
the expression vector nucleic acid is designed such,
that the expression cassette(s) already comprises a
polynucleotide encoding at least part of the constant
regions of an immunoglobulin molecule. The
polynucleotide fragments encoding the variable parts
of the immunoglobulin molecules can then be inserted
by the user/customer into the expression cassettes by
using appropriate cloning strategies in order to
obtain the final expression vector. The expression
cassettes present in the expression vector according
to the present invention are designed such that they
allow the expression of the incorporated
polynucleotides/genes in mammalian cells. For this
purpose the expression cassettes usually comprise the
necessary regulatory sequences, such as a promoter
and/or a transcription termination sequence such as a
poly A site. Vectors used for expressing polypeptides
of interest usually contain transcriptional control
elements suitable to drive transcription such as e.g.
promoters, enhancers, polyadenylation signals,
transcription pausing or termination signals as
elements of an expression cassette. For proper
expression of the polypeptides, suitable translational
control elements are preferably included in the
vector, such as e.g. 5' untranslated regions leading
to 5' cap structures suitable for recruiting ribosomes
and stop codons to terminate the translation process.
In particular, the polynucleotide serving as the
selectable marker genes as well as the polynucleotide
encoding the polypeptide of interest can be
transcribed under the control of transcription
elements present in appropriate promoters. The
resultant transcripts of the selectable marker genes
and that of the polypeptide of interest harbour
functional translation elements that facilitate
substantial levels of protein expression (i.e.
translation) and proper translation termination. A
functional expression unit, capable of properly
driving the expression of an incorporated
polynucleotide is also referred to as an "expression
cassette" herein. Preferably, it comprises a 3' UTR
region.  WO 2009/080720PCT/EP2008/067947 Accordingly,
vector nucleic acids are provided wherein the
expression cassettes comprise at least one promoter
and/or promoter/enhancer element. Although the
physical boundaries between these two control elements
are not always clear, the term "promoter" usually
refers to a site on the nucleic acid molecule to which
an RNA polymerase and/or any associated factors binds
and at which transcription is initiated. Enhancers
potentiate promoter activity, temporarily as well as
spatially. Many promoters are transcriptionally active
in a wide range of cell types. Promoters can be
divided in two classes, those that function
constitutively and those that are regulated by
induction or derepression. Promoters used for
high-level production of proteins in mammalian cells
should be strong and preferably active in a wide range
of cell types to permit a qualitative and quantitative
evaluation of the recombinant polypeptide. The
promoter can be selected from the group consisting of
an SV40 promoter, a CMV promoter, an EF1 alpha
promoter, a RSV promoter, a BROAD3 promoter, a murine
rosa 26 promoter, a pCEFL promoter and a 13-actin
promoter. Strong constitutive promoters which drive
expression in many cell types include but are not
limited to the adenovirus major late promoter, the
human cytomegalovirus immediate early promoter, the
5V40 and Rous Sarcoma virus promoter, and the murine
3-phosphoglycerate kinase promoter and EF1 a. Good
results are achieved with the expression vector of the
present invention when the promoter and/or enhancer is
either obtained from CMV and/or SV40. According to one
embodiment, the expression cassette(s) for expressing
the polypeptide(s) of interest comprise(s) a stronger
promoter and/or enhancer than the expression cassettes
for expressing the selectable markers. This
arrangement has the effect that more transcript for
the polypeptide of interest is generated than for the
selection markers. It is advantageous that the
production of the polypeptide of interest which is
secreted is dominant over the production of the
selection markers, since the individual cell capacity
for producing heterologous proteins is not unlimited
and should thus be focused to the polypeptide of
interest. According to one embodiment, the expression
cassettes (P01) and (P01') (if present) which is/are
used for expressing the polypeptide of interest
comprise a CMV promoter/enhancer. Specific examples
are described in detail below. The expression
cassettes (MSM) and (MASM), which preferably express
the DHFR and the neomycin marker genes, comprise a
SV40 promoter or a SV40 promoter/enhancer. The CMV
promoter is known to be one of the strongest promoters
available for mammalian expression and leads to a very
good expression rate. It is considered to give
significantly more transcript than the SV40 promoter.
Furthermore, the expression cassettes may comprise an
appropriate transcription termination site. This, as
continued transcription from an upstream promoter
through a second transcription unit may inhibit the
function of the downstream promoter, a phenomenon
known as promoter occlusion or transcriptional
interference. This event has been described in both
prokaryotes and eukaryotes. The proper placement of
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- termination signals between two transcription units
can prevent promoter occlusion. Transcription
termination sites are well characterized and their
incorporation in expression ' vectors has been shown
to have multiple beneficial effects on gene
expression. Most eukaryotic nascent mRNAs possess a
poly A tail at their 3' end which is added during a
complex process that involves cleavage of the primary
transcript and a coupled polyadenylation reaction. The
polyA tail is advantageous for mRNA stability and
transferability. Hence, the expression cassettes of
the vector according to the present i invention
usually comprise a polyadenylation site. There are
several efficient polyA signals that can be used in
mammalian expression vectors, including those derived
from bovine growth hormone (bgh), mouse beta-globin,
the SV40 early transcription unit and the Herpes
simplex virus thymidine kinase gene. However, also
synthetic polyadenylation sites are known (see e.g.
the pCI-neo expression vector of Promega which is
based on Levitt el al, 1989, Genes Dev. 3, (7):
1019-1025). The polyadenylation site can be selected
from the group consisting of SV4OpolyA site, such as
the SV40 late and early poly-A site (see e.g. plasmid
pSV2-DHFR as described in Subramani et al, 1981,
Mol.Cell. Biol. 854-864), a synthetic polyA site (see
e.g. the pCI-neo expression vector of Promega which is
based on Levitt el al, 1989, Genes Dev. 3, (7):
1019-1025) and a bgh polyA site (bovine growth
hormone). The expression cassettes may comprise an
enhancer (see above) and/or an intron. According to
one embodiment, the expression cassette(s) for
expressing the polypeptide of interest comprise an
intron. Most genes from higher eukaryotes contain
introns which are removed during RNA processing. It is
found, that genomic constructs are expressed more
efficiently in transgenic systems than identical
constructs lacking introns. Usually, introns are
placed at the 5' end of the open reading frame.
Accordingly, an intron may be comprised in the
expression cassette(s) for expressing the
polypeptide(s) of interest in order to increase the
expression rate. Said intron may be located between
the promoter and or promoter/enhancer element(s) and
the 5' end of the open reading frame of the
polypeptide to be expressed. Hence, a vector nucleic
acid is provided, wherein at least the expression
cassette (P01) comprises an intron which is arranged
between the promoter and the start codon of the
polynucleotide for expressing the polypeptide of
interest. Several suitable introns are known in the
state of the art that can be used in conjunction with
the present invention. 



According to one embodiment, the intron used in the
expression cassettes for expressing the polypeptides
of interest, is a synthetic intron such as the SIS or
the RK intron. The RK intron is a strong synthetic
intron which is preferably placed before the ATG
startcodon of the gene of interest. The RK intron
consists of the intron donor splice site of the CMV
promoter and the acceptor splice site of the mouse IgG
Heavy chain variable region (see e.g. Eaton et al.,
WO 2009/080720PCT/EP2008/067947 1986, Biochemistry 25,
8343-8347, Neuberger et al., 1983, EMBO J. 2(8),
1373-1378; it can be obtained from the pRK-5 vector
(BD PharMingen)). Furthermore, it is surprisingly
found that the placement of an intron at the 3' end of
the open reading frame of the DHFR gene has
advantageous effects on the expression/amplification
rate of the construct. The intron used in the DHFR
expression cassette is leading to a smaller, non
functional variant of the DHFR gene (Grillari et al.,
2001, J. Biotechnol. 87, 59- 65). Thereby the
expression level of the DHFR gene is lowered. This
leads to increased sensitivity for MTX and more
stringent selection conditions. Accordingly, a vector
nucleic acid is provided, wherein the expression
cassette (MASM) comprises an intron which is located
3' of the amplifiable selectable marker gene. A
suitable intron may be obtained from the pSV2-DHFR
vector (see e.g. above). Said vector may comprise at
least one additional expression cassette (PSM)
comprising a prokaryotic selectable marker gene. Said
expression cassette (PSM) is located between the
expression cassettes (MSM) and (MASM). Said selectable
marker may provide a resistance to antibiotics such as
e.g. ampicillin, kanamycin, tetracycline and/or
chloramphenicol. Said expression cassette (PSM) is
preferably arranged in the same 5' to 3' orientation
as the other expression cassettes (P01), (MSM) and
(MASM). The DHFR gene works as a marker and a gene
amplification gene. Selection may occur by culturing
the cells in the absence of the appropriate
metabolites (hypoxanthine and thymidine) thereby
preventing growth of non-transformed cells. With the
DHFR system, expression of the polypeptides of
interest can be increased by exposing the cells to
antifolates such as for example methotrexate (MTX), a
drug that blocks the activity of DHFR. After a certain
time of exposure to MTX the majority of cells die, but
a small number of cells usually survive that
overproduce DHFR. Upon MTX treatment, ramped upwards
in concentration, the surviving cells may frequently
contain up to several hundred to a few thousand copies
of the integrated vector embedded in chromosomes that
are frequently elongated. Most respectively amplified
cells produce more recombinant protein than the
unamplified cells. Several suitable DHFR enzymes and
accordingly genes are known in the prior art that can
be used in conjunction with the present invention. The
DHFR may be a wildtype DHFR or a functional variant or
derivative thereof. The term a "variant" or
"derivative" include DHFR enzymes having one or more
amino acid sequence exchanges (e.g. deletions,
substitutions or additions) with respect to the amino
acid sequence of the respective DHFR enzyme, fusion
proteins comprising a DHFR enzyme or functional
fragment thereof and DHFR enzymes which have been
modified to provide an additional structure and/or
function, as well as functional fragments of the
foregoing, which still have at least one function of a
DHFR enzyme. The DHFR gene is preferably selected from
the group consisting of wildtype DHFR,  WO
2009/080720PCT/EP2008/067947 - 12 - a DHFR variant
having a reduced MTX sensitivity compared to wildtype
DHFR and a DHFR variant having an enhanced MTX
sensitivity compared to wildtype DHFR. According to
one embodiment, the DHFR gene is the wild type DHFR
gene. According to a different embodiment, the DHFR
gene encodes a less functional variant of DHFR. This
leads to an increased sensitivity for MTX and more
stringent selection conditions. This can be achieved
e.g. by placing an intron at the 3' end of the DHFR
gene (see above). A different alternative could rely
on the use of a DHFR mutant/variant having a higher
sensitivity towards MTX than the wildtype DHFR. These
embodiments are particularly beneficial in case the
vector is used in host cells which are DHFR-. In case
one desires to use the DHFR system in host cells
incorporating a copy of the DHFR gene in their own
genome (e.g. CHO DHFR+), it is preferred that a
mutant/variant of the DHFR gene is used, which is less
sensitive towards antifolates such as MTX than the
wildtype DHFR and is thus to a certain extent
antifolate respectively MTX-resistant. E.g. due to
mutations in the gene the sensitivity of the DHFR gene
towards MTX can be significantly reduced so that said
variant can be used at higher antifolate (MTX)
concentrations. Said less antifolate and in particular
MTX sensitive DHFR variant can e.g. possess a reduced
antifolate/MTX binding affinity. Respective DHFR
variants can be used to "overtitrate" endogeneous DHFR
expression in wild type cell lines. Respective
"resistant" or less sensitive DHFR variants are well
known in the prior art. The expression vector can be
selected from the group consisting of (a) a circular
or linear vector nucleic acid comprising the following
genetic elements in the indicated arrangement, wherein
the 5' to 3' direction is indicated by the I. Promoter
of the (MASM) expression cassette (-->) II. Gene
encoding the mammalian amplifiable selectable marker
of the (MASM) expression cassette (->) III. Optionally
an intron of the (MASM) expression cassette (-->) 



IV. PolyA site of the (MASM) expression cassette (->)
V. Promoter of the (P01) expression cassette (-->) VI.
Intron of the (P01) expression cassette (--)) VII.
Polynucleotide encoding a polypeptide of interest,
which is inserted in the (P01) expression cassette
(->) VIII. PolyA site of the (P01) expression cassette
(--->) IX. Promoter of the (P01') expression cassette
(->)  WO 2009/080720PCT/EP2008/067947 - 13 - X. lntron
of the (P01') expression cassette (->) XI.
Polynucleotide encoding an additional polypeptide of
interest, which is inserted in the (P01') expression
cassette (->) XII. PolyA site of the (P01') expression
cassette (-)) XIII. Promoter of the (MSM) expression
cassette (-->) XIV. Gene encoding the mammalian
selectable marker of the (MSM) expression cassette
(-->) XV. PolyA site of the (MSM) expression cassette
(->) XVI. PSM expression cassette (->) or (4-) 



XVII. Linearization restriction site if the vector
nucleic acid is circular; (b) a vector nucleic acid as
shown as Seq. ID No. 1 or Seq. ID No. 16 or a
derivative thereof, comprising the same configuration
respectively arrangement of genetic elements. A
preferred embodiment of variant (a) in its circular
form is shown in Fig. 1 and corresponding Table. 1.
The vector according to the present invention can be
obtained by arranging the expression cassettes in the
proper order and orientation as is described in detail
above. Arrangement of the expression cassettes/genetic
elements can be done by using suitable restriction
enzymes and cloning strategies in order to assemble
the expression vector. Accordingly, also a method for
producing a vector nucleic acid as described above is
provided, wherein said method comprises arranging at
least the following genetic elements (a) at least one
expression cassette (P01) for expressing a polypeptide
of interest; (b) an expression cassette (MSM)
comprising a mammalian selectable marker gene; (c) an
expression cassette (MASM) comprising a mammalian
amplifiable, selectable marker gene; such that the
expression cassette (P01) is flanked 5' by the
expression cassette (MASM), the expression cassette
(MSM) is located 3' from the expression cassette (P01)
and wherein the expression cassettes (MASM), (POI) and
(MSM) are arranged in the same 5' to 3' orientation.
In case a circular vector nucleic acid is produced,
the genetic elements are assembled such that the
expression cassette (MSM) is accordingly located 3' of
the expression cassette (POI) and the expression
cassette (MASM) is located 3' of the expression
cassette (MSM).  WO 2009/080720PCT/EP2008/067947 - 14
- The vector according to the present invention can be
used for expressing the polypeptide of interest in
many different mammalian host cells. The expression
vector of the present invention is usually integrated
into and maintained in the genome. There are two main
formats of host cells, cultures of adherent cells and
suspension cultures. Suspension cultures are
preferred. Most established cell lines maintain their
anchorage-dependent character unless special efforts
are undertaken to adapt them to the suspension growth.
Commercially available media formulations facilitate
the transition. Basically any mammalian host cells can
be used in conjunction with the present invention as
long as they allow the t expression of a polypeptide.
Suitable mammalian host cells for the purposes of the
present invention include but are not limited to cells
derived from mice (e.g. COP, L, C127, Sp210, NS-0,
NS-1, At20 or NIH3T3), rats (PC12, PC12h, GH3, MtT),
hamsters (e.g. BHK, CHO and DHFR gene defective CHO),
monkeys (e.g. COSI , COS3, COS7, CV1 and Vero) and
humans (e.g. Hela, HEK-293, retina-derived PER-C6,
cells derived from diploid fibroblasts, myeloma cells
and HepG2). Preferably, the host cell is a CHO cell.
The vector construction according to the present
invention is particularly suitable for producing
polypeptides in rodent cells such as CHO and DHFR gene
defective CHO cells. Also provided are mammalian host
cells, comprising the expression vector according to
the present invention. Also provided is a stable cell
line, comprising an expression vector according to the
present invention or a segment thereof in the genome.
The segment shall comprise at least the expression
cassettes decisive for the present invention. As the
vector and its characteristics as well as suitable
host cells are described in detail above, we refer to
the above disclosure. Accordingly, also a method for
producing a host cell as described above is provided,
wherein the host cell is transfected with the vector
nucleic acid according to at least one of the claims 1
to 16. There are several appropriate methods known in
the prior art for introducing an expression vector
into a mammalian host cell. Respective methods include
but are not limited to calcium phosphate transfection,
electroporation, lipofection, biolistic- and
polymer-mediated genes transfer. Suitable host cells
are described above. After introduction of the
expression vector nucleic acid into the host cell(s),
the obtained transformants are cultured under
selective conditions suitable for assaying the
expression of the mammalian selectable marker gene
enclosed in the expression cassette (MSM). This means,
that for example when the mammalian selectable marker
gene is an antibiotic resistance gene, transformants
are cultured in a medium containing the corresponding
antibiotic active in mammalian cells and the
transformants which are viable under such conditions
are selected, thus enabling the obtainment of
transformants which express the marker gene and thus
incorporated the vector. Additionally, a second
selection step may be performed by culturing the
transformants in a selection medium adapted for
selecting the amplifiable, selectable marker gene
comprised in the expression cassette (MASM). E.g. in
WO 2009/080720PCT/EP2008/067947 - 15 - 



case DHFR is used as an amplifiable, selectable marker
gene, the transformants can be cultured in a
nucleotide or purine-free medium in the presence of a
DHFR inhibitor. In case an inducible promoter is used
in at least one expression cassette, a corresponding
induction signal should be provided in order to
commence expression of the polypeptide. In order to
make use of the DHFR selection/amplification system,
said host cells may be cultured in the presence of a
DHFR inhibitor. Suitable DHFR inhibitors are
antifolates such as e.g. MTX. The concentration of
antifolate/MTX used depends on the host cell and the
DHFR variant incorporated in the vector. The
concentration range can be chosen for multistep
amplification procedures in DHFR" host cells for
example at values around 5nM - 20nM ranging to values
of 500nM to 1000nM or even higher for secondary or
further amplification steps. For DHFR+ cells starting
concentrations are usally higher in the range of 100nM
to 750nM, preferably 500nM in the first steps and
500nM to 1000nM and above for further amplification
steps. Suitable DHFR variants are described above. In
order to make use of the GS selection/amplification
system said host cells may be cultured in the presence
of e.g. MSX. The concentration of MSX used depends on
the host cell. The concentration range can be chosen
between from about 15 to 150 pM, 20 to 100 pM and 25
to 50 pM. These ranges are particularly suitable for
NSO and CHO cells. With the expression vector
according to the present invention, several different
polypeptides of interest may be expressed/produced.
The term polypeptide refers to a molecule comprising a
polymer of amino acids linked together by a peptide
bond(s). Polypeptides include polypeptides of any
length, including proteins (e.g. having more than 50
amino acids) and peptides (e.g. 2 - 49 amino acids).
Polypeptides include proteins and/or peptides of any
activity or bioactivity, including e.g. bioactive
polypeptides such as enzymatic proteins or peptides
(e.g. proteases, kinases, phosphatases), receptor
proteins or peptides, transporter proteins or
peptides, bactericidal and/or endotoxin-binding
proteins, structural proteins or peptides, immune
polypeptides, toxins, antibiotics, hormones, growth
factors, vaccines or the like. Said polypeptide may be
selected from the group consisting of peptide
hormones, interleukins, tissue plasminogen activators,
cytokines, immunoglobulins, in particular antibodies
or antibody fragments or variants thereof. Said
immunoglobulin can be of any isotype. Very often IgG
(e.g. IgG1) molecules are produced/needed as
therapeutic proteins. An antibody fragment is any
fragment of an antibody comprising at least 20 amino
acids from said whole antibody, preferably at least
100 amino acids, which at least still has an antigen
binding capacity. The antibody fragment may comprise
the binding region of the antibody such as a Fab
fragment, a F(ab)2 fragment, multibodies comprising
multiple binding domains such as diabodies, triabodies
or tetrabodies, single domain antibodies or
affibodies. An antibody variant is a derivative of an
antibody or antibody fragment having the same binding
function but e.g. an altered amino acid sequence. Said
antibody and/or  WO 2009/080720PCT/EP2008/067947 - 16
- antibody fragment may comprise a murine light chain,
human light chain, humanized light chain, human heavy
chain and/or murine heavy chain as well as active
fragments or derivatives thereof. Hence, it can be
e.g. murine, humane, chimeric or humanized. The
present invention also provides methods of producing a
polypeptide of interest, said method comprising
culturing at least one host cell comprising a vector
nucleic acid according to the present invention in a
cell culture medium under conditions allowing the
expression of said polypeptide of interest. In a next
step, said polypeptide can be isolated/harvested from
the cell culture. The expressed polypeptide of
interest may be obtained by disrupting the host cells.
The polypeptides may also be expressed, e.g. secreted
into the culture medium and can be obtained therefrom.
Also combinations of the respective methods are
possible. Thereby, products, in particular
polypeptides can be produced and obtained/isolated
efficiently with high yield. The obtained polypeptide
may also be subject to further processing steps such
as e.g. purification and/or modification steps in
order to produce the product of interest in the
desired quality. According to one alternative, said
polypeptide of interest is secreted into the cell
culture medium and subsequently isolated from the cell
culture medium. The polypeptide is preferably an
immunoglobulin molecule such as an antibody or a
functional fragment thereof. In order to promote
secretion of the polypeptide of interest a leader
sequence can be used. Preferably, the leader sequence
of an immunoglobulin molecule is used. The expression
vector according to the present invention as well as
suitable host cells and polypeptides of interest are
described in detail above; we refer to the above
disclosure. The method for producing the polypeptide
of interest may comprise at least one of the following
steps: isolating the polypeptide of interest from said
cell culture medium and/or from said host cell; and/or
processing the isolated polypeptide of interest. The
polypeptide of interest produced in accordance with
the invention may be recovered, further purified,
isolated and/or modified by methods known in the art.
For example, the product may be recovered from the
nutrient medium by conventional procedures including,
but not limited to, centrifugation, filtration,
ultra-filtration, extraction or precipitation.
Purification may be performed by a variety of
procedures known in the art including, but not limited
to, chromatography (e.g. ion exchange, affinity,
hydrophobic, chromatofocusing, and  WO
2009/080720PCT/EP2008/067947 



- 17 - size exclusion), electrophoretic procedures
(e.g., preparative isoelectric focusing), differential
solubility (e.g. ammonium sulfate precipitation) or
extraction. According to one embodiment which is in
particular advantageous for the production of
pharmaceutical proteins/peptides, the host cell is
cultured in suspension under serum-free conditions.
The obtained polypeptide can afterwards be purified,
e.g. by purifying the polypeptide present in the cell
culture supernatant by using chromatographic methods
(e.g. affinity purification). Polypeptides produced
according to the method of the present invention
depict good stability properties. The results also
show that the polypeptides are expressed in a
functional form and hence in the right conformation.
Accordingly, the invention also provides polypeptides
obtained by the production method according to the
present invention using the expression vector
described in detail above. As is outlined above,
polypeptides are obtained with a good yield. The
polypeptide is preferably an immunoglobulin molecule
such as an antibody or a functional fragment thereof.
Fig. 1 shows a circular vector nucleic acid according
to a preferred embodiment of the present invention.
Fig. 2 shows the linearized version of the vector
nucleic acid according to Fig. 1 in order to
demonstrate the influence of the position of the
linearization restriction site. The numbers 1 to 17
shown in Figs. 1 and 2 indicate the genetic
elements/characteristics of the vector nucleic acid
and are described in detail in the subsequent table I.
If not otherwise defined, the white arrows
characterize promoters or promoter/enhancer elements;
the stripped boxes characterize intron elements, the
black arrows symbolize the polynucleotides for
expressing the polypeptide of interest; the checkered
boxes characterize the polyA site; the checkered
arrows the mammalian marker genes of the expression
cassette (MSM) and (MASM); the striped arrow the
prokaryotic selectable marker gene. As can be seen,
all genetic elements are arranged in the same 5' to 3'
orientation (indicated by the direction of the arrow).
The vector nucleic acids pBW147, pBW154 and pBW160,
which are described in further detail below, are
respectively constructed. Table 1 - orientation and
arrangement of the genetic elements according to a
vector nucleic acid as shown in Fig. 1 and 2 Numbering
in Fig. 1 and 2 Genetic element 1  Promoter of the
(P01) expression cassette (diagrammed by the white
arrow).  WO 2009/080720PCT/EP2008/067947 - 18 -  It is
e.g. a CMV promoter/enhancer. 2 



Intron of the (P01) expression cassette (diagrammed by
the striped box). It is e.g. a RK-intron, as described
above. 3 Polynucleotide encoding a polypeptide of
interest, which is inserted in the (P01) expression
cassette (diagrammed by the black arrow). According to
the shown embodiment, it is the light chain of a
monoclonal antibody (mAB-LC). 4 PolyA site of the
(P01) expression cassette (diagrammed by the checkered
box). It is e.g. a SV40 PolyA site. 5 Promoter of the
(P01') expression cassette (diagrammed by the white
arrow). It is e.g. a CMV promoter/enhancer. 6 Intron
of the (P01') expression cassette (diagrammed by the
striped box). It is e.g. a RK-intron, as described
above. 7
Polynucleotideencodinganadditionalpolypeptideof
interest,whichis inserted in the (P01') expression
cassette (diagrammed by the black arrow). According to
the shown embodiment, it is the heavy chain of a
monoclonal antibody (rnAB-HC). 8 PolyA site of the
(P01') expression cassette (diagrammed by the
checkered box). It is e.g. a SV40 PolyA site. 9
Promoter of the (MSM) expression cassette (diagrammed
by the white arrow). It is e.g. a SV40
promoter/enhancer. 10 Gene encoding the mammalian
selectable marker of the (MSM) expression cassette
(diagrammed by the checkered arrow). It is e.g. the
neo gene. 11 



PolyA site of the (MSM) expression cassette
(diagrammed by the bar). It is e.g. a synthetic PolyA
site as described above. 12 PSM expression cassette
(diagrammed by the striped arrow). It can e.g.
comprise a prokaryotic selectable marker gene
providing a resistance against ampicillin. 13
Linearization restriction site (diagrammed by the
bar). Said site is preferably a unique restriction
site. 14 Promoter of the (MASM) expression cassette
(diagrammed by the white arrow). It is e.g. a SV40
promoter. 15 Gene encoding the mammalian amplifiable
selectable marker of the (MASM) expression cassette
(diagrammed by the checkered arrow). It is e.g. the
DHFR gene. 16 Intron in the (MASM) expression cassette
(diagrammed by the bar). This intron is optionally
present. 17 PolyA site of the (MASM) expression
cassette (diagrammed by the checkered box). It is e.g.
a SV40 PolyA site.  WO 2009/080720PCT/EP2008/067947 -
19 - Subsequently, suitable examples for the described
vector elements are given, which are, however,
non-limiting. As mammalian amplifiable selectable
marker the use of DHFR is preferred. A suitable
example of a wildtype mouse DHFR polynucleotide is
provided with Seq. ID No. 5 which is preferably used
in conjunction with the DHFR - host cells. A suitable
mutant form of DHFR is provided with Seq. ID No. 6. A
respective mutant form is preferably used together
with the DHFR+ cells. Seq. ID No. 12 shows a mutant
DHFR including an intron suitable for further
increasing the selection pressure (see above). Also
functional variants or fragments of the foregoing can
be used. As mammalian selectable marker gene the use
of neo is preferred. A suitable sequence is provided
with Seq. ID No. 7. Also functional variants or
fragments thereof can be used. 



As a promoter sequence for driving the expression of
the polypeptide of interest the use of a CMV promoter
is preferred. A suitable sequence is provided with
Seq. ID No. 8. Also functional variants or fragments
thereof can be used. As a promoter sequence for
driving the expression of the selectable marker genes
MSM and MASM the use of SV40 promoter is preferred. A
suitable sequence is provided with Seq. ID No. 9. Also
functional variants or fragments thereof can be used.
As a polyadenylation sequence for the polypeptides of
interest and/or the MASM a SV40 poly A site can be
used. A suitable sequence is shown as Seq. ID No. 10.
Also functional variants or fragments thereof or a
reversed orientation (late or early SV40 poly A site)
can be used. As intron sequence for the expression
cassette (P01) encoding the polypeptide of interest an
Rk intron may be used. A suitable sequence is provided
with Seq. ID No. 11. Also functional variants or
fragments thereof can be used. As synthetic
polyadenylation site which can be used e.g. in
conjunction with the mammalian selectable marker (MSM)
is shown as Seq. ID No. 13. Also functional variants
or fragments thereof can be used. A suitable bacterial
selectable marker (PSM) is e.g. the beta-lactamase
gene which provides ampicillin resistance. A suitable
sequence is provided with Seq. ID No. 14. Also
functional variants or fragments thereof can be used.
WO 2009/080720PCT/EP2008/067947 - 20 - 3' and 5' of
the polynucleotide encoding the polypeptide of
interest. Suitable MCS sites are provided as Seq. ID
No. 4 (preferably located at the 5' site/region) and
Seq. ID No. 15 ' (preferably located at the 3'
site/region). These MCS sites can be used e.g. in
order to introduce the polynucleotide encoding the
polypeptide of interest. Particularly preferred vector
nucleic acids are shown as Seq. ID No. 1 (comprising
the wildtype DHFR gene, said vector is particularly
useful for the DHFR- system) and Seq. ID No. 16
(comprising a mutated DHFR gene, said vector is
particularly useful for the DHFR + system). All
references cited herein are incorporated by reference
and thus form part of the present disclosure. EXAMPLES
The present invention is now described by means of
non-limiting examples, which however, constitute
preferred embodiments of the present invention. I.
Cell culture methods and transfection Subsequently,
appropriate methods for transfecting and culturing the
host cells according to the present invention for
expressing a polypeptide of interest are described by
means of examples. Example 1: Cell culturing CHO cells
are cultivated in a suitable CHO medium such as e.g.
ExCe1181134 (obtained from SAFC Biosciences). Cells
are passaged 2-3 times per week into fresh media and
are maintained in logarithmic growth phase throughout
the study. Example 2: Transfection strategy 



For transfection, parental CHO cells in exponential
growth phase with a viability over 90 % are used.
Transfections by lipofection are done using the
DMRIE-C reactant according to the instructions of the
manufacturer (Invitrogen). The cell amount is adjusted
to 1x106 cells in OptiMEM 1 medium (Invitrogen). For
lipofection, 2 pg or 4 pg of the expression vector and
4 pl of the DMRIE-C reagent are mixed together for 28
min at room temperature and added to the cells for 4 h
at 37C. Cells are then diluted to 2x106 cells/ml
culture medium and incubated for 2 days at 37C and 5 %
CO2.  WO 2009/080720PCT/EP2008/067947 - 21 - Example
3: Neomycin selection and gene amplification  The
neomycin selection marker located on the expression
vector nucleic acid allows selection for G418
resistance. For selection of transfectants, cells are
cultivated in the presence of 0.8 mg/ml G418
(Invitrogen) for approximately two weeks. Two weeks
after transfection and G418 selection, pool
populations consisting predominantly of G418 resistant
cells emerge. Cells are then cultivated in the absence
of nucleotides for about two weeks. Gene amplification
is then initiated by the addition of 20nM MTX to the
culture medium. After three weeks of cultivation, an
amplified heterogeneous cell pool is generated. The
DHFR (dihydrofolate reductase) selection/amplification
marker allows amplification of the DHFR gene as well
as of the transgene by adding the folic acid analogue
methotrexate (MTX) to the culture media, resulting in
increased titers for transfection pools. After crisis
recovery, pools then undergo a second and a third
amplification step using higher MTX concentration each
for approximately two weeks (100nM and 500nM MTX). At
each step cells are frozen after pool recovery.
Example 4: Establishment of clonal cell lines To
obtain a clonal cell line (i.e., a cell line derived
from a single cell), the pool of stably transfected
cells can be diluted and seeded out in 96 well plates
with a cell density of 0.3 - 0.5 cells per well
(limited dilution). Cells forming a distinct colony
are scaled up using standard procedures. Eventually,
individual clones are evaluated for recombinant
polypeptide expression, with the highest producers
being retained after cultivation and analysis. From
these candidates, the cell line with appropriate
growth and productivity characteristics is chosen for
production of the recombinant protein. The
productivity can usually be further improved by
establishing/adapting the culturing conditions i.e. by
adding additives such as peptones. II. Vector
constructions Several vector assemblies according to
the teachings of the present invention are feasible.
As the individual elements of the vector are known in
the prior art, suitable vectors can be assembled e.g.
by sequencing or amplification and appropriate cloning
of the basic genetic elements and expression cassettes
in the desired orientation. Respective cloning methods
are state of the art and also the sequence of the
genetic elements described above are described in the
prior art. Subsequently, the generation of several
vector constructs are described by way of example.
However, it is understood by those of skill in the art
that several other embodiments and ways to obtain
respective vectors are suitable and readily available.
WO 2009/080720PCT/EP2008/067947 - 22 - In order to
facilitate understanding of the arrangement of the
vector constructs described herein by way of example
and their precursor vectors, tables 1 and 2 provide an
overview over the main genetic elements comprised in
these vectors, their order and orientation. Of course,
only the main elements are shown, the vectors may,
however, comprise additional genetic elements or
backbone sequences. Each column in the table
represents one vector construct. From the top row to
the bottom row the genetic elements of the expression
cassettes are listed in the order of their arrangement
and their orientation on the vector. As the described
vectors are circular, the element shown in the last
row of each column is in fact adjacent to the genetic
element shown in the first row (of course, backbone
sequences may be present). The orientation of each
genetic element is indicated by the arrows. The
arrowhead points to the 3' direction of the respective
genetic element. Table 2- order of the genetic
elements in the precursor vectors pBW133 10416bp
pBW139 9213bp pBW146 9247bp 



pBW159 11122bp CMVprom/enh -4 CMVprom/enh -4
CMVprom/enh, comprising a Spel (153) restriction site
-4 CMVprom/enh -4 RK-intron -> RK-intron -> RK-intron
-* RK-intron -> mAB - LC -> mAB - LC -4 mAB-LC ->
mAB-LC -4 MCS I MCS MCS MCS SV4OpolyA -, 



SV4OpolyA -4 SV4OpolyA -> SV4OpolyA -4 Drain
restriction site (2365) CMV prom/enhan -4 CMV
prom/enhan comprising a Spel restriction site (2519)
-* CMV prom/enhan -4 DHFR* carrying a Scal restriction
site (2870); reverse orientation 4-- RK-intron ->
RK-intron -4 RK-intron -4 SV4Oprom/enhan ; reverse
orientation 4- MCS MCS2 mAB-HC -4  



WO 2009/080720PCT/EP2008/067947 - 23 - Drain
restriction site (3651) mAB-HC -> mAB-HC -4 MCS
SV4Oprom/enhan -- MCS MCS T3 promoter Neo --4
SV4OpolyA --4 T3 promoter SV4OpolyA --- CMV prom/enhan
->  Phage f1 region comprising a Dralll restriction
site (5456) -- SV4OpolyA --4 



Phage f1 region -> RK-intron -> SV4Oprom/enhan - Phage
f1 region -> SV4Oprom/enhan --4 MCS2 Neo --,
SV4Oprom/enhan comprising a SV40 minimum origin of
replication -> Neo -4 mAB-HC --- SV4OpolyA -> Neo --*
Synth Poly A SV4OpolyA -4 Amp comprising a Scal
restriction site (7828) -4 Synth polyA 



Amp --* Amp carrying Scal (9031) --4 BgIII restriction
site (9209), 5' to the CMV prom/enh Amp -4 3 pA sites
BgIII restriction site (9243), 5' adjacent of the
CMVprom/enh intron    DHFR; reverse orientation 4--
SV4Oprom; reverse orientation 4-  



Swal restriction site  WO 2009/080720PCT/EP2008/067947
- 24 - Table 3- order of the genetic elements in the
expression vectors pBW147 11053bp pBW154 11109bp
pBW160 11122bp CMVprom/enh, comprising a Spel
restriction site (153) --+ CMVprom/enh --+ CMVprom/enh
--4 RK-intron -4 RK-intron -4 



RK-intron - mAB-LC .- mAB-LC -> mAB-LC,-> SV4OpolyA --
SV4OpolyA -> SV4OpolyA -* CMV prom/enhan comprising a
Spel restriction site (2519) -> CMV prom/enhan -- CMV
prom/enhan --- RK-intron -4 RK-intron -> RK-intron --
mAB-HC -4 mAB-HC -- mAB-HC -+ SV4OpolyA --- SV4OpolyA
-> SV4OpolyA -- 



SV4Oprom/enhan --4 SV4Oprom/enhan -- SV4Oprom/enhan
--4 Neo -4 Neo -p Neo --> Synth polyA Synth polyA
Synth polyA Amp-p Amp --> Amp -> Swa I restriction
site (9288) Swal restriction site (9243) Swal
restriction site (9256) SV4Oprom/enhan .-- SV40 prom
-* SV40 prom --4 DHFR* .- 



DHFR --> DHFR -* Bgh pA site --4 Intron lntron
SV4OpolyA SV4OpolyA  The abbreviations in the above
tables 1 to 3 and in Figs. 1 and 2 have the regular
meanings as apparent for the person of skill in the
art and as described above, and have in particular the
following meanings: MCS = multiple cloning site  WO
2009/080720PCT/EP2008/067947 - 25 - mAB-HC =
monoclonal antibody heavy chain mAB-LC = monoclonal
antibody light chain intron = see Grillari et al,
2001, 3. Biotechnol. 87, 59-65 prom/enh =
promoter/enhancer Example 5: Construction of
expression vector pBW147 In this setup the tandem
configuration of mAB genes and the DHFR* (mutant
variant having a lower sensitivity to MTX than the
wild type DHFR) combined with the bgh pA-site, is
tested. The DHFR* cassette is placed 5' before the
expression cassette (P01), comprising the mABLC, so
that all open reading frames are placed in one reading
direction. The assembly of pBW147 is shown in table 3.



pBW147 can be constructed from pBW133 (please also
refer to table 2). The construction of pBW147 is
described herein. Construction of pBW133 The vector
constructions described below are based on the
commercially available pCI-neo expression vector
(Promega Cooperation, USA). The complete DNA sequence
is publicly available (GenBank/EMBL Accession number:
U47120). A new multiple cloning site is introduced in
pCIneo. The two strands of the multiple cloning site
are synthesized de novo. pCIneo is cut with Nhel and
Xmal. The old MCS is removed by gel electrophoresis.
The new multiple cloning site is synthesized in the
way that the terminal 4 nucleotides of the 5' end of
the antisense strand and the 3' terminal end of upper
DNA strand are not synthesized. After annealing of
both strands compatible ends for Nhel and Xmal are
created. The sequence of the new multiple cloning site
is as follows (see Seq. ID No. 2): ApalSgrAl Agel
PmelEcoRV PshAl Eco01 091 BstEllPmII BspElAscl The
resulting plasmid of the ligation of pCIneo with the
new MCS is deemed pCI-neo-2 for description purposes.
pCI-neo-2 is further modified by introducing the pRK
intron from pRK5 (BD PharMingen). Therefore, pCI-neo-2
is digested with Apal. Blunt ends are created by T4
polymerase treatment. Then the plasmid is digested
with Ndel. pRK5 is digested with Ndel and Nrul (blunt
end cutter). The RK intron containing fragment is
isolated and ligated with the pCIneo2 backbone. The
resulting plasmid is pCIneo2RK.  WO
2009/080720PCT/EP2008/067947 - 26 - To bring both
expression cassettes on one vector, the vector
pCIneoDHFR*-RK can be obtained. pCIneoDHFR*-RK is
obtained as follows: The DHFR* expression cassette is
amplified by PCR from vector pCHI-LC (Simulect SP2/0
light chain expression vector). The primers are BB35
(GGGCACTACGTGCCGCGGATTTAAATGCGGCCGCATATGGTGCACT - Seq.
ID No. 3) and BB36
(GGGCACGTAGTGTTTATTAGGGGAGCAGAGAACTTGAA - Seq. ID No.
4). The PCR fragment is cloned into pCIneoRK via Drain
restriction digestion giving vector pCIneoDHFR*-RK.
pCIneoDHFR*-RK is opened by digestion with Eco01091.
In order to create blunt ends, treatment with the
Klenow enzyme is performed afterwards. The expression
cassette from pCIneo2RK is excised by digesting the
plasmid with Bg111, NgoMIV and Stul. After ligation of
the two fragments the "empty" expression vector
pCHO2neoN is created. Into pCHO2neoN the antibody
light chain gene is inserted via the M/ul and Sall
restriction site thereby creating a vector construct,
to which we refer as pBW108. The antibody gene is
therefore amplified using primers which contain the
two restriction sites. The mAB heavy chain is inserted
into pBW108 via Pmel and Ascl digestion of the vector,
thereby obtaining a vector construct deemed pBW111 for
description purposes. The heavy chain is PCR amplified
with the 5' end generating blunt ends and the 3' end
of the gene containing the Ascl restriction site. In
pBW111 the 5' non-translated region end of the light
chain is exchanged because an additional ATG codon is
present in front of the light chain cDNA. This is
accomplished by excising a Bg/II / M/ul fragment from
pBW111 and replacing it with the corrected fragment.
The new plasmid is deemed pBW133. pBW133 is the first
vector with all genes on one plasmid. The arrangement
of the genes is: LC - DHFR (opposite direction) - neo
- HC (see also table 2). This vector is one of the
starting materials that can be used for obtaining
vectors according to the teachings of the present
invention. However, it is clear that there are several
other ways to obtain respective vectors. Construction
of pBW139 



The second vector construct that can be used for
obtaining pBW147 has the configuration of pBW139.
pBW139 can be created from pBW115. For the
construction of pBW115, the heavy chain gene is cloned
into pCIneoRK (see above). Therefore, pCIneoRK is
digested with M/ul and Nrul (blunt end cutter),
whereas the heavy chain PCR fragment is digested with
Ascl (3') (compatible to M/ul) and is blunt 5'. The
resulting plasnnid is deemed pBW115.  WO
2009/080720PCT/EP2008/067947 - 27 - pBW115 is digested
with Scal and Bg/II. Then a Klenow fill-in is done to
create blunt ends. The light chain expression cassette
is excised from pBW133 with Scal and Drain. In order
to create blunt ends, T4-DNA polymerase treatment is
done. Resulting from the ligation is a vector having a
configuration as pBW139 (see table 2). Assembly of
pBW147 For obtaining pBW147, pBW133 is digested with
Spel, Xhol. The fragment containing parts of the CMV
promoter and the first part of the heavy chain is
isolated and ligated to pBW139, which is also cut with
Spel, Xhol. In the resulting vector the heavy - chain
cassette is found without a disturbing additional ATG
codon. In order to bring back the light chain into the
vector, pBW139 is digested with Spel. The LC
containing fragment is inserted into pBW148 which is
opened with Spel. The resulting plasmid has a
configuration as pBW146 (see table 2). In pBW146 the
DHFR gene from pBW112 (expression vector from another
project) is inserted. However, the DHFR gene could
also be obtained from a different source, depending on
the kind of DHFR variant desired. pBW146 is digested
with Bg/II. Afterwards the DHFR cassette is PCR
amplified with primers containing Bg/II and BamHI
restriction sites. The PCR fragment is digested with
the two enzymes and inserted in the fitting Bg/II site
of pBW146. The resulting plasmid has a configuration
as pBW147, wherein all expression cassettes have the
same orientation. The structure is shown in table 3.
This expression vector can be used to obtain stable
transfections. In order to further increase the
expression yield, a very MTX "sensitive" wild type
DHFR variant can be chosen, wherein also the MTX
concentrations should be adapted adequately. Example
6: Construction of expression vector pBW154  For this
vector, the tandem configuration of the mAB genes and
the DHFR gene cassette from pSV2DHFR (wild type
version of DHFR with high sensitivity to MTX) are
tested. The DHFR expression cassette from pSV2DHFR
(ATCC#374146) is amplified by PCR. The fragment
contained the promoter and the polyA sites. As before,
the oligos had Bg/II / BamHI restriction sites. The
DHFR expression cassette is inserted in the Bg/II
restriction site of pBW146, resulting in a vector
construct having the same structure as pBW154. The
structure of pBW154 is shown in table 3 and can be
derived from Fig. 1 and 2 which show a general example
of a vector construct having a respective overall
structure/configuration of the genetic elements. The
sequence of pBW154 is provided as Seq. ID No 1. The
light chain polynucleotide is marked n (in the
priority application indicated with the placeholder
V), the heavy chain polynucleotide is marked n (in the
priority application indicated with the placeholder Y)
in Seq. ID No. 1. The features of pBW154 are
summarized in Table 4. Of course, also other vector
elements, e.g. different promoters, different
enhancers, different  WO 2009/080720PCT/EP2008/067947
- 28 - Poly A sites and other elements such as
different oris can be used. Furthermore, it is
possible to switch the expression cassettes for the
light and the heavy chain of the immunoglobulin
molecule. However, the shown selection and arrangement
of the vector elements is preferred. As is outlined
above, also functional fragments of immunoglobulin
molecules can be used. Therefore, the indicated "nnn"
only serve the purpose of illustration and do not
indicate any size restriction as smaller or larger
immunoglobulin sequences can be present at the
corresponding position. In order to alleviate
comparison with Figs. 1 and 2, which show the general
construction of vectors according to the preferred
embodiment of the / invention, we have indicated the
numbering of the corresponding elements in Figs. 1 and
2. Table 4 Base pair Start End 



Feature Corresponding numbering in Fig. land 2 1 743
CMV prom/enh  857 1000 RK-intron 2 1054 1766 mAB LC 3
1815 2036 SV4OpolyA 



4 2367 3109 CMV prom/enh 5 3223 3366 RK-intron 6 3452
4863 mAB HC 7 4931 5152 SV4OpolyA 8 5766 6184 



SV4Oprom  6229 7024 Neomycin phosphotransferase 10
7087 7135 Synthetic poly A 11 7546 8406 Beta lactamase
antibiotic resistance gene 12 9243  



Unique Linearisation site 13 9422 9617 SV4Oprom 14
9640 10204 DHFR 15 9776 10426 Intron (Donor -
Acceptor) 16  WO 2009/080720PCT/EP2008/067947 - 29 - 



1090911098SV4OpolyA17 All genetic elements are
arranged in the same 5' to 3' orientation. With this
vector construct using a wildtype DHFR, gene
amplification as described above works very
efficiently. The titer in a standard batch experiment
can be increased by 10-20-fold. Herein, a great
increase in the antibody expression titer is observed
upon MTX amplification. Starting from G418 treatment,
over the treatment without nucleotides up to several
different concentrations with MTX (20 and 100nM MTX),
the titer constantly and considerably increases.
However, using much higher MTX concentrations (e.g.
500nM MIX) usually brings no further advantages with
CHO cells, even though respective high concentrations
can be used. The antibody titers obtained for pools
over the selection/amplification process ranged from 2
to more than 60mg/L when using standard culturing
procedures. The expression titers can be further
increased upon establishing clonal cell lines from the
pools and using customized media to enhance cell
expression as the obtainable titer also depends on the
used medium. Example 7: Construction of expression
vector pBW160 The experiments also demonstrate that
the orientation of the DHFR gene in the vector is
decisive. In pBW146 (see above) an EcoRI restriction
site is present. In order to have EcoRI as a single
cutter present in the final expression vector, the
site can be removed by digesting pBW146 with EcoRI,
Klenow-Fill in and relegation. This results in plasmid
having the configuration as pBW158 (not shown). The
DHFR cassette can be integrated in pBW158, as is
described above. Since both orientations (orientation
as is shown in pBW159 and pBW160, see table 2 and 3)
are automatically generated, both can be tested for
expression levels. Our results show superior
performance of the configuration with all open reading
frames orientated in one 5' to 3' reading direction.
Vectors having a configuration such as pBW159 vector
(see table 2), wherein the DHFR orientation is in
reverse order of the mAB genes usually show only very
low expression titers, even after MIX amplification
(usually less than 1mg/L). Vectors having a design
such as pBW160 (see table 3), wherein the DHFR
orientation is in frame with the mAB genes, can
provide higher antibody titers of more than 5mg/L and
even more than 10 or even more than 15mg/L (obtainable
from the pools). Again, by establishing a clonal cell
line and by using a high performance medium the titer
yield can be further increased when using the vector
constructs according to the present invention. These
experiments can demonstrate the advantage of the "in
frame configuration" of the selection markers and the
mAB coding genes as are used according to the
teachings of the present invention. This result
supports the finding that the 5' to 3' orientation of
the vector elements is an important factor for high
expression vectors. Furthermore, the expression
stability is very favourable with the expression
vectors according to the present invention.  WO
2009/080720PCT/EP2008/067947 - 30 - The vector
configuration according to the present invention
enables the straight forward generation of cell pools
with high cell specific productivities. Key elements
are the 5' to 3' orientation, the chosen DHFR variants
and the placement of the DHFR selection marker on the
vector as well as the arrangement of the antibody
genes and the second selection marker (neo) on the
plasmid. The vector can also be used for the
production of non-antibody proteins or peptides. As
described above, with slight adaptations of the DHFR
cassette, this system is also usable for gene
amplification in the DHFR positive CHO-K1PD cell line.
For / gene amplification in DHFR+ host cells a mutated
version of the DHFR gene is used (see above). The
complete DHFR expression cassette of a vector
comprising a mutated version of the DHFR gene such as
pBW117 can be PCR amplified with primers incorporating
a BamHI site. This fragment is then cloned into the
Bg/II site of pBW158 resulting in the vector pBW165.
With vectors having a configuration such as pBW165
comprising a mutated DHFR gene (and follow ups with
other antibodies), high yielding cell lines can be
generated in the CHO-K1-PD host cell, which is a DHFR+
cell line. An example of a respective vector sequence
is provided as Seq. ID No. 16. Of course also
different vector elements than the ones shown can be
used, e.g. different promoters, different enhancers,
different Poly A sites and/or other elements such as
e.g. different oris. Furthermore, it is possible to
switch the expression cassettes for the light and the
heavy chain of the immunoglobulin molecule. However,
the shown selection and arrangement of the vector
elements is preferred. As is outlined above,
full-length immunoglobulin molecules as well as
functional fragments of immunoglobulin molecules can
be expressed from the vector. In Seq. ID No. 16 only
the site is indicated as insertion site, where the
respective immunoglobulin sequence can be
located/inserted in the final expression vector. Any
immunoglobulin sequences can be present at the
corresponding position. Furthermore, as is outlined
above, it is also possible to express different
polypeptides of interests. Example 8: Small scale
production of antibodies with transfected CHO cells
For test in suspension cultures, cells are seeded at
1x105 cells/ml in 50 ml ExCe1181134 medium (SAFC
Biosciences) in a 250 ml round bottomed filter cap
culture flask. Cells are shaken at 65 rpm in a KOhner
Shaker ISF-4-W/incubator at 37C in a 10 % CO2
environment for the duration of the study. Single
feeds with proprietary solutions are given according
to a fixed feeding scheme beginning on the 4th day of
cell expansion. On the 13th day, 1 ml samples are
harvested and titer is measured using standard HPLC
and a protein A column.  WO
2009/080720PCT/EP2008/067947 - 31 - Example 9: Protein
A Purification of the expressed antibody For Protein A
purification about 27 mL cell free culture supernatant
containing approximately 32.4 mg antibody is loaded
onto a 0.5x10 cm MabSelect affinity column. After
loading, the column is sufficiently rinsed and washed.
Then the antibody is eluted at pH 3-4. The eluate is
analysed with standard HPLC using a protein A column.
About 30.5 mg antibody are obtained.
Ill. Examples for cell specific productivities and
yields Clones which are selected after clonal
expansion are tested for their productivity. Example
10: Expression of an laG1 antibody  



An IgG1 antibody is expressed. Clones are grown in the
commercially available medium ExCe1181134 (SAFC
Biosciences). Feed solutions and conventional
additives such as peptone are added. High productivity
rates can be obtained when using the vector according
to the present invention: Clone Qp (pg/cell/day) 1 114
2 91 3 103  Qp = cell specific productivity. Example
11: Expression of an IqG1 antibody and an IqG4
antibody  An IgG1 antibody and an IgG4 antibody are
expressed. Clones are grown in a proper culture
medium. Feed solutions and conventional additives such
as peptone are added. High productivity rates can be
obtained when using the vector according to the
present invention: Clone IgG1 antibody Qp
(pg/cell/day) IgG4 antibody 



Qp (pg/cell/day) 1 76  2 96  3  73  WO
2009/080720PCT/EP2008/067947 - 32 - Qp = cell specific
productivity. Example 12: Large scale production of
polypeptides with transfected CHO cells The production
of polypeptides in large scale can be done for example
in wave, glass or stainless steel bioreactors. For
that purpose the cells are expanded, usually starting
from a single frozen vial, for example a vial from a
Master Cell Bank. The cells are thawed and expanded
through several steps. Bioreactors of different scale
are inoculated with appropriate amounts of cells. The
cell density can be increased by adding feed solutions
and additives to the bioreactor. Cells are kept at a
high viability for a prolonged time. Product titers in
the reactor ranging from a few hundred milligrams per
liter up to several grams per litre are achieved in
the large scale. Purification can be done by standard
chromatography methodology, which can include
affinity, ione exchange, hydrophobic interaction or
size exclusion chromatography steps. The size of the
bioreactor can be up to several thousand litres volume
in the final scale (see also e.g. F. Wurm, Nature
Biotechnology Vol. 22, 11, 2004, 1393-1398). Example
13: Cloning strategy for introducing new antibody
genes in the vectors One strategy - among others - for
inserting new polypeptides of interest is as follows
(explained by way of example using a vector having a
configuration such as pBW154): 



Cloning of the light chain gene The light chain gene
can be PCR amplified with primers introducing a M/ul
site 5' of the ATG codon and a Sall site 3' of the
gene. The PCR product is introduced into pBW154 via
these two restriction enzymes. This leads to an
intermediate vector consisting of just the light
chain. Cloning of the heavy chain gene The heavy chain
gene can be PCR amplified with primers introducing a
blunt end for usage of the vector's Nrul site 5' of
the ATG codon and a Xbal 3' site of the gene. The PCR
product is introduced into pBW154 via these two
restriction enzymes. This leads to an intermediate
vector with the old light chain and the new heavy
chain. Assembly of the final vector The new mAB-HC
containing fragment is excised from the HC vector via
Sall digestion. It is then inserted into the
LC-intermediate vector via Sail to result in the final
new LC-HC vector.  WO 2009/080720PCT/EP2008/067947 -
33 - Claims 1.A vector nucleic acid suitable for
expressing at least one polypeptide of interest in a
mammalian cell, comprising (a) at least one expression
cassette (P01) suitable for expressing a polypeptide
of interest; (b) an expression cassette (MSM)
comprising a mammalian selectable marker gene; (c) an
expression cassette (MASM) comprising a mammalian
amplifiable, selectable marker gene; wherein the
expression cassette (P01) is flanked 5' by the
expression cassette (MASM), the expression cassette
(MSM) is located 3' from the expression cassette (P01)
and wherein the expression cassettes (MASM), (P01) and
(MSM) are arranged in the same 5' to 3' orientation.
2.The vector nucleic acid according to claim 1,
wherein the expression cassette (P01) comprises the
polynucleotide encoding the polypeptide of interest.
3.The vector nucleic acid according to claim 1 or 2,
which is circular and wherein the 



expression cassette (MSM) is arranged 3' of the
expression cassette (P01) and wherein the expression
cassette (MASM) is arranged 3' of the expression
cassette (MSM). 4.The vector nucleic acid according to
claim 3, wherein the vector comprises a unique
linearization restriction site for linearizing the
vector, wherein said linearization restriction site is
located between the expression cassettes (MSM) and
(MASM). 5.The vector nucleic acid according to at
least one of the claims 1 to 4, wherein said
expression cassette (MSM) comprises a gene encoding an
enzymatically functional neomycin phosphotransferase
and wherein said expression cassette (MASM) comprises
a gene encoding an enzymatically functional
dihydrofolate reductase (DHFR). 6.The vector nucleic
acid according to at least one of the claims 1 to 5,
wherein the vector comprises at least one additional
expression cassette (P01') for expressing an
additional polypeptide of interest and wherein the
additional expression cassette (P01') is located
between the expression cassette (P01) and the
expression cassette (MSM) and wherein the expression
cassette (P01') is arranged in the same 5' to 3'
orientation as the expression cassettes (P01) and
(MSM).  WO 2009/080720PCT/EP2008/067947 - 34 - 7. The
vector nucleic acid according to claim 6 for
expressing an immunoglobulin molecule comprising in
each expression cassette (P01) and (P01') a
polynucleotide encoding either a light or a heavy
chain of an immunoglobulin molecule or functional
fragments thereof, wherein each expression cassette
(P01) and (P01') comprises one of said
polynucleotides. 8. The vector nucleic acid according
to at least one of the claims 1 to 7, wherein said
expression cassettes comprise a promoter and/or
transcription termination site. 9. The vector nucleic
acid according to at least one of the claims 1 to 8,
wherein said expression cassettes comprise an enhancer
and/or an intron. 10. The vector nucleic acid
according to claim 8 or 9, wherein the expression
cassette (P01) and/or the expression cassette (P01')
if present comprises a CMV promoter/enhancer and/or
wherein the expression cassettes (MSM) and (MASM)
comprise a SV40 promoter/enhancer or a SV40 promoter.
11The vector nucleic acid according to claim 9 or 10,
wherein at least the expression cassette (P01)
comprises an intron which is arranged between the
promoter and the start codon of the polynucleotide for
expressing the polypeptide of interest. 12. The vector
nucleic acid according to at least one of the claims 9
to 11, wherein the expression cassette (MASM)
comprises an intron which is located 3' of the
mammalian amplifiable selectable marker gene. 13. The
vector nucleic acid according to at least one of the
claims 1 to 12, comprising at least one additional
expression cassette (PSM) comprising a prokaryotic
selectable marker gene, wherein the expression
cassette (PSM) is located between the expression
cassettes (MSM) and (MASM). 



14. The vector nucleic acid according to claim 13,
wherein the prokaryotic selectable marker gene
provides an antibiotic resistance, wherein said
antibiotic is selected from the group consisting of
ampicillin, kanamycin, tetracycline and
chloramphenicol. 15. The vector nucleic acid according
to at least one of the claims 5 to 14, wherein the
DHFR gene is selected from the group consisting of
wildtype DHFR, a DHFR variant having a reduced MTX
sensitivity compared to wildtype DHFR and a DHFR
variant having an enhanced MTX sensitivity compared to
wildtype DHFR . 16. The vector nucleic acid according
to at least one of the claims 1 to 15, wherein the
expression vector is selected from the group
consisting of  WO 2009/080720PCT/EP2008/067947 - 35 -
(a) a circular or linear vector nucleic acid
comprising the following genetic elements in the
indicated arrangement, wherein the 5' to 3' direction
is indicated by the ->: I. Promoter of the (MASM)
expression cassette (->) II. Gene encoding the
mammalian amplifiable selectable marker of the (MASM)
expression cassette (->) III. Intron of the (MASM)
expression cassette (-)) IV. PolyA site of the (MASM)
expression cassette (-).) V. Promoter of the (P01)
expression cassette (->) VI. Intron of the (P01)
expression cassette (-->) VII. Polynucleotide encoding
a polypeptide of interest, which is inserted in the
(P01) expression cassette (--) VIII. PolyA site of the
(P01) expression cassette (->) IX. Promoter of the
(P01') expression cassette (->) X. Intron of the
(P01') expression cassette (->) Xl. Polynucleotide
encoding an additional polypeptide of interest, which
is inserted in the (P01') expression cassette (-))
XII. PolyA site of the (P01') expression cassette (->)



XIII. Promoter of the (MSM) expression cassette (->)
XIV.Gene encoding the mammalian selectable marker of
the (MSM) expression cassette (->) XV. PolyA site of
the (MSM) expression cassette (-f) XVI. PSM expression
cassetteor (4-) XVII. Linearization restriction site
if the vector nucleic acid is circular; (b) a vector
nucleic acid as shown as Seq. ID No. 1 or Seq. ID No.
16 or a derivative thereof, comprising the same
arrangement of genetic elements. 17. A method for
producing a vector nucleic acid according to at least
one of the claims 1 to 16, wherein said method
comprises arranging at least the following genetic
elements (a) at least one expression cassette (P01)
for expressing a polypeptide of interest; (b) an
expression cassette (MSM) comprising a mammalian
selectable marker gene; (c) an expression cassette
(MASM) comprising a mammalian amplifiable, selectable
marker gene;  -36 - such that the expression cassette
(P01) is flanked 5' by the expression cassette (MASM),
the expression cassette (MSM) is located 3' from the
expression cassette (P01) and wherein the expression
cassettes (MASM), (P01) and (MSM) are arranged in the
same 5' to 3' orientation. 18. The method according to
claim 17 for producing a circular vector nucleic acid,
comprising arranging the genetic elements such that
the expression cassette (MSM) is arranged 3' of the
expression cassette (P01) and wherein the expression
cassette (MASM) is arranged 3' of the expression
cassette (MSM). 19. A mammalian host cell comprising a
vector nucleic acid according to at least one of the
claims 1 to 16. 20. The mammalian host cell according
to claim 19, wherein said host cell is selected from
the group consisting of COP, L, C127, Sp210, NS-0,
NS-1, N1H3T3, PC12, PC12h, BHK and CHO, COSI , COS3,
COS7, CV1, Vero, HeLa, HEK-293, retina-derived PER-C6,
cells derived from diploid fibroblasts, myeloma cells
and HepG2. 21. A method for producing a host cell
according to claim 19 or 20, wherein the host cell is
transfected with the vector nucleic acid according to
at least one of the claims 1 to 16. 22. A method for
producing a polypeptide of interest, said method
comprising, culturing at least one host cell according
to claim 19 in a cell culture medium under conditions
allowing expression of said polypeptide of interest.
23. The method according to claim 22, wherein said
polypeptide of interest is secreted into the cell
culture medium and isolated from the cell culture
medium. 



24. The method according to claim 22 or 23, wherein
the polypeptide of interest is an immunoglobulin
molecule or a functional fragment thereof. 25. A
polypeptide obtained by the method according to at
least one of the claims 22 to 24. 26. The polypeptide
according to claim 25, wherein said polypeptide is an
immunoglobulin molecule or a functional fragment
thereof. 


