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NOVEL COMBINATION OF TIS SEQUENCE AND SIGNAL PEPTIDE SEQUENCE FOR

EXPRESSING A RECOMBINANT PROTEIN

TECHNICAL FIELD

5 The present invention relates to DNA constructs comprising a novel TIS sequence The DNA

construct may also comprise a nucleic acid sequence encoding signal peptide. Additionally,

the DNA constructs may also comprise a nucleic acid sequence encoding a recombinant

protein or one or more polypeptide chains thereof. The invention further relates to an

expression vector, expression cassette and host cell which comprise said DNA constructs

10 Furthermore, the present invention relates to a recombinant protein expressed by the host cell

as well as a method for expressing the recombinant protein.

BACKGROUDN OF INVENTION

The major determinants for the steady state protein concentration levels in recombinant cell

15 lines involve (I) the genomic integration site of the expression cassette, (2) promoter strength,

(3) translation efficiency of the transcript and (4) protein folding and post translational

modifications affecting degradation rates. For generation of recombinant Chinese hamster

ovary (CHO) cell lines, often random integration sites that facilitate high expression levels are

screened through The expression vector itself also contains regulatory elements such as a

20 promoter sequence that yields high transcription and a translation initiation site (TIS) that

enables proper translation initiation [l]. Frustratingly, even though all regulatory elements

that ought to facilitate high expression levels are selected for, protein yields can differ in a

context dependent manner. A solution that would guide in the rational design when generating

a recombinant cell line is therefore highly sought-after.

25 Since protein synthesis uses up a large fraction of the cell's energy budget [2], evolution has

tightly regulated the different phases of protein production. The eukaryotic translation

initiation phase requires twelve initiation factors and is believed to be the rate-limiting step

during protein synthesis [3]. This initiation phase has most likely become tightly regulated

during evolution to minimize energy consumption. The major element regulating the

30 efficiency of translation initiation is embedded in the mRNA nucleotide sequence surrounding

the ATG start codon This nucleotide bias within the TIS was discovered in the 1980's and is
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commonly known as the Kozak sequence [4]. Ribosomal structural studies have since then

elucidated how the TIS sequence interacts with the ribosome„ imposing conformational

changes for translation initiation to occur [5]. Due to their biological impact„TIS sequences

with different strengths have naturally evolved as indicators for true initiation sites and for

5 fine tuning expression levels [6].

Usually, a strong naturally occurring TIS sequence is selected for when engineering the

expression vector for recombinant production. Among other TIS variants, the mammalian

consensus sequence GCCACC preceding the ATG start codon [7] is routinely introduced

during ad hoc construct design. This sequence is prevalent for naturally found highly

10 expressed genes, likely resulting in enhanced fitness of the organism by fine tuning translation

initiation rates for abundant transcripts. In contrast to natural evolution, fed-batch

recombinant expression conditions alter the proteome and impose a metabolic burden on cells

that by no means mimic natural circumstances [8]. Consequently, recent studies have focused

on experimentally screening through TIS libraries in order to identify common sequence

15 features that lead to optimal translation rates for recombinant experiments [9, l 0].

However, prior art does not suggest one unique universal sequence that could be reliably

used Consequently, there is a need for TIS sequences that could provide better technical

effects than the GCCACCATG sequence.

Moreover, mammalian cells are commonly used as hosts for production of recombinant

20 biopharmaceuticals. Cell lines derived from Chinese hamster ovary (CHO) cells can routinely

allow for production yields in the g/L range. However, despite advances in the field,

expression levels can vary in an unpredictable and context dependent manner, limiting the

rational design for obtaining a desired expression level during cell line development. In order

to solve this problem, the translation initiation site (TIS) has been altered in the present

25 invention with the aim of ultimately influencing the titer and productivity of antibodies

THE OBJECT OF THE INVETION

The object of the invention is to increase translation initiation rates.

A further object of the invention is to increase translation initiation rates without effecting

30 protein quality.
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A further object of the invention is to increase translation initiation rates whilst maintaining

protein biosimi1 arity.

A further object of the invention is to increase translation initiation rates whilst maintaining

post translational modifications

5 A further object of the invention is to increase translation initiation rates whilst maintaining

glycan-based post translational modifications.

A further object of the invention is to increase translation initiation rates whilst maintaining

acidic and basic distribution of species.

A further object of the invention is to increase expression of recombinant proteins

10 A further object of the invention is to increase titer of recombinant proteins.

A further object of the invention is to increase titer of antibodies or fragments thereof

A further object of the invention is to increase titer of monoclonal antibodies.

SUMMARY OF INVENTION

15 The objects of the invention are attained by the subject-matter disclosed in the claims as well

as the subject-matter disclosed in the below aspects of the invention

A first aspect of the invention relates to a DNA construct suitable for expressing a

recombinant protein in mammalian cells, wherein the DNA construct comprises a nucleic acid

20 sequence of SEQ ID No I, wherein the nucleic acid sequence of SEQ ID No I is a TIS

sequence.

25

In a preferred embodiment, the nucleic acid sequence of SEQ ID No l comprises:

6 nucleotides upstream of an ATG start codon; and/or

2 nucleotides downstream of an ATG start codon.

In a preferred embodiment, the DNA construct further comprises a nucleic acid sequence

which encodes a signal peptide.

In a preferred embodiment, the DNA construct further comprises a nucleic acid sequence

which encodes a recombinant protein or one or more polypeptide chains thereof
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A second aspect of the invention to relates to a DNA construct for expressing a recombinant

protein in mammalian cells, wherein the DNA construct comprises:

a nucleic acid sequence of SEQ ID No I, wherein the nucleic acid sequence of SEQ

ID I is a TIS sequence, and

a nucleic acid sequence which encodes a signal peptide.

In a preferred embodiment, the nucleic acid sequence of SEQ ID No 1 comprises:

6 nucleotides upstream of an ATG start codon„and/or

2 nucleotides downstream of an ATG start codon

10 In a preferred embodiment, the nucleic acid sequence which encodes a signal peptide

comprises a nucleic acid sequence of SEQ ID No 2.

In a preferred embodiment, the nucleic acid sequence of SEQ ID No 1 comprises:

the ATG start codon in the nucleic acid sequence which encodes the first amino acid

residue of the signal peptide; and

15

20

the first two nucleotides downstream of the ATG start codon in the nucleic acid

sequence which encodes the second amino acid residue of the signal peptide.

In a preferred embodiment, the nucleic acid sequence of SEQ ID No 1 comprises:

the ATG start codon in SEQ ID No 2; and

the first two nucleotides downstream of the ATG start codon in the nucleic acid

sequence of SEQ ID No 2.

25

30

A third aspect of the invention to relates to a DNA construct for expressing a recombinant

protein in mammalian cells, wherein the DNA construct comprises:

a nucleic acid sequence of SEQ ID No I, wherein the nucleic acid sequence of SEQ

ID 1 is a TIS sequence;

a nucleic acid sequence which encodes a signal peptide; and

a nucleic acid sequence which encodes for a recombinant protein, preferably a

monoclonal antibody, more preferably an IgG4 monoclonal antibody.

In a preferred embodiment, the nucleic acid sequence of SEQ ID No I comprises:

6 nucleotides upstream of an ATG start codon; and/or

2 nucleotides downstream of an ATG start codon.
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10

In a preferred embodiment, the nucleic acid sequence which encodes a signal peptide

comprises a nucleic acid sequence of SEQ ID No 2.

In a preferred embodiment, the nucleic acid sequence of SEQ ID No l comprises:

the ATG start codon in the nucleic acid sequence which encodes the first amino acid

residue of the signal peptide; and

the first two nucleotides downstream of the ATG start codon in the nucleic acid

sequence which encodes the second amino acid residue of the signal peptide.

In a preferred embodiment, the nucleic acid sequence of SEQ ID No l comprises:

the ATG start codon in SEQ ID No 2; and

the first two nucleotides downstream of the ATG start codon in the nucleic acid

sequence of SEQ ID No 2.

In a preferred embodiment, the nucleic acid sequence which encodes the signal peptide is

operably linked to the nucleic acid sequence which encodes for the recombinant protein.

15 A fourth aspect of the invention relates to a DNA construct for expressing a recombinant

20

25

protein in mammalian cells, wherein the DNA construct comprises:

a first and second nucleic acid sequences each comprising a nucleic acid sequence of

SEQ ID No I, wherein the nucleic acid sequence of SEQ ID I is a TIS sequence,

a first nucleic acid sequence which encodes a signal peptide,

a second nucleic acid sequence which encodes a signal peptide;

a first nucleic acid sequence which encodes a heavy chain of an antibody; and

a second nucleic acid sequence which encodes a light chain of an antibody

In a preferred embodiment, a nucleic acid sequence of SEQ ID No I comprises:

6 nucleotides upstream of an ATG start codon; and/or

2 nucleotides downstream of an ATG start codon.

In a preferred embodiment, a nucleic acid sequence which encodes a signal peptide comprises

a nucleic acid sequence of SEQ ID No 2

In a preferred embodiment, the first and second nucleic acid sequences which encode a signal

peptide each comprise a nucleic acid sequence of SEQ ID No 2.
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In a preferred embodiment, the first and second nucleic acid sequences each comprising a

nucleic acid sequence of SEQ ID No I comprise:

the ATG start codon in the tirst and second nucleic acid sequences which encode the

first amino acid residue of the signal peptide; and

the first two nucleotides downstream of the ATG start codon in the first and second

nucleic acid sequences which encode the second amino acid residue of the signal

peptide.

In a preferred embodiment, the first and second nucleic acid sequences comprising a nucleic

acid sequence of SEQ ID No I comprise.

10 - the ATG start codon in SEQ ID No 2 of the first and second nucleic acid sequences

which encode a signal peptide, and

the first two nucleotides downstream of the ATG start codon in SEQ ID No 2 of the

first and second nucleic acid sequences which encode a signal peptide.

In a preferred embodiment, the first nucleic acid sequence which encodes a signal peptide is

15 operably linked to the first nucleic acid sequence which encodes the heavy chain of an

antibody

In a preferred embodiment, the second nucleic acid sequence which encodes a signal peptide

is operably linked to the second nucleic acid sequence which encodes the light chain of an

antibody

20 In a preferred embodiment, the first nucleic acid sequence which encodes the heavy chain of

an antibody encodes an amino acid sequence of SEQ ID No 5

In a preferred embodiment, the second nucleic acid sequence which encodes the light chain of

an antibody encodes an amino acid sequence of SEQ ID No 7.

In a preferred embodiment, the first and second nucleic acid sequences which encode for the

25 heavy and light chains of an antibody, respectively, encode an amino acid sequence of SEQ

ID No 5 and SEQ ID No 7, respectively.

In a preferred embodiment, the first nucleic acid sequence which encodes the heavy chain of

an antibody comprises a sequence of SEQ ID No 4.

In a preferred embodiment, the second nucleic acid sequence which encodes for the light

30 chain of an antibody comprises a sequence of SEQ ID No 6.
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In a preferred embodiment, the first and second nucleic acid sequence which encode the

heavy and light chains of an antibody, respectively, comprise a sequence of SEQ ID No 4 and

SEQ ID No 6, respectively.

In a preferred embodiment, the DNA construct comprises nucleic acid sequences of SEQ ID

5 No 8 and SEQ ID No 9. The resulting heavy and light chains of an antibody may each

comprise a cleaved or an uncleaved signal peptide. In the case when the signal peptides are

not cleaved, each of said heavy and light chains having an uncleaved signal peptide comprises

an amino acid sequence of SEQ ID No 10 and SEQ ID Nol I, respectively.

In a preferred embodiment, the DNA construct comprises nucleic acid sequences of SEQ ID

1O No 12 and SEQ ID No 13. The resulting heavy and light chains of an antibody may each

comprise a cleaved or an uncleaved signal peptide. In the case when the signal peptides are

not cleaved, each of said heavy and light chains having an uncleaved signal peptide comprises

an amino acid sequence of SEQ ID No 10 and SEQ ID Nol I, respectively.

15 A fifth aspect of the invention relates to a DNA construct comprising a nucleic acid sequence

20

encoding an amino acid sequence, wherein the amino acid sequence comprises:

the amino acid sequence for Nivolumab (Opdivo, CAS number 946414-94-4);

a signal peptide of SEQ ID No 3 fused to the heavy chain amino acid sequence of

Nivolumab, and

a signal peptide of SEQ ID NO 3 fused to the light chain amino acid sequence of

Nivolumab

In a preferred embodiment, the heavy chain amino acid sequence of Nivolumab comprises a

sequence of SEQ ID No 5.

In a preferred embodiment, the light chain amino acid sequence of Nivolumab comprises a

25 sequence of SEQ ID No 7.

In a sixth aspect of the invention relates to an expression vector which comprises the DNA

construct according to the any one of the first to fifth aspects of the invention.

In a preferred embodiment, the expression vector comprises one or more of the following

3O nucleic acid elements.
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promoter,

terminator,

selection marker,

origin of replication, and/or

antibiotic resistance marker,

wherein the expression vector further comprises at least one multiple cloning site cleavable by

a restriction enzyme, preferably the restriction enzyme is EcoRI, Ndel, NotI, Xhol, PspXI,

PaeR71, Bbsl, Styl, Avrll, Banl, Acc651, Kpnl, Eco53kl, Sacl, BamHI, Xbal, Sall, Accl,

Pstl, Sbfl, SphI or HindIII.

1O In a preferred embodiment, the selection marker comprises the gene encoding dihydrofolate

reductase, DHFR, or glutamine synthetase, GS.

A seventh aspect of the invention relates to an expression cassette which comprises the DNA

construct according to the any one of the first to fifth aspects of the invention.

15

An eighth aspect of the invention relates to a host cell which comprises a DNA construct

according to any one of the first to fifth aspects of the invention, wherein said host cell is

preferable and eukaryotic cell, more preferably a mammalian cell

In a preferred embodiment, the host cell is a Chinese hamster ovary, CHO, cell.

2O In a preferred embodiment, the host cell is a CHO-DG44 cell or a CHO GS 'ell.

A ninth aspect of the invention relates to a recombinant protein expressed by a DNA construct

according to any one of the first to fifth aspects of the invention The recombinant protein

may comprise one or more polypeptide chains.

25 In a preferred embodiment, the recombinant protein is an antibody, antibody fragment,

enzyme and hormone.

In a preferred embodiment, the recombinant protein is monoclonal antibody, polyclonal

antibody, chimeric antibody or a fragment of said monoclonal antibody, polyclonal antibody,

chimeric antibody.
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In a preferred embodiment, the recombinant protein is Nivolumab. Nivolumab is a human

IgG4 monoclonal antibody. It is a therapeutic antibody which is sold under the brand name

Opdivo and is a medication used to treat a number of types of cancer. This includes

melanoma, lung cancer, renal cell carcinoma, Hodgkin lymphoma, head and neck cancer,

5 colon cancer, and liver cancer. It is typically used by slow injection into a vein.

A tenth aspect of the invention relates to RNA expressed by the DNA construct according to

any one of the first to fifth aspects of the invention.

1O An eleventh aspect of the invention relates to a method of expressing a recombinant protein,

comprising the steps of.

a cloning one or more open reading frames encoding a recombinant protein, or one or

more polypeptide chains thereof, into one or more DNA constructs according to any

one of the first to third aspects of the invention, and

15 b transfecting the resulting nucleic acid sequences into a host cell, wherein the host cell

is preferably a eukaryotic cell, more preferably a mammalian cell.

In a preferred embodiment, the method further comprises the step of integrating the

transfected nucleic acid sequence into the genome of the host cell.

20 A thirteenth aspect of the invention relates to a method of expressing a recombinant protein,

comprising the steps of:

a cloning a DNA construct according to the fourth or fifth aspects of the invention; and

b transfecting the resulting nucleic acid sequences into a host cell, wherein the host cell

is preferably a eukaryotic cell, more preferably a mammalian cell.

25 In a preferred embodiment, the method further comprises the step of integrating the

transfected nucleic acid sequence into the genome of the host cell.

A fourteenth aspect of the invention relates to a DNA construct for expressing a signal

peptide in any type of host cell (including prokaryotic cell, eukaryotic cell and/or yeast cell),

3O wherein the DNA construct comprises a nucleic acid sequence which encodes a signal
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peptide, wherein the nucleic acid sequence which encodes a signal peptide comprises a

nucleic acid sequence of SEQ ID No 2. The nucleic acid sequence of SEQ ID No 2 encodes a

signal peptide comprising an amino acid sequence of SEQ ID No 3. Further aspects relate to

an expression vector, expression cassette and host cell which comprise said DNA construct

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1
— Increased likelihood of identifying high antibody producing cell cultures for mini

pools containing a TIS " - chart represents titer values (g/L) on harvest day for mini-pools

containing a TIS "" (black) or TIS "(hallow)

10 Figure 2 - Increased likelihood of identifying high antibody producing cell cultures for mini

pools containing a TIS - chart represents mean productivity, mean Qp, (pg/c/d) on harvest

day for mini-pools containing a TIS (black) or TIS (hallow).

Figure 3 - Titer and specific productivity comparison of monoclonal antibody (mAb)

expressing CHO-DG44 cell lines - Final accumulated titer values (g/L) of cell lines harboring

15 a TIS (black dots) or TIS" (hollow dots).

Figure 4 — Titer and specific productivity comparison of mAb expressing CHO-DG44 cell

lines — Final accumulated specitic productivity, Qp, (pg/c/d) of cell lines harboring a TIS

(black dots) or TIS "(hollow dots)

Figure 5 - Glycan profile of commercially obtained Nivolumab (i.e. these samples have been

20 produced without the use of TIS 'nd TIS '.
Figure 6 — Glycan profile of Nivolumab variants derived from TIS " containing mini pools.

Figure 7 — Glycan profile of Nivolumab variants derived from TIS containing mini pools.

Figure 8 - Charge distribution of Nivolumab variants derived from TISc" mini pools. The

originator is labeled AAX2414.

25 Figure 9 - Charge distribution of Nivolumab variants derived from TIS mini pools The

originator is labeled AAX2414.
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DETAILED DESCRIPTION

In the art, a TIS sequence is sometimes referred to as the RNA sequence that functions as the

protein translation initiation site (TIS) in an mRNA transcript [9]. However„ in the present

invention, the term TIS sequence instead refers to the DNA sequence which transcribes into

5 said RNA sequence.

Since prior art studies do not suggest one unique universal sequence that could be reliably

used, the inventor has designed a novel nucleic acid TIS sequence (herein referred to as

TIS ) that provides better technical effect than the prior art GCCACCATGGA sequence

(herein labelled TIS "
) in a recombinant expression system for producing an antibody in

10 mammalian cells.

The novel TIS sequence herein referred to as TIS comprises the nucleic acid sequence of

TCGGTCATGGC which is also referred to as SEQ ID No l in the present invention

In the present invention, the term nucleic acid means at least two nucleotides covalently

linked together Moreover, the disclosure of a single strand also discloses the sequence of the

15 complementary strand. Thus, a nucleic acid sequence also encompasses the complementary

strand of a disclosed single strand.

20

25

The nucleic acid sequence of SEQ ID No l is comprised in a DNA construct which is suitable

for expressing a recombinant protein in mammalian cells. The TIS '" nucleic acid sequence

of SEQ ID No I comprises.

6 nucleotides (immediately) upstream of the ATG start codon (i.e. comprises

nucleotides from position -6 to -I in which the A of the ATG start codon is position

+I), as well as

2 nucleotides (immediately) downstream of the ATG start codon (i.e, comprises

nucleotides from position +4 to +5 in which the G of the ATG start codon is position

+3)

In the present invention, the term DNA construct means refers to an artificially constructed

segment of nucleic acid that is to be inserted into a host cell (e.g. via using an expression

vector or expression cassette).

The TIS nucleic acid sequence transcribes into an RNA sequence of UCGGUCAUGGC

30 (herein also referred to as SEQ ID No 14) that functions as the protein translation initiation
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site in an mRNA transcript. In other words, the TIS nucleic sequence is a Kozak-like

sequence.

The above mentioned DNA construct may further comprise a nucleic acid sequence which

encodes a signal peptide The nucleic acid sequence of SEQ ID No I may in such a DNA

5 construct comprise.

the ATG start codon in the nucleic acid sequence which encodes the first amino acid

residue of the signal peptide; and

the first two nucleotides downstream of the ATG start codon in the nucleic acid

sequence which encodes the second amino acid residue of the signal peptide.

10 In the present invention, the term signal peptide refers to a leader peptide which is fused to the

¹erminus of the recombinant protein to be expressed. Signal peptides facilitate secretion of

the recombinant protein from the host cell in which it is produced. Signal peptides are

typically cleaved from the remainder of the upon secretion from the cell

In an embodiment of the invention, the nucleic acid sequence which encodes the signal

15 peptide according to the present invention comprises a modification of the nucleic acid

sequence which expresses a signal peptide having methionine  ) as the first amino acid at

the N-terminus end of the signal peptide Such signals peptides may be selected from as the

ones described in Kober et a/ [11], Haryadi R. et a/ [12], US10066019, Ramezani A. et a/

[15] and Peng L. et a/ [16] which all relate to use of signal peptides for expression of

20 recombinant proteins in eukaryotic host cells. The modification according to the present

invention involves a change of the first codon downstream of the ATG start codon by

exchanging the first two nucleotides to GC. The resulting signal peptide will comprise MA as

the first two amino acids at the N-terminus end of the signal peptide.

In an embodiment of the invention, the nucleic acid sequence which encodes the signal

25 peptide comprises a nucleic acid sequence of SEQ ID No 2 The nucleic acid sequence of

SEQ ID No I will in such a DNA construct comprise:

the ATG start codon in SEQ ID No 2, and

the first two nucleotides downstream of the ATG start codon in the nucleic acid

sequence of SEQ ID No 2

30 The DNA construct may further comprise a nucleic acid sequence which encodes a

recombinant protein In such as DNA construct, the nucleic acid sequence which encodes the

signal peptide may be operably linked to the nucleic acid sequence which encodes the
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recombinant protein. The recombinant protein may be an antibody, a multimeric protein, a

monomeric protein, enzyme and/or hormone. However, other recombinant proteins may also

be envi saged.

The term antibody is in the present invention referred to a monoclonal antibody, polyclonal

5 antibody, chimeric antibody or a fragment thereof. Such a fragment of an antibody (herein

also refer to as antibody fragment) is a portion of an intact antibody comprising the antigen-

binding site or variable region. An antibody fragment may be a Fab fragment„Fab'ragment,

Fab'-SH fragment, F(ab')2 fragment, Fd fragment, Fv fragment, diabody, triabody and/or

single-chain Fv (scFv) molecule.

10 In an embodiment of the invention, the DNA construct comprises.

two nucleic acid sequence of SEQ ID No I;

two nucleic acid sequences which encode signal peptides„and

a recombinant protein;

wherein the nucleic acid sequences which encode the signal peptides may be the same or

15 different sequences, i.e. the signal peptides may be the same or different signal peptides. The

construction of vectors which express signal peptides which are same or different are known

in the art as described in Kobereta/ [11], Haryadi R et a/[12] and Li F. et a/[13] The

recombinant protein is preferably an antibody. Moreover, each of the nucleic acid sequences

which encode signal peptide is operably linked to two nucleic acid sequences (such as nucleic

20 acid sequences encoding the heavy and light chains) of the recombinant proteins

25

In an embodiment of the invention, the DNA construct comprises

a first and second nucleic acid sequences each comprising a nucleic acid sequence of

SEQ ID No I,

a first nucleic acid sequence which encodes a signal peptide;

a second nucleic acid sequence which encodes a signal peptide;

a first nucleic acid sequence which encodes a heavy chain of an antibody; and

a second nucleic acid sequence which encodes a light chain of an antibody.

In such as DNA construct, the first and second nucleic acid sequences of SEQ ID No 1

comprise

30 - the ATG start codon in the first and second nucleic acid sequences which encode the

signal peptides, and
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the first two nucleotides downstream of the ATG start codon in the first and second

nucleic acid sequences which encode the signal peptides.

The first nucleic acid sequence which encodes a signal peptide is operably linked to the first

nucleic acid sequence which encodes the heavy chain of an antibody Similarly, the second

5 nucleic acid sequence which encodes a signal peptide is operably linked to the second nucleic

acid sequence which encodes the light chain of an antibody.

In an embodiment of the invention, the DNA construct of the first and second nucleic acid

sequences which encode the signal peptides may each comprise a nucleic acid sequence of

SEQ ID No 2 In such a DNA construct, the first and second nucleic acid sequences of SEQ

10 ID No I comprise.

the ATG start codon in SEQ ID No 2 of the first and second nucleic acid sequences

which encode the signal peptides,

the first two nucleotides downstream of the ATG start codon in SEQ ID No 2 of the

first and second nucleic acid sequences which encode the signal peptides.

15 The first nucleic acid sequence which encodes the heavy chain of an antibody may encode an

amino acid sequence of SEQ ID No 5. The second nucleic acid sequence which encodes the

light chain of an antibody may encode an amino acid sequence of SEQ ID No 7.

The first nucleic acid sequence which encodes the heavy chain of an antibody may comprise a

nucleic acid sequence of SEQ ID No 4. The second nucleic acid sequence which encodes for

20 the light chain of an antibody may comprise a nucleic acid sequence of SEQ ID No 6.

25

30

The DNA construct may comprise a nucleic acid sequence of SEQ ID No g or SEQ ID No I 2

wherein said sequence comprises:

a first nucleic acid sequence comprising a nucleic acid sequence of SEQ ID No I;

a first nucleic acid sequence which encodes a signal peptide comprising a nucleic acid

sequence of SEQ ID No 2; and

a first nucleic acid sequence which encodes a heavy chain of an antibody comprising a

nucleic acid sequence of SEQ ID No 4;

wherein the first nucleic acid sequences of SEQ ID No l comprises:

the ATG start codon in SEQ ID No 2 of the first nucleic acid sequence which encodes

a signal peptide; and

the first two nucleotides downstream of said ATG start codon
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10

The DNA construct may comprise a nucleic acid sequence of SEQ ID No 9 or SEQ ID No 13

wherein said sequence comprises:

a second nucleic acid sequence comprising a nucleic acid sequence of SEQ ID No 1;

a second nucleic acid sequence which encodes a signal peptide comprising a nucleic

acid sequence of SEQ ID No 2, and

a second nucleic acid sequence which encodes a light chain of an antibody comprising

a nucleic acid sequence of SEQ ID No 6„

wherein the second nucleic acid sequences of SEQ ID No I comprises

the ATG start codon in SEQ ID No 2 of the second nucleic acid sequence which

encodes a signal peptide; and

the first two nucleotides downstream of said ATG start codon.

The DNA construct may comprise both of nucleic acid sequences of SEQ ID No 8 and SEQ

ID No 9 Alternatively, the DNA construct may instead comprise both of the nucleic acid

sequences of SEQ ID No 12 and SEQ ID No 13. Nucleic acids of SEQ ID No 12 and 13 differ

15 from nucleic acids of SEQ ID No 8 and 9, respectively, only in that nucleic acid of SEQ ID

No 12 and 13 each further comprise restriction sites

The above disclosed DNA construct may be integrated into an expression vector suitable for

transfecting into mammalian cells. Such a vector may comprise the following nucleic acid

elements

20 promoter,

terminator,

selection marker,

origin of replication, and/or

antibiotic resistance marker.

25 The expression vector may further comprise at least one multiple cloning site cleavable by a

restriction enzyme such as EcoRI, Ndel, Notl, Xhol, PspXI, PaeR71, Bbsl, Styl, Avrll, Banl,

Acc651, Kpnl, Eco53kl, Sacl, BamHI, Xbal, Sall, Accl, Pstl, Sbfl, Sphl and/or Hindlll

Expression vector for use with mammalian cells as well as nucleic acid elements which are

typically comprised in such expression vectors are described in Li F. et a/ [13] and Noh S.H.

30 et a/ [14] and the uses of these expression vectors in the present invention are indicated in the

below described embodiments of the expression vector
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The expression vector may include one or more promoters. The promoter may be any

promoter that is capable of driving gene expression and regulating gene expression

Preferably, the promoter may be a promoter shown effective for expression of recombinant

proteins in mammalian cells such as CHO cells In a further preferred embodiment, the

5 promoter is effective for expression of recombinant proteins in CHO-DG44 cells. A specific

example of a promoter which may be used in the present invention is a cytomegalovirus

(CMV) promoter and/or elongation factor alpha (EF l u) promoter.

In expression vectors having a DNA construct comprising:

a first nucleic acid sequence which encodes a heavy chain of an antibody,

10 - a second nucleic acid sequence which encodes a light chain of an antibody,

the expression vector may comprise a first promoter for expressing the first nucleic acid

sequence as a first transcript and a second promoter for expressing the second nucleic acid

sequence as a second transcript The first transcript will then be translated to a heavy chain

polypeptide and the second transcript will be translated into the light chain polypeptide and

15 the resulting antibody will be generated by said heavy and light chain polypeptides. In such an

expression vector, the first and second promoters may be same or different in embodiments of

the invention In such an expression vector, a preferred embodiment involves the use of two

CMV promoters, i.e. one for each of the first and second nucleic acid sequences encoding the

heavy and light chains of an antibody.

20 In an embodiment of the expression vector, an intron sequence in the 5'ntranslated region is

included after the promoter(s) to increase export of transcribed mRNA to the cytoplasm from

the nucleus of the host cell, moreover, one or more 3'olyadenylation signal sequences may

also be included in the expression vector to maximize mRNA levels. Some examples of

polyadenylation signal sequences which may be included in the expression vector are SV40

25 late or early polyadenylation signal sequences and the bovine growth hormone

polyadenylation sequence.

In the present invention, a metabolic selection marker such as the gene encoding

dihydrofolate reductase (DHFR) may be used as selection marker in an expression vector

which is to be transfected into CHO-DG44 cells. The DNA construct can be amplified with

30 the use of Methotrexate (MTX), a DHFR inhibitor

An alternative marker is the gene encoding Glutamine synthase (GS) which may be used as

selection marker in an expression vector to be transfected into CHO GS 'ells. GS catalyzes
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the conversion of ammonia and glutamate into glutamine, and MSX inhibits the activity of the

GS protein

An origin of replication which may be used in the present invention may be selected from a

pUC origin, a pBR 322 origin; a pACYC origin, a pSC101 origin and a ColEI origin

5 However, derivatives of these origins of replication as well as other origins of replication used

in the art may also be used. An example of an eukaryotic origin of replication which may be

used is an SV40 origin of replication.

The antibiotic resistance marker comprises a gene whose product confers resistance to an

antibiotic such as chloramphenicol, ampicillin, zeocin, bleomycin, gentamycin, streptomycin,

10 tetracycline, kanamycin and neomycin. Some examples of antibiotic resistance marker used in

the expression vector are therefore a chloramphenicol resistance gene, kanamycin resistance

gene, ampicillin resistance gene, zeocin resistance gene, bleomycin resistance gene,

gentamycin resistance gene, gentamycin resistance gene, streptomycin resistance gene,

tetracycline resistance gene and neomycin resistance gene. The use of these antibiotic

15 resistance markers in expression vectors is known in the art, see e.g. Li F. e/ a/ [13] and

US8138324.

Other antibiotic selection markers which may be used are Puromycin acetyltransferase,

Blasticidin deaminase, Histidinol dehydrogenase, Hygromycin phosphotransferase, Zeocin

resistance gene, Bleomycin resistance gene and Aminoglycoside phosphotransferase. These

20 markers use Puromycin, Blasticidin, Histidinol, Hygromycin, Zeocin„Bleomycin and

Neomycin (G418), respectively, as selective reagents.

The expression vector may also include one or more transcription termination regions The

transcription termination region is typically downstream of the coding sequence to provide for

efficient transcription termination.

25 In a specific embodiment of the invention for use in the expression of heavy and light chains

of an antibody, the expression vector of the present invention comprises the following nucleic

acid elements which are also indicated in chapter "Cell line development" in Li F, e/ al [13]:

30

first and second nucleic acid sequences encoding the heavy and light chains of an

antibody to be expressed;

two CMV promoters, i.e. one for each of first and second nucleic acid sequences

encoding the heavy and light chains of the antibody;
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an intron sequence in the 5'ntranslated region is included after each of the CMV

promoters,

3'olyadenylation signal sequence is included after each of said 5'ntranslated

regions;

gene encoding selection marker DHFR;

DNA construct comprising a TIS sequence (i.e Kozak sequence) and a signal peptide

in front of (i.e, upstream) each of the first and second nucleic acid sequences encoding

the heavy and light chains of an antibody; and

antibiotic resistance marker

10

15

The above disclosed DNA constructs may also be included in an expression cassette suitable

for transfecting into mammalian cells. Such an expression cassette may comprise the

following nucleic acid elements:

promoter,

terminator, and

selection marker.

The host cell lines used in the present invention may be developed as explained in Li F. e/ a/

[13] and Noh S H et a/ [14j. The host cell which hosts the above described embodiments of

20 the expression vector and expression cassette is preferably a mammalian host cell derived

from human, hamster or murine cell lines. In preferred embodiments of the invention, CHO

cells such as CHO-DG44 cell or a CHO GS'ell may be used.

As already discussed above, the various embodiments of DNA constructs, expression vectors,

25 host cells and methods can be used for expressing a recombinant protein or one or more

polypeptide chains thereof. An example of a protein which may be expressed is an antibody,

antibody fragment, enzyme and hormone.

It is to be noted that, in the present invention, the singular forms "a," "and" and "the" include

30 plural references unless the context clearly dictates otherwise. The present invention also
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contemplates other embodiments "comprising," "consisting of" and "consisting essentially

of," the embodiments or elements presented herein, whether explicitly set forth or not.

The present invention has multiple aspects, illustrated in the non-limiting EXAMPLES

5 section It should be noted that, in the EXAMPLES section, DNA constructs encoding the

heavy and lights chains of Nivolumab (Opdivo ) have been cloned into an expression vector

comprising TIS and an expression vector comprising TIS

It should be understood that these examples relating to Nivolumab„while indicating preferred

embodiments of the invention, are given by way of illustration only From the above disclosed

10 embodiments of the invention and the following examples, one skilled in the art can ascertain

the essential characteristics of this invention, and without departing from the spirit and scope

thereof, can make various changes and modifications of the invention to adapt it to various

types of therapeutic antibodies (such as mAbs or fragments thereoI) and immunoglobins (i.e

IgG, IgM, IgD, IgA and IgE). Thus, various modifications of the invention in addition to

15 those shown and described herein will be apparent to those skilled in the art from the

foregoing description. Such modifications are also intended to fall within the scope of the

appended claims

EXAMPLES

20 Examples I and 3 described below show that by introducing the TIS of SEQ ID No I into

an expression vector, the likelihood of identifying high mAb (Nivolumab) producing mini

pools increased compared to mini pools transfected with the TISc"

Unexpectedly, among the monoclonal cell lines producing & 4 2 g/L mAb, ten out of fourteen

harboured the TIS" . In addition, the top ten TIS cell lines yielded on average 0 56 g/L

25 more mAb (Nivolumab) compared to the top ten cell lines with the commonly used TIS

whilst the quality and biosimilarity were maintained. The present invention underlines the

importance and the implications of the TIS sequence during CHO cell line development.

Moreover, Example 2 shows similar post translation modifications for Nivolumab expressed

by TIS when compared to Opdivo (i.e. originator Nivolumab) expressed in an expression

30 vector system not comprising any one of TIS "and TIS . This clearly shows that that

quality and biosimilarity of Nivolumab was maintained when TIS was used.
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For experimental details pertaining to the examples below, the reader is directed to the

separate MATERIALS AND METHODS section. All publications, patent applications,

patents and other references mentioned in this document are incorporated by reference in their

entirety.

5 The EXAMPLES and MATERIALS AND METHODS sections disclosed herein are

illustrative only and not intended to be limiting.

Example 1 — I'Ibrei increases mAb yieldin fedbalch calli vali on ofmini pools

In order to compare implications of TIS sequence variants during cell line development in

10 CHO-DG44, nucleotide changes were introduced to the expression vector by altering the TIS

sequence GCCACCATGGA (TIS ) to novel TIS sequence of TCGGTCATGGC (TIS ).

In parallel experiments, cells were transfected via electroporation with either the TIS or

the TIS vectors (i.e. vectors comprising TIS or the TIS sequences) and integrates

were selected for by seeding 4000-8000 viable cells/well in 96-well plates 24 hours after

15 transfection. After screening for the best growing colonies, titers were measured in static

cultures and top mini pools were expanded and re-adapted to suspension. Top twelve mini

pools based on cell specific productivity (pg/cell/pay) and overall titer (g/L) were further

evaluated in a fed batch study in shake flasks. Notably, seven out of the top twelve mini pools

were cells transfected with the TIS . Moreover, when analysing data from the fed batch

20 study, we saw clear indications of higher titer and cell specific productivity, in addition to

increased colony formation in 96-well plates, for mini-pools containing a TIS . The fed

batch results showed that the top three high producing mini pools had integrated vectors with

the TIS (figures I and 2). The average max viable cell density (VCD) / ml was lower for

mini pools with a TIS (I5.2*10'ells/ml) compared to TIS (20. l"'l 0 cells/ml) (data

25 not shown) and there was prolonged viability for TIS integrates (figures l and 2, x-axis).

These results suggest that a mRNA with a TIS "promote longevity, potentially through

recruiting ribosomes more efficiently, thereby enhancing cell specific productivity and titer

but slightly hampering VCD (less ribosomes available for rapid growth).

30 Example 2 — Comparable mAb glycaliprofile and charge dislri bali on for ID" and I/$

mini pools
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To assess if the increase in productivity and titer for cells transfected with TIS affects

protein quality, mini pools were analysed for charge distribution of acidic and basic species

(figures 8 and 9), glycan profiling (tigures 5-7) and size distribution, i.e. post translational

modifications, PTMs. The resulting data from Water /Iol&/Floor-IvIS workflow, as illustrated

5 in figure 5-9, showed similar PTM patterns and charge distribution for Nivolumab expressed

by expression vector systems comprising TIS and TIS, respectively, when compared to

Opdivo (i.e originator mAb) expressed in an expression vector system not comprising any

one of TIS "and TISco This clearly indicates that the alteration in translation initiation

rates did neither affect protein quality nor biosimilarity.

10 The glycans which are disclosed in figures 5-8 have the following Oxford Notation names

[18]:

A2,

15

20

F(6)A2 (same as FA2 in reference 20);

A2[3]GI;

A2[6]GI,

F(6)A2[3]GI (same as FA2[3]G1 in reference 20),

F(6)A2[6]G1 (same as FA2[6]G1 in reference 20);

F(6)AZG2 (same as FAZGZ in reference 20)

M5; and

F(6)AI.

Increased mAhl&rod»crionin more&clonol cell lines horho&ning a 7'1$'o
generate monoclonal cell lines, top eight mini pools (based on titer and protein quality)

were seeded as single cells using fluorescence-activated cell sorting (FACS) and single cell

25 images were taken as a further assurance of monoclonality. The top 48 clones based on

monoclonality, cell growth and productivity were expanded and adapted to suspension culture

before evaluation in an ambrl 5 microbioreactor run. Cultures were harvested when viability

was & 70 'o or on culture day 14 at the latest When analysing overall yield and cell specific

productivity of the mAb producing monoclonal cell lines, we observed a clear difference in

30 titer and specific productivity between the TIS and TIS containing cell lines (figures 3

and 4). Among the 48 cultured clones, 14 clones gave rise to accumulated titer values & 4.2

g/L of which 10 clones harboured a TIS . The highest producing cell line also contained a
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TIS and yielded 6.1 g/L mAb in a generic, non-optimised fed-batch process (figure 3).

Moreover, when analysing the cell specific productivity l 0 out of the 14 high producers

contained a TIS with the best TIS 'ariantproducingca. 60pg/c/dmAb (figure4).

Taken together, these results indicate that our rationally designed TIS "is superior

5 compared to a standard commonly used TIS both in terms of the likelihood of identifying

high producers during mini pool generation as well as identifying a monoclonal DG44 cell

lines with enhanced productivity and titer.

MATERIALS AND METHODS

Vector engiiieering and tronsfection

10 The expression vectors (i.e, the TIS vector and TIS 'ector) for comparing the TIS

and TIS" both comprised the following nucleic acid elements which are disclosed in the

chapter "Cell line development'n Li F. e/ al [i 3]:

first and second nucleic acid sequences encoding the heavy and light chains of the

antibody to be expressed;

15 - two CMV promoters, i.e. one for each of first and second nucleic acid sequences

20

encoding the heavy and light chains of the antibody;

an intron sequence in the 5'ntranslated region is included after each of the ClVIV

promoters;

3'olyadenylation (polyA) signal sequence is included after each of said5'ntranslatedregions,

gene encoding selection marker DHFR;

a nucleic acid sequence encoding a signal peptide in front of (i.e. upstream) each of

the first and second nucleic acid sequences encoding the heavy and light chains of the

antibody to be expressed,

25 - TIS sequences (i.e. Kozak sequences) upstream of the signal peptide nucleic acid

sequences; and

antibiotic resistance marker.

The first and second nucleic acid sequences encoding the heavy and lights chains of

Nivolumab (Opdivo ) were each cloned into an expression vector comprising, either two

30 TIS sequences, or two TIS sequences, as described in below paragraphs. The first

nucleic acid sequence encoding the heavy chains of Nivolumab comprises a sequence of SEQ

ID No 4 while the second nucleic acid sequence encoding the light chains of Nivolumab
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comprises a sequence of SEQ ID No 6. Thus, the first nucleic acid sequence encodes heavy

chains comprising an amino acid sequence of SEQ ID No 5 while the second nucleic acid

sequence encodes light chains comprising an amino acid sequence of SEQ ID No 7.

In the vector comprising the two TIS " sequences(i e. the TIS " vector), the nucleic acid

5 sequence encoding each of the signal peptides comprised a nucleic acid sequence for

expressing a signal peptide of amino acid sequence

MDLLHKNMKHLWFFLLLVAAPRWVLS. This signal peptide has previously been

disclosed in Haryadi R et a/ [12] and US10066019 for expressing a polypeptide chain of

therapeutic antibodies.

10 For designing the TIS 'equence, the GCCACC sequence of the TIS sequence was

altered to the TCGGTC sequence. In addition, the first codon downstream of the ATG start

codon, coding for the first amino acid of the signal peptide„was changed from GAT to GCT

resulting in an amino acid substitution at that position These combinatory changes yielded

the TIS sequence comprising the TCGGTCATGGC nucleotide sequence (SEQ ID No I).

15 The expression vector comprising the two TIS sequence (SEQ ID No I) was engineered to

20

comprise two nucleic acid sequences each encoding the signal peptide comprising a nucleic

acid sequence of SEQ ID No 2 The nucleic acid sequences of SEQ ID No I each comprised

the ATG start codon in a sequence of SEQ ID No 2; and

the first two nucleotides downstream of the ATG start codon in a nucleic acid

sequence of SEQ ID No 2.

The nucleic acid sequence of SEQ ID No 2 encodes a novel signal peptide of amino acid

sequence MALLHKNMKHLWFFLLLVAAPRWVLS (SEQ ID No 3) which has previously

not been disclosed in any prior art documents.

For testing the activity of TIS, DNA constructs comprising nucleic acid sequences of SEQ

25 ID No 8 and SEQ ID No 9 encoding heavy chain and light chain of Nivolumab, respectively,

were cloned into the expression vector. The DNA constructs used for this purpose comprised

nucleic acid sequences of SEQ ID No 12 and SEQ ID No 13 which comprise (i) nucleic acid

sequences of SEQ ID No 8 and SEQ ID No 9 encoding heavy and light chain of an antibody,

respectively, and (ii) restriction sites which enabled cloning into the expression vector.

30 Consequently, the DNA constructs comprising the nucleic acid sequences of SEQ ID No 8

and SEQ ID No 12, each comprised
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10

a first nucleic acid sequence comprising a nucleic acid sequence of SEQ ID No I

(TISavo)

a first nucleic acid sequence which encodes a signal peptide comprising a nucleic acid

sequence of SEQ ID No 2; and

a first nucleic acid sequence which encodes a heavy chain of an antibody comprising a

nucleic acid sequence of SEQ ID No 4„

wherein said first nucleic acid sequence of SEQ ID No I comprised:

the ATG start codon in SEQ ID No 2 of the first nucleic acid sequence which encodes

a signal peptide, and

the first two nucleotides downstream of said ATG start codon.

15

20

Similarly, the DNA constructs comprising the nucleic acid sequence of SEQ ID No 9 and

SEQ ID No 13, each comprised

a second nucleic acid sequence comprising a nucleic acid sequence of SEQ ID No I

(TIS vo).

a second nucleic acid sequence which encodes a signal peptide comprising a nucleic

acid sequence of SEQ ID No 2; and

a second nucleic acid sequence which encodes a light chain of an antibody comprising

a nucleic acid sequence of SEQ ID No 6,

wherein said second nucleic acid sequences of SEQ ID No I comprised:

the ATG start codon in SEQ ID No 2 of the second nucleic acid sequence which

encodes a signal peptide, and

the first two nucleotides downstream of said ATG start codon.

For testing the activity of TIS ", two DNA constructs comprising nucleic acid sequences

encoding heavy chain (SEQ ID No 4) and light chain (SEQ ID No 6) of Nivolumab,

25 respectively, were cloned into the expression vector. In analogy to the above described vector

for testing TIS", each of the nucleic acid sequences encoding heavy chain (SEQ ID No 4)

and light chain (SEQ ID No 6) of Nivolumab were operably linked to the nucleic acid

sequence expressing the signal peptide MDLLHKNMKHLWFFLLLVAAPRWVLS Each of

the nucleic acid sequences expressing said signal peptide were operably linked to the TIS

30 sequence of GCCACC.

Consequently, the TIS vector and the TIS vector differed only in that (in which

differences in nucleic acid and amino acid sequences have been underlined):



WO 2021/100034 25 PCT/SE2021/050233

the TISc" vector comprised two TISc" sequences of GCCACCATGGA while the

TIS 'ector comprised two TIS" sequences of TCGGTCATGGC, and

the TIS vector comprised two nucleic acid sequences each expressing a signal

peptide of amino acid sequence MDLLHKNMKHLWFFLLLVAAPRWVLS while

the TIS "vector comprised two nucleic acid sequences each expressing a signal

peptide of amino acid sequence MALLHKNMKHLWFFLLLVAAPRWVLS.

/'ed-//arch czzlli vali on fw nzi ni pool and clone eval»a/ion

Standard fed-batch processes were run according to a generic process for mini pool and clone

10 evaluation Cells were inoculated at a density of 3 x 10'ells/mL in 25 mL chemically

defined production medium using 125 mL shake flasks (mini pools) or in an ambr15 micro

bioreactor (clones). Feed A, feed B and glucose were added according to a standard feeding

regimen Cultures were controlled for cell density, viability, product concentration, glucose

and lactate Cells were cultivated for up to 14 days or until viability dropped below 70 '~o

15

20
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CLAIMS

10

1. DNA construct for expressing a recombinant protein in mammalian cells, wherein the

DNA construct comprises:

a nucleic acid scqucncc of SEQ ID No I, whcrcin thc nucleic acid scqucncc of

SEQ ID I is a TIS sequence; and

a nucleic acid sequence which encodes a signal peptide;

and wherein ihe nucleic acid sequence of SEQ ID No 1 comprises:

thc ATG start codon in thc nucleic acid scqucncc which cncodes thc first

amino acid residue of the signal peptide; and

the first two nucleotides downstream of the ATG start codon in the nucleic

acid sequence which enc&xles the second amino acid residue ol'he signal

pcptidc.

15

2. DNA construct according to claim I, wherein the TIS sequence transcribes into an

RNA motif thai functions as ihe protein translation initiation site in an mRNA

transcript.

20

3. DNA construct according io claim 1 or 2, wherein ihe TIS sequence is a Koxak

sequence which iranscribes into an RNA motil'hai lunciions as ihe protein translation

initiation site in an mRNA transcript.

25

4. DNA construct according to any one ol'he claims 1-3, wherein ihe nucleic acid

sequence ol SEQ ID 1 comprises:

6 nuclcotides upstrcarn of an ATG start codon; and

2 nucleotides downstream of an ATG start codon.

5. DNA construct according to any one ol'he claims 1-4, wherein ihe nucleic acid

scqucnce which cncodcs a signal peptide comprise a nucleic acid scqucncc of SEQ

ID No 2.

30

6. DNA construct according to any one of thc claims I-S, wherein thc nucleic acid

sequence of SEQ ID No I comprises:

the ATG start codon in SEQ ID No 2; and
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the first two nucleotides downstream of the ATG start codon in the nucleic

acid sequence ol'EQ ID No 2.

7. DNA construct according to any onc of the claims 1-6, wherein thc DNA constmct

comprises a nucleic acid sequence which encodes said recombinant protein, wherein

said recombinant protein is prel'erably an antibody. wherein said antibody is most

preferably a monoclonal antibody, a polyclonal antibody, a chimeric antibody or a

fragment of said antibody.

10 8. DNA construct according to claims 7, wherein ihe DNA construct which comprises

ihe nucleic acid sequence which encodes said recombinant protein is a monoclonal

antibody, preferably an lgG4 monoclonal antibody.

15

9. DNA construct according io any one ol the claims 1-8, wherein ihe nucleic acid

sequence which enc&xles a signal peptide is operably linked io ihe nucleic acid

scqucnce which cncodcs thc recombinant protein.

20

10. DNA construct according to any one ol'he claims 1-9, wherein ihe nucleic acid

sequence which encodes said recombinant protein comprises:

a first nucleic acid scqucnce which cncodes a heavy chain of an antibody; and

a second nucleic acid sequence which encodes a light chain of an antibody.

25

11. DNA construct according to claim 10, wherein ihe nucleic acid sequence which

cncodcs a signal peptide is operably linked to:

the first nucleic acid sequence which encodes the heavy chain of an antibody;

and/or

thc second nucleic acid sequence which cncodcs thc light chain of an antibody.

30

12. Expression vector which comprises the DNA construct according to any one of the

claims 1-11.

13. Expression cassette comprising the DNA construct according to any one of the claims

1-11.
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14. Host cell which comprises a DNA construct according to any one of the claims 1-11,

wherein said host cell is prel'erably an eukaryoiic cell.

15. Host cell according to claim 14, wherein said host cell is a mammalian cell.

10

16. Recombinant protein expressed by a DNA construct according to any one ol'he

claims 1-11 whcrcin said recombinant protein is preferably an antibody or an antibody

fragment thcrcof, morc prcfcrably a monoclonal antibody or a fragment thereof, most

preferably an IgG4 monoclonal antibody or a fragment thereof.

17. RNA exprcsscd by thc DNA construct according to any onc of thc claims 1-11.

15

18. Method ol'xpressing a recombinant protein, comprising the steps ol:

cloning one or more open reading 1'rames encoding a recombinant protein, or

onc or morc polypeptide chains thereof, into one or morc DNA constructs

according to any one of the claims 1-11; and

iranslecting the resulting nucleic acid sequences into a host cell, wherein ihe

host cell is prelerably an eukaryotic cell, more prelerably a mammalian cell.

20 19. Method according to claim 18, further comprising the step of integrating the

iranslected nucleic acid sequence into ihe genome of ihe host cell.

25

20. DNA construct for cxprcssing a signal peptide, wherein the DNA construct comprises

a nucleic acid sequence which encodes a signal peptide, wherein the nucleic acid

sequence which encodes a signal peptide comprises a nucleic acid sequence of SEQ

ID No 2.

21. Expression vector which comprises the DNA constmct according to claim 20.

30 22. Expression cassette comprising ihe DNA construct according to claim 20.

23. Host cell which comprises a DNA construct according to claim 20.

24. RNA expressed by the DNA construct according io claim 20.
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