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Method for increasing the specific production rate of eukaryotic cells

The current invention is in the field of polypeptide production and cell culture
media. Herein reported is the use of a meta-tyrosine in a cell culture medium for
increasing specific productivity (qP), a process for producing a polypeptide in a
cell culture medium comprising meta-tyrosine and a cell culture medium

comprising meta-tyrosine.

Background of the Invention

Cell cultures are used in fermentative processes to produce substances, in particular
proteins. A distinction is made between processes in which the cell cultures are
genetically unmodified and form their own metabolic products and processes in
which the organisms are genetically modified in such a manner that they either
produce a larger amount of their own substances such as proteins or produce
foreign (heterologous) substances. The organisms producing the substances are
supplied with a nutrient medium which guarantees the survival of the organisms
and enables the production of the desired target compound. Numerous culture
media are known for these purposes which enable an optimal cultivation of the

specific host.

Protein biotherapeutics, like monoclonal antibodies, are considered as well-
established drugs to treat serious illnesses and disease, such as cancer, multiple
sclerosis and rheumatoid arthritis (see review from Leader et al. (Leader et al.
2008)). Critical molecular quality attributes of these highly active compounds have
to be tightly monitored to ensure patient safety and functional efficacy. Unintended
chemical modifications of the target protein can occur during whole production
process starting from synthesis by microorganisms and cell cultures, during protein
purification, formulation and storage. The most commonly observed chemical
degradation pathways for protein pharmaceuticals are asparagine deamidation,
aspartate isomerization (Wakankar and Borchardt, 2006; Diepold et al. 2012;
Dengl et al. 2013), and oxidation (Li et al. 1995; Ji et al. 2009; Hensel et al.
2011). Recently, several studies reported an additional relevant yet enzyme-
generated byproduct, so-called protein SV of recombinantly synthesized
biotherapeutics (Khetan et al. 2010; Wen et al. 2009; Feeney et al. 2013). SVs are
unintended amino acid replacements at genetically anticipated positions which
originate either from intrinsic nucleotide mutations (Bridges, 2001) or alternative

amino acid misincorporation during translation (Zeck et al. 2012). Translational
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misincorporation is thought to be caused by promiscuity of aminoacyl-tRNA
synthetase (aaRS) for structurally related amino acids in the course of endogen
substrate limitation (Feeney et al. 2013; Jakubowski, 2001). Misincorporation of
free meta-tyrosine into cellular proteins as a potential cytotoxic mechanism for

oxidized amino acids is reported in Gurer-Urhan et. al., (2006).

Summary of the Invention

It has been found that supplementation of a culture medium with meta-tyrosine
provides for an increased specific productivity (qP) of a ecukaryotic (host) cell
which produces a (non-endogenous) polypeptide. It has been found that the
addition of meta-tyrosine to a cultivation of eukaryotic cells does not lead to a
significant decrease in cell viability or final product titer. Cell growth in such a
cultivation is reduced/affected in a negative manner (represented by reduced viable
cell density (VCD) and overall biomass production (indicated as CTI)). In the
current method it is not necessary to perform a temperature-, osmolality- or pH
shift to increase the specific productivity of the cultivated cells. It is also not
necessary to modulate the specific productivity by addition of drugs like valproic
acid or sodium butyrate. The occurrence of amino acid sequence variants (SVs) due
to alternative amino acid misincorporation during mRNA translation in the
presence of meta-tyrosine is controlled by additional feeding of phenylalanine in

non-limiting concentrations.

One aspect as reported herein is the use of meta-tyrosine for increasing the specific
productivity of a cukaryotic host cell that produces/expresses/secretes a (non-

endogenous/exogenous) polypeptide.

In one embodiment of this aspect the cukaryotic host cell is a mammalian cell. In
one embodiment of this aspect the eukaryotic host cell is a Chinese Hamster Ovary
(CHO) cell. In one embodiment of this aspect the CHO cell is an in suspension
growing CHO cell/cell line (= a CHO suspension cell/cell line). In one embodiment
of this aspect the CHO cell is a CHO-K1 cell.

In one embodiment of this aspect the meta-tyrosine is added to result at a (final)
concentration of from 0.2 mM to 0.7 mM. In one embodiment of this aspect the
meta-tyrosine is added to result at a (final) concentration of from 0.25 mM to 0.6
mM. In one embodiment of this aspect the meta-tyrosine is added to result at a

(final) concentration of from 0.3 mM to 0.5 mM. In one embodiment of this aspect
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the meta-tyrosine is added to result at a (final) concentration of from 0.3 mM to 0.4
mM.

In one embodiment of this aspect the specific productivity is increased by at least
5% compared to an identical production process without supplementation of meta-
tyrosine. In one embodiment of this aspect the specific productivity is increased by
at least 10% compared to an identical production process without supplementation
of meta-tyrosine. In one embodiment of this aspect the specific productivity is
increased by at least 20% compared to an identical production process without
supplementation of meta-tyrosine. In one embodiment of this aspect the specific
productivity is increased by at least 25% compared to an identical production

process without supplementation of meta-tyrosine.

In one embodiment of this aspect the use is in a protein-free culture medium. In one
embodiment of this aspect the use is in a chemically defined culture medium. In
one embodiment of this aspect the use is in a protein-free, chemically defined

culture medium.

In one embodiment of this aspect the use is in a culture medium that additionally
comprises phenylalanine in a non-limiting concentration. In one embodiment of
this aspect the use is in a culture medium that additionally comprises phenylalanine
in a non-limiting concentration, wherein phenylalanine is added by continuous
feeding or by one or more individual bolus shots of Phe stock solutions at the

beginning or during the fermentation process.

In one embodiment of this aspect the molar ratio offfor meta-
tyrosine/phenylalanine is lower than or equal to 1.25. In one embodiment of this
aspect the final protein sequence fidelity with respect to Phe = m-Tyr
misincorporation is higher than or equal to 95.0%. In one embodiment of this
aspect the molar ratio of/for meta-tyrosine/phenylalanine is lower than or equal to
1.25 and the final protein sequence fidelity with respect to Phe = m-Tyr
misincorporation is higher than or equal to 95.0%. This means that 5% or less
meta-tyrosine residues are misincorporated over correctly incorporated
phenylalanine residues into the protein sequence. In one embodiment of this aspect
the molar ratio of/for meta-tyrosine/phenylalanine is lower than or equal to 0.25. In
one embodiment of this aspect the final protein sequence fidelity with respect to
Phe = m-Tyr misincorporation is higher than or equal to 99.0%. In one

embodiment of this aspect the molar ratio of/for meta-tyrosine/phenylalanine is
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lower than or equal to 0.25 and the final protein sequence fidelity with respect to
Phe = m-Tyr misincorporation is higher than or equal to 99.0%. In one
embodiment of this aspect the molar ratio of/for meta-tyrosine/phenylalanine is
lower than or equal to 0.125. In one embodiment of this aspect the final protein
sequence fidelity with respect to Phe = m-Tyr misincorporation is higher than or
equal to 99.5%. In one embodiment of this aspect the molar ratio of/for meta-
tyrosine/phenylalanine is lower than or equal to 0.125 and the final protein
sequence fidelity with respect to Phe = m-Tyr misincorporation is higher than or
equal to 99.5%. In one embodiment of this aspect the molar ratio of/for meta-
tyrosine/phenylalanine is lower than or equal to 0.025. In one embodiment of this
aspect the final protein sequence fidelity with respect to Phe = m-Tyr
misincorporation is higher than or equal to 99.9%. In one embodiment of this
aspect the molar ratio of/for meta-tyrosine/phenylalanine is lower than or equal to
0.025 and the final protein sequence fidelity with respect to Phe = m-Tyr

misincorporation is higher than or equal to 99.9%.
In one embodiment of this aspect the use is at a constant temperature.

In one embodiment of this aspect the use is at a temperature which is reduced in the

course of the use.
In one embodiment of this aspect the use is at a constant pH.

In one embodiment of this aspect the polypeptide is an immunoglobulin or a
variant thereof or a fragment thereof or a fusion thereof. In one embodiment of this
aspect the polypeptide is a human or humanized immunoglobulin or a variant
thereof or a fragment thereof or a fusion thereof. In one embodiment of this aspect
the polypeptide is a humanized antibody. In one embodiment of this aspect the

polypeptide is a humanized monoclonal antibody.

One aspect as reported herein is a process for producing a polypeptide in a
cukaryotic host cell expressing a nucleic acid encoding the polypeptide, comprising

culturing the eukaryotic host cell in a culture medium comprising meta-tyrosine.

In one embodiment of this aspect the meta-tyrosine is added to result at a (final)
concentration of from 0.2 mM to 0.7 mM. In one embodiment of this aspect the
meta-tyrosine is added to result at a (final) concentration of from 0.25 mM to 0.6
mM. In one embodiment of this aspect the meta-tyrosine is added to result at a

(final) concentration of from 0.3 mM to 0.5 mM. In one embodiment of this aspect
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the meta-tyrosine is added to result at a (final) concentration of from 0.3 mM to 0.4
mM.

In one embodiment of this aspect the specific productivity is increased by at least
5% compared to an identical production process without supplementation of meta-
tyrosine. In one embodiment of this aspect the specific productivity is increased by
at least 10% compared to an identical production process without supplementation
of meta-tyrosine. In one embodiment of this aspect the specific productivity is
increased by at least 20% compared to an identical production process without
supplementation of meta-tyrosine. In one embodiment of this aspect the specific
productivity is increased by at least 25% compared to an identical production

process without supplementation of meta-tyrosine.

In one embodiment of this aspect the cukaryotic host cell is a mammalian cell. In
one embodiment of this aspect the eukaryotic host cell is a Chinese Hamster Ovary
(CHO) cell. In one embodiment of this aspect the CHO cell is a CHO suspension
cell/a CHO cell growing in suspension. In one embodiment of this aspect the CHO
cell is a CHO-K1 cell.

In one embodiment of this aspect the process is performed in a protein-free culture
medium. In one embodiment of this aspect the process is performed in a chemically
defined culture medium. In one embodiment of this aspect the process is performed

in a protein-free, chemically defined culture medium.

In one embodiment of this aspect the process is performed in a culture medium that
additionally comprises phenylalanine in a non-limiting concentration. In one
embodiment of this aspect the process is performed in a culture medium that
additionally comprises phenylalanine in a non-limiting concentration, wherein
phenylalanine is added by continuous feeding or by one or more individual bolus

shots of Phe stock solutions at the beginning or during the fermentation process.

In one embodiment of this aspect the molar ratio offfor meta-
tyrosine/phenylalanine is lower than or equal to 1.25. In one embodiment of this
aspect the final protein sequence fidelity with respect to Phe = m-Tyr
misincorporation is higher than or equal to 95.0%. In one embodiment of this
aspect the molar ratio of/for meta-tyrosine/phenylalanine is lower than or equal to
1.25 and the final protein sequence fidelity with respect to Phe = m-Tyr

misincorporation is higher than or equal to 95.0%. This means that 5% or less



10

15

20

25

30

WO 2016/023775 PCT/EP2015/067733

-6-

meta-tyrosine residues are misincorporated over correctly incorporated

phenylalanine residues into the protein sequence.

In one embodiment of this aspect the molar ratio offfor meta-
tyrosine/phenylalanine is lower than or equal to 0.25. In one embodiment of this
aspect the final protein sequence fidelity with respect to Phe = m-Tyr
misincorporation is higher than or equal to 99.0%. In one embodiment of this
aspect the molar ratio of/for meta-tyrosine/phenylalanine is lower than or equal to
0.25 and the final protein sequence fidelity with respect to Phe = m-Tyr

misincorporation is higher than or equal to 99.0%.

In one embodiment of this aspect the molar ratio offfor meta-
tyrosine/phenylalanine is lower than or equal to 0.125. In one embodiment of this
aspect the final protein sequence fidelity with respect to Phe = m-Tyr
misincorporation is higher than or equal to 99.5%. In one embodiment of this
aspect the molar ratio of/for meta-tyrosine/phenylalanine is lower than or equal to
0.125 and the final protein sequence fidelity with respect to Phe = m-Tyr

misincorporation is higher than or equal to 99.5%.

In one embodiment of this aspect the molar ratio offfor meta-
tyrosine/phenylalanine is lower than or equal to 0.025. In one embodiment of this
aspect the final protein sequence fidelity with respect to Phe = m-Tyr
misincorporation is higher than or equal to 99.9%. In one embodiment of this
aspect the molar ratio of/for meta-tyrosine/phenylalanine is lower than or equal to
0.025 and the final protein sequence fidelity with respect to Phe = m-Tyr

misincorporation is higher than or equal to 99.9%.

In one embodiment of this aspect the process is performed at a constant
temperature. In one embodiment of this aspect the process is performed at a

temperature which is reduced in the course of the use.
In one embodiment of this aspect the process is performed at a constant pH.

In one embodiment of this aspect the polypeptide is an immunoglobulin or a
variant thereof or a fragment thereof or a fusion thereof. In one embodiment of this
aspect the polypeptide is a human or humanized immunoglobulin or a variant
thereof or a fragment thereof or a fusion thereof. In one embodiment of this aspect
the polypeptide is a humanized antibody. In one embodiment of this aspect the

polypeptide is a humanized monoclonal antibody.
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One aspect as reported herein is a culture medium comprising meta-tyrosine and
phenylalanine in a molar ratio which is lower than or equal to 1.25. One aspect as
reported herein is a culture medium comprising meta-tyrosine and phenylalanine in
a molar ratio which is lower than or equal to 1.25 and the final protein sequence
fidelity with respect to Phe = m-Tyr misincorporation is higher than or equal to
95.0%. This means that 5% or less meta-tyrosine residues are misincorporated over

correctly incorporated phenylalanine residues into the protein sequence.

One aspect as reported herein is a culture medium comprising meta-tyrosine and
phenylalanine in a molar ratio which is lower than or equal to 0.25. One aspect as
reported herein is a culture medium comprising meta-tyrosine and phenylalanine in
a molar ratio which is lower than or equal to 0.25 and the final protein sequence
fidelity with respect to Phe = m-Tyr misincorporation is higher than or equal to
99.0%.

One aspect as reported herein is a culture medium comprising meta-tyrosine and
phenylalanine in a molar ratio which is lower than or equal to 0.125. One aspect as
reported herein is a culture medium comprising meta-tyrosine and phenylalanine in
a molar ratio which is lower than or equal to 0.125 and the final protein sequence
fidelity with respect to Phe = m-Tyr misincorporation is higher than or equal to
99.5%.

One aspect as reported herein is a culture medium comprising meta-tyrosine and
phenylalanine in a molar ratio which is lower than or equal to 0.025. One aspect as
reported herein is a culture medium comprising meta-tyrosine and phenylalanine in
a molar ratio which is lower than or equal to 0.025 and the final protein sequence
fidelity with respect to Phe = m-Tyr misincorporation is higher than or equal to
99.9%.

In one embodiment of this aspect the culture medium is a protein-free culture
medium. In one embodiment of this aspect the culture medium is a chemically
defined culture medium. In one embodiment of this aspect the culture medium is a

protein-free, chemically defined culture medium.

Detailed Description of the Invention

Modulation of the specific productivity (qP) of a cukaryotic cell is thought to be a
powerful tool to address alterations in product quality attributes such as micro

heterogeneity in protein N-glycosylation, charge variants, protein aggregates and
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fragments profiles. For example, moderate qP is supposed to support
posttranslational N-glycosylation since the target protein may have a longer
residence time in glycan formation compartments endoplasmatic reticulum (ER)

and Golgi apparatus (Hossler et al. 2009).

Currently, modulation of qP in biotechnological practice is realized either by drugs
like the histone deacetylase (HDAC) inhibitors valproic acid and sodium butyrate
(Lee et al. 2009; Murray-Beaulicu et al. 2009) or by chemico-physical parameters
such temperature shift (Hendrick et al. 2001), pH shift (Yoon et al. 2005), and
increase of osmolality (Han et al. 2009). These approaches have significant
drawbacks. HDAC inhibitors on the one hand severely decrease cell viability and
induce apoptosis which may cause secondary problems like target protein
fragmentation and poor host cell protein and DNA elimination performance during
protein purification. On the other hand, chemico-physical parameters are hard to
control in GMP facilities and often vary in shift kinetics of different bioreactors
due to vessel limitations and different mass transfers. Herein is reported that the
specific supplementation of meta-tyrosine to biotechnological processes is a
promising alternative to existing procedure to increase qP of cukaryotic cells,
especially CHO cells, without affecting cell viability and without the need of

chemico-physical adjustments.

However, it has been reported by Gurer-Orhan et al., (2006) that certain levels of
meta-tyrosine concentrations induce cytotoxic effects in adherently growing CHO

cells.

The invention as reported herein is at least in part based on the finding that the
supplementation of a culture medium with meta-tyrosine leads to an increased
specific productivity (qP) of a eukaryotic, especially a CHO, suspension cell which

produces an exogenous polypeptide.

Contrary to finding of Gurer-Orhan et al. the addition of meta-tyrosine does not
lead to cytotoxic effects (i.e. cell viability and final product titer are not
significantly affected), although cell growth is affected in a negative manner as can
be seen by the reduced viable cell density (VCD) and overall biomass production
(indicated as CTI) (see Figures 1 to 5).

Hence, one aspect as reported herein is the use of meta-tyrosine for increasing the

specific productivity of a eukaryotic host cell that produces a polypeptide.
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One aspect as reported herein is a process for producing a polypeptide in a
cukaryotic host cell expressing a nucleic acid encoding the polypeptide, comprising

culturing the eukaryotic host cell in a culture medium comprising meta-tyrosine.

In one embodiment of all aspects the eukaryotic host cell is a mammalian cell. In
one embodiment the mammalian cell is selected from the mammalian cells
comprising CHO cells (e.g. CHO-K1 or CHO DG44), BHK cells, NSO cells, SP2/0
cells, HEK 293 cells, HEK 293 EBNA cells, PER.C6 cells, and COS cells. In one
embodiment of all aspects the mammalian cell is a Chinese Hamster Ovary (CHO)
cell. In one embodiment all aspects the CHO cell is a CHO suspension cell. In one
embodiment of all aspects the CHO cell is a CHO-K1 cell.

It has been found that the increase in specific productivity can be achieved over a

concentration range of meta-tyrosine added to the culture medium.

In one embodiment of all aspects the meta-tyrosine is added to result at a
concentration of from 0.2 mM to 0.7 mM. In one embodiment of all aspects the
meta-tyrosine is added to result at a concentration of from 0.25 mM to 0.6 mM. In
one embodiment of all aspects the meta-tyrosine is added to result at a
concentration of from 0.3 mM to 0.5 mM. In one embodiment of all aspects the

meta-tyrosine is added to result at a concentration of from 0.3 mM to 0.4 mM.

In one embodiment of all aspects the specific productivity is increased by at least
5% compared to an identical production process without supplementation of meta-
tyrosine. In one embodiment of all aspects the specific productivity is increased by
at least 10% compared to an identical production process without supplementation
of meta-tyrosine. In one embodiment of all aspects the specific productivity is
increased by at least 20% compared to an identical production process without
supplementation of meta-tyrosine. In one embodiment of all aspects the specific
productivity is increased by at least 25% compared to an identical production

process without supplementation of meta-tyrosine.

It has been found that for achieving an increased specific productivity it is not
required to perform a temperature-, osmolality- or pH shift and it is also not
required to modulate the specific productivity by addition of drugs like valproic
acid or sodium butyrate as it is reported in the state of the art. Nevertheless, the
person skilled in the art understands that these modifications of the culturing

process can also be made/included in the method as reported herein in addition.
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In one embodiment of all aspects the use or process is at a constant temperature. In
one embodiment of all aspects the use or process is at a temperature which is

reduced in the course of the use.
In one embodiment of all aspects the use or process is at a constant pH.

Possible sequence variants (SVs) due to alternative amino acid misincorporation
during translation which might occur when meta-tyrosine is added to the culture
medium, are controlled by additionally feeding of phenylalanine in non-limiting

concentrations.

In Table 1 the amount/frequency/fraction of Phe>xTyr (x means meta-Tyr and/or
ortho-Tyr) sequence variant formation for a tracer peptide is shown (maximum
level of Phe=>xTyr misincorporation by 0.1 mM, 0.3 mM, and 0.4 mM ortho-Tyr
and meta-Tyr supplementation at day 14).

From the data of supernatant meta-, ortho-Tyr and L-Phe and respective Phe>xTyr
misincorporation of the supplementation experiment the threshold meta-Tyr/Phe
and ortho-Tyr/Phe ratios can be calculated which result in final produced sequence
fidelity of 99.9%, 99.5%, 99.0%, and 95.0% (referring to ortho- and meta-Tyr

misincorporation).

Table 1

Sequence Variant Phe > oTyr Phe > mTyr

Tracer Peptide HC66-72 HC129-140 HC66-72 HC129-140
Measured maximum 1.6-2.0 % 2.3-2.7 % 1.5-2.4 % 1.9-3.0 %

xTyr misincorporation

Calculated penalty 0.5-0.7 % 0.6-0.8 % 1.5-3.0 % 2.0-4.0 %
factor

Final Protein Sequence Fidelity

Surrogate Marker 99.9% 99.5% 99.0% 95.0%
Calculated critical 0.025 0.125 0.25 1.25
ratios

meta-Tyr/Phe

Calculated critical ratio 0.125 0.625 1.25 6.25
ortho-Tyr/Phe
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It has been found that a maximal threshold ratio of 1.25, 0.25, 0.125 or 0.025 of
meta-Tyr/Phe adjusted in a culture medium can control/avoid unwanted SVs in
produced polypeptides (95.0%, 99.0%, 99.5% or 99.9% sequence fidelity,
respectively) with at the same time increased specific productivity. This remains

increased irrespective of additional Phe supplementation (see Figure 8).

In one embodiment of all aspects the culture medium additionally comprises

phenylalanine in a non-limiting concentration.

In one embodiment of all aspects the molar ratio for meta-tyrosine/phenylalanine is
lower than or equal to 1.25. In one embodiment of all aspects the final protein
sequence fidelity with respect to Phe = m-Tyr misincorporation is higher than or
equal to 95.0%. In one embodiment of this aspect the molar ratio of/for meta-
tyrosine/phenylalanine is lower than or equal to 1.25 and the final protein sequence
fidelity with respect to Phe = m-Tyr misincorporation is higher than or equal to
95.0%.

In one embodiment of all aspects the molar ratio for meta-tyrosine/phenylalanine is
lower than or equal to 0.25. In one embodiment of all aspects the final protein
sequence fidelity with respect to Phe = m-Tyr misincorporation is higher than or
equal to 99.0%. In one embodiment of this aspect the molar ratio of/for meta-
tyrosine/phenylalanine is lower than or equal to 1.25 and the final protein sequence
fidelity with respect to Phe = m-Tyr misincorporation is higher than or equal to
99.0%.

In one embodiment of all aspects the molar ratio for meta-tyrosine/phenylalanine is
lower than or equal to 0.125. In one embodiment of this aspect the final protein
sequence fidelity with respect to Phe = m-Tyr misincorporation is higher than or
equal to 99.5%. In one embodiment of this aspect the molar ratio of/for meta-
tyrosine/phenylalanine is lower than or equal to 1.25 and the final protein sequence
fidelity with respect to Phe = m-Tyr misincorporation is higher than or equal to
99.5%.

In one embodiment of all aspects the molar ratio for meta-tyrosine/phenylalanine is
lower than or equal to 0.025. In one embodiment of this aspect the final protein
sequence fidelity with respect to Phe = m-Tyr misincorporation is higher than or
equal to 99.9%. In one embodiment of this aspect the molar ratio of/for meta-

tyrosine/phenylalanine is lower than or equal to 1.25 and the final protein sequence
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fidelity with respect to Phe = m-Tyr misincorporation is higher than or equal to
99.9%.

Definitions

“Biomass” as used herein refers to the quantity or weight of cultured cells in the
culture medium. Biomass may be measured directly or indirectly by determining
viable cell density, total cell density, cell time integral (for viable and total cell
density), cell volume time integral (for viable and total cell density), packed cell

volume, dry weight or wet weight.

“Bioreactor” as used herein refers to any vessel used for the growth of a
mammalian cell culture. Typically a bioreactor will be at least 1 litre and may be
10, 100, 250, 500, 1000, 2500, 5000, 8000, 10,000, 12,000 litres or more, or any
volume in between. The internal conditions of the bioreactor, including but not
limited to pH, dissolved oxygen and temperature, are typically controlled during
the culture period. A bioreactor can be composed of any material that is suitable for
holding mammalian cell cultures suspended in media under the culture conditions

of the present invention, including glass, plastic or metal.

“Cell density” as used herein refers to the number of cells present in a given

volume of medium.

“Cell viability” refers to that portion of cells which are alive at a particular time in

relation to the total number of cells, living and dead, in culture at that time.

The term "cell culture,” refers to cells growing in suspension or adherent, in roller
bottles, flasks, glass or stainless steel cultivations vessels, and the like. Large scale
approaches, such as bioreactors, are also encompassed by the term "cell culture".
Cell culture procedures for both large and small-scale production of polypeptides
are encompassed by the present invention. Procedures including, but not limited to,
a fluidized bed bioreactor, shaker flask culture, or stirred tank bioreactor system
may be used and operated alternatively in a batch, split-batch, fed-batch, or

perfusion mode.

The terms "cell culture medium", "culture medium" or “medium” as used
interchangeably within the current invention denote a nutrient solution used for
growing mammalian cells. Such a nutrient solution generally includes various

factors necessary for growth and maintenance of the cellular environment. For
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example, a typical nutrient solution may include a basal media formulation, various
supplements depending on the cultivation type and, occasionally, selection agents.
Typically such solutions provide essential and non-essential amino acids, vitamins,
energy sources, lipids and trace elements required by the cell for minimal growth
and/or survival. Such a solution may also contain supplementary components that
enhance growth and/or survival above the minimal rate including, but not limited
to, hormones and/or other growth factors, particular ions, such as sodium, chloride,
calcium, magnesium and phosphate, buffer components, vitamins, nucleosides or
nucleotides, trace elements, amino acids, lipids and/or glucose or other energy
source. A medium is advantageously formulated to a pH and salt concentration
optimal for cell survival and proliferation. A medium may be a protein-free
medium, i.e. this will contain no full length protein but will contain undefined
peptides e.g. from plant hydrolysates. A medium could include human serum
albumin and human transferrin but potentially animal-derived insulin and lipids, or
a xeno-free medium containing human serum albumin, human transferrin, human
insulin and chemically defined lipids. Alternatively, a medium may be a
chemically-defined medium, that is a medium wherein all substances are defined
and present in defined concentrations. These media could contain only recombinant
proteins and/or hormones or a protein-free chemically defined medium, i.e.
containing only low molecular weight constituents and  synthetic
peptides/hormones if required. Chemically defined media could also be completely

free of any protein.

The term “cell” or "host cell” refers to a cell into which a nucleic acid, e.g.
encoding a heterologous polypeptide, can be or is introduced / transfected. Host
cells include both prokaryotic cells, which are used for propagation of
vectors/plasmids, and eukaryotic cells, which are used for the expression of the
nucleic acid. In one embodiment the eukaryotic cells are mammalian cells. In
another embodiment the mammalian host cell is selected from the mammalian cells
comprising CHO cells (e.g. CHO-K1 or CHO DG44), BHK cells, NSO cells, SP2/0
cells, HEK 293 cells, HEK 293 EBNA cells, PER.C6 cells, and COS cells. For the
fermentation of the host cell and thus for the expression of the polypeptide of
interest a culture medium is used. Generally CHO cells are widely used for the
expression of pharmaceutical polypeptides, either at small scale in the laboratory or
at large scale in production processes. Due to their wide distribution and use the
characteristic properties and the genetic background of CHO cells is well known.

Therefore, CHO cells are approved by regulatory authorities for the production of
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therapeutic proteins for application to human beings. In one embodiment the
mammalian cell is a CHO cell. In one embodiment the mammalian cell is a CHO

suspension cell line/CHO cell line growing in suspension.

The method according to the current invention is suited for the production of a

secreted heterologous polypeptide in large scale, i.e. industrially.

The cultivation of a cell for the production of a desired polypeptide in large scale
generally consists of a sequence of individual cultivations, wherein all cultivations
except the final, i.e. the large scale, cultivation, i.c. the last one in the sequence, are
performed until a certain cell density is reached in the culture vessel. If the
predetermined cell density is reached the entire cultivation or a fraction thereof is
used to inoculate the next cultivation vessel, which has a larger volume, up to 100
times the volume of the preceding cultivation. All cultivations which serve as a
basis for at least one further cultivation in a larger volume are denoted as “seed
train fermentation” or “seed train cultivation”. Only in the large scale cultivation,
i.e. in the cultivation which is not intended to serve as the basis for a further
cultivation in a larger volume, which is also denoted as “main fermentation”, is the
endpoint of the cultivation determined depending on the concentration of the
produced secreted heterologous immunoglobulin in the cultivation medium or the
cultivation time. The term “large scale” as used within this application denotes the
final cultivation of an industrial production process. In one embodiment a large
scale cultivation is performed in a volume of at least 100 1, in another embodiment
of at least 5001, in a further embodiment of at least 1000 I up to a volume of
25,000 1. In one embodiment the final, i.e. large scale, cultivation medium does not

contain a eukaryotic selection agent.

“Splitting” as used herein is also known as passaging or subculture of cells. This
involves transferring a small number of cells into a fresh medium, whereby the
split cells seed the new culture. In suspension cultures, a small amount of the

culture containing a few cells is diluted into a larger volume of fresh medium.

“Titer” as used herein refers to the total amount of recombinantly expressed
polypeptide produced by a mammalian cell culture in a given amount of medium
volume. Titer is typically expressed in units of milligrams of polypeptide per

millilitre of medium.

A “gene” denotes a nucleic acid which is a segment e.g. on a chromosome or on a

plasmid which can effect the expression of a peptide, polypeptide, or protein.
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Beside the coding region, i.c. the structural gene, a gene comprises other functional

clements e.g. a signal sequence, promoter(s), introns, and/or terminators.

A “structural gene” denotes the region of a gene without a signal sequence, i.c. the

coding region.

The term "expression”" as used herein refers to transcription and/or translation
occurring within a cell. The level of transcription of a desired product in a host cell
can be determined on the basis of the amount of corresponding mRNA that is
present in the cell. For example, mRNA transcribed from a selected nucleic acid
can be quantitated by PCR or by Northern hybridization (see Sambrook, et al.,
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press
(1989)). The protein encoded by a selected nucleic acid can be quantitated by
various methods, e.g. by ELISA, by assaying for the biological activity of the
protein, or by employing assays that are independent of such activity, such as
Western blotting or radioimmunoassay, by using antibodies that recognize and bind

to the protein (see Sambrook, et al., 1989, supra).

A "polypeptide" is a polymer of amino acid residues joined by peptide bonds,
whether produced naturally or synthetically. Polypeptides of less than about 20
amino acid residues may be referred to as "peptides.” Polypeptides comprising two
or more amino acid chains or comprising an amino acid chain of a length of 100
amino acids or more may be referred to as “proteins”. A polypeptide or protein
may also comprise non-peptidic components, such as carbohydrate groups or metal
ions. Carbohydrates and other non-peptidic substituents may be added to a protein
by the cell in which the protein is produced, and may vary with the type of cell.
Proteins and polypeptides are defined herein in terms of their amino acid backbone
structure; additions such as carbohydrate groups are generally not specified, but
may be present nonectheless. In one embodiment the polypeptide is an
immunoglobulin, or an immunoglobulin-fragment, or an immunoglobulin-
conjugate. In one embodiment the polypeptide is an immunoglobulin heavy chain
or an immunoglobulin light chain or a fragment, fusion or conjugate thercof. An
“exogenous” or ‘“non-endogenous” polypeptide is a polypeptide that does not

originate from within the used host cell.

The term "nucleic acid" as used herein, is a polymer consisting of individual
nucleotides, i.e. a polynucleotide. It refers to a naturally occurring, or partially or

fully non-naturally occurring nucleic acid, which is e.g. encoding a polypeptide that
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can be produced recombinantly. The nucleic acid can be build up of DNA-
fragments which are either isolated or synthesized by chemical means. The nucleic
acid can be integrated into another nucleic acid, e.g. in an expression plasmid or the
genome/chromosome of a host cell. Plasmid includes shuttle and expression
vectors. Typically, the plasmid will also comprise a prokaryotic propagation unit
comprising an origin of replication (e.g. the ColE1 origin of replication) and a
selectable marker (e.g. ampicillin or tetracycline resistance gene) for replication

and selection, respectively, of the vector in bacteria.

The term ,,immunoglobulin® denotes a molecule comprising at least two so called
light chain polypeptides (light chain) and two so called heavy chain polypeptides
(heavy chain). Each of the heavy and light chain polypeptides comprises a variable
domain (variable region) (generally the amino terminal portion of the polypeptide
chain) comprising binding regions that are able to interact with an antigen. Each of
the heavy and light chain polypeptides also comprises a constant region (generally
the carboxy-terminal portion). The constant region of the heavy chain mediates the
binding of the immunoglobulin i) to cells bearing a Fc gamma receptor (FcyR),
such as phagocytic cells, or ii) to cells bearing the neonatal Fc receptor (FcRn) also
known as Brambell receptor. It also mediates the binding to some factors including

factors of the classical complement system such as component Clq.

The term “immunoglobulin” herein is used in the broadest sense and encompasses
various immunoglobulin structures, including but not limited to monoclonal
antibodies, polyclonal antibodies, multispecific antibodies (e.g., bispecific
antibodies), and immunoglobulin fragments so long as they exhibit the desired

antigen-binding activity.

Depending on the amino acid sequence of the constant region of the heavy chains,
immunoglobulins are divided in different classes: IgA class, IgD class, IgE class,
IgG class, and IgM class. Some of these classes are further divided into subclasses
(isotypes), i.e. IgG in 1gGl, 1gG2, 1gG3, and IgG4, or IgA in IgAl and IgA2.
According to the class to which an immunoglobulin belongs the heavy chain
constant regions are called o (IgA), & (IgD), € (IgE), v (IgG), and p (IgM),
respectively. In one embodiment the immunoglobulin is an immunoglobulin of the
IgG class. In another embodiment the immunoglobulin has a human constant
region or a constant region derived from human origin. In a further embodiment the
immunoglobulin is of the IgG4 subclass or the IgGl, IgG2, or IgG3 subclass,
which is modified in such a way that no Fcy receptor (e.g. FcyRIlla) binding and/or
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no Clq binding can be detected. In one embodiment the immunoglobulin is of the
human IgG4 subclass or a mutated human IgG1 subclass. In one embodiment the
immunoglobulin is of the human IgG1 subclass with mutations L234A and L235A.
In another embodiment the immunoglobulin is in regard to Fcy receptor binding of
IgG4 subclass or of IgG1 or IgG2 subclass, with a mutation in 1234, 1235, and/or
D265, and/or contains the PVA236 mutation. In a further embodiment the
immunoglobulin has a mutation selected from S228P, L234A, L235A, L235E,
SPLE (S228P and L235E), and/or PVA236 (PVA236 means that the amino acid
sequence ELLG (given in one letter amino acid code) from amino acid position 233
to 236 of IgG1 or EFLG of IgG4 is replaced by PVA). In one embodiment the
immunoglobulin is of the IgG4 subclass and has the mutation S228P of IgG4, or
the immunoglobulin is of the IgG1 subclass and has the mutations L234A and
L235A.

The variable domain of an immunoglobulin’s light or heavy chain in turn
comprises different segments, i.e. four framework regions (FR) and three
hypervariable regions (CDR).

An “immunoglobulin fragment” denotes a polypeptide comprising at least one
domain of the group of domains comprising the variable domain, the Cyl domain,
the hinge-region, the Cy2 domain, the Cy3 domain, the Cy4 domain of a heavy
chain of an immunoglobulin or the variable domain or the C; domain of a light
chain of an immunoglobulin. Also comprised are derivatives and variants thereof.
Additionally a variable domain, in which one or more amino acids or amino acid

regions are deleted, may be present.

An “immunoglobulin conjugate” denotes a polypeptide comprising at least one
domain of an immunoglobulin heavy or light chain conjugated via a peptide bond
to a further polypeptide. The further polypeptide is a non-immunoglobulin peptide,

such as a hormone, growth receptor, antifusogenic peptide or the like.

As used herein “Phe non-limiting” or ‘“Phe non-limitation” concentration means
that phenylalanine is fed in excessive amounts, i.e. that there is a supplementation
of the culture with e.g. 0.6 mM Phe per day starting at day 6 until day 14. Without
additional feeding, Phe will in general be limiting by day 10 or 11 (“Phe
limitation”). Phenylalanine supplementation can be added by continuous feeding or
alternatively by one or more individual bolus shots of Phe stock solutions at the

beginning or during the fermentation process.
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The term “increased specific productivity” means that the specific productivity of a

respective host cell is higher under conditions described herein, relative to an

identical production process without supplementation of meta-tyrosine. The

specific productivity (qP) as a measure for the production capacity (amount of

polypeptide/protein produced, e.g. in picogram) of a cell per day is calculated as

reflected in the examples.

Description of the Figures

Figure 1

Figure 2

Figure 3

Figure 4

Meta-Tyr modulates CHO biomass generation under Phe
limitation conditions. (A) For the fed-batch process two serial
continuous feeds, feed 1 and feed 2, were used. CHO fed-batch
cultivations were supplemented with either non (control), 0.1
mM, 0.3 mM, or 0.4 mM para-Tyr, ortho-Tyr, or meta-Tyr in the
beginning of the process. The cell time integral (CTI), as measure
of CHO cell biomass generation, is shown for para-Tyr (B),

ortho-Tyr (C) and meta-Tyr (D) supplementation.

Different roles of meta-Tyr and ortho-Tyr in CHO cell growth
regulation under Phe limitation conditions. The viable cell
density is shown for para-Tyr (A), ortho-Tyr (B) and meta-Tyr
(C) supplementation. Fed-batch cultivation with no para-Tyr,

ortho-Tyr or meta-Tyr supplementation is shown as control.

Supplementation of meta-Tyr and ortho-Tyr in CHO fed-
batch cultivations does not alter product yield under Phe
limitation conditions. The product concentration is shown for
para-Tyr (A), ortho-Tyr (B) and meta-Tyr (C) supplementation.
Fed-batch cultivation with no para-Tyr, ortho-Tyr or meta-Tyr

supplementation is shown as control.

Meta-Tyr supplementation increases cell-specific product
formation rate qP under Phe limitation conditions. The cell-
specific product formation rate qP is shown for para-Tyr (A),
ortho-Tyr (B) and meta-Tyr (C) supplementation. Fed-batch
cultivation with no para-Tyr, ortho-Tyr or meta-Tyr

supplementation is shown as control.
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Different roles of meta-Tyr and ortho-Tyr for CHO cell
viability under Phe limitation conditions. The cell viability and
supernatant LDH activity are shown for para-Tyr (A, D), ortho-
Tyr (B, E) and meta-Tyr (C, F) supplementation. Fed-batch
cultivation with no para-Tyr, ortho-Tyr or meta-Tyr

supplementation is shown as control.

Meta-Tyr modulates CHO biomass generation under Phe
non-limitation conditions. (A) For the fed-batch process two
serial continuous feeds, feed 1 and feed 2 with high Phe
concentration, were used. CHO fed-batch cultivations were
supplemented with either non (control), 0.1 mM, 0.3 mM, or 0.4
mM para-Tyr, ortho-Tyr, or meta-Tyr in the beginning of the
process. The cell time integral (CTI), as measure of CHO cell
biomass generation, is shown for para-Tyr (B), ortho-Tyr (C) and

meta-Tyr (D) supplementation.

Supplementation of meta-Tyr and ortho-Tyr in CHO fed-
batch cultivations does not alter product yield under Phe non-
limitation conditions. The product concentration is shown for
para-Tyr (A), ortho-Tyr (B) and meta-Tyr (C) supplementation.
Fed-batch cultivation with no para-Tyr, ortho-Tyr or meta-Tyr

supplementation is shown as control.

Meta-Tyr supplementation increases cell-specific product
formation rate qP under Phe non-limitation conditions. The
cell-specific product formation rate qP is shown for para-Tyr (A),
ortho-Tyr (B) and meta-Tyr (C) supplementation. Fed-batch
cultivation with no para-Tyr, ortho-Tyr or meta-Tyr

supplementation is shown as control.

The following examples and figures are provided to aid the understanding of the

present invention, the true scope of which is set forth in the appended claims. It is

understood that modifications can be made in the procedures set forth without

departing from the spirit of the invention.
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Reagents and material

DL-ortho-tyrosine (2-hydroxy-DL-phenylalanine), DL-meta-tyrosine (3-hydroxy-
DL-phenylalanine),  L-para-tyrosine,  L-phenylalanine, and  guanidinium
hydrochloride were obtained from Sigma-Aldrich (Munich, Germany). L-ortho-
tyrosine  (2-hydroxy-L-phenylalanine) and L-mefa-tyrosine  (3-hydroxy-L-
phenylalanine) were purchased from RSP Amino Acids, LLC (Shirley, MA, USA).
All other reagents were purchased from Merck (Darmstadt, Germany) and Sigma-
Aldrich (Munich, Germany).

Cells and Cell Cultivation

For all cell culture experiments a recombinant CHO-K1 cell line, called clone 1,
expressing a humanized monoclonal antibody was used. The recombinant CHO-K1
cell line was generated using an L-methionine sulfoximine sensitive CHO-K1 host
cell line (Lonza, Cologne, Germany). The cells were cultivated in protein free,
chemically defined CD-CHO medium (Life Technologies, Darmstadt, Germany)
supplemented with 50 uM L-methionine sulfoximine (Sigma Aldrich, Munich,
Germany) during seed train cultivation. Seed train cultivation was performed in
shake flasks using a humidified incubator, 7% CO,, and 37°C setting. The cells
were splitted every three to four days for subcultivation and culture expansion. For
all experiments, cells with identical age in culture (appr. 21 generations) until start

of the experiment were used.
Meta-Tyr and ortho-Tyr Supplementation Experiments

All supplementation experiments were performed using shake flask cultivation
systems, chemically defined CD-CHO medium without the selection pressure L-
methionine sulfoximine and two appropriate serial continuous applied feeds (feed 1
and feed 2). Recombinant CHO-K1 cells producing a humanized monoclonal
antibody were inoculated with 3 x 10° viable cells/mL and cultured for 14 days.
CD-CHO base medium was sterile supplemented before inoculation with 0.1 mM,
0.3 mM or 0.4 mM of either ortho-Tyr, meta-Tyr or para-Tyr. Control cultivation
with no supplementation of ortho-Tyr, meta-Tyr or para-Tyr was used as
reference. Phenylalanine (Phe) non-limitation conditions were realized by

increasing concentration of Phe in feed 2.
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Viable Cell Densities, Viability and Cell Time Integral

For analysis of viable and total cell densities an automated Cedex HiRes system
(Roche Diagnostics, Mannheim, Germany) was used. Discrimination of viable and
total cell densities were evaluated using the trypan blue exclusion staining method
and analyzing more than 10 pictures per sample and day according to the
manufacturer’s specifications. Viable cell density (VCD) and cell viability were

calculated as described in equation 1 (Equ 1) and equation 2 (Equ 2), respectively.
(Equ 1) Viable cell density = Niyypan biue negarive * (107 viable cells/ml)

(EQU 2) Cell Vlablllty = NTrypan blue negative / (NTrypan blue negative + NTrypan blue positive
cells) x 100%

As indicator for overall biomass generation in the process a cumulative cell time

integral (CTI) was calculated as followed (Equ 3).

(Equ 3) Cell time integral = X (0.5 x (VCD,.; + VCD,) X (t, — t,.;)) X (105
viable cells x d/ml)

Lactate dehydrogenase (LDH) activity in the cell-free supernatant was analyzed

using a Cobas Integra 400 plus system (Roche Diagnostics, Mannheim, Germany).
Quantification of IgG Titer and Calculation of qP

Product titer war either quantified by a Cobas Integra 400 plus system (Roche,
Mannheim, Germany) according to the manufacture’s protocol or by PorosA HPLC
method as described previously (Zeck et al.  2012). The overall specific
productivity qP was calculated for the analysis of cell production capacity

according to equation 4.
(Equ 4) qP = (Titer, - Titer,_;) / (CTIL,— CTI,.;) x (pg / (viable cell x d))

Determination of Peptide Sequence Variants and Identification of meta- and

ortho-Tyr Sequence Variants with Synthetic Peptides

Quantification of peptide sequence variants were performed as described
previously (Zeck et al. 2012). Briefly, antibody samples (250 pg) were denatured
by addition of denaturing buffer (0.4 M Tris, 8 M guanidinium hydrochloride, pH
8) to a final volume of 240 pL. Reduction was achieved by addition of 20 pL of
0.24 M DTT freshly prepared in denaturing buffer and incubation at 37 °C for 60
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min. Subsequently, the sample was alkylated by addition of 20 puL of 0.6 M
iodoacetic acid in water for 15 min at room temperature in the dark. The excess of
alkylation reagent was inactivated by addition of 30 uL of DTT solution. The
sample was than buffer exchanged to approximately 480 pL of 50 mM Tris/HCI,
pH 7.5 using NAP 5 Sephadex G-25 DNA grade columns (GE Healthcare, Munich,
Germany). Digestion was performed with trypsin for 5 h at 37°C (ratio 1:37). The
peptide mixture obtained was injected and separated without pretreatment using
reversed phase HPLC (Agilent 1100 Cap LC, Agilent Technologies, Boblingen,
Germany). A Polaris 3 C18-ether column (1 x 250 mm; 3 pum particle diameter,
180 A pore size) from Varian (Darmstadt, Germany) was used for separation. The
solvents were 0.1% formic acid in water (A) and in acetonitrile (B) (Sigma Aldrich,
Munich, Germany). A linear gradient from 2 to 38% B was run over 80 min at
37 °C. The HPLC eluate was split using Triversa NanoMate (Advion, Ithaca, NY)
and 380 nL/min were infused into a LTQ Orbitrap classic tandem mass
spectrometer (Thermo Fisher Scientific, Dreieich, Germany) operating in positive
ion mode. For confirmation of ortho- and meta-Tyr peaks in extracted ion
chromatograms we used synthetic peptides of mAb HC66-72 DQFTISR
(unmodified), DQpYTISR, DQmYTISR, and DQoYTISR. Synthetic peptides were
purchased from Biosyntan GmbH (Berlin, Germany).

Calculation of Penalty Factors and Surrogate Makers for Pheortho-Tyr and
Phe Pmeta-Tyr Sequence Variant Prediction

We hypothesize that the incorporation of meta- and/or ortho-Tyr instead of Phe can
be described by a simplified model which assumes that the use of meta- and/or
ortho-Tyr instead of Phe is penalized. This penalty factor can result from different
sources such as a better transport of L-Phe into the cells and/or an editing
mechanism during protein synthesis which tries to prevent the use of meta- and/or

ortho-Tyr. This assumption leads to the equation

(Equ 5) p xr>x[x] =[],

where p is the penalty factor, r is the ratio of average meta- or ortho-Tyr vs. Phe
concentrations (during a given time interval), /x/ is the concentration of protein
produced (in the time interval) and /y/ is the concentration of protein produced
which has the sequence variant. Note that this model does not include any

dependencies on time, process stage, Phe and meta- or ortho-Tyr concentration
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ratios that lead to, e.g. phase shifts. The calculation of the penalty factor is
straightforward (Equ 7).

(Equ 6) p=Ml/(rx[x])

Similarly, knowing the penalty factor it is also possible to calculate ratios of meta-
or ortho-Tyr to Phe concentrations for a desired percentage of product without

sequence variants.

Example 1

Effects of meta-Tyrosine Supplementation on Modulation of Specific
Productivity (qP) under Phenylalanine Limitation Conditions

Previously, Gurer-Orhan et al. reported that meta-Tyr supplementation of CHO
cells showed dose-dependent cell cytotoxicity. In concentration screens, a 50%
reduction of the MTX reduction capacity of CHO cells was observed when
supplemented with 0.5 mM meta-Tyr (Gurer-Orhan et al., (2006)). No data or
concentration have been reported for ortho-Tyr supplementation in cell cultures to
date. Using a dose-dependent cultivation approach, it was aimed to determine the
relevance and tolerable concentrations of meta-Tyr and ortho-Tyr on CHO cell
growth performance. For this, a CHO cultivation model described in material and
methods was supplemented with either 0.1 mM, 0.3 mM or 0.4 mM para-Tyr,
ortho-Tyr or meta-Tyr. We used the standard cultivation process with no
supplementation as reference, following so-called “control” or “positive control”.

Here, Phe will go into limitation by day 10/11.

In a first approach, the role of meta- and ortho-Tyr on the macroscopic cell growth
markers, viable cell density (VCD), cell viability and cell time integral (CTI) as
marker for overall biomass production was analyzed. On day 9/10, all cultures
tested, except the one with meta-Tyr supplementation, reached a maximum VCD of
approximately 180 x 10° cells/ml, while CHO clone 1 treated with meta-Tyr
showed dose dependent reduced maximal VCD (Fig. 2). A decreased cumulative

CTI for the meta-Tyr supplemented CHO cultures was observed (Fig. 1).

In contrast to data published by Gurer-Orhan et al. previously, no significant
impact of meta-Tyr supplementation on cell viability in our fed-batch CHO
cultivation model was observed. However, supplementation of ortho-Tyr showed

lower cell viability with less than 60% on day 14 and higher final LDH activity in
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the supernatant compared to control and meta-Tyr, as well para-Tyr
supplementation (Fig. 5).

The overall productivity of the cultures, determined by product concentration
analysis, revealed no differences between the test cases (Fig. 3). All cultures
showed titer stagnation from day 11/12 on. Additionally, meta-Tyr alone showed
an overall higher specific productivity qP (Fig. 4). Supplementation of 0.1 mM, 0.3
mM, and 0.4 mM meta-Tyr under Phe limitation conditions increased qP compared
to control by +5%, +26%, and +36%, respectively.

Example 2

Effects of meta-Tyrosine Supplementation on Modulation of Specific
Productivity (qP) under Phenylalanine Non-Limitation Conditions

In a second approach, the role of meta- and ortho-Tyr supplementation under Phe
non-limitation conditions in CHO fed-batch cultivations was analyzed. For that, the

amount of Phe in feed 2 was increased to prevent Phe limitation (Fig. 6).

Again, all cultures tested, except the one with meta-Tyr supplementation, reached
similar CTIs of approximately 35,000 to 40,000 x 10° cells*h/ml, while CHO clone
1 treated with mera-Tyr showed dose dependent reduction in CTI (Fig. 6). No
differences were observed in product titer for all tested conditions (Fig. 7).
However, compared to Phe limitation conditions described before, provision of
CHO cultures with sufficient Phe prevent stagnation of product titer. Meta-Tyr
supplementation showed an overall higher specific productivity qP (Fig. 4) even
under Phe non-limitation conditions (Fig. 8). Supplementation of 0.1 mM, 0.3 mM,
and 0.4 mM meta-Tyr under Phe non-limitation conditions increased qP compared
to control by +3%, +26%, and +28%, respectively.
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Patent Claims

Use of meta-tyrosine for increasing the specific productivity of a Chinese

Hamster Ovary (CHO) cell that produces an exogenous polypeptide.
Use according to claim 1 wherein the CHO cell is a CHO suspension cell.

Use according to any one of claims 1 to 2 wherein the meta-tyrosine is added
to result at a concentration of from 0.2 mM to 0.7 mM.

Use according to any one of claims 1 to 3 wherein the use is in a culture
medium that additionally comprises phenylalanine in a non-limiting

concentration.

Use according to any one of claims 1 to 4 wherein the molar ratio of meta-

tyrosine/phenylalanine is lower than or equal to 1.25.

Use according to any one of claims 1 to 5 wherein the polypeptide is an

immunoglobulin or a variant thereof or a fragment thereof or a fusion thereof.

A process for producing a polypeptide in a eukaryotic host cell expressing a
nucleic acid encoding the polypeptide, comprising culturing the eukaryotic

host cell in a culture medium comprising meta-tyrosine.

Process according to claim 7 wherein the meta-tyrosine is added to result at a
concentration of from 0.2 mM to 0.7 mM.

Process according to any one of claims 7 to 8 wherein the eukaryotic host cell
is a Chinese Hamster Ovary (CHO) cell.

Process according to any one of claims 7 to 9 wherein the polypeptide is an

immunoglobulin or a variant thereof or a fragment thereof or a fusion thereof.

Process according to any one of claims 7 to 10 wherein the culture medium

additionally comprises phenylalanine in a non-limiting concentration.

Process according to any one of claims 7 to 11 wherein the molar ratio of

meta-tyrosine/phenylalanine is lower than or equal to 1.25.

Process according to any one of claims 7 to 12 wherein the temperature is kept

constant during the process.
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14. Culture medium comprising meta-tyrosine and phenylalanine in a molar ratio

which is lower than or equal to 1.25.

15. Culture medium according to claim 14, wherein the culture medium is a

chemically defined culture medium.



PCT/EP2015/067733

WO 2016/023775

Fig. 1

[p] sum sso20ad

[p] awn ssasoud
Gl oL G

JAL-0 W ¥ 04+ -2
JAL-0 W S0+ %
JAL-0 W Lo+
jouos aAlsod -+

000'G
000°0}
000'S}
000°0Z &
1 Sx‘
000'6Z £
000‘0g =
000'GE
0000

182 go] 11D

LLg

Gl oL S 0
& 0
000°G
1 00001 m
000'G1 g,
000'02 W
%
000'62 m.;
WU 0+ |4 00008 =
JAL- W S0+ &
A LW N O+ 000'Ge
jonuoo aagisod-e- | -
 000°0%
[p] suy sseocad
Gl oL g 0
g0
000G
0000} m
000G} M
0000Z 8.
@
000'Ge W
A -d WW O+ 000'08 &=
JA1-d WS040
IAL-0 W O+ 000°Ge
JOLU0D BARISOT 4
0000V

ry
AU NWE0-T0+

; A
h&,oﬁéw.o-._”.?

&

& &
anmmﬁ_ummm

uonejuswsa|ddng

JAL-pIBW

uonejuswaiddnsg

JAL-oyrio

uolejuawalddng

AL -papd

[OJIUOS

1/8



PCT/EP2015/067733

WO 2016/023775

Fig. 2

Si

[p] 2wy ss2004d

S

0

oL

a.@

0¢
Oy
09
a8
00
0ct
o¥l

T R S0 e -

JAL-WE W 0
AR W L0 B

gl
081

|[CUDT 4

00¢

[rwysyieo g3] Aysuep (199 ajgeia

Sl

[p] swmy sseocud

g

01

JAL-0 U ' 0+ -@-

JAL-0 P ©0+ e

JALO P L0+ B
(OO0 4

00t
A
ovl
08t
081
00¢

[luysyon 53] Ausuep 1190 sjgeiA

Sl

Ip] swy ssaooud

0L

G

AL A -d N B O -a :

A N 204 -2
JAL-d I O -

|OHUO0 4 |

0¢
oy
09
08
0oL
1A
orl
09l
081
00

llwspas ga] Aususp (oo ajgeia

2/8



PCT/EP2015/067733

WO 2016/023775

[p] awiy ssa00ad

g

Fig. 3

LR ITE -2
AL AW €0+
JAL AW W Lo -

{OJJUOD

000°L
0002
000'¢
000"t
000G

000'9

13 Jonpoud

[yBuw] 10y

[p] swi} ssacosd

151" g 0
~& 0

000'L
k=
000C &
<
a
000t =
e
1 000t 2
1Ko WU $0+ -8 =

JAL-0 AW €0+ 8- :
JAL-0 W L0 B 000's
[OLUCD g
000'9
[p] swp ssasoud
Sl G 0
0

0001
k=
0002 &
8
000 =
®
000't 3
A0 W B0 =

hp-d i g0+ o ‘
JAp-d Lo 000'S
JORUOD 4
000'9

3/8



WO 2016/023775

o o o e e o o %,

= o o o o o o B

w0 1 =t oy ™ =1 o
{ ’ [r-Pus1192,8d] gb

e 2 9 9 o o 9 T,

= o o o o =1 =1 o

D Wy =¥ [ o~ t (4
o [1-Par-192,8d] gb

e o e e o o o %,

o o o o o o o D

jG i k= i) ™~ i (4
{ [r-Par-i0,8d] gb

4/8

+26% +36%

5% -7% AP to control +1%  +4% +1% AqP tocontrol  +5%

+0.5%

A gP to control

PCT/EP2015/067733

Fig. 4



PCT/EP2015/067733

WO 2016/023775

Fig. §

[p]ewy sseooud

[p] @wi ssssoad

[p] swn sseooud

§i 0 g 0 =18 0 g 0
= g a SRR T S o & S 0
000°) 00o'L
0002 000'z
- P
000’ g ooo'e &
- X
000y 000y m
000's £ 000°S ,.,.MM.
0009 5 = - 0009 =
AR P, G = WG e o= -Gl O o=
BLERITFITITE o e 0004 = JRL-0 W T 044 Q00 L = JETE FTH TR P 000°L =
W e : JAL-O NW OB : )
JOILIOD 4 000’8 (OO0 -4 o0o's OO - ooo'e
0006 000'6 o00'6
[p] ewiy ssesoxd [p] swig ssavoud [p] 2un ssasoad
St oL g 0 Gl Ol g o Sl 0L S
AR L0 P o8- R W e
AU E G| | o JAL-0 NUI 048 o R R R E
JAL-W N QR L0 P 0B AU O
[OHUOD-#- <, |OAUOD -9 =, JOAUOD - =
® oy mu O m“ o¥ m..
08 5 08 = 09 5
3= 3= =
08 08 08
oot 00t 001
0z oCL raAt

5/8



PCT/EP2015/067733

WO 2016/023775

Fig. 6

[p] awn; ssasoud

Gl 01 G 0
. , : 80
000's
( 00001 m
1 000613,
000'0Z &
Sx.
00062 m
A-WWGH0+e |1 00008
JAL-UE A S0+ ]
AL W O 000'se
JOIPICD ~
000'0¥
[p] sy ssonoud
Gl oL g 0
_ T @0
/ 1 000G
00001 m
000'G1 mm
000'0Z 8
Sﬂ
000'sz m
K -d A0 000‘oe &=
18] -d W S0+ -5
JAL-d WL g 000°GE
{CHUOD 4
000' 0%

[p] sw1y ssasoud
GL 0} g 0
8 0
1 000
000°01
(9]
ooo'sL =
&
00002 g
00052 w
-0 WW §0+-8 000°0¢ &
L0 W E0+ %
JAL-0 W OB 000'se
[OHUOD -
D 4 000'0%

uoneluawa|ddng
A -paw

uoneluswsa|ddng
JA)-oyrio

uopejuswalddng
JAL-papd

Ap-dww yo-10+

[043U0D

ddng auqydiy T peed
m +7 paad

6/8



PCT/EP2015/067733

WO 2016/023775

Fig. 7

{p] sy ssesoud [p] sy ssesod
Gl 0L G 0 gi ol § 0
ey i . == Y e i oy p— & 0
el
0001 000
000 3 0002 3
o £
000t & 000'e &
000’ & 000 &
1 2 ‘. &
LA WU PO+ 000 = ISECYTIET T S 000S =
RIS T 110 W 0+ | -
Lw s orm | | 0009 W10y 1os-s-| | 0009
[OLUOD 4~ {OIUCD 8-
0004 000°L
[p] suny ssesoud
sl g 0
« X&\%@a 20
000t
0007 3
3
goo'e 2
o0y &
| oooc @
Wrdwavore ] 0008 3
AL~ W £ -0 | .
Hhi-d pw o+ 7 0009
[OHUOD e |
000°L

71/8



WO 2016/023775 PCT/EP2015/067733

Fig. 8

=
o
o~
o+
3
Y3
o~
™
=
o
-
=
S
ot
=g
[=3
o
< < < < < < < s
oot o o o < © <)
W Wy k-4 ¥y o e né‘
) [1-Par-li@9,8d] gb <
R
(13
+
=
=t
¥
=
P
¥
©
o
ot
=3
o
= = = = < < = o
= o o = o o o s
B et % & & = o
[~
[1-Psr-1123,3d] gb
(aa)] <
=
o
&
a2
=3
)
»®
"y
3
g
frand
ot
=1
=] o o Q Q ] =) o
o o o = < o o =3
> u =T o I ] Z
< [1-Pyr-li22,8d] gb :I-

8/8



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2015/067733

A. CLASSIFICATION OF SUBJECT MATTER

INV. CI12N5/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

C12N

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, BIOSIS, EMBASE, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A MCMURRAY-BEAULIEU V ET AL:

ELSEVIER, AMSTERDAM, NL,
vol. 108, no. 2,

XP026337335,

ISSN: 1389-1723, DOI:
10.1016/J.JBI0SC.2009.03.001
[retrieved on 2009-07-18]
cited in the application

the whole document

"Na-butyrate
sustains energetic states of metabolism
and t-PA productivity of CHO cells",
JOURNAL OF BIOSCIENCE AND BIOENGINEERING,

1 August 2009 (2009-08-01), pages 160-167,

1-15

Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

9 October 2015

Date of mailing of the international search report

27/10/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Manu, Dominique

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2015/067733

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

HANDE GURER-ORHAN ET AL:
"Misincorporation of free m-tyrosine into
cellular proteins: a potential cytotoxic
mechanism for oxidized amino acids",
BIOCHEMICAL JOURNAL,

vol. 395, no. 2,

15 April 2006 (2006-04-15), pages 277-84,
XP055165046,

ISSN: 0264-6021, DOI: 10.1042/BJ20051964
cited in the application

the whole document

1-15

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - wo-search-report
	Page 39 - wo-search-report

