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block solution" is defined containing multiple complex iron compounds. High concentration of iron is used and cells are enabled to

transport more iron into the cell.
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Complex iron containing culture medium

DESCRIPTION

The present invention provides a cell culture medium supporting the growth of cells in
vitro and containing more than one complex iron compound. An “iron block solution” is
defined containing multiple complex iron compounds. High concentration of iron is used
and cells were forced to transport more iron into the cell. In the iron block solution no
cell adaptation is necessary. Repetitive testing of each iron compound with each new cell

line is not required anymore.

Mammalian cells have a requirement for iron which is supplied in the cell culture
medium. In vivo, iron is presented to the mammalian cells by the iron binding protein
transferrin. Transferrin works by binding iron and interacting with a transferrin receptor
on the cell surface. The transferrin-iron complex is then taken into the cell by
endocytosis. Once in the cell, the transferrin-iron complex is broken and the released iron

is then complexed to an iron transporting protein (ferritin).

Transferrin typically used in cell culture media is of animal origin and in recent years
there has been increasing regulatory pressure to remove proteins of animal origin from
cell culture processes. The use of proteins of animal origin carries with it the risk of
introducing contaminants and adventitious pathogens. In recent years recombinant
transferrin is produced as well to overcome this regulatory bottleneck. Nevertheless,
recombinant proteins are expensive to produce, therefore, if they are added into the
culture medium, they increase the price of medium significantly. The industry is therefore

secking for a cheaper alternative to recombinant transferrin.

It is not clearly understood how transferrin-free iron is taken up into the cells. This is not
surprising because it is even unknown which iron forms exists in aqueous solutions when
iron is added in complex form. Alternative cellular iron transporters to transferrin have

been sought and examined with varying degrees of success. The type and concentration
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of any alternative iron transporter has often been found to be dependent on the type of

mammalian cell being cultured.

Bertheussen (Cytotechnology 11: 219-231; 1993) has commented that iron cannot be
effectively supplied to mammalian cells by adding simple iron salts to the cell culture
medium, primarily due to the availability of iron to the cells being reduced by rapid
oxidation and precipitation of iron. It is reported that the transferrin in cell culture media
could be replaced by using aurintricarboxlic acid (ATA), a lipophilic iron chelator, and

ferric ions added in the form of FeCls.

Neumannova et al. (In Vitro Cell. Dev. Biol. 31: 625-632; 1995) have tested 19 different
cell types for long term growth in ferric citrate containing medium and only five cell lines
were actually able to grow in this medium. It is concluded that different cell lines have
different iron transport mechanism and one particular iron source may not be a universal

solution for all cell types.

It is also reported that ferrous (II) or ferric (III) iron in culture medium may damage
mitochondrial DNA of cells (Itoh et al.; Arch. Biochem. Biophys. 313: 120-125; 1994).
The toxicity of iron is most likely related to the oxidative stress caused by Fenton

reaction of free iron ions.

W02006/047380 discloses a medium which comprises both, Fe(NO3); 9H20 and FeSO4
7H,0. Authors mention that ferric and ferrous ions can generate oxidative toxic
compounds. These compounds may not only be toxic to the cells but may also generate
precipitation with medium through reaction with other ions. Therefore, the authors
propose to add to the medium a complex forming component, ¢.g. citrate to bind free iron

and to reduce the oxidative potential of free iron.

The technical problem underlying the present invention is the provision of an improved
transferrin-free iron supplementation of cells, which supports the growth of many types
of mammalian cells or cell lines. It is a particular object of the present invention to
provide iron supplementing medium without the need of individual adaption of the
composition of the iron supplementing medium to each particular cell type, which would

require intensive testing before use.
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It is a particular object of the present invention to provide iron supplementing medium
which supports the growth of many types of mammalian cells or cell lines and can be

prepared void of free iron ions that could damage the cells.

The invention solves this technical problem by providing an iron supplementing medium,
specifically apt for supporting the growth of mammalian cells in vitro (by provision of
iron), and means for the ready preparation of such a cell culture medium, such as a media
concentrate or concentrated stock solution, where according to the invention the medium
or its concentrated stock solution is comprising more than two, preferably more than

three or more than four, different complex iron compounds as the iron source.

According to the invention, each of the at least two or the at least three different complex
iron compounds is selected from the group of specific complex iron compounds which
consists of: iron(Il) ammonium citrate, iron(Il) ammonium citrate, iron(Ill) ammonium
oxalate, iron(Il) ascorbate, iron(Ill) ascorbate, iron(Ill) citrate, iron(Ill) manganese(Il)
citrate, iron(Il) citrate, iron(Ill) pyrophosphate, iron(Ill) sodium pyrophosphate, iron(III)
choline citrate, iron(Ill) sodium citrate, iron(Il) sodium citrate, iron(Ill) sodium EDTA,
iron(Ill) sodium EDTA trihydrate, iron(II) sodium EDTA, iron(Il) fumarate, iron(II)
fumarate, iron(IIl) polymaltose complex, iron(Il) gluconate, iron(Il) gluconate 2-hydrate,
iron(Ill) gluconate, iron(Ill) glycerophosphate, ferric polyisomaltose  (iron(III)-
hydroxide-dextrin), iron(Ill) saccharate, iron(IIl) tartrate, iron(Il) tartrate, iron(I1l) tartrate
monohydrate, iron(Il) tartrate 2.5-hydrate, iron(Il) bisglycinate, iron(Il) sodium oxalate,
iron(Il) succinate, and any hydrated form thereof, salt thereof, micronized dispersible

form thereof, and encapsulated form thereof.

In variants, the iron (III) pyrophosphate is micronized dispersible iron (II)
pyrophosphate, particularly iron (III) pyrophosphate “micro 2”. In other preferred
variants, the iron (III) pyrophosphate (tetrairon tris(pyrophosphate); CAS 10058-44-3) is

in solubilized form, preferably having an iron content of 10.5% to 12.5%).

In variants, the iron (II) fumarate, is microencapsulated iron (II) fumarate, preferably iron

(II) fumarate DC 90 S (in 10% corn starch).
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In preferred embodiments of the invention, the cell culture medium and the concentrated
stock solution thereof comprises the at least two different complex iron compounds as the
only iron source in the medium, most preferably the concentrated stock solution consists

of these at least two different complex iron compounds as the only iron compounds.

In preferred embodiments of the invention, the cell culture medium and the concentrated
stock solution thereof comprises the at least three or at least four different complex iron
compounds as the only iron source in the medium, most preferably the concentrated stock
solution consists of these at least three or at least four different complex iron compounds

as the only iron compounds.

In preferred embodiments of the invention, the cell culture medium and the concentrated
stock solution thereof comprises two to five, particularly three to five, different complex
iron compounds as the only iron source in the medium, most preferably the concentrated
stock solution consists of these two to five or three to five different complex iron

compounds as the only iron compounds.

A preferred embodiment of the cell culture medium or the concentrated stock solution
thereof the complex iron compounds are selected from: ammonium iron citrate, iron
citrate, iron choline citrate, and iron pyrophosphate. Preferably these complex iron

compounds are the only iron source in the medium.

A preferred variant is a cell culture medium or concentrated stock solution thereof, which
comprises as the only iron sources in the medium (based on the final concentration of the
cell culture medium): 4 to 4000 mg/L iron (III) ammonium citrate (16-19 % iron), 2 to
2000 mg/L iron (IIl) citrate, tribasic (18-20 % iron), 4 to 4000 mg/L iron (III)
pyrophosphate (10-13 % iron), 0.1 to 80 mg/L iron (III) nitrate (Fe(NO3)3), 0.4 to 400
mg/L iron (II) sulfate (FeSO4), and 3 to 3000 mg/L iron (III) choline citrate (14 % iron).

A more preferred variant is a cell culture medium or concentrated stock solution thereof,
which comprises as the only iron sources in the medium (based on the final concentration
of the cell culture medium): 4 to 4000 mg/L iron (III) ammonium citrate (16-19 % iron),
2 to 2000 mg/L iron (III) citrate tribasic (18-20 % iron), 4 to 4000 mg/L iron (III)
pyrophosphate (10-13 % iron), and 3 to 3000 mg/L iron (III) choline citrate (14 % iron).
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The medium and stock solution thus is preferably free of any non-complex iron

compound.

A more preferred variant is a cell culture medium or concentrated stock solution thereof,
which comprises as the only iron sources in the medium (based on the final concentration
of the cell culture medium): 20 to 1000 mg/L iron (III) ammonium citrate (16-19 % iron),
10 to 800 mg/L iron (Il) citrate tribasic (18-20 % iron), 20 to 1000 mg/L iron (III)
pyrophosphate (10-13 % iron), and 20 to 800 mg/L iron (III) choline citrate (14 % iron).
The medium and stock solution thus is preferably free of any non-complex iron

compound.

A preferred specific variant thereof is a cell culture medium or concentrated stock
solution thereof, which comprises as the only iron sources in the medium (based on the
final concentration of the cell culture medium): 200 mg/L iron (III) ammonium citrate
(16-19 % iron), 100 mg/L iron (III) citrate, tribasic (18-20 % iron), 200 mg/L iron (II)
pyrophosphate (10-13 % iron), and 200 mg/L iron (III) choline citrate (14 % iron).

In preferred embodiments of the invention, cell culture medium or the concentrated stock

solution thereof is free of components of animal origin.

In preferred embodiments of the invention, cell culture medium or the concentrated stock

solution thereof is chemically defined.

In preferred embodiments of the invention, the cell culture medium or the concentrated
stock solution thereof is specifically apt for supporting the growth of mammalian cells in

suspension in an agitated cell culture.

In preferred embodiments of the invention, the cell culture medium or the concentrated
stock solution thereof is specifically apt for supporting the growth of mammalian cells
wherein the mammalian cells are selected from CHO, HEK293, BHK21, MRC5, and
VERO cells.

Surprisingly, it has been found out that when multiple iron compounds are mixed and
offered to the cells, they grow better than in a single iron compound. Surprisingly, each

iron compound seems to transport iron into the cells, at least in part, independently from
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cach other. Results give the indication that there are multiple iron transport mechanisms
in the cells which work at least in part independently from each other. Surprisingly, for
every iron compound an independent transport mechanism seems to exist. This is not
reported before. The medium of the present invention can saturate each iron transporter

independently from each other and thus supplies the cells with more iron.

According to the present invention a combination of at least two different complex iron
compounds is a significantly better iron source than non-complex iron compounds and
even a single complex iron compound in combination with one or more non-complex iron

compounds.

According to the present invention there is defined an “iron block solution” containing at
least two complex iron compounds. Contrary to the literature and to our surprise our iron
block solution supports effectively the growth of four totally different cells including two
types of different organ human cell lines and two animal cell lines. According to the
invention, repetitive testing of each iron compound with each new cell line is not required
anymore. The optimal concentration of the iron block solution of the invention is found

for one of the cell lines was transferable to all other cell lines without any restriction.

The iron block solution of the present invention contains high concentration of iron.
According to our invention, contrary to the literature and to our surprise our iron block
solution seems to be harmless to the cells, so that no cell adaptation is necessary in such
high iron containing media anymore. We assume that this is achieved because our iron
block solution contains complex iron compound and non-complex iron compounds (for

example iron sulfate, iron nitrate, iron chloride) are omitted.

In the context of this invention, we use high concentration of iron, let the cells transport
more iron into the cells. Contrary to the literature and to our surprise, such high iron
concentration is not toxic to the cells. Contrary, it supports the cell growth. The iron
block solution contains at least two complex iron compounds. We don’t add non-complex
iron compounds like iron sulfate, iron nitrate or iron chloride, so that little free iron is
available in medium for chemical reaction. Thus, free iron toxicity is reduced to a

minimum.
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According to the invention and contrary to the literature, we found that non-complex iron
compounds are not beneficial to the cells. Even though they are commonly used in
culture media non-complex iron compounds cannot transfer iron efficiently into the cells,
they can even damage cells. Some examples but not limited of non-complex iron
compounds in culture media are iron sulfate (FeSOy), iron nitrate (Fe(NOs)3) and iron

chloride (FeCls).

The present invention provides a cell culture medium for supporting the growth of cells
in vitro and containing more than two complex iron compounds. The invention applies
preferably to suspension adapted cells, preferably to agitated cell suspensions. The
invention further applies preferably to cells grown in animal component free culture
medium, preferably cells grown in chemically defined culture media. The invention

further applies preferably to a batch, fed-batch, perfusion or continuous process.

The invention further applies preferably to cells expressing a recombinant protein,

preferred cells produce a virus, even more preferred cells produce a vaccine.

In a second aspect, the invention provides an in vitro process for the production of a

recombinant protein or a virus, comprising the steps of:

- providing mammalian cells or a cell line capable of producing of a recombinant

protein or a virus,

- culturing the mammalian cells or a cell line in a cell culture medium of any on the

preceding claims to produce said recombinant protein or a virus.

In a preferred variant of the process according to the invention the mammalian cells are

selected from CHO, HEK293, BHK21, MRCS5, and VERO cells.

In a preferred variant of the process according to the invention the culturing of the
mammalian cells or cell line takes places in agitated cell suspensions. In a preferred
variant of the process according to the invention the culturing of the mammalian cells or
cell line takes places in animal component free culture medium, preferably the cells are
cultured in chemically defined culture media. In a preferred variant of the process

according to the invention the culturing of the mammalian cells or cell line takes places in



10

15

20

25

WO 2020/187420 PCT/EP2019/057105

a discontinuous batch or fed-batch process. An alternative preferred variant of the process
is continuous process. In a preferred variant of the process according to the invention the

culturing of the mammalian cells or cell line takes places in a perfusion system.

In a third aspect, the invention provides a kit for the preparation of a cell culture medium

for supporting the growth of mammalian cells in vitro by provision of iron, comprising:
- a concentrated stock solution, as characterized in any one of claims 1 to 11,
- a chemically defined basal medium, and

- set of instructions to dilute said stock solution in the basal medium to reach final

concentration of ion compounds in the basal medium.

In the context of the present invention the term "cell cultivation" or "cell culture" means
cell cultivation or fermentation processes in all scales, e.g. from micro titer plates to
large-scale industrial bioreactors, in all different process modes, e.g. batch, fed-batch,
perfusion of continuous cultivation. In a preferred embodiment of the present invention
the cell culture is a mammalian cell culture and is a batch, fed-batch, perfusion or

continuous culture.

The term "cell culture medium" as used herein is a medium to culture mammalian cells
comprising essential nutrients and components such as vitamins, trace elements, salts,
bulk salts, amino acids, lipids, carbohydrates in a preferably buffered aqueous solution
(preferably pH about pH=7.6 - 6.6, most preferred pH=7.3 to 6.8) as well as proprictary
media from various sources. The cell culture medium may be a basal cell culture
medium. The cell culture medium can be supplemented with any medium additive, for

example but not limited it can be a kit which is added to a cell culture medium.

The term "basal medium" or "basal cell culture medium" as used herein is a cell culture
medium to culture mammalian cells. It refers to the medium in which the cells are
cultured from the start of a cell culture run and is not used as an additive to another
medium. The basal cell culture medium is provided from the beginning of a cell
cultivation process. The basal medium is in general the first cell culture medium to which

cells are contacted.
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The term "feed" or "feed medium" as used herein relates to a concentrate of nutrients or
concentrated nutrient composition which is specifically designed for use as a feed in the
culture of mammalian cells. A feed medium can contain all the nutrients which a basal
medium contains. Preferably, a feed medium can contain a smaller number of different
nutrients than a basal medium or a perfusion medium contains. A feed medium preferably
contains less salt as compared to a basal medium. A feed medium contains in general less
sodium ions as compared to a basal medium. A feed medium preferably has higher
osmolality compared to a basal medium. A feed medium is typically added to a basal cell
culture medium or fermentation broth in fed-batch mode. A feed medium may also be
added onto a perfusion medium, where cells are cultured in perfusion mode. Preferably, a
feed medium is added daily, but may also be added more or less frequently, such as twice
a day or every second day. A feed medium may also be added continuously during the
fermentation process. Generally, cells are contacted with another medium, for example
with a basal medium first. Thereafter, cells are contacted with a feed medium. Feeding

can start and stop any time during the fermentation process.

The term "chemically defined medium" as used herein refers to a cell culture medium
suitable for in vitro cell culture, in which all components are known and all components
can be characterized. Chemically defined medium may contain hydrolysates. Preferably,
chemically defined medium is free of hydrolysates. More specifically it does not
comprise any supplements derived from animals, plants or yeast. It may comprise
hydrolysates only if all components have been analyzed and the composition thereof is
characterized and the medium can be reproducibly prepared. Characterization of
hydrolysates of a chemically defined medium can be performed by any method, for
example but not limited by a chromatographic method. Chemically defined media are
preferably free of any hydrolysate (sometimes called peptone). Thus, chemically defined
media most preferably consist of single identifiable chemicals. Chemically defined media
are sometimes supplemented with proteins, growth factors or peptides. Those agents can
be produced recombinantly or synthetically. Most preferred, chemically defined media

are free of proteins, growth factors and peptides.

The term “animal component free” refers to a cell culture medium suitable for in vitro

cell culture, in which the medium does not contain any substance gained from animals or
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animal products. Preferably, animal component free medium does not contain a substance
which has an animal as source of that substance. Preferably, animal component free
medium does not contain a substance which is isolated directly from animals. More
preferably, animal component free medium does not contain a substance which is isolated
indirectly from an animal. Sometimes components will be added into the culture media
which are not of animal source. However, in the preparation of that component some
agents (for example enzymes) can be used which are isolated from animals. Animal
component free medium do not include even those components of which preparation is

made with animal derived materials.

The terms “iron compound” or “iron containing compound” refer to a chemical, i.c.
molecule where iron is present or bound to, and which provides iron, specifically in its
ferrous (I, 2+) or ferric (III, 3+) form, to a solution or medium, in particular to a cell
culture medium, under chemical and physical conditions, specifically in terms pH,
temperature and ionic strength, which are present in a cell culture medium adapted for
supporting the growth of biological cells, in particular under chemical and physical
conditions for the culturing and growth of mammalian cells. An “iron compound” or

“iron containing compound” is considered the only iron source in such a medium.

The term “non-complex iron compound” refers to a chemical, i.e. a molecule in which
iron is bound in ionic form in a soluble salt such that it easily dissociates in solutions and
thus release free iron ions into the medium. Examples of non-complex iron compounds in

culture media are iron sulfate (FeSQOy), iron nitrate (Fe(NOs)3), and iron chloride (FeCls).

The term “complex iron compound” means a molecule in which at least one iron ion is
bound in complex form and thus the complex iron compound does not readily release the
iron ion as free iron ion into the medium. In accordance with the present invention,
complex iron compounds are: iron(Ill) ammonium citrate, iron(Il) ammonium citrate,
iron(Ill) ammonium oxalate, iron(I) ascorbate, iron(Ill) ascorbate, iron(Ill) citrate,
iron(Ill) manganese(Il) citrate, iron(Il) citrate, iron(Ill) pyrophosphate, iron(Ill) sodium
pyrophosphate, iron(Ill) choline citrate, iron(Ill) sodium citrate, iron(Il) sodium citrate,
iron(Il) sodium EDTA, iron(Ill) sodium EDTA trihydrate, iron(Il) sodium EDTA,

iron(Il) fumarate, iron(Ill) fumarate, iron(Ill) polymaltose complex, iron(Il) gluconate,
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iron(Il) gluconate 2-hydrate, iron(Ill) gluconate, iron(Ill) glycerophosphate,
ferric polyisomaltose (iron(IlI)-hydroxide-dextrin), iron(Ill) saccharate, iron(Ill) tartrate,
iron(Il) tartrate, iron(Ill) tartrate monohydrate, iron(Il) tartrate 2.5-hydrate, iron(II)
bisglycinate, iron(Il) sodium oxalate, iron(Il) succinate, and any hydrated form thereof,

salt thereof, micronized dispersible form thereof, and encapsulated form thereof.

In the context of the present invention, the term “iron block solution” refers to the
following: A solution consisting of many different iron compounds. An iron block
solution thus contains, for example, two or three or four or five or even more different
iron compounds i.e. complex iron compounds. There is generally no limit about how
many iron compounds can be mixed together to form an iron block solution. Also, the

concentration of each iron compound can be different.

The invention is further illustrated by the following non-limiting examples and

accompanying figures:

FIGURES

Figure 1 Effect of single iron compounds to growth the BHK21 cell line.
Figure 2a Concentration titration of AIC.

Figure 2b Concentration titration of 1C.

Figure 2¢ Concentration titration of IPP.

Figure 2d Concentration titration of Fe(NO3)3.

Figure 2¢ Concentration titration of FeSO4.

Figure 3 Testing of iron block solution in BHK cell line against single iron
compounds.
Figure 4 Comparison of single iron compounds with the iron block solution in

HEK?293 cell line.



10

15

20

25

WO 2020/187420 PCT/EP2019/057105

12
Figure 5 The effect of omitting iron compounds from the iron block solution.
Figure 6 Testing of the iron block solution and single irons in MRCS5 cell line.
Figure 7 Testing of the iron block solution and single iron compounds with an
antibody producing CHO DG44 cell line.
Figure 8 Testing the iron block solution in basal medium and feed medium in a fed-
batch process with BHK21 cells.
Figure 9 Testing the iron block solution in basal medium and feed medium in a fed-

batch process with CHO DG44 cells expressing an antibody.

EXAMPLES

The following cell lines were used in the examples: HEK293 GTP-AC Free, BHK21,
MRCS5, CHO DG44.

All cell lines were ordered from their original source, ¢.g. ECACC, Columbia University
etc. All cell lines were growing adherently and in serum contain cell culture media when
they have arrived by us. All cell lines were adapted in suspension growth conditions. All
cell lines were cultured in chemically defined culture medium. All cell lines were
cultured in animal component free medium. From all cell lines animal component free
cell banks were prepared to continuously supply the experiments with cells. In all
experiments only, the cells were used which were adapted to suspension growth, growing

in animal component free and chemically defined media.

Even though during the experiments only four cell lines were used, the invention is not
limited to those cell lines. Any mammalian cell would be suitable to use in this invention.

Some other suitable cell lines are given in table 1.
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Cell line Reference

BHK21 ATCC CCL-10

2254-62.2 (BHK21 derivative) ATCC CRL-8544

HaK ATCC CCL-15

BHK TK ECACC No.85011423

HEK?293 ATCC CRL-1573

CHO ECACC No. 8505302

CHO wild type ECACC 00102307

CHO DG44 Urlaub et al., Cell 33(2), 405-412, 1983; Life
Technologies A1091 101

CHO-K1 ATCC CCL-61, ECACC 85051005

CHOZN GS GS deficient cells derived from CHO-K1 (SAFC
ECACC 85051005)

CHO-K1 GS Glutamine synthase (GS) deficient cells derived
from CHO-K1

CHO-K1/SF ECACC 93061607

HuNS1 ATCC CRL-8644

V79 ATCC CCC-93

Per. C6 Fallaux, F.J et al, Human Gene Therapy 9 (13),
1909-1917,1998

NSO ECACC NO.85110503

COS7 ATCC CRL-1651

Lecl3 Stanley P. Et al, Ann. Rev. Genetics 18, 525-552,
1984

SP2/0-Agl4 ATCC CRL-1581

CHO-DUKX (=CHO dukx
CHO/dhfr)

ATCC CRL-9096

CHO DUKX Bl11 ATCC CRL-9010
CHO-S Life Technologies A1136401
CHO Pro-5 ATCC CRL-1781

Table 1: Examples of suitable mammalian cell lines

Routine stock cultures were established from all cell lines in parallel. Stock cultures were

kept growing in shake flasks and cells were split into fresh culture medium every two to

four days. That means, a small amount of cell culture was used as inoculum and that
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inoculum was transferred into a new flask and supplemented with fresh culture medium.
Cells were cultured at 37 °C in 7% CO, atmosphere in shake flasks under shaking
conditions. The seeding density was set to 0.3 to 0.5 x 10° cells/ml depending on the cell
line. In this way cells were cultured several passages. One passage is defined as a culture
duration of 2-4 days. At different time points inoculum cells were taken from the stock
culture and experiments were performed in various scales, for examples in 6-well plates,

shake flasks, T-flasks, spinner flasks and bioreactors.

All experiments were performed in shake flasks with suspension cells under shaking
conditions with 25 mL working volume. In order to initiate an experiment, the inoculum
cells were taken from their stock culture. Cell suspension was centrifuged, supernatant
removed and cell pellet was transferred into the test medium. Thus, the carry-over effect

of substances was avoided. Especially, the iron was removed from inoculums medium.

Proprietary culture media was used for cultivation of all cells in all steps. The proprietary
culture media were a basal medium and feed medium. Basal medium recipe was varying
by some cells depending on selective pressure requirement of the particular cells. The
proprictary basal medium was an animal component free, chemically defined medium.
By some cells, the basal medium was free of protein, hydrolysate, peptone, peptide and

growth factors.

The proprietary basal medium contains all necessary substances for cell growth, viability
and cellular productivity. Some examples of ingredients of proprictary basal medium are
glucose at 2 - 10 g/L, NaCl 2-4 g/L. KCI1 200 - 400 mg/L, CaCl, 50-200 mg/L, MgCl, 50-
300 mg/L, NaH,PO4 and Na,HPOs 200 - 1000 mg/L, Arginine 100-600 mg/L,
Asparagine 200-900 mg/L, Aspartic acid 30-500 mg/L, Cysteine 30-150 mg/L, Glutamic
acid 50-1000 mg/L, Glutamine 100 - 3200 mg/L, Glycine 30 - 100 mg/L, Histidine 50-
150 mg/L, Isoleucine 100-900 mg/L, Leucine 100 - 1000 mg/L, Lysine 100 - 800 mg/L,
Methionine 30 - 150 mg/L, Phenylalanine 200 - 600 mg/L, Proline 100 - 800 mg/L,
Serine 100 - 800 mg/L, Threonine 100 - 800 mg/L, Tryptophan 30 - 150 mg/L, Tyrosine
100 - 600 mg/L, Valine 100 - 600 mg/L, NaHCOs 2 -3 g/L. The basal medium further
comprises trace elements, vitamins, nucleotide and fatty acid precursors. Feed medium

was a concentrated form of basal medium. It contained amino acids, vitamins, trace



10

15

20

25

WO 2020/187420 PCT/EP2019/057105
15

elements, iron components. Feed medium had less sodium ions, but higher osmolality

then the basal medium.

Example 1: Preparation of iron block solution according to the present invention
Basal medium was prepared without iron compound.

Iron stock solutions were prepared as below:

Ammonium Iron(IIl) Citrate (abbreviated as “AIC”). 50 g ammonium iron (III)
citrate (Cas Number: 1185-57-5, with 16.5 - 18.5 % iron content) was solved in highly
purified water with the final volume of 1 L, stirred 3 hours at 37 °C. The pH was
measured as a control parameter and found as 4.5+0.2 and then the solution was sterile

filtered with 0.1 um pore size filter within 30 min.

Iron(IIl) Citrate Tribasic (abbreviated as “IC”). 15 g iron citrate tribasic monohydrate
(CAS Number: 2338-05-8, MW: 262.96 g/mol, with 18 — 20 % iron content) was solved
in highly purified water with the final volume of 1 L, stirred 3 hours at 90 °C. The pH
was measured as a control parameter and found as 2.0£0.2 and then the solution was

sterile filtered with 0.1 um pore size filter within 30 min.

Iron(1IT) Pyrophosphate (abbreviated as “IPP”): 100 g iron (III) pyrophosphate (CAS
Number: 10058-44-3, MW: 754.21 g/mol, with 10.5 - 12.5 % iron content) was
dissolved in highly purified water with the final volume of 1 L and stirred 3 hours at 40
°C. The pH was measured as a control parameter and found as 6.2+0.2 and then the

solution was sterile filtered with 0.1 um pore size filter within 30 min.

Iron(IIl) Nitrate Nanohydrate (abbreviated as Fe(NO3)3): 0.4 g iron (III) nitrate
nanohydrate (CAS Number: 7782-61-8, MW: 404.00 g/mol) was solved in highly
purified water with the final volume of 1 L and stirred 3 hours at 37 °C. The pH was
measured as a control parameter and found as 2.8+0.3 and then the solution was sterile

filtered with 0.1 um pore size filter within 30 min.

Iron(Il) Sulfate Heptahydrate (abbreviated as “FeS04”): 2 g iron (III) sulfate
heptahydrate (CAS Number 7782-63-0 , MW: 278.01 g/mol) was solved in highly
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purified water with the final volume of 1 L and stirred 3 hours at 37 °C. The pH was
measured as a control parameter and found as 4.2+0.3 and then the solution was sterile

filtered with 0.1 um pore size filter within 30 min.

Iron(I1I) Choline Citrate: 13 g iron (III) choline citrate (CAS Number 1336-80-7, MW:
997.554 g/mol, with 14 % iron content) was solved in highly purified water with the final
volume of 1 L and stirred 3 hours at 37 °C. The pH was measured as a control parameter
and found as 2.9+0.2 and then the solution was sterile filtered with 0.1 um pore size filter

within 30 min.

Preparation of iron block solution according to the invention: The iron block solution
of the invention contains at least two or more than two different iron compounds. Iron
block solution can contain, for example 2 or 3 or 4 or 5, 6, 7, 8 different iron compounds.
A stock solution of each iron compound is prepared separately as described above.
Thereafter, single iron stock solutions will be mixed together to form an iron block

solution as a concentrated stock solution.

As an example an iron block solution consisting of 5 different iron compounds is

prepared as follows:
For 1 L iron block solution:

272 mL  ammonium iron(Ill) citrate (50 g/L),
457 mL iron (II) citrate tribasic (15 g/L),

135 mL iron (IIT) pyrophosphate (100 g/L),
68 mL  iron (III) nitrate nanohydrate, and

68 mL  iron (III) sulfate heptahydrate (2 g/L)

are mixed, stirred 15 min at room temperature; pH of solution is measured as pH 4.4+0.2.
This iron block solution is stable up to one year.

In order to reach one-time final concentration (1x) of each iron compound in culture

media 14.7 mL of this iron block solution was added into the iron free culture medium.
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Example 2: Screening of iron compounds in BHK-21 cells (BHK-MD-38)

This example demonstrates the effect of single iron compounds in BHK-21 cell line. The
tested iron compounds are 200 mg/L ammonium iron(I11) citrate (AIC), 33 mg/L iron(11I)
citrate tribasic (IC), 67 mg/L iron (III) pyrophosphate (IPP), 0.13 mg/L iron (III) nitrate
(Fe(NOs)3) , 2 mg/L iron (II) sulfate (FeSO4) and negative control without any iron
source. A cell culture medium is prepared without any iron sources. Stock solutions of
cach iron compound are prepared as described in example 1, and the culture medium is
supplemented with stock solutions to adjust the desired final concentration of each iron
compound. The experiment is performed in batch modus in shake flask. BHK21 cell line
used was adapted to suspension growth in animal component free, chemically defined

medium.

Figure 1 demonstrates that cell growth is dependent on the sort of iron compound.
BHKZ21 cell line could grow with complex iron compounds (AIC, IC and IPP) better than

non-complex iron compounds (Fe(NO3)3 and FeSOy).

Example 3: Optimal concentration of single iron compounds with BHK21 cells
(BHK-MD-35)

This example serves to find out the optimal concentration of each iron compound for
BHK21 cell line. The experiment is performed in batch modus in shake flask. BHK21
cell line is used, which was adapted to suspension growth conditions in animal
component free, chemically defined medium. A cell culture medium is prepared without
iron sources. Stock solutions of each iron compound are prepared as described in
example 1 and supplemented into the culture medium to adjust the desired final

concentration of iron compounds.

As seen in Figure 2, the optimum concentrations of AIC, IC, IPP, Fe(NOs3); and FeSO4
were found as 200 mg/L, 100 mg/L and 200 mg/L, 0.4 mg/L and 2 mg/L, respectively. At
the same time, it is obvious that FeSO4 and Fe(NOs3); don’t serve as an appropriate iron

source for this cell line.
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Example 4: Combining several iron compounds in one medium at their optimal

concentrations with BHK-21 cells (BHK-MD-49)

The aim was to demonstrate the synergistic effect of single iron compounds combined in
one medium. All growth promoting iron compounds were combined in one medium at
their optimal concentration. The experiment is performed in batch modus in shake flask.
BHK21 cell line is used, which was adapted to suspension growth conditions in animal

component free, chemically defined medium

An iron block solution is prepared consisting of AIC, IC, IPP, Fe(NO3); and FeSO, as
described in example 1. This solution is added into the iron free basal medium to have
final concentration of 200 mg/L AIC, 100 mg/L IC , 200 mg/L IPP, 0.4 mg/L Fe(NO3);
and 4 mg/L FeSOy. This final iron concentration of each component is defined as 1x (one
time concentrate) in basal medium. At the same time 0.5x, 1.5x, 2x, 2.5x and 3x
concentrates were tested as well. If it is called 0.5x, then the concentration of all iron
compounds was the half of the 1x concentrations in the basal medium, as following 100
mg/L AIC, 50 mg/L IC, 100 mg/L IPP, 0.2 mg/L Fe(NO3); and 1 mg/L FeSOs. If it is
called 2x, then the concentrations of all iron compounds are doubled in basal medium
compared to 1x, as following 400 mg/L AIC, 200 mg/L IC, 400 mg/L IPP , 0.8 mg/L
Fe(NO3); and 4 mg/L FeSO4. The other concentrations (1.5x, 2.5x, 3x, etc.) are

calculated accordingly. Negative control did not have any iron source in medium.

To our surprise, as seen in figure 3, the iron block solution of combined complex iron
compounds promotes cell growth much better than the use of each single iron component
as iron supplement. Moreover, the total iron added to the cell culture medium through the
Ix iron block solution is high. Contrary to an expected toxicity to the cells, it is found not
toxic. Even more, the opposite was found as it promotes the cell growth better then single
iron compounds in non-toxic (i.c. lower) concentrations. Even if the concentration of iron
block solution in the cell culture medium is increased to threefold (3x), still there is no
significant toxicity of iron. This experiment shows further that the iron block solution
combined complex iron compounds releases only very little free iron ions, which were

reported to damage cells.
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Example 5: Testing iron block solution with HEK293 cell line (HEK-MD-85)

Optimal iron block solution was found by using BHK21 cells. The question here was
whether this iron block solution of combined complex iron compounds is suitable for
human cells as well. More specifically, the question was whether the findings with BHK-
21 cells is a cell specific finding or a universal finding. The experiment is performed in
batch modus in shake flask. HEK293 cell line is used, which was adapted to suspension
growth conditions, in an animal component free, chemically defined medium. A cell
culture medium is prepared without an iron source. Stock solutions of each iron
compound are prepared as described in example 1 and added into the culture medium to

adjust the desired final concentration of each iron compound.

In order to examine this question, first all the single iron compounds were tested again in
their optimal concentrations using HEK293 cells. Each iron compound promoted
HEK293 cell growth in certain extent. To our surprise, the 1x iron block solution of
combined complex iron compounds previously defined for BHK21 cells (see example 4)
also promotes HEK293 cell growth as well (Figure 4).. This is evidence that the findings
from BHK21 (animal) cells can be transferable to HEK293 (human) cells.

Example 6: Effect of single iron compounds within the iron block solution with
HEK-293 cells (HEK-MD-92)

The experiment is performed in batch modus in shake flask. HEK293 cell line is used,
which was adapted to suspension growth conditions in animal component free,
chemically defined medium. A cell culture medium is prepared without iron sources.
Stock solutions of each iron compound are prepared as described in example 1 and added

into the culture medium to adjust the desired final concentration of each iron compound.

In previous experiments, an iron block solution of combined complex iron compounds is
defined which supports growth of multiple types of cells. However, this iron block
solution contains complex iron compounds and non-complex iron compounds as well.
According to our theory, the complex iron compounds shall promote cell growth while

the non-complex iron compounds shall be detrimental for the cells due to free iron ions



10

15

20

25

WO 2020/187420 PCT/EP2019/057105
20

generated from non-complex iron compounds. The aim in this experiment is to find out

the roles of each iron groups, the complex and non-complex iron compounds.

So far tested iron block solution consist of five different iron compounds as follows: 200
mg/L AIC, 100 mg/L IC, 200 mg/L IPP, 0.4 mg/L Fe(NO3); and 4 mg/L FeSOy. In this
iron block solution one particular iron component was omitted each time and was marked

as minus (-). Specifically following combinations were tested:

“Ix iron block™ means: 200 mg/L. AIC, 100 mg/L IC, 200 mg/L IPP, 0.4 mg/L. Fe(NOs)s,
4 mg/L FeSO,.

“-AlIC” means: No AIC, 100 mg/L IC, 200 mg/L IPP, 0.4 mg/L Fe(NO3)s, 2 mg/L FeSO,.
“-1C” means: 200 mg/L AIC, No IC, 200 mg/L IPP, 0.4 mg/L Fe(NO3)3, 2 mg/L FeSOa.
“-IPP” means: 200 mg/L AIC, 100 mg/L IC, No IPP, 0.4 mg/L Fe(NO3)s, 2 mg/L. FeSOa.

“-Fe(NO3);” means: 200 mg/L. AIC, 100 mg/L IC, 200 mg/L IPP, No Fe(NOs3);, 2 mg/L
FeSO4.

“_FeSO4” means: 200 mg/L AIC, 100 mg/L IC, 200 mg/L IPP, 0.4 mg/L Fe(NO3)s, No
FeSO4.

“-Fe(NOs); - FeSO4” means: 200 mg/L. AIC, 100 mg/L IC, 200 mg/L IPP, No Fe(NO»)s,
No FeSO4.

Results show that when complex iron compounds (-AIC, -IC, -IPP) are removed from the
iron block solution, the cell concentration decreases. This shows that the complex iron

compounds have an additive effect in iron transport and cell growth.

When non-complex iron compounds (Fe(NOs)s, FeSOy) are removed from the iron block
solution, the cell concentration increases (Figure 5). This shows that non-complex iron
compounds are not beneficial in cell culture media. In opposite, the free iron forming
compounds have a negative effect to cell growth as postulated in this invention. This is
surprising and contrary to the literature because still today it is common that cell culture

media contain non-complex iron compounds like Fe(NOs);, FeSOy4, FeCls. In this case the
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most effective new iron block solution would consist of 200 mg/L AIC, 100 mg/L 1C,
200 mg/L IPP.

Example 7: Testing Iron Block Solution with MRCS cell line (MRC-MD-16)

Goal was again to test the single iron compounds and their combination with another cell
line, Aim was to prove the universality of the iron block solution. The experiment is
performed in batch modus in shake flask. MRCS5 cell line is used, which was adapted to
suspension growth conditions in animal component free, chemically defined medium.
Single iron components were tested by their optimal concentration against the iron block
solution. A cell culture medium is prepared without any iron source. Stock solutions of
cach iron compound are prepared as described in example 1 and added into the culture
medium to adjust the desired final concentration of each iron compound in culture
medium. The content and the concentration of 1x iron block solution is the same as

described in example 4.

Results demonstrate the same findings as in other cell lines: each iron compound
promotes the cell growth to certain extend, whereby non-complex iron compounds can
hardly support cell growth. However, when complex iron compounds are combined in

one medium, cell grow promoting effect is higher (Figure 6).
Example 8: Testing Iron Block Solution with CHO DG44 cell line (AFL-MD-32)

Aim is to prove the universality of the iron block solution whether the results can be
transferred to another cell line. A CHO DG44 cell line was used expressing a
recombinant antibody. This cell line and the culture medium were used later for large
scale production of that recombinant antibody. The experiment is performed in batch
modus in shake flask. The CHO DG44 cell line was adapted to suspension growth
conditions in animal component free, chemically defined medium. A cell culture medium
is prepared without any iron source. Stock solutions of each iron compound are prepared
as described in example 1 and added into the culture medium to adjust the desired
concentration of each iron compound in culture medium. The content and the

concentration of 1x iron block solution is the same as described in example 4.
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Results demonstrate the same findings as in all other cell lines; each iron compound
promote the cell growth to a certain extend. However, when complex iron compounds are

combined in one culture medium grow promoting effect became higher (Figure 7).

Another interesting fact is that if several complex iron compounds are combined in one
medium, toxicity of high iron concentration is not visible. Further, cell don’t need any
adaptation time to this iron containing medium. Skilled person in the filed knows, that if a
new iron is going to be applied by cells, normally the cells need to be adapted to the new

iron compound which takes long time.

Example 9: Testing iron block solution in fed-batch process with BHK21 cells
(BHK-MD-191)

The goal was to test iron block solution also in a feed medium. Cells reach in fed-batch
processes higher concentration and that high number of cells need to be supplied with
iron for longer process time compared to batch process. During fed-batch process cells
might get iron limitation. In order to test this theory, feed medium was supplied with the
iron block solution as well and tested in fed-batch process. The experiment is performed
in shake flask. The BHK21 cell line was adapted to suspension growth in an animal
component free, chemically defined basal medium and feed medium. Both media are
prepared without any iron sources. Stock solution of each iron compound is prepared as
described in example 1 and added into the basal medium and feed medium to adjust the

desired concentration of each iron compound.

BHK21 cells were chosen as a representative cell line for virus production. Also,
HEK?293 or MRCS5 cell lines were cultured in fed-batch processes with the same feed

medium containing the same iron block solution.

The basal medium was supplemented with 1x iron block solution as described in example
4. The feed medium was supplemented with varying concentrations of iron block solution
as 1x, 2x, 3x, 4x or 5x. Cells were cultured first in batch in the basal medium and the
feeding have started at day 2 of the fed-batch process. A feed medium was defined
consisting of amino acids, vitamins, trace elements, and other nutrients for cell growth.

Cells were fed with the feeding medium daily until the end of the fed-batch process.
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Results show that the fed-batch process promotes cell growth better than batch process

whereby basal medium and feed medium both contain iron block solution (Figure 8).

Example 10: Testing iron block solution in fed-batch process with CHO cells (AFF-
MD-71)

Goal was to test the iron block solution in fed-batch process with another cell line, in this
case with CHO DG44 cell line expressing an antibody. The CHO DG44 cell line was
adapted to suspension growth conditions in animal component free, chemically defined
medium. Basal medium and feed medium are prepared without any iron sources. Stock
solution of each iron compound is prepared as described in example 1 and added into the

culture medium to adjust the final concentration of each iron compound in media.

The basal medium was supplemented with 1x iron block solution as described in example
4. The feed medium was supplemented with varying concentrations of iron block solution
as 1x, 2x, 3x, 4x or 5x. Cells were cultured first in batch in basal medium and the feeding
have started at day 2 of the fed-batch process. A feed medium was defined consisting of
amino acids, vitamins, trace elements and other nutrients for cell growth. Cells were fed
with the feeding medium daily until the end of the fed-batch process. Results show that a
fed-batch process promotes the cell growth better than batch process whereby basal

medium and feed medium both contain iron block solution (Figure 9).
Example 11: Generation of new iron block solution with iron choline citrate

According to our theory addition of more complex iron compounds into culture media
shall not be detrimental. In opposite, iron choline citrate might be internalized by cells by
a different mechanism, so that additional iron choline citrate might promote cell growth
even more. Alternatively, iron choline citrate increases the variability of iron sources and
thus the culture media containing iron choline citrate might even be more suitable for
many different cell lines. Each new cell line might not need time to adapt into the new
culture medium because the specific iron source what that cell line needs is already

present in medium.
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This theory was tested by generating an iron block solution including iron choline citrate.
A cell culture medium is prepared without any iron source. Stock solutions of each iron
compound are prepared as described in example 1 and the new iron block solution is
prepared by mixing iron compounds together into one iron block solution. An adequate
amount of iron block solution is then added into the medium and following final
concentrations are achieved in basal medium: 200 mg/L Ammonium Iron Citrate; 100
mg/L Iron (IIT) Citrate tribasic; 200 mg/L Iron (III) Pyrophosphate; 0.4 mg/L Iron (III)
Nitrate (Fe(NO3)3); 2 mg/L Iron (II) Sulfate (FeSO4); 200 mg/L Iron Choline Citrate.

The CHO DG44 cell line is used for the experiment. The cell line grows in animal
component free, chemically defined medium in suspension and expresses an antibody.
Cells grow better in medium with above described iron compounds including iron choline
citrate as expected (data not shown). Even if the growth benefit was not significantly
higher, the medium with more complex iron compounds serves to more different cell
lines to growth in this medium without adaptation. Therefore, this medium represents

another preferred embodiment of the invention.

In a further test, the non-complex iron compounds were removed from the iron block
solution because of their detrimental effect. The new iron block solution contained only
complex-iron compounds including iron choline citrate. Specifically, the basal medium
contained following iron sources: 200 mg/L. Ammonium Iron Citrate; 100 mg/L Iron (III)
Citrate tribasic; 200 mg/L Iron (III) Pyrophosphate; 200 mg/L Iron Choline Citrate. As
expected cells grow better and kept the cell viability higher in this iron composition in the

basal medium. There was no precipitation in medium observed.
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An iron providing cell culture medium or a concentrated stock solution thereof, for

supporting the growth of mammalian cells in vitro by provision of iron, comprising more

iron (III) ammonium citrate,
iron (II) ammonium citrate,
iron (III) ammonium oxalate,
iron (1) ascorbate,

iron (III) ascorbate,

iron (III) citrate,

iron (III) manganese(Il) citrate,
iron (II) citrate,

iron (III) pyrophosphate,

iron (IIT) sodium pyrophosphate,
iron (III) choline citrate,

iron (III) sodium citrate,

iron (II) sodium citrate,

iron (III) sodium EDTA,

iron (III) sodium EDTA trihydrate,
iron (II) sodium EDTA,

iron (II) fumarate,

iron (III) fumarate,

iron (III) polymaltose complex,
iron (II) gluconate,

iron (II) gluconate 2-hydrate,
iron (III) gluconate,

iron (III) glycerophosphate,
ferri polyisomaltose,

iron (III) saccharate,

than two different complex iron compounds, selected from:
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iron (III) tartrate,

iron (II) tartrate,

iron (III) tartrate monohydrate,
iron (II) tartrate 2.5-hydrate,
iron (1) bisglycinate,

iron (II) sodium oxalate,

iron (II) succinate, and

hydrated forms, salts, micronized dispersible forms, or encapsulated forms thereof.

2. The cell culture medium according to claim 1 or a concentrated stock solution
thereof comprising the at least two different complex iron compounds as the only iron

source in the medium.

3. The cell culture medium according to claim 2 or a concentrated stock solution
thereof comprising at least three different complex iron compounds as the only iron

source in the medium.

4. The cell culture medium according to any one of the preceding claims or a
concentrated stock solution thereof, comprising at least three different complex iron
compounds selected from: ammonium iron citrate, iron citrate, iron choline citrate, and

iron pyrophosphate.

5. The cell culture medium according to any one of the preceding claims or a
concentrated stock solution thereof, comprising as the only iron source in the medium

(based on the final concentration of the iron compound in the cell culture medium):

4 to 4000 mg/L iron (IIT) ammonium citrate (16-19 % iron),
2 to 2000 mg/L iron (III) citrate, tribasic (18-20 % iron),

4 to 4000 mg/L iron (III) pyrophosphate (10-13 % iron),
0.1 to 80 mg/L iron (III) nitrate (Fe(NOs)s3),

0.4 to 400 mg/L iron (II) sulfate (FeSOy), and

3 to 3000 mg/L iron (III) choline citrate (14 % iron).
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The cell culture medium according to any one of the preceding claims or a

concentrated stock solution thereof, comprising as the only iron source in the medium

(based on the final concentration of the iron compound in the cell culture medium):

7.

4 to 4000 mg/L iron (IIT) ammonium citrate (16-19 % iron),
2 to 2000 mg/L iron (III) citrate, tribasic (18-20 % iron),

4 to 4000 mg/L iron (IIT) pyrophosphate (10-13 % iron), and
3 to 3000 mg/L iron (III) choline citrate (14 % iron).

The cell culture medium according to claim 6 or a concentrated stock solution

thereof, comprising as the only iron source in the medium (based on the final

concentration of the iron compound in the cell culture medium):

8.

20 to 1000 mg/L iron (III) ammonium citrate (16-19 % iron),
10 to 800 mg/L iron (III) citrate, tribasic (18-20 % iron),

20 to 1000 mg/L iron (IIT) pyrophosphate (10-13 % iron), and
20 to 800 mg/L iron (III) choline citrate (14 % iron).

The cell culture medium according to claim 7 or a concentrated stock solution

thereof, comprising as the only iron source in the medium (based on the final

concentration of the iron compound in the cell culture medium):

200 mg/L iron (III) ammonium citrate (16-19 % iron),
100 mg/L iron (III) citrate, tribasic (18-20 % iron),
200 mg/L iron (III) pyrophosphate (10-13 % iron), and
200 mg/L iron (III) choline citrate (14 % iron).

9. The cell culture medium according to any one of the preceding claims or a

concentrated stock solution thereof, which is free of components of animal origin and/or

is chemically defined.

10. The cell culture medium according to any one of the preceding claims or a

concentrated stock solution thereof for supporting the growth of mammalian cells in

suspension in an agitated cell culture.
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11. The cell culture medium according to any one of the preceding claims or a
concentrated stock solution thercof, wherein the mammalian cells are selected from CHO,

HEK293, BHK21, MRC5, and VERO cells.

12. An in vitro process for the production of a recombinant protein or a virus, comprising

the steps of:

- providing mammalian cells or cell line capable of producing of a recombinant

protein or a virus,

- culturing the mammalian cells or cell line in a cell culture medium of any on the

preceding claims to produce said recombinant protein or a virus.

13. The process according to claim 12, wherein the mammalian cells are selected from

CHO, HEK293, BHK21, MRCS5, and VERO cells.

14. A kit for the preparation of a cell culture medium for supporting the growth of

mammalian cells in vitro by provision of iron, comprising:
- aconcentrated stock solution, as characterized in any one of claims 1 to 11, and

- set of instructions to dilute said stock solution in a basal medium to reach final

concentration of ion compounds in the basal medium.
15. The kit according to claim 14, further comprising:

- achemically defined basal medium.
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