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MODULATION OF CELL GROWTH AND GLYCQSYLATION IN RECOMBINANT 

GLYCOPROTEIN PRODUCTION 

The present application relates to the role that trace elements play in cell growth and protein 

glycosylation in the production by fermentation of recombinant glycoproteins, 

BACKGROUND 

Recombinant glycoproteins are typically produced by a fermentative production process 

using eukaryotic expression systems. Post-translational glycosylation of proteins is essentia! 

to fulfil important phystcochemical and biological properties and functions, such as protein 

solubility, stability, clearance, immunogenicity and immune effector functions. The 

glycosylation status of a glycoprotein is tightly regulated and even small differences in 

glycosylation can have significant effects. However, due to the large number of enzymes 

involved, particularly in N-glycosylation, the pathway is the most complex post-translational 

modification performed in eukaryotic cells. In glycoproteins, sugars are attached either to 

the amide nitrogen atom in the side chain of asparagine (an N-!inkage) or to the oxygen 

atom in the side chain of serine or threonine (an CMinkage). Glycosylation starts with 

formation of the N-linkages in the endoplasmic reticulum, so-called "core glycosylation". 

After this the polypeptides are transported to the Golgi apparatus where the O-linked sugars 

are added and the N-Iinked sugar chains are modified in many different ways, for example 

by the removal of mannose residues, addition of N-acetylglucosamine, galactose and/or 

fucose and/or sialic acid residues. 

Metals and their ions play essential roles in biology (Yannone et.al,, Current Opinion in 

Biotechnology 23.1 (2013) 89-95). It has been reported that, out of 39 essential biological 

elements, 26 are metals. Furthermore, there is significant variation in the active 

concentrations of these metals required to fulfill their biological function. The essential 

metals can be classified into macronutrients, like calcium, potassium or magnesium, and 

micronutrients like the trace metals iron, zinc, manganese or copper, and ultra-trace 

elements, like vanadium and tungsten. Although these essential metals are critical for 

biological homeostasis, they can be toxic in concentrations beyond those necessary for their 

biological function. Thus, tight regulation of systemic metal concentration is vital for 

biological homeostasis. 
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The transition metals copper, iron, zinc, and manganese are classified according to their 

biological active concentration as trace elements and are key players in cellular 

homeostasis. They are found m active sites of many enzymes as described in Fraga and 

Fraga (MoL Aspects Med. 26.4-5 (2005) 235-44). 

For many years now, the role of trace elements in cellular growth has been studied using 

animal feeding and cell culture experiments. That trace elements are needed for successful 

cell cultivation has been shown by Ham et a! (Proc. Natl. Acad. Sci. USA S3 (1965) 288-93), 

There is also much interest in the role of trace elements in protein glycosylation, but the 

detailed enzymatic contributions of distinct trace elements and the interactions of metal 

cations in the glycosylation pathway remain relatively unknown. 

In general, the activity of glycosylation enzymes depends on the availability of divalent trace 

elements (such as Zn2+, Mn2+, Ca2+, Mg2+), the pH milieu and the availability of nucleotide 

phosphates (UTP, GTP, CTP) and corresponding sugar derivatives (UDP-Gal, UDP-GlcNAc, 

GDP-Fuc, CMP-sialic acid). 

Kaminska et al_, (Glyconj. J. 15.8 (1998) 783-88) studied the role of divalent cations on the 

activity of glycoprotein 6-a-L-fucosyltransferase and discovered that, whilst divalent cations 

such as Mg2+ and Ca2* activated this enzyme, Cu2+, Zn2+ and Ni2+ strongly inhibited the 

activity of this enzyme. Witsell etal., (J, Biol. Chenr 265.26 (1990) 15731-37) describe the 

role of particular divalent cations in activation of galactosyltransferase in native mammary 

Golgi vesicles. Crowell et al., (Biotechnol. Bioeng. 96,3 (2007) 538-49) describe that trace 

elements, especially manganese, interact with other culture factors, like amino acid 

availability, in late process phases with stressed cultures to regulate protein glycosylation. 

Gawlitzek et al., (Biotechnol, Bioeng. 103.6 (2009) 1164-75) observe that cell culture 

conditions, such as manganese and iron concentrations, specific productivity enhancer 

butyrate, thyroid hormones and culture pH can control N-glycosylation site-occupancy of 

recombinant glycoproteins expressed in CHO cells. 

As outlined in US 2007/0161084 a number of enzymes involved in glycosylation utilise 

different cations as co-factors. In that application the inventors discovered that sialylation of 

glycoproteins, i,e. the addition of a terminal sialic acid residue to a carbohydrate chain on a 

glycoprotein, and in particular sialylation of erythropoietin, could be Improved by growing the 

mammalian host cells expressing the glycoprotein in a medium containing a non-toxic 
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amount of manganese. The manganese can be present in the initial growth medium or may 

be added after a rapid cell growth phase or may be added after one or two harvest cycles. 

The role of manganese and its active concentration in cell growth is controversial. It has 

been reported that manganese is essential for normal cell growth and development, but 

simultaneously is toxic at high concentrations (Au et al., Neurotoxicology 29.4 (2008) 569-

76). For example, manganese has been shown to bind to cell surface located integrins and 

activate the MAP kinases, ERK1 and 2, both important switches for cellular growth (Roth et 

al., Neurotoxicology 23.2 (2002) 147-57). On the other hand, Roth et al., also show that 

manganese is implicated in cell death and apoptosis of cells by turning on many apoptotic 

factors, which finally lead to cell death by disruption of mitochondrial function and inducing 

loss of ATP. The toxic effect of manganese is quite strong when iron is removed from the 

cell culture medium, since iron and manganese compete for the same cell membrane shuttle 

DMT1 (Roth et al.). 

US 2008/0081356 describes a method for large scale production of glycoproteins with 

altered glycosylation patterns in commercial scale cell culture by using a medium containing 

a molar cumulative concentration of manganese between 10 and 600 nM and a molar 

cumulative glutamine concentration of less than about 8 mM. 

WO 2012/149197 describes methods for modulating the galactosylation profile of 

recombinant^ expressed proteins, and in particular antibodies, in CHO and NSO cell lines 

by supplementing the production media with manganese and/or galactose. 

The importance of Mn2+ as cofactor for p-1,4-galactosyl-transferase activity has been 

described previously by Ramakrishnan et al., (J. MoL Biol. 357.5 (2006) 1619-33). 

Zinc has been reported to be essential for cell proliferation and differentiation, especially for 

regulation of DNA synthesis and mitosis. Zinc is a structural constituent of a great number of 

proteins, including transcription factors and enzymes from cellular signalling pathways, such 

as second messenger metabolism, protein kinase and proteins phosphatase activities 

(Beyersmann et al., Biometals 14.3-4 (2001) 331-41), Accordingly, bioavailable zinc has 

been associated with cell proliferation. 

Iron is'a key player in cell growth regulation. It has been reported previously that 

supplementation of iron, or its transport protein transferrin, to a chemically defined cell 
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culture medium is vital for biomass generation. For example, iron has been shown to 

promote cell growth of C6 glioma and L1210 leukemic cancer cell lines in serum-free 

medium (Basset et al., Carcinogenesis 6.3 (1985) 355-59). The fundamental role of iron in 

cell growth is further demonstrated by chelators that can cross the plasma membrane, 

limiting its bioavailability by binding the metal inside the cell. Agents such as des­

feroxamine and desferrithiocin inhibit the growth of a variety of tumour cells in culture 

(Reddel et al., Exp.Cell Res. 161.2 (1985) 277-84 and Basset et al., supra) and greatly 

reduce T-cell proliferation (Poison et al., Immunology 71.2 (1990) 176-81 and 

Pattanapanyasat et al., Br. J. Haematol. 82.1 (1992) 13-19). Here, the possible cell growth 

inhibitory mechanism is iron deprivation, associated with reduced ribonucleotide reductase 

activity and reduced amount of deoxyribonucleotides. This subsequently leads to mitotic 

arrest in S-phase. The addition of iron to the medium reverses the growth inhibition 

(Lederman et al., Blood 64.3 (1984) 748-53). 

WO 98/08934 describes the use of a medium supplemented with zinc and iron (amongst 

other components) in suspension culture to support high-density growth of mammalian cells. 

Copper plays an essential role in cellular homeostasis, though the metabolic fates of copper 

and iron are closely linked (Arredondo et al., Molecular Aspects of Medicine 26.4 (2005) 

313-27). Systemic copper deficiency generates cellular iron deficiency, which causes 

phenotypically similar effects like diminished cell growth- Furthermore, reducing 

bioavailability by chelating copper has been associated with a reduced capacity of growth 

factor-stimulated receptor phosphorylation and finally inhibition of cell proliferation pathways 

in cell culture studies (Turski et al., J. Biol. Chem. 284.4 (2009) 717-21). On the other hand, 

copper has been shown to stimulate blood vessel formation and copper privation by diet or 

copper chelators diminishes the ability of a tumour to support an angiogenic response 

(Harris et al., Nutr. Rev. 62.2 (2004) 60-64) and cancer growth (Gupte et al., Cancer Treat. 

Rev. 35.1 (2009) 32-46). 

US 2009/0068705 describes methods for large scale production of proteins and/or 

polypeptides in cell culture where the culture medium comprises copper and/or glutamate 

and whereby the polypeptide has a more extensive or more desirable glycosylation pattern. 

Although work in this area has focused on the activity of metal cofactors in stimulating 

glycoenzymes, various authors, such as Kaminska et al., supra, have also shown that the 

same or different metal co-factors can inhibit the activity of another glycoenzyme (e.g, Ca2+ 
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activates mannosyl-oligosaccharide 1,2-ra-mannosidase and simultaneously inhibits a-1,3-

mannosyl-glycoprotein 2-J3-N-acetylglucosaminyl-transferase). Information on in vitro metal 

cotactors required for activation, or for structural arrangements of the protein, and metal 

inhibitors of a number of enzymes involved in glycosylation can be obtained from the 

BRENDA database (http://www.brenda-enzymes.org). This dual activity of various meta! co-

factors highlights the need for tight regulation of trace element usage in glycoprotein 

production. 

Glycoengineering, i.e. changing protein-associated carbohydrate by recombinant co-

expression of endogenous or heterologous glycoenzymes, has been shown to affect, 

pharmacokinetic properties of proteins, such as molecular stability, solubility, in vivo 

biological activity and immunogenicity. In antibodies in particular, increasing the amount of 

galactosylation has been shown to affect antibody effector functions, such as the CDC (Raju, 
Curr. Opin, Immunol. 20.4 (2008) 471-8) or the antibody-dependent cellular toxicity (ADCC), 

for example galactosylation of human IgG monoclonal anti-D affects Fc receptor-mediated 
functional activity (Kumpel et al., Hum. Antib. Hyb. 5.3-4 (1994) 143-51); or an increase in 

the amount of galactosylation has been shown to enhance the blocking of complement-

mediated inflammation by IgG immune complexes (Karsten etal., Nat. Med. 18.9 (2012) 

1401-6). N-giycosylation of antibody Fc regions is essential for binding to the Fc receptors, 
which engage the antibody effector functions. Fucose is a core residue in the N-glycans of 

many antibodies, but non-fucosylated forms have been shown to have an enhanced ADCC 

over their fucosylated counterparts. Methods to increase production of non-fucosylated 

proteins and/or to influence fucosylation of antibodies are thus also desirable. 

Accordingly, there remains a need in the art "for methods to enhance cell culture strategies, 

including to improve cell growth and biomass generation and/or to direct glycosylation and 
hence maturation of glycoproteins. 

SUMMARY 

The inventors have determined the role of bioaetive trace elements in cell culture 
performance and in particular on cell growth and glycan formation in glycoproteins and 

hence in glycoprotein maturation. Accordingly, the present disclosure relates to methods for 
selecting between conditions which affect cell growth or biomass generation and conditions 

which affect N-glycan maturity in expressed glycoprotein produced by the cells. Thus, in the 
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methods of the present disclosure, the glycoprotein producing celts are cultured in a medium 

which is tailored to a desired end result. In one aspect, the present invention refers to a 

method for production of a recombinant glycoprotein under fermentation culture conditions in 

a eukaryotic cell, the method comprising adjusting the concentrations of each of iron, 

copper, zinc and manganese in the culture medium during the culture to affect biomass 

generation and/or N-glycan maturity in the expressed glycoprotein wherein the adjustment 

is: increasing the concentration of each of iron, copper, zinc and manganese in order to 

increase biomass; and/or increasing the concentration of each of zinc and manganese and, 
optionally, decreasing the concentration of each of iron and copper to increase maturity in 

the expressed glycoprotein; or decreasing the concentration of each of iron, copper, zinc and 

manganese or increasing the concentration of each of copper and iron and decreasing the 

concentration of each of zinc and manganese to increase production of immature non-
fucosylated glycoproteins. 

Disclosed herein is a method for production of a recombinant glycoprotein under 

fermentation culture conditions in a eukaryotic cell, the method comprising adjusting the 

concentrations of each of iron, copper, zinc and manganese in the culture medium during 

the culture to affect biomass generation and/or N-glycan maturity in the expressed 
glycoprotein. 

The present method encompasses adjusting concentrations of iron, copper, zinc and 

manganese to affect biomass generation and/or N-glycan maturity of the expressed 

glycoprotein. The adjustment of the concentrations of iron, copper, zinc and manganese will 
mean that the conditions in the cell will favour biomass generation or will have an effect on 

the maturity of the expressed glycoprotein. By "favour^ as used herein is meant that the 

activity of the cell will be in the stated direction as compared to a cell grown under the same 
conditions but in which the concentrations of each of iron, copper, zinc and manganese have 

not been so adjusted. Thus, when biomass generation is favoured, the cell will be directed 

more towards multiplying than production of glycoprotein. Accordingly, there will be an 
enhancement or increase of biomass generation. Likewise, when the adjustment of the 
concentrations of iron, copper, zinc and manganese, or of zinc and manganese alone, 

affects N-glycan maturity of the expressed glycoprotein, the cell will be directed more 

towards production of such glycoproteins than towards e.g. biomass generation or 
production of other glycoprotein types. Thus the production of the desired glycoprotein type 

will be enhanced or increased. 
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The methods of the disclosure affect the N-glycan maturity of the expressed glycoprotein, for example 
to result in production of a glycoprotein with a desired maturity level. Thus, the methods affect the 

production of mature N-glycosylated gfycoproteins and/or immature N-giycosylated 

glycoproteins, mature non-fucosylated glycoproteins and/or immature non-fucosylated 

glycoproteins. The methods of the present disclosure? include increasing the maturity of 

expressed N-glycosylated glycoproteins, increasing production of mature N-glycosylated 

glycoproteins, increasing production of mature non-fucosylated glycoproteins and/or 
increasing production of immature non-fucosylated glycoproteins. Concomitant with 

increasing production of mature N-glycosylated glycoproteins may be a decrease in 

production of mature and/or immature non-fucosylated glycoprotein species and immature 
N-glycosylated glycoproteins. Concomitant with increasing production of immature non-
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fucosylated glycoproteins may be a decrease in production of mature non-fucosylated 

glycoproteins and/or mature or immature N-glycosylated glycoproteins. 

In certain examples, the concentrations of iron, copper, zinc and manganese may be adjusted in the 
culture medium to favour biomass generation, that is to enhance growth of the cells, and thereby 

increase biomass. In other examples, the concentrations of iron, copper, zinc and manganese may 

be adjusted in the culture medium to increase the maturity of the expressed glycoprotein. In one 
example, the concentrations of iron, copper, zinc and manganese, or of only zinc and manganese, 
may be adjusted in the culture medium to favour, i.e., increase production of, mature N-g[ycosylated 

glycoproteins. In another example, the concentrations of iron, copper, zinc and manganese may be 
adjusted to favour, i.e. increase the production of, immature non-fucosylated glycoproteins. In yet 
another example, the concentrations of iron, copper, zinc and manganese In the culture medium may 
be adjusted first to enhance growth and thereby increase biomass and then again to affect 

glycoprotein maturity, be that increasing maturity in expressed glycoproteins, increasing production of 

mature N-glycosylated glycoproteins or increasing production of mature or immature non-fucosylated 
glycoproteins. 

Thus, the disclosure Includes: 

- favouring biomass generation by increasing the concentration of each of iron, copper, 
zinc and manganese in the cuEture medium; 

- favouring increased maturity Jn expressed N-glycosylated glycoproteins by increasing the 

concentration of each of zinc and manganese and, optionally, reducing the concentration 
of Iron and copper in the culture medium; and 

- fevouring production of immature non-fucosylated glycoproteins by either (i) decreasing 

the concentrations of each of iron, copper, zinc and manganese in the culture medium, or 
(ii) increasing the concentrations of each of copper and iron and decreasing the 
concentration of each of zinc and manganese in the culture medium. 

Also disclosed are methods as described above wherein in order to favour biomass generation the 
concentrations of iron, copper, zinc and manganese are adjusted in the culture medium to: 

(a) iron - from 15 yM to more than 80 yM; 

(b) copper - from G.3 JJM to more than 2.5 pM; 

(c) zinc - from 20 pM to mora than 50 JJM; and 
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(d) manganese - from 0.01 |JM to more than 3 pM. 

Also disclosed are methods as described above wherein in order to favour increased 

maturity in expressed N-glycosylated glycoproteins, the concentrations of iron, copper, zinc 

and manganese [in (i)] or the concentrations of zinc and manganese [in (ii)], are adjusted in 

the culture medium to: 

(0 
(a) iron - from 0 pM to 25 pM; 
(b) copper - from 0 |JM to 0.1 pM; 
(c) zinc - from 20 pM to more than 50 pM; and 
(d) manganese - from 0,01 pM to more than 3 pM; or 

(ii) 
(a) zinc - from 20 pM to more than 50 pM; and 
(b) manganese - from 0.01 pM to more than 3 pM. 

Also disclosed are methods as described above wherein in order to favour production of 

immature non-fucosylated glycoproteins either the concentrations of iron, copper, zinc and 

manganese are adjusted in the culture medium to either: 

<i> 

(a) iron - from 0 pM to 35 pM; 

(b) copper - from 0 pM to 1 pM; 

(c) zinc - from 0 pM to 20 pM; and 

(d) manganese - from 0 pM to 0.01 pM; or 

(ii) 

(a) iron - from 15 pM to more than 80 pM; 

(b) copper - from 0.3 pM to more than 2.5 pM; 

(c) zinc - from 0 pM to 20 pM; and 

(d) manganese - from 0 pM to 0.01 pM. 

Also disclosed are methods as described above wherein the glycoprotein is exogenous or 

endogenous to the eukaryotic cell, optionally wherein the glycoprotein is a structural 

glycoprotein, hormone, antibody or enzyme. 

Also disclosed are methods as described above wherein the glycoprotein is an antibody, 

optionally wherein the antibody is a therapeutic or diagnostic antibody, optionally a chimeric, 

humanized or human antibody. 

8 



Also disclosed are methods as described above wherein the eukaryotic cell is a mammalian cell, a 
yeast cell or an insect cell. 

Also disclosed are methods as described above wherein the concentrations of Iron, copper, zinc and 
manganese are adjusted during the growth and/or productionsxulture phases. 

Also disclosed are methods as described above wherein an increase in the concentration of any or all 

of iron, copper, zinc and manganese in the culture medium is achieved by supplementing the medium 
in which the cells are cultured with any or all of iron, copper, zinc and manganese and/or by splitting 

the cells into a fresh medium supplemented with any or all of iron, copper, zinc and manganese. 

Also disclosed are methods as described above wherein a decrease In the bioavailable concentration 

of any or all of iron, copper, zinc and manganese in the culture medium is achieved by campiexlng the 
iron, copper* zinc and manganese with a chelator and/or by seeding the celfs into a fresh medium 
containing a reduced concentration of any or a^l of iron, copper, zinc and manganese compared to the 
medium of the immediately preceding culture phase. 

Also disclosed are methods as described above wherein the concentrations of each of Iron, copper, 
zinc and manganese in the culture medium are adjusted during the culture first to favour biomass 

generation and then to favour either production of mature N-glycosylated glycoproteins or production 
of immature non-fucosylated glycoproteins. 

A\so provided herein is a medium suitable for production of a recombinant glycoprotein under 

fermentation culture conditions in a eukaryotic cell, the medium comprising a concentration ofeach of 

iron, rapper, zinc and manganese to favour biomass generation and/or to affect N-glycan maturity of 
the expressed glycoprotein. 

Also disclosed Is the medium comprises concentrations of iron, copper, zinc and manganese of: 

(a) iron - from 15 pM to more than .80 pM; 
(b) copper - from 0.3 (JM to more than 2.5 |JM; 
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(c) zinc - from 20 pM to more than 50 JJM; and 
(d) manganese - from 0.01 pM to more than 3 pM. 

Also disclosed is the use of such'a medium in the production of a recombinant glycoprotein under 
fermentation culture conditions in a eukaryotic cell favours biomass generation. 

Also disclosed is the medium comprises concentrations of iron, copper, zinc and manganese, or of 
zinc and manganese, of: 

0) 
(a) iron - from 0 pM to 25 pM; 

(b) copper - from 0 pM to 0.1 pM; 

(c) zinc - from 20 JJM to more than 50 pM; and 
(d) manganese - from 0.01 pM to more than 3 pM; or 

(ii) 
(a) zinc - from 20 pM to more than 50 pM; and 

(b) manganese - from 0.01 pM to more than 3 pM. 

Also disclosed is use of a medium comprising iron, copper, zinc and manganese concentrations or of 
zinc and manganese of (i) or (ii) respectively, in the production of a recombinant glycoprotein under 
fermentation culture conditions in a eukaryotic cell favours increased maturity in expressed N-
glycosylated glycoproteins. 

Also disclosed is the medium comprises, concentrations of iron, copper, zinc and manganese of 

either: 

{0 
(a) iron - from 0 pM to 35 pM; 
(b) copper - from 0 pM to 1 pM; 
(c) zinc - from 0 pM to 20 pM; and 
(d) manganese - from 0 pM to 0.01 JJM; or 

(») 
(a) iron - from 15 pM to more than 80 pM; 
(b) copper - from 0.3 pM to more than 2.5 pM; 
(c) zinc - from 0 pJVI lo 20 pM; and 
{d) manganese - from 0 pM to 0.01 §JM. 
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Also disclosed is use of a medium comprising iron, copper, zinc and manganese concentrations of (i) 
or (ii), above in the production of a recombinant glycoprotein under fermentation culture conditions in 
a eukaryotic cell favours production of immature non-fucosylated glycoproteins. 

DESCRIPTION OF THE FIGURES 

Figure 1: Process steps of a fermentation campaign. Frozen vials e.g. of a Primary Seed Bank 

(PSB), are thawed in seed train medium. Here, cells are cultivated for roughly three weeks to recover 
form thawing stress (normalizing cell doubling times). The cells are subsequently passed to 

Inoculation train n-1 and n-2 for the expansion of the culture. After approximately one week the cells 
are transferred to the production scale for a fed-batch fermentation.process of two weeks. 

Figure 2: Fed-batch.processes are characterized by two phenotypically distinct phases. The 

production phase is separated, by two segments where either cell growth or target protein production 

dominate. 

Figure 3: Different Approaches for DoE Experiments. Dependent on desired experiment outcome, 

different DoE approaches can be used for process optimization. For example, optimization of three 
factors are normally varied between a minimum (-1), medium (0), and maximum level (+1) for 
optimization DoEs. (Picture adopted from http://www:qmpua.com and modified) 

Figure 4: Effect of trace elements on clone independent mAb galactosylation. 

Aluminum, molybdenum, barjum, chromium, bromine, iodine, copper, manganese,.rubidium, 

silver, zinc, tin, and zirconium salt stocks were supplemented to a fed-batch culture of clone 

1 (n=4) and clone 3 (n=3) using a proprietary cell culture platform A {medium and process) 

at the start of the experiment, The effect of the trace elements on mAb galactosylation at day 

7,12, and 13 was analyzed by modelling G1 (A, B) and G2 (C, D) levels with existing 

experimental data,. Each point in the actual vs predicted graphs (A, C) represents a single 

cultivation experiment. The statistical significance of each trace element on G1 and G2 

levels was centred by mean and scaled by range/2 for <31 (B) and G2 (D). 

Figure 5: Timing of regulation of mAb galactosylation by manganese. The significant 

effect of manganese on G1 (A) and G2 (B) of clone 3 (plate 5, 6, and 7) glycan formation 

was analyzed by the prediction profiler tool of JiVIP software. The positive effect of 
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manganese on G1 and G2 differs for early (day 7) and late process phases (day 13) up to 

100% (slope of prediction profiler curve). The experiment was performed with n=3. 

Figure 6: Different effects of combined zinc, iron, copper, and manganese 
supplementation on cell growth, galactosylated and non-fucosylated glycoprotein 
species, Fed-batch experiments with clone 2 were supplemented with varying 

concentrations of zinc, iron, copper, and manganese in a DoE experiment. The effects were 

analyzed for maximum viable cell density (A-C), final cell time integral (D-F), G1 species (G-

l), and sum of mannosylated species w/o Fuc (J-L), The predicted models (A, D, G, J) and 

sorted parameter estimates (B, E, H, K) show the quality and trace elements for each 

specific model with the significant factors for cell growth and glycosylation, respectively. The 

optimal concentrations (grey numbers: normalized concentration, dotted horizontal line: 

maximum value) of zinc, iron, copper, and manganese in fed-batch cultures for optimal cell 

growth (C, F), optimal galactosylation of the glycoprotein (I), and high non-fucosylated 

(afucosylated) glycoprotein species (L) were determined with the maximization tool for the 

JMP prediction profiler Note, for glycosylation the trace metals zinc and copper show 

inverted interactions. 

Figure 7; Interaction of zinc and copper on non-fucosylated glycoprotein species. 
Using the JMP prediction profiler tool the impact of zinc levels on copper's correlation for 

mannosyfated glycan species was analyzed. Moderate levels of zinc and copper (A), 

balanced zinc and copper levels (B)r high zinc and moderate copper levels (C), low zinc and 

low copper levels (D), low zinc and moderate copper levels (E), high zinc and low copper 

levels (F), moderate zinc and high copper levels (G), high zinc and high copper levels (H), 

moderate zinc and low copper levels (I), and zinc level -0.2 (i.e. 25*416 pM) at high copper 

concentrations (J) 

Figure 8: Optimal concentrations for zinc, iron, copper, and manganese on cell growth, 
galactosylated, and non-fucosylated glycoprotein species. Using a single valid 

prediction model for VCD, CTI, level of mAb galactosylation and high mannose glycans 

(Man5) the effects of different zinc, iron, copper, and manganese variations are illustrated. 

Figure 9: Modulation of cell growth by targeted trace element concentrations. The 

predicted trace element concentrations favouring cell growth and mAb glycosylation were 

tested in three bioreactor fed-batch experiments,"afucosylation" (triangle),"Growth" 

(square), and11 Galactosylation" (circle) using clone 2 and the proprietary medium and 
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process platform B (A). The effect on viable cell density (B), cell time integral (C), and cell 
viability (D) were analyzed. Afucosylation is the same as non-fucosylation. 

Figure 10: Different cell metabolism by supplementation of copper. Using 
"Galactosylation" process in the "glycosylation" phase (d6-d14) reduced final ammonium (A) 
and increased lactate (B) levels. LDH assessment as marker for lysed cells show a 50% 
reduced level compared to control and "Growth" process. 

Figure 11: Modulation of galactosylated and non-fucosyfated species by targeted trace 
element concentrations. The predicted trace element concentrations favouring mAb 
glycosylation were tested in three bioreactor fed-batch experiments, "afucosylation" 
(triangle),"Growth" (square), and u Galactosylation" (circle) using clone 2 and the proprietary 
medium and process platform B. The effect of targeted trace element modulation on relative 
abundance of Man5 (A), GO (B), and G1 (C) species as well for cumulative non-fucosylated 
species (D) was analyzed. 

Figure 12: Role of trace metals on cell growth and galactosylation/non-fucosyiation 
on clone 1 - Bioreactor Fed-Batch experiment Predicted trace element concentrations 
favouring cell growth and modulation of mAb glycosylation maturation were tested in three 
bioreactor fed-batch experiments, combining good and bad cell growth during the inoculation 
train (phase n-2/n-1) and mAb galactosylation and non-fucosylation (formation of immature 
glycans) in fed-batch (phase n). The test cases should specifically modulate cell growth, 
protein galactosylation and immature glycosylation during inoculation train and production 
phase (A). Different trace element concentrations for intendied experiment set-up are 
depicted in (B). Bioreactor "GG" (diamond) supports cell growth and protein galactosylation, 
bioreactor "GAn (square) supports cell growth and mAb non-fucosyfation and bioreactor "AA" 
(triangle) repress cell growth and trigger protein non-fucosylatlon. The effect on viable cell 
density (C), cell time integral (D), mAb maturation (sum G1 and G2 species) on day 6 and 14 
(E) and mAb immaturation (sum Man6, Man5 and GO-GlcNAc) on day 6 and 14 (F) were 
analyzed. 

Figure 13: Measured concentrations of iron, zinc, manganese and copper for 
bioreactor experiment 1. Actual concentrations of copper (A), iron (B), manganese (C) and 
zinc (D) measured by ICP-MS analysis of cell culture supernatant are shown. The gradual 
increase of theoretical zinc, iron, manganese and copper concentration is the consequence 
of bolus feeding at day 3, 5 and 9. At day 6 the culture was split, 
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Figure 14: Iron, zinc, manganese and copper concentrations for medium calculations 
in bioreactor experiment 2. Actual concentrations of zinc (A), manganese (B), iron {C) and 

copper (D) for representative fed-batch cultivations inclusive phases n-2, n-1, n of clone 1, 

clone 2, clone 3, clone 4 (n>3) measured by ICP-MS analysis of cell culture supernatant. 

Figure 15: Interaction of zinc and manganese on galactosylated glycoprotein species. 
Using the JMP prediction profiler tool the impact of zinc levels on manganese's correlation 

for galactosylated G1 glycan species for clone 2 was analyzed. Low levels of zinc and high 

levels of manganese (A), low levels of zinc and low levels of manganese (B), high levels of 

zinc and low levels of manganese (C), high levels of zinc and high levels of manganese (D), 

Figure 16: Interaction of zinc and manganese on galactosylated glycoprotein species 
is time dependent Using the JMP prediction profiler tool the impact of zinc levels on 

manganese's correlation for galactosylated G1 and G2 glycan species for clone 1 (n=4) and 

clone 3 (n=3) were analyzed. High levels of zinc and high levels of manganese (A), high 

levels of zinc and low levels of manganese (B), low levels of zinc and low levels of 

manganese (C), low levels of zinc and high levels of manganese (D). 

TERMINOLOGY 

"Adjusting" as used herein refers to increasing or decreasing the concentration of an element 

in the culture medium. The increase or decrease in the concentration of the element is 

relative to the concentration of the element in the medium in the culture phase immediately 

preceding the adjustment. For example, if the adjustment is an increase In trace elements 

and is required at the start of the production phase, this is an increase in the concentration of 

those trace elements over the concentration of those elements included in the medium of the 

immediately preceding growth phase. 

"Adjusting the concentration" as used herein refers to a change in the measured or 

measurable or in the caiculated or calculable actual concentration of the element in the 

medium surrounding the cells at a given time point. 

"Affect" as used herein refers to an action which results in a change in the processes of the 

cell, be that either biomass generation or N-glycan maturity. The effect resulting therefrom 
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may be e.g. an increase in biomass generation or an increase in production of a glycoprotein 

with the desired glycosylation pattern. 

"And/or" where used herein is to be taken as specific disclosure of each of the two specified 

features or components with or without the other. For example "A and/or B" is to be taken as 

specific disclosure of each of (i) A, (ii) B and (iii) A and B, just as if each is set out individually 

herein, 

'Antibody" as used herein refers to an immunoglobulin molecule or an immunologically 

active portion of an immunoglobulin molecule, i.e. a molecule that contains an antigen 

binding site, such as a Fab or F(ab')2 fragment, whether natural or partly or wholly 

synthetically produced. The term "antibody" is used in its broadest sense and covers 

monoclonal antibodies (including full length antibodies which have an immunoglobulin Fc 

region or intact monoclonal antibodies), antibody compositions with polyepitopic specificity, 

polyclonal antibodies, multivalent antibodies (typically engineered to have three or more 

antigen binding sites), multispecific antibodies (e.g. bispecific antibodies) formed from at 

least two intact antibodies, diabodies and single chain molecules such as scFv molecules, 

as well as antibody fragments (e.g. Fab, F(ab')2 and Fv). Included within the definition of 

antibody are antibody conjugates, such as antibody drug conjugates (ADCs) or antibodies 

conjugated to e.g. labeling elements. 

"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" and "ceil line" are used herein interchangeably and all such designations include 

progeny. 
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"Cell density" as used herein refers to the number of cells present in a given volume of 

medium. 

"Cell viability" as used herein refers to the ability of cells in culture to survive under a given 

set of culture conditions or experimental variations. The term as used herein also refers to 

that portion of cells which are alive at a particular time in relation to the total number of cells, 

living or dead, in culture at that time. 

"Chelator" as used herein refers to a compound capable of suppressing chemical activity by 

forming a chelate, i.e. by binding a metal ion. 

"Concentration" as used herein in relation to trace elements iron, copper, zinc and 

manganese refers to the amount of each trace element comprised within a culture medium. 

The concentration may be the measured or measurable or the calculated or calculable 

actual concentration of the element in the medium surrounding the cells at a given point in 

time. Methods for measuring the concentration of these trace elements in the medium are 

known in the art. Examples of such methods include (CP-MS (Agilent, B5blingen, 

Germany). The concentration thus also refers to the amount of each trace element 

comprised in a culture medium surrounding the cells during culture, and is thus the actual 

concentration of the respective trace element at a given point in time. This concentration 

can be determined analytically and results from e.g, the introduction of the element into the 

culture (by weighing, by transferring cells and medium from a pre-culture, by introduction of 

impurities, by leaching etc), from release by cells (e.g. by the death of cells or by active 

secretion), from uptake by cells and other factors, 

"Copper" as used herein refers to the Cu24* cation. 

"Culture" or "cell culture" as used herein refers to a cell population that is suspended in a 

medium under conditions suitable for survival and/or growth of the cell population. These 

terms will also be applied to the combination of the medium and cell population suspended 

therein. 

"Culture conditions" and "fermentation conditions" are used herein interchangeably and are 

those conditions that must be satisfied to achieve successful cell culture. Typically these 

conditions include provision of an appropriate medium} as well as control of e.g. 

16 



WO 2015/128314 PCT/EP2015/053804 

temperature, which should be about 37°C, but could also include a temperature shift during 

culture (e.g. 37°C to 34°C) and pH, which is normally between 6,8 and 7.2, as well as the 

provision of oxygen and carbon dioxide. Such conditions also include the manner in which 

the cells are cultured, e.g. shaker or robotic cultivation. 

"Decrease" as used herein in respect of concentrations of the trace elements iron, copper, 

zinc or manganese, means a decrease in the concentration of those trace elements in the 

culture medium relative to their concentration in the medium in which the cells were cultured 

in the immediately preceding phase or partial phase. 

"Favour" as used herein means that the activity of the cell in the stated direction will be 

enhanced as compared to a cell grown under the same conditions but in which the 

concentrations of each of iron, copper, zinc and manganese have not been adjusted 

according to the present methods. For example, when biomass generation Is favoured, the 

adjustment of the trace element concentration in the medium will result in the cell being 

directed more towards multiplying than production of glycoprotein. There will be an increase 

in biomass generation as a: result. Synonymous with "favour" herein are "increase11 and 

"enhance", 

"Fed-batch culture" as used herein refers to a method of culturing cells in which additional 

components are provided to the culture at a time or times subsequent to the beginning of the 

culture process. A fed-batch culture is typically stopped at some point and the cells and/or 

components in the medium are harvested and optionally purified. 

"Galactosylated" as used herein in respect of glycoproteins, refers to glycoprotein comprising 

one or more galactose residues, resulting in G1 and G2 glycostructures. 

"Gene" as used herein refers to any nucleotide sequence, DNA or RNA, at least some 

portion of which encodes a polypeptide. Optionally, the gene comprises not only the coding 

sequence for the polypeptide but also comprises regions preceding and/or following the 

coding sequence that modulate the basal leve! of expression and/or introns between the 

coding segments or exons. 

"Glycoform" as used herein refers to any of several different forms of a glycoprotein having 

different saccharides attached. 
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''Glycoprotein" as used herein refers to a protein or polypeptide that contains one or more 
covafently linked oligosaccharide chains. The oligosaccharide chains may be composed of 
a single sugar residue, a single unbranched chain or sugar residues or may be composed of 
a chain of sugar residues that branches one or more times. The oligosaccharide chains may 
be N-linked or O-linked. 

"Host ce|]" as used herein denotes any kind of cellular system which can be engineered to 
generate glycoproteins. 

"Increase" as used herein in respect of concentrations of the trace elements iron, copper, 
zinc or manganese, means an increase in the concentration of those trace elements in the 
culture medium relative to their concentration in the medium in which the cells were cultured 
in the immediately preceding phase or partial phase. 

"iron" as used herein means either the Fe(III) (Fe3+) or Fe(ll) (Fe2+) cation, 

"Manganese" as used herein refers to the Mn2+ cation. 

"Maturity" and "glycoprotein maturity" as used herein refers to the glycosylation pattern in 
recombinant^ produced glycoproteins. All N-glycosylated proteins have a pentasaccharide 
core in common (core = GfcNAca Man3) and terminal glycosylation, taking place in the Goigi 
Complex, results in enormous structural diversification due to the differing combinations of 
oligosaccharides added to that core. Thus increasing maturity in the glycoprotein relates to 
the addition to the core, and/or subsequent modification, of oligosaccharide units. An effect 
on N-glycan maturity thus includes increasing the maturity of the glycoprotein relative to the 
core structure or relative to the immediately preceding carbohydrate structure. Therefore 
maturity of the glycoprotein is increased as the core structure is modified by the addition of 
oligosaccharide units or by removal of, for example, mannose residues from an immature 
hybrid structure. An increase in maturity therefore covers e.g. production of glycoproteins 
with a GO structure from e.g. a Man^s structure or from a core structure. Fully mature 
glycoprotein species may be gafactosylated species containing one or two galactose 
residues or siaiylated species that contain one or two sialic acid residues, such as 
GlcNAcgMansGlcNAczGali, GlcNAcgManaGlcNAczGah, GlcNAc3Man3G[cNAc2GaliSiai, 
GlcNAc3Man3GlcNAczGalzSiai and GlcNAcaMansGlcNAczGabSias. Immature glycoproteins 
may be high mannose species containing from four to nine mannose residues or immature 
hybrid structures such as GlcNAc3Man5GlcNAcT GlcNAcgMa^GlcNAc and 
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GlcNAcsMangGlcNAc. In some cases it is desirable to produce glycoproteins in which sugar 

residues that are normally incorporated are not so incorporated. Included herein are partially 

or fully non-fucosylated glycoproteins which lack core fucose residues, e.g. GO-F, G1-F and 

G2-F. Mature and immature glycoprotein species may be non-fucosylated, i.e. they may lack 

core fucose residues. 

"Medium", "cell culture medium" and "culture medium" are used herein interchangeably and 

refer to a solution containing nutrients which sustain growth of mammalian cells. Typically 

such solutions provide essentia! 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, buffers, 

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 optima! for cell survival and proliferation. A medium may be a reduced serum 

or serum free medium, i.e. wherein the medium contains about 1-5% serum or when the 

medium is essentially free of any mammalian serum (e,g, fetal bovine serum), respectively. 

By essentially free is meant that the medium comprises between 0-5% serum, preferably 

between about 0-1% serum and most preferably about 0-0.1% serum. A serum-free defined 

medium may be used, where the identity and concentration of each of the components of the 

medium is known. A medium may be a protein-free medium, i.e. this will contain no protein 

but will contain undefined peptides e.g. from plant hydrolysates. Media 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. 

"Non-fucosyiated glycoprotein" is a mature or an immature glycoprotein lacking one or more 

core N-fucose residues. These structures may be perse non-fucosylated, in that the 

glycoprotein naturally does not contain fucose residues, or they may be non-fucosylated due 

to the absence of a fucose residue that naturally would be expected to be present in the 
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glycoprotein. In the present application, non-fucosylated and afucosylated are used 

interchangeably. 

"Perfusion culture" as used herein refers to a method of culturing cells comprising growing 

cells on an inoculation base medium and, when cells achieve a desired cell density replacing 

the spent medium with a fresh medium. Perfusing may comprise either continuous or 

intermittent perfusion and may include delivery of at least one bolus feed to the cell culture, 

A perfusion culture may be followed by a fed-batch culture. 

"Polypeptide" as used herein refers to a sequential chain of amino acids linked together via 

peptide bonds. No length limitation is imposed on such an amino acid chain, which may 

comprise from 2 to many amino acids. Polypeptides may be processed and/or modified, 

such as by glycosylation. 

"Protein" as used herein refers to one or more polypeptides that function as a discrete unit. 

When the protein contains only one polypeptide to function, the terms polypeptide and 

protein are interchangeable. 

"Recombinant glycoprotein" or "recombinantly expressed glycoprotein" as used herein refer 

to a glycoprotein expressed from a host cell manipulated for the purposes of such 

expression. Manipulation includes one or more genetic modifications such as introduction of 

one or more heterologous genes encoding the glycoprotein to be expressed. The 

heterologous gene may encode a glycoprotein either that is normally expressed in that cell 

or that is foreign to the host cell. Manipulation may alternatively be to up- or down-regulate 

one or more endogenous genes. 

"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. 

"Titre" as used herein refers to the total amount of recombinantly expressed glycoprotein 

produced by a mammalian cell culture in a given amount of medium volume. Titre is 

typically expressed in units of milligrams of glycoprotein per millilitre of medium. 

"Zinc" as used herein refers to the Zn2+ cation. 
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The following abbreviations are used herein: 

Asn Asparagine 

ADCC Antibody dependent eel! cytotoxicity 

CTI Celltime integral 

CDC Complement dependent cytotoxicity 

CMP Cytidine monophosphate 

CTP Cytidine triphosphate 

GDP Guanosine diphosphate 

GTP Guanosine triphosphate 

ICP-MS Inductively coupled plasma-mass spectrometry 

LDH Lactate dehydrogenase 

UDP Uridine diphosphate 

UTP Uridine triphosphate 

mAb monoclonal antibody 

PSB Primary Seed Bank 

PSE Pseudo standard-error 

RSME Design standard-error 

Fuc L-Fucose 

Gal D-Galactose 

GJcNAc N-acetylglucosamine 

NANA N-acetylneuraminic acid 

Man D-Mannose 

Man5 GlcNAc2Man5 

Man6 GlcNAc2 ManB 

High Mannose GlcNAczMan^a 

Core GlcNAc2 Man3 

GO GlcNAc Fuc GlcNAc Man3 GlcNAc* 

GO-F GlcNAc GlcNAc Man3 GlcNAc2 

G1 GlcNAc Fuc GlcNAc Mana GlcNAc2 Gal 

G1-F GlcNAc GlcNAc Mart3GlcNAc2Gal 

G2 GlcNAc Fuc GlcNAc Man3 GlcNAc2 Gal2 

G2 1SA GlcNAc Fuc GlcNAc Mans GlcNAc2 Gab NANAi 

Complex GlcNAc Fuc GlcNAc Man3 GlcNAc2 Galo-2 

Complex-F GlcNAc GlcNAc Man3 GlcNAc2 Galo-2 
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DETAILED DESCRIPTION 

The present invention relates to methods and media for production of a recombinant 

glycoprotein under fermentation culture conditions in a eukaryotic cell, the method 

comprising adjusting the concentrations of each of iron, copper, zinc and manganese in the 

culture medium during the culture to affect biomass generation and/or N-giycan maturity of 

the expressed glycoprotein. 

In one aspect, the method of the invention comprises adjusting the concentrations of each of 

iron, copper, zinc and manganese in the culture medium to favour biomass generation. As a 

result of this, there will be an increase in the quantity or weight of cultured cells in the culture 

medium. Biomass may be measured by determining viable cell density, total cell density, 

cell time integral (for viable and total cell density), eel! volume time integral (for viable and 

total cell density), packed ceil volume, dry weight or wet weight using techniques that are 

known in the art. 

The method of the present invention, in one aspect, comprises adjusting the concentrations 

of each of iron, copper, zinc and manganese, or of only zinc and manganese, in the culture 

medium to affect N-glycan maturity In the expressed glycoprotein. N-glycan maturity refers 

to the pattern of glycosylation, such that the glycoprotein will either contain all, substantially 

ah or less than all of the genetically intended glycan residues, that is the glycan residues 

added by endogenous genetically encoded glycoenzymes. 

In a preferred embodiment, the adjustment of the concentrations of each of iron, copper, zinc 

and manganese, or of only zinc and manganese, in the culture medium would be to increase 

maturity in expressed N-glycoproteins. Examples of the carbohydrate pattern in such 

expressed glycoproteins are: GlcNAc Fuc GlcNAc Man3GlcNAc2 (GO); GlcNAc Fuc GlcNAc 

Mana GlcNAcs Gal (G1) and GlcNAc Fuc GlcNAc Man3 GlcNAc2 Ga[z (G2). Also included 

here are mature non-fucosylated glycoproteins, such as GlcNAc GlcNAc ManaGlcNAc2 (GO™ 

F) and GlcNAc GlcNAc Man3 GlcNAczGalo^ (G1-F, G2-F). In a particularly preferred 

embodiment, the favouring would be for glycoproteins with a GO, G1 and/or a G2 

carbohydrate structure. 

In an alternative preferred embodiment, the adjustment of the concentrations of each of iron, 

copper, zinc and manganese in the culture medium would be to affect production of 

glycoproteins which are immature non-fucosyiated glycoproteins. Examples of the 
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glycosylation pattern in such immature non-fucosylated glycoproteins are high mannose 

glycoproteins, i.e. those containing Mans, Mans and Man?, such as: GlcNAczMan^s, e.g. 

GlcNAc2 Mans and GlcNAc2 Man$. 

The present invention involves the production of a recombinant glycoprotein. There is no 

limitation on the nature of the glycoprotein, as long as it can be produced by fermentation 

culture and expressed in a eukaryotic cell. Glycoproteins suitable for production by this 

method Include secreted and membrane-bound glycoproteins and/or glycoproteins which 

may be exogenous or endogenous to the eukaryotic cell, including, for example, structural 

glycoproteins, hormones, antibodies, enzymes and the like. 

in a preferred embodiment of the invention, the glycoprotein is an antibody, typically a 

therapeutic or diagnostic antibody, and in a further embodiment, the antibody is a chimeric, 

humanized or human antibody. 

When the glycoprotein is an antibody, the antibody couid be a therapeutically effective 

antibody and may bind to any protein, including a member of the angiopoietin family, such as 

Angl, Ang2, Ang3 and Ang4 and antibodies bi-specific for a member of the angiopoietin 

family and e.g. VEGF, such as Ang2A/£GF; a member of the HER receptor family, such as 

HER1 (EGFR), HER2, HER3 and HER4; CD proteins such as CD3, CD4, CD8, CD18, 

CD19, CD20, CD21, CD22, CD25, CD33, CD34, CD38, CD40, CD44 and CD52; cell 

adhesion molecules, such as LFA-1, VLA04, ICAM-1, VCAM and an integrin, including either 

a or psubunits thereof (e.g. anti-CD11a, anti-CD18 or anti-CD11b antibodies): growth 

factors such as vascular endothelial growth factor (VEGF); cytokine receptors such as 

thymic stromal lymphopoietin receptor (TSLP-R); IgE; blood group antigens; flk2/flt3 

receptor; obesity (OB) receptor and protein C. Other exemplary proteins include growth 

hormone (GH), including human growth hormone (hGH) and bovine growth hormone (bGH); 

growth hormone releasing factor; parathyroid hormone, thyroid stimulating hormone; 

lipoproteins; a-1-antitrypsin; insulin A chain; insulin B chain; proinsuiin, follicle stimulating 

hormone; cafcitonin; luteinizing hormone; glucagon; clotting factors such as factor VlllC; 

tissue factor (TF); von Willebrands factor; atrial natriuretic factor; lung surfactant; a 

plasminogen activator such as urokinase or tissue-type plasminogen activator (t-PA), 

bombazine, thrombin, tumour necrosis factor-a and -p; enkephalinase; RANTES (regulated 

on activation normally T-cell expressed and secreted); human macrophage inflammatory 

protein (MIP-1-a); serum albumin such as human serum albumin (HSA); mullerian-inhibiting 

substance; relaxin A-chain, relaxin B-chain; prorelaxin; mouse gonadotropin-associated 
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peptide; DNase; inhibin; activin; receptors for hormones or growth factors; protein A or D; 

fibroblast activation protein (FAP); carcinoembryonic antigen (CEA); rheumatoid factors; a 

neurotrophic factor such as bone-derived neurotrophic factor (BDNF); neurotrophin-3, -4, -5 

or -6 (NT-3, NT-4, NT-5 or NT-6) or a nerve growth factor such as NGF-j3; platelet-derived 

growth factor (PDGF); fibroblast growth factor such as aFGF and bFGF; epidermal growth 

factor (EGF) and epidermal growth factor receptor (EGFR); transforming growth factor (TGF) 

such asTGF-a and TGF-p, including TGF-p1, TGF-p2f TGF-p3, TGF-p4 orTGF-p5; insulin­

like growth factor-l and-N (IGF-I and !GF-II); des(1-3)-IGF-l (brain IGF-I); insulin-like growth 

factor binding proteins (IGFBPs); erythropoietin (EPO); thrombopoietin (TPO); osteo­

inductive factors; immunotoxins; a bone morphogenetic protein (BMP); an interferon 

(interferon-a, -p or-y); colony stimulating factors (CSFs) e,g. M-CSF, GM-CSF and G-CSF; 

interleukins (ILs), e.g. IL-1 to IL-10 and IL-17; superoxide dismutase; T-cell receptors; BlyS 

(Br3) receptor; Br3-Fc immunoadhesin; Apo-2 receptor; Fc receptor; surface membrane 

proteins; decay accelerating factor (DAF); a viral antigen, such as for example a portion of 

the AIDS envelope; transport proteins; homing receptors; addresstns; regulatory proteins; 

immunoadhesins; and biologically active fragments or variants of any of the above. 

Alternatively, the antibody could be an antibody directed against breast epithelial cells or 

binding to colon carcinoma cells, anti-EpCAM antibodies, anti-Gpllb/llla antibodies, anti-RSV 

antibodies, anti-CMV antibodies, anti-HlV antibodies, anti-hepatitis antibodies, anti-CA 125 

antibodies, anti-avfc antibodies, anti-human renal celE carcinoma antibodies, anti-human 17-

1A antibodies, anti-human colorectal tumour antibodies, anti-human melanoma antibody 

R24 directed against GD3 ganglioside, anti-human squamous-cell carcinoma, anti-human 

leukocyte antigen (HLA) antibodies, anti-HLA DR antibodies. 

According to the method of the present invention, the recombinant glycoprotein is produced 

in a eukaryotic cell. Any eukaryotic cell susceptible to cell culture and to expression of 

glycoproteins may be used in accordance with the present invention. The eukaryotic cell is 

preferably a eukaryotic celE line which is capable of growth and survival when placed in 

suspension culture in a medium containing the appropriate nutrients and growth factors and 

which is typically capable of expressing and secreting large quantities of a particular 

glycoprotein of interest into the culture medium. 

In a preferred embodiment, the eukaryotic cell is a mammalian cell, a yeast cell or an insect 

cell. 
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When the eukaryotic cell is a mammalian cell, this may be, for example, an NSO murine 

myeloma cell line, a monkey kidney CVI line transformed by SV40 (COS-7, ATCC® CRL 

1651); human embryonic kidney tine 293S (Graham et al., J, Gen,'Virol. 36 (1977) 59); baby 

hamster kidney cells (BHKt ATCC® CCL 10); mouse Sertoli cells (TM4, Mather, Biol. 

Reprod. 23 (1980) 243); monkey kidney cells (CVI-76, ATCC® CCL 70); African green 

monkey kidney cells (VERO-76, ATCC® CRL 1587); human cervical carcinoma ceils (HELA, 

ATCC® CCL 2); canine kidney celts (MDCK, ATCC® CCL 34); buffalo rat liver cells (BRL 

3A, ATCC® CRL 1442); human lung cells (W138, ATCC® CCL 75); human liver cells (Hep 

G2, HB 8065); mouse mammary tumour cells (MMT 060562, ATCC® CCL 51); rat hepatoma 

ceils (HTC, Ml.54, Baumann etal., J. Cell Biol,, 85 (1980) 1); and TR-1 cells (Mather etal., 

Annals N.Y. Acad. Sci. 383 (1982) 44), the PER.C6 cell line (Percivia LLC) and hybridoma 

cell lines. 

Chinese Hamster Ovary cells (CHO, Urlaub and Chasin P, N. A. S. 77 (1980) 4216) or 

PER.C6 are preferred cell lines for practicing this invention. Known CHO derivatives 

suitable for use herein include, for example CHO/-DHFR (Urlab & Chasin, supra), CHOK1SV 

(Lonza), CHO-K1 DUC B11 (Simonsen and Levinson P. N. A. S. B0 (1983) 2495-2499) and 

DP12 CHO cells (EP 307,247) and CHO DG44 cells(Derouazi eta!., Biochem. Biophys. 

Res. Commun, 340 (2006) 1069-77), 

When the eukaryotic cell is a yeast cell, this may be, for example, Saccharomyces 

cerevisiae or Pichia pastoris. 

When the eukaryotic cell is an insect cell this may be, for example, Sf-9, 

The eukaryotic cell used in the present invention may be a glycoengineered cell, which cell 

has been engineered in order to modify its glycosylation profile. Such engineering includes, 

for example, either the knocking-out or knocking-in of genes relevant to synthesis of N-

glycans. 

It is most preferred that in the present invention, the cell is a CHO cell, optionally a 

glycoengineered CHO cell. 

The eukaryotic cell used in the present invention is selected or manipulated to produce 

recombinant glycoprotein. Manipulation includes one or more genetic modifications such as 

introduction of one or more heterologous genes encoding the glycoprotein to be expressed. 
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The heterologous gene may encode a glycoprotein either that is normally expressed in that 

cell or that is foreign to the host cell. Manipulation may additionally or alternatively be to up-

or down-regulate one or more endogenous genes. Often, cells are manipulated to produce 

recombinant glycoprotein by, for example, introduction of a gene encoding the glycoprotein 

and/or by introduction of control elements that regulate expression of the gene encoding the 

glycoprotein of interest. Genes encoding recombinant glycoproteins and/or control elements 

may be introduced into the host cell via vectors, such as a plasmid, phage or viral vector. 

Certain vectors are capable of autonomous replication in a host cell into which they are 

introduced whilst other vectors can be integrated into the genome of a host cell and are 

thereby replicated along with the host genome. Various vectors are publicly available and 

the precise nature of the vectors is not essentia! to the present invention. Typically vector 

components include one or more of a signal sequence, an origin of replication, one or more 

marker genes, a promoter and a transcription termination sequence. Such components are 

as described in WO 97/25428. 

Biomass generation and glycoprotein expression from eukaryotic cells is achieved according 

to the method of the invention by culture of the cells under fermentation conditions. Any 

fermentation cell culture method or system that is amenable to the growth of the cells for 

biomass generation and expression of glycoproteins may be used with the present invention. 

For example, the cells may be grown in batch, fed-batch or split-batch cultures, where the 

culture is terminated after sufficient expression of the glycoprotein has occurred, after which 

the glycoprotein is harvested and, if required, purified. If a fed-batch culture is used, feeding 

of the culture may take place once or more than once during culture. When multiple feeds 

are given, these may be with the same or different feeding solutions. In the alternative, the 

cells may be grown in perfusion cultures, where the culture is not terminated and new 

nutrients and components are added periodically or continuously to the culture and 

expressed glycoprotein is removed, either periodically or continuously. In a preferred 

embodiment, the cell culture method used in the present invention is fed-batch or split-batch 

or a combination of the two. 

Reactors, temperatures and other conditions for fermentation culture of cells for biomass 

generation and the production of glycoproteins, such as oxygen concentration and pH are 

known in the art. Any conditions appropriate for culture of the selected eukaryotic cell can 

be chosen using information available in the art. The culture conditions, such as 

temperature, pH and the like, are typically those previously used with the host cell selected 

for expression and will be apparent to the person skilled in the art. If desired, the 
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temperature and/or the pH and/or CO2 could be altered during cultivation in order to increase 

yield and/or increase the relative amount of the desired glycoprotein quality. 

The medium in which the cells are cultured and in which the concentrations of the trace 

elements iron, copper, zinc and manganese are adjusted according to the method of the 

present invention can be any of a wide variety known in the art. If desired, the medium could 

be a chemically defined medium where the components of the medium are known and 

controlled, or the medium could be a complex medium in which not all of the components 

are known and/or controlled. 

Chemically defined media have been extensively developed and published in recent history, 

including such media for culture of mammalian cells. All components of defined media are 

well characterized and such media do not contain complex additives such as serum and 

hydrolysates. Typically these media include defined quantities of purified growth factors, 

proteins, lipoproteins and other substances which may otherwise be provided by serum or 

extract supplement. Such media have been produced with the sole purpose of supporting 

highly productive cell cultures. Certain defined media may be termed low protein media or 

may be protein free if the typical components of low protein media, insulin and transferrin, 

are not included. Serum free media may otherwise be used in the methods of the present 

invention. Such media normally do not contain serum or protein fractions, but may contain 

undefined components. 

Examples of commercially available culture media include Ham's F10 (Sigma), Minimal 

Essential Medium (MEM, Sigma), RPMI-1640 (Sigma) and Dulbecco's Modified Eagle's 

Medium (DMEM, Sigma) and chemically defined media and feed supplements sold by Life 

Technologies. Any such media may be supplemented as necessary with hormones and/or 

other growth factors (such as insulin, transferrin or epidermal growth factor); salts (such as 

sodium chloride, calcium, magnesium and phosphate), buffers (such as HEPES); 

nucleosides (such as adenosine and thymidine), antibiotics (such as GENTAMYCIN™), and 

glucose or an equivalent energy source. 

The necessary nutrients and growth factors for the medium including their concentrations, 

for a particular cell line, are determined empirically and without undue experimentation as 

described in, for example, Mammalian Celi Culture, Mather (Plenum Press: NY 1984); 

Barnes and Sato, Cell 22 (1980) 649 or Mammalian Cell Biotechnology: A Practical 

Approach M, Butler (IRL Press, 1991). A suitable medium contains a basal medium 
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component, such as DMEM/HAM F12-based formulation with modified concentrations of 

some components, such as amino acids, salts, sugar and vitamins, and optionally containing 

glycine, hypoxanthine, thymidine, recombinant human insulin, hydrotyzed peptone, such as 

PRIMATONE HS™ or PRIMATONE RL™ (Sheffield, England) or the equivalent, a cell 

protective agent, such as PLURONIC F68™ or the equivalent pluronic polyol and 

GENTAMYCIN™. 

In the following, Table 1 shows the differing amounts of the trace elements iron, copper, zinc 

and manganese in different commercially available cell culture media, any of which may be 

used for cell culture. 

Table 1:. Calculated Concentrations of Iron. Copper. Zinc and Manganese in Commercial 

Media 

I DMEM/F12 DMEM HamF12 HamF10 RPMI RPMI1640 199 

Cu2+ 0.0052 0.0000 0.0100 0.0100 0.0000 0.0050 0.0000 

Fe3+ 0,1240 0.2480 0.0000 0,0000 0.0000 0,0000 1.7822 

Fe2+ 1.5000 0.0000 3.0000 3.0000 0.0000 0.0000 0.0000 

Zna+ 1.5000 0.0000 3.0000 0.1000 0.0000 3.0300 0,0000 

Mn2+ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0003 0.0000 
RPMI1640 and 199 are Advanced Media 

The concentrations of iron, copper, zinc and manganese calculated to be in commercial 

media, as above, will change if those media are supplemented with complex ingredients, 

such as serum or peptones. 

When a method of the invention comprises adjusting the concentrations of iron, copper, zinc 

and manganese in the culture medium by adding those trace elements to the medium, or a 

medium comprises adjusted concentrations of those elements, the trace elements can be 

added to or are present in the medium in the form of a metal salt. Any iron, copper, zinc and 

manganese salt appropriate for inclusion in a culture medium for the production of a 

recombinant glycoprotein can be used. It is generally preferred that the metal salt is in the 

form of the appropriate metal sulphate, haiide, oxide, nitrate, citrate, acetate or phosphate, in 

hydrated or anhydrous form, or that the metal ion is bound to a chelator such as transferrin 

orlactoferrin. 
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Typically iron (II) and (111) salts appropriate for use in the present invention include Fe(lll)-

citrate, FeSO^ FeCb, FeCk, Fe(N03)3 and FeP04 as well as iron bound to transferrin or 

iactoferrin. 

Typically copper (II) salts appropriate for use in the present invention include CuSCU, CuCI2, 

and Cu-acetate. 

Typically zinc (II) salts appropriate for use in the present invention include ZnSC>4 and ZnCb-

Typically manganese salts appropriate for use in the present invention include MnS04, 

MnCb, MnF2 and Mnb. 

The present invention provides cell culture under fermentation culture conditions. This is 

typically a multi-step culture procedure where the cells are cultivated in a number of steps or 

phases. According to this preferred procedure, the fermentation culture process, e.g. from 

frozen vials of cells, typically covers three distinct phases, as depicted in Figure 1, i.e.: 

i) the seed train, for recovery of the cells after the stress of thawing and to normalize 

cell doubling times/which can last between 14 and e.g. more than 60 days, depending on 

the speed of cell recovery and the scale of production. In Figure 1 this is depicted as lasting 

21 days; 

ii) the growth phase, or inoculation train, called n-x phases (n is the production 

phase), wherein x is typically 1 to 5, preferably 1 or 2. In Figure 1, an n-1 and an n-2 phase 

are illustrated. These phases may also be referred to as a growth phase(s) wherein cells 

are inoculated into a medium suitable for promoting growth and biomass generation. Thus, 

the n-x phases are typically for the expansion of the culture for larger cultivation formats and 

the wash-out of the selected compound. When the n-x phases consist of an n-1 and n-2 

phase, each of the n-1 and n-2 stages takes e.g. from 2 to 7 days, typically each lasting 3 or 

4 days; and 

iii) the production phase, or n-phase, for the production of the recombinant 

glycoprotein in appropriate quantity and/or quality. The duration of this phase may depend 

on, for example, the nature of the recombinant cell as well as the quantity and/or quality of 

the expressed glycoprotein. Typically this phase will last between about 11 and about 20 

days. In Figure 1, this phase is depicted as lasting 14 days. 
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The cells may be maintained in the seed train or in the growth phase for a suitable period of 

time by, e.g. the addition of fresh medium or nutrient supplementation to existing medium as 

appropriate. 

Typically, the production or n-phase is characterized by two distinct phases, as depicted in 

Figure 2. The first of these is a growth phase, for generation of sufficient viable biomass for 

cell specific protein production and the second of which is for generation of the recombinant 

glycoprotein, with no significant cell growth. 

Any or all of the seed train, the growth phase and production phase may be continuous, or 

the cells from one phase may be used to inoculate the next phase. 

Recovery of the expressed glycoprotein either during or at the end of a culture period, 

preferably the production phase, can be achieved using methods known in the art. The 

glycoprotein is preferably recovered from the culture medium as a secreted polypeptide, 

although it may be recovered from host cell lysates when directly produced without a 

secretory signal. If the glycoprotein is membrane-bound, it can be released from the 

membrane using a suitable detergent solution {e.g. Triton-X 100) or its extracellular region 

may be released by enzymatic cleavage. The expressed glycoprotein may be isolated 

and/or purified as necessary using techniques known in the art. 

In the method of the present invention, the concentrations of iron, copper, zinc and 

manganese are adjusted in any or all of the growth or production phases of the fermentation 

process. In a preferred embodiment, the concentrations of iron, copper, zinc and 

manganese are adjusted at the start of or during the growth phase and/or at the start of or 

during the production phase. It is most preferred that the concentrations of iron, copper, zinc 

and manganese are adjusted at the start of the growth phase and at the start of the 

production phase or that concentrations of iron, copper, zinc and manganese are adjusted at 

any or all of the start of the growth phase, during the growth phase, at the start of the 

production phase and during the production phase. 

Concentrations of iron, copper, zinc and manganese are adjusted by increasing or 

decreasing the concentration of those trace elements in the culture medium. In the present 

invention, when the concentration of those elements rs increased or decreased, this increase 

or decrease in concentration is relative to the concentration of those elements in the medium 

in the culture phase immediately preceding the increase or decrease. Thus, if there is an 
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increase in the concentration of, for example, each of iron, copper, zinc and manganese in 

the medium at the start of the production phase, this is an increase in the concentration of 

those trace elements over the concentration of those trace elements in the medium of the 

immediately preceding growth phase. Similarly, if there is to be an increase in the 

concentration of, for example, any or all of iron, copper, zinc and manganese in the medium 

during the production phase, this is an increase in the concentration of those trace elements 

over the concentration of those elements in the medium of the immediately preceding part of 

the production phase. Similarly, if there is to be a decrease in the concentration of, for 

example, any or all of iron, copper, zinc and manganese in the medium at the start of or 

during any of the growth or production phases, this is a decrease in the concentration of 

those trace elements over the concentration of those trace elements in the medium of the 

immediately preceding culture phase. Similarly, if there is to be a decrease in the 

concentration of, for example, iron and copper and an increase in the concentration of, for 

example, zinc and manganese in the medium at the start of or during the production phase, 

this is a decrease in the concentration of iron and copper and an increase in the 

concentration of zinc and manganese as compared to the concentrations of those trace 

elements in the medium of the immediately preceding culture phase. 

It is generally preferred that when the concentrations of any or all of iron, copper, zinc and 

manganese are adjusted in the culture medium, the concentrations of all of these trace 

elements are adjusted at the same time. However, the method of the present invention also 

includes adjustment of iron, copper, zinc and manganese individually, in pairs, or by 

adjusting three of these trace elements at one time and then the fourth, or vice versa. In 

particular, if the concentration of two of the trace elements is to increase and the 

concentration of two of the elements is to decrease, the adjustment to increase and 

decrease may take place at the same time or at different times. It is preferred, in that case, 

that the adjustment to increase the concentration of two trace elements and to decrease the 

concentration of two elements takes place at the same point in time or in the same medium. 

In the method of the present invention, adjustment of the concentrations of iron, copper, zinc 

and manganese can be achieved by any technique appropriate to the fermentation 

conditions being used. The method by which the concentrations of these trace elements are 

adjusted is not essential to the present invention and appropriate methods are known in the 

art. Adjustment of trace element concentration can thus take place either by supplementing 

the medium (in the case of an increase in concentration of any or all of the trace elements) in 

which the cells are being cultured, or by transferring all or a portion of the cells (i.e. splitting) 
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to a fresh medium containing the desired concentrations of the trace elements. A 

combination of these two methods may be used if required. 

Adjustment of the concentration of iron, zinc, copper and manganese can therefore be 

continuous, over the whole or a portion of the culture period, or may be intermittent, for 

example as a reaction to the assumed, calculated or measured concentration of the trace 

elements) in the culture medium. The invention defines adjustment of the concentration of 

the trace elements within ranges, if actual measurement or calculation of the concentration 

of each or all of the trace elements during a defined culture period, for example, during the 

growth or production phase, indicates that the concentration of each or all of the trace 

elements falls within the ranges recited herein, adjustment of that concentration may 

nonetheless take place, so long as the resulting concentration of the trace element remains 

within the range recited. 

If required, known techniques can be used to measure the actual concentrations of the trace 

elements in the culture medium before the adjustments are made. These include online and 

offline analyses of the respective trace element concentration. 

Thus, if batch fermentation conditions are being used, achieving an increase in the 

concentrations of the trace elements may be by, for example, seeding into a fresh medium 

containing or supplemented with concentrations of the appropriate trace elements that are 

increased over the existing culture medium, or by splitting the cells into a medium containing 

or supplemented with the increased concentrations of the appropriate trace elements over 

the existing medium. If fed-batch fermentation conditions are being used, achieving an 

increase in the concentrations of the trace elements may be by, for example, seeding into a 

fresh medium containing or supplemented with the increased concentrations of the 

appropriate trace elements, giving one or more bolus or continuous feeds of the appropriate 

trace elements to the culture medium; by determining a feed rate based on cell number or 

calculated according to known metabolic models, metabolic surrogate markers etc, or by 

splitting the culture into a medium which contains or has been supplemented with the 

increased concentrations of the appropriate trace elements. If bolus or continuous feed is 

being added, this may contain other nutrients/components required for the culture in addition 

to any or all of the iron, copper, zinc and manganese. If perfusion fermentation conditions 

are being used, achieving an increase in the concentrations of the trace elements may be 

achieved by, for example, a continual or intermittent addition of trace elements to the reactor 
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either at the same time or separately to other nutrients/components being added to the 

perfusion culture. 

If a decrease in the concentrations of any or all of iron, zinc, copper and manganese is 

required, this may be achieved by seeding the cells into a fresh medium in which the 

concentrations of the trace elements is decreased in comparison to the concentration of 

those trace elements in the medium of the immediately preceding culture phase. 

Alternatively, or in addition, a decrease in the concentrations of any or all of iron, zinc, 

copper or manganese can be achieved In an existing or fresh medium by complexation of 

the metal ion, for example by addition of a metal ion chelator to the culture and washing out 

of the complexed metal ion. Any metal ion chelator capable of complexing the appropriate 

metal ion to result in a decrease in the bioavailable concentration of that metal ion in the 

culture medium can be used. Suitable such chelators for iron and copper include, for 

example, small molecules or metal binding proteins, such as, for example, EDTA, EGTA, 

siderophores such as desferoxamine, desferrithiocin, tetracycline, quinolone, 

phosphonates, polyphenols, proteins such as transferrin or ceruioplamin, polysaccharides, 

organic acids such as maleate, suprizone, bathocuproine sulphonate, bathophenanthrollne 

sulphonate, and D-pencillamine. In addition, the effect of a decrease of the concentration of 

the trace elements could be mimicked by inhibition/activation of glycosylation enzymes by 

alternative trace elements, by targeted competition with cellular transporters or by targeted 

modulation of cellular transporter activity. 

The specific values of decreased or increased concentrations of a metal are based either on 

actual measurements of the metal in the culture medium or on theoretical concentrations or 

calculations of the concentration of the metal in the culture solution surrounding the cells. 

The practicioner will appreciate that some concentration of the trace elements, introduced for 

example via impurities and leaching may be present and will take these into account when 

calculating a decreased or increased concentration of the trace elements in accordance with 

the invention. 

In the methods of the present invention, it is preferred that a decrease in the concentration of 

any or all of the trace elements, as appropriate, is achieved by seeding the ceils into a fresh 

medium in which the concentration of the trace elements is decreased in comparison to the 

concentration of those trace elements in the medium of the immediately preceding culture 

phase. 
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In certain embodiments of the present invention, the concentrations of iron, copper, zinc and 

manganese may be adjusted in the culture medium to favour growth of the cells, and thereby 

increase biomass, In other embodiments, the concentrations of iron, copper, zinc and 

manganese, or the concentrations of only zinc and manganese, may be adjusted in the 

culture medium to increase maturity in expressed N-glycoproteins and the production of 

glycoproteins with a mature glycosylation pattern, in another embodiment, the 

concentrations of iron, copper, zinc and manganese may be adjusted to favour increasing 

the production of immature non-fucosylated glycoproteins. In yet another embodiment, the 

concentrations of iron, copper, zinc and manganese in the culture medium may be adjusted 

first to enhance growth and then again to affect glycoprotein maturity, be that either 

increasing the maturity of expressed N-glycosylated glycoproteins or increasing the 

production of immature non-fucosylated glycoproteins. 

In the method of the present invention, applying different trace element concentrations at the 

start or during the growth and/or production phases can cause a direct effect on biomass 

generation and N-glycosylation maturity in the expressed glycoprotein as illustrated in Table 

2, below. Adjustment of the concentrations of iron, copper, zinc and manganese during 

these culture phases results in a switch between biomass generation and N-glycosylation 

maturity in expressed glycoproteins. "Afucosylation" in Table 2 is the same as non-

fucosylation. 
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Table 2: Process Strategies for Targeted Protein Production 

(n-2) (n-1) (n) 
Inoculum Train Inoculum Train Production Medium 

Medium Medium 

B 

Growth 

E [ — 

F| 

G I 

Growth 

Growth 

Growth 

Growth 

Galactosylation 

Afucosylation 

— 

—> 

—> 

Galactosylation 

Growth Galactosylation 

Afucosylation 
»l 

Growth Afucosylation 
.»| -> 

Growth 
| 

Galactosylation 

Afucosylation 

As a result of the method of the present invention, the glycoprotein producing cells are 

cultured in a medium which is tailored to the desired end result. Thus, as illustrated in Table 

3, below, a growth medium primarily promotes biomass generation, a galactosylation 

medium primarily promotes an increase in maturity of expressed N-glycoproteins and 

production of mature glycoproteins, and a non-fucosylation medium primarily promotes the 

production of immature non-fucosylated glycoproteins. There may be some inter-related 

effects of each medium such that the other results may be affected to a certain degree, as 

shown below, but the desired end result is the one favoured. 
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Table 3: Relationship between Tailored Media and Desired Outcome 

Medium 

Support 

Growth Galactosylation Non-fucosylation 

Biomass Generation +++ + 

Protein Galactosylation + +++ -

Protein Non-fucosylation ++ - +++ 

In a preferred embodiment, the present invention provides increasing the concentration of 

each of iron, copper, zinc and manganese in the culture medium to favour cell growth/ 

biomass generation. In this embodiment, the concentration of each of iron, copper, zinc and 

manganese is increased at the start of and/or during the growth phase and,, optionally, also 

at the start of and/or during the production phase. This embodiment is particularly suitable 

for cells with low growth capacity, cell lines where biomass and productivity are coupled and 

if low levels of mature galactosylated glycoprotein are desired. 

In an alternative preferred embodiment, the present invention provides increasing the 

concentration of each of zinc and manganese and, optionally, reducing the concentration of 

iron and copper in the culture medium to increase maturity in expressed N-glycoproteins, 

suitably production of glycoproteins with a mature glycosylation pattern and thereby to 

decrease production of immature glycoproteins, including immature non-fucosylated 

glycoproteins. In this embodiment, the concentration of each of iron, copper, zinc and 

manganese or of only zinc and manganese is adjusted at the start of the growth phase 

and/or at the start of and/or during the production phase. Favouring increased maturity of 

glycoproteins and production of glycoproteins with a mature glycosylation pattern by 

adjustment of the concentrations of the trace elements during the growth and production 

phases is best where low cell growth is desirable, and particularly where the expressed 

glycoprotein is complex with many unexpected side products. Favouring increased maturity 

of glycoproteins and production of glycoproteins with a mature glycosylation pattern by 

adjustment of the concentrations of the trace elements in the medium at the start of the 

production phase is particularly useful when good growth has been achieved during the 

growth phase. Favouring increased maturity of glycoproteins and production of 

glycoproteins with a mature glycosylation pattern by adjustment of the concentrations of the 

trace elements in the medium during the production phase is particularly suitable when the 

concentrations of the trace elements have been adjusted for the growth phase and at the 

start of the production phase to ensure good biomass generation. 
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In an alternative preferred embodiment, the present invention provides decreasing the 

concentrations of each of iron, copper, zinc and manganese in the culture medium to favour 

production of immature non-fucosylated glycoproteins. In this embodiment, the 

concentration of each of iron, copper, zinc and manganese is adjusted at the start of the 

growth phase and/or at the start of and/or during the production phase. Favouring 

production of immature non-fucosylated glycoproteins by adjustment of the concentrations of 

the trace elements at the start of the growth and production phases is best where cell growth 

Is good. Favouring production of immature non-fucosylated glycoproteins by adjustment of 

the concentrations of the trace elements at the start of the production phase is particularly 

useful when good growth has been achieved during the growth phase. Favouring 

production of immature non-fucosylated glycoproteins by adjustment of the concentrations of 

the trace elements in the medium during the production phase is particularly suitable when 

the concentrations of the trace elements have been adjusted for the growth phase and at the 

start of the production phase to ensure good biomass generation. 

In an alternative preferred embodiment, the present invention provides increasing the 

concentration of each of iron, copper, zinc and manganese in the culture medium at the start 

of the growth phase and, optionally at the start of the production phase, to favour cell 

growth/biomass generation and additionally, increasing the concentration of each of zinc and 

manganese and reducing the concentration of iron and copper in the culture medium at the 

start of or during the production phase to increase maturity of glycoproteins, for example to 

favour production of glycoproteins with a mature N-glycosylation pattern over the production 

of immature glycoproteins, including immature non-fucosylated glycoproteins. In this 

embodiment, when the concentrations of iron, copper, zinc and manganese are increased at 

the start of the production phase to favour biomass generation, increasing maturity of 

glycoproteins, for example favouring production of glycoproteins with a mature N-

glycosylation pattern takes place by further adjustment of the concentrations of those trace 

elements during the production phase. 

In an alternative preferred embodiment, the present invention provides increasing the 

concentration of each of iron, copper, zinc and manganese in the culture medium at the start 

of the growth phase and, optionally at the start of the production phase to favour cell 

growth/biomass generation and additionally decreasing the concentrations of each of iron, 

copper, zinc and manganese in the culture medium at the start of or during the production 

phase to favour production of immature non-fucosylated glycoproteins. In this embodiment, 
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when the concentrations of iron, copper, zinc and manganese are increased at the start of 

the production phase to favour biomass generation, favouring production of immature non-

fucosylated glycoproteins takes place by further adjustment of the concentrations of those 

trace elements during the production phase. 

In a preferred embodiment of the present invention, it is preferred that the concentration of 

iron, as Fe2+ or Fe3+, in the culture medium to favour biomass generation is adjusted to 

between 15 pM to more than 80 pM, preferably 20 pM to more than 60 pM and most 

preferably 25 pM to more than 50 pM. 

In a preferred embodiment of the present invention, it is preferred that the concentration of 

iron, as Fe2+ or Fe3+, in the culture medium to increase maturity in expressed N-

glycoproteins, e.g. to favour production of mature N-glycosylated glycoprotein species is 

adjusted to between 0 pM to 25 pM, preferably 0 pM to 20 pM and most preferably 0 pM to 

16pM. 

In a preferred embodiment of the present invention, it is preferred that the concentration of 

iron, as Fe2+ or Fe3+, in the culture medium to favour production of immature non-fucosylated 

glycoprotein species is adjusted either to between 0 pM to 35 pM, preferably 0 pM to 30 pM 

and most preferably 0 pM to 25 \M or to between 15 pM to more than 80 pM, preferably 20 

pM to more than 60 pM and most preferably 25 pM to more than 50 pM. 

In a preferred embodiment of the present invention, it is preferred that the concentration of 

copper, as Cu2+, in the culture medium to favour biomass generation is adjusted to between 

0.3 pM to more than 2.5 pM, preferably 0.5 pM to more than 1.5 pM and most preferably 0.3 

pM to more than 1 pM. 

In a preferred embodiment of the present invention, it is preferred that the concentration of 

copper, as Cu2+, in the culture medium to increase maturity in expressed N-glycoprotems, 

e.g. to favour production of mature N-glycosylated glycoprotein species is adjusted to 

between 0 pM and 0.1 pM, preferably 0 pM to 0.08 pM and most preferably 0 pM to 0.06 

pM. 

In a preferred embodiment of the present invention, it is preferred that the concentration of 

copper, as Cu2+, in the culture medium to favour production of immature non-fucosylated 

glycoprotein species is adjusted either to between 0 pM to 1 pM, preferably 0 pM to 0,5 pM 
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and most preferably 0 pM to 0,3 pM or to between 0.3 pM to more than 2.5 pM, preferably 

0.5 pM to more than 1.5 pM and most preferably 0.3 pM to more than 1 pM. 

In a preferred embodiment of the present invention, it is preferred that the concentration of 

zinc, as Zn2+, in the culture medium to favour biomass generation is adjusted to between 20 

pM to more than 50 pM, preferably 25 pM to more than 45 pM and most preferably 28 pM to 

more than 43 pM. 

In a preferred embodiment of the present invention, it is preferred that the concentration of 

zinc, as Zn2\ in the culture medium to increase maturity in expressed N-glycoproteins, e.g. 

to favour production of mature N-glycosylated glycoprotein species is adjusted to between 

20 pM to more than 50 pM, preferably 25 pM to more than 45 pM and most preferably 28 pM 

to more than 43 pM. 

In a preferred embodiment of the present invention, it is preferred that the concentration of 

zinc, as Znz+, in the culture medium to favour production of immature non-fucosylated 

glycoprotein species is adjusted to between 0 pM to 20 pM, preferably 0 pM to 15 pM and 

most preferably 0 pM to 13 pM. 

In a preferred embodiment of the present invention, it is preferred that the concentration of 

manganese, as Mn2+, in the culture medium to favour biomass generation is adjusted to 

between 0.01 pM to more than 3 pM, preferably 0.05 pM to more than 2 pM and most 

preferably 0.1 pM to more than 1 pM. 

In a preferred embodiment of the present invention, it is preferred that the concentration of 

manganese, as Mn2+, in the culture medium to increase maturity in expressed N-

glycoproteins( e.g. to favour production of mature N-glycosylated glycoprotein species is 

adjusted to between 0.01 pM to more than 3 pM, preferably 0,05 pM to more than 2 pM and 

most preferably 0.1 pM to more than 1 pM. 

In a preferred embodiment of the present invention, it is preferred that the concentration of 

manganese, as Mn2+, in the culture medium to favour production of immature non-

fucosylated glycoprotein species is adjusted to between 0 pM to 0.01 pM, preferably 0 pM to 

0.05 pM and most preferably 0 pM to 0,07 pM. 
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Preferred concentrations of the combinations of iron, copper, zinc and manganese in the 

culture medium for the tailored results of the present invention are: 

A. to favour biomass generation: 

(a) iron : from 15 pM to more than 80 pM; 

(b) copper: from 0.3 pM to more than 2.5 pM; 

(c) zinc : from 20 pM to more than 50 pM; and 

(d) manganese: from 0.01 yM to more than 3 pM. 

B. to increase maturity in expressed N-glycoproteins, e.g. to favour production of 

mature N-glycosylated glycoproteins: 

(i) 

(a) iron : from 0 pM to 25 pM; 

(b) copper: from 0 pM to 0.1 pM; 

(c) zinc : from 20 pM to more than 50 pM; and 

(d) manganese : from 0.01 JJM to more than 3 pM; or 

(ii) 

(a) zinc: from 20 nM to more than 50 pM; and 

(b) manganese : from 0.01 pM to more than 3 pM. 

C. to favour production of immature non-fucosylated glycoproteins, either: 

(i) 

(a) iron : from 0 pM to 35 pM; 

(b) copper: from 0 pM to 1 pM; 

(c) zinc: from 0 pM to 20 pM; and 

(d) manganese : from 0 pM to 0.01 pM; or 

(ii) 

(a) iron : from 15 pM to more than 80 pM; 

(b) copper: from 0.3 pM to more than 2.5 pM; 

(c) zinc : from 0 pM to 20 pM; and 

(d) manganese : from 0 pM to 0.01 pM. 

Particularly preferred combinations of the concentrations of iron, copper, zinc and 

manganese in the culture medium to favour biomass generation, increase maturity in 

expressed N-glycoproteins, e.g. production of glycoproteins with a mature N-glycosylation 
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pattern, and/or to favour production of immature non-fucosylated glycoproteins are as shown 

in Table 4, betow. 

Table 4: Trace Element Concentrations in Cultivation Phases 

Medium 

Element 

Growth 

(MM) 

Galactosylation (pM) 

Option (i) Option (ii) 

Non-fucosylation (pM) 

Option (i) Option (ii) 

Zn2+ 28.295-> 

43.301 

28.295 -> 

43.301 

28.295 - > 

43.301 

0.000 -

13.900 

0.000-

13.900 

Mn2+ 0.110-> 

1.000 

0.110-> 

1.000 

0.110-> 

1.000 

0.000-

0.075 

0.000-

0.075 

Fe2+/Fe3+ 25.472-> 

50.000 

0.000 -

16.055 n/a 

0.000 -

25.472 

25.472 -

>50.000 

Cu2+ 0.329-> 

1.000 

0.000 -

0.064 n/a 

0.000 -

0.329 

0.329-> 

1.000 

(n/a = not applicable) 

According to the methods of the present invention, increasing the concentration levels of 

iron, copper, zinc and manganese in the medium to favour, promote or increase biomass 

generation during culture under fermentation conditions to produce a recombinant 

glycoprotein will result in an increase in biomass of at least 5%, preferably at least 10%, 

15%, 20%, 25%, 30%, 40%, 45%, 50%, 55% or 60% over comparable culture in which the 

concentration levels of iron, copper, zinc and manganese are not adjusted. Methods for 

measuring and quantifying an increase in cell growth are known in the art. Typically this can 

be done by analyzing the maximum viable celt density and final cell time integral. 

As is apparent to the person skilled in the art, in the production of a recombinant 

glycoprotein, an increase in biomass during one stage of celt culture will result in an increase 

in the amount of glycoprotein produced during a later stage of cell culture. 

According to the methods of the present invention, targeted adjustment of the concentration 

levels of iron, copper, zinc and manganese, or of zinc and manganese only, in the medium 

during culture under fermentation conditions to increase maturity in expressed N-

glycoproteins, e.g. to favour, promote or increase production of glycoproteins with a mature 

N-glycosyfation pattern will result in an increase in production of mature N-glycosylated 

glycoproteins of at least 5%, preferably at least 10%, 15%, 20%, 25%, 30%, 40%, 45%, 
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50%, 55% or 60% over comparable culture in which the concentration levels of iron and 

copper, and/or zinc and manganese are not adjusted during culture. 

According to the methods of the present invention, targeted adjustment of the concentration 

levels of iron, copper, zinc and manganese, or of zinc and manganese only, in the medium 

during culture under fermentation conditions to favour, promote or increase production of 

glycoproteins with a GO, G1 orG2 pattern will result in an increase in production of 

glycoproteins with a GO, G1 or G2 pattern of at least 5%, preferably at least 10%, 15%, 20%, 

25%, 30%, 40%, 45%, 50%, 55% or 60% over comparable culture in which the 

concentration levels of Iron, copper, zinc and manganese are not adjusted during culture. 

According to the methods of the present invention, targeted adjustment of the concentration 

levels of iron, copper, zinc and manganese in the medium during culture under fermentation 

conditions to favour, promote or increase production of immature non-fucosylated 

glycoproteins will result in an increase in production of immature non-fucosylated 

glycoproteins of at least 5%, preferably at least 10%, 15%, 20%, 25%, 30%,40%,45%, 

50%, 55% or 60% over comparable culture in which the concentration levels of iron, copper, 

zinc and manganese are not adjusted during culture. 

The following examples illustrate the invention. 
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EXAMPLES 

Materials and chemical substances 

C$11 lines 

For the study described we used nine in-house generated recombinant CHO-K1 cell lines: 

clone 1 and clone 2, both expressing the same monoclonal antibody, done 3, expressing 

another monoclonal antibody and clone A, clone B, clone C, clone D, clone E and clone F 

expressing a glycoengineered antibody. Compared to clone 1, clone 2 showed high levels 

of high-mannose glycan species (Man5). All clones were cultivated using proprietary 

chemically defined protein-free in-house medium and process platforms, referred to in the 

following as platform A and platform B. 

In process control - ceil growth and analyses of metabolites 

Cell growth and viability were analyzed by using the trypan blue exclusion method (Strober, 

Curr. Protoc. Immunol, Appendix 3 (2001)) and an automated CedexHiRes device (Roche 

Innovatis, Bielefeld, Germany). For quantification of the metabolites lactate and ammonium, 

cell culture fluid was centrifuged to separate cells and analyzed using a Cobas Integra 400 

plus system (Roche, Mannheim, Germany). Product titre was either quantified by a Cobas 

Integra 400 plus system (Roche, Mannheim, Germany) or by PorosA HPLC method as 

described by Zeck et aL, (PLoS. One 7.7 (2012) e40328). 

In process control - trace elements 

Trace element concentrations were analyzed using cell-free cultivation supernatant and an 

in-house method for an 1CP-M5 system (Agilent, Boblingen, Germany). 

DoE Experiments 

Statistical experiment planning by DoE (Design of Experiments} is a powerful and well-

known technique especially for biological and chemical reaction optimization where many 

factors interdependent^ influence the final result. For example, DoE was successfully used 

for optimization of cell culture media (Zhang et al,, Cytotechnology 65.3 (2013) 363-78), 

fermentation processes (Fu et al., Biotechnology Progress 28.4 (2012) 1095-105), protein 

purification processes (Pezzini et al., J. Chromatogr. A 1218.45 (2011) 8197-208) and, cell 

culture conditions (Chen et al., Tissue Eng. Parte. Methods 17.12 (2011) 1211-21). 
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Based on the desired outcome different DoE approaches can be applied to the present 

process (Figure 3). Fractional factorial designs, often used for systems with a huge number 

of factors of influence, allow the identification of significant principal modulators in the 

process. On the other hand, experiment designs like Full factorial, Box Behnken, or Central 

composite not only identify critical modulators but also allow quantification of discrete optimal 

concentrations or settings thereof. For that, so called Prediction profiler tools postulate 

interactively experiment outcomes when concentrations or settings of critical modulators are 

varied insilico in a minimum (-1) and maximum (1) state. For calculating optimal 

concentrations predicted optimum level (a value between -1 and +1} has to be determined 

by multiplication with the set up concentration used. 

All DoE approaches in this study were planned and analyzed using statistical software tool 

JMP (SAS Institute GmbH, Boblingen, Germany), The experiments were designed as fed-

batch cultivations to simulate production process-like conditions. All DoE fed-batch 

experiments were performed using shaker or robotic cultivation systems and proprietary 

cultivation media and feed platforms A and B. The cultivation media used are chemically-

defined serum- and protein-free media. 

Glyco Species Analysis 

For the analysis of mAb glycosylation harvested cell culture fluid was centrifuged for cell 

separation and filtered by 0.2 pM membrane filtration. mAb glycosylation species were 

analyzed as described by Reusch et al., (Anal. Biochem. 432.2 (2013) 82-89) and by an in-

house capillary electrophoresis protocol. 

Example 1 

inverse Regulation of Gatactosyiation by Manganese and Copper 

To test the general relevance of these trace elements on cell culture performance we used 

two in-house generated recombinant CHO-K1 cell lines, clone 1 and clone 3, expressing two 

different monoclonal antibodies, respectively. Using a fractional factorial DoE design (Table 

5) the statistical significance of different trace elements (realized by supplementation of base 

medium with specific stock solutions) can be analysed. The fractional factorial DoE 

approach was applied to each clone and in replicates (four times for clone 1, three times for 

clone 3) using a fully controlled robotic cultivation system. 
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Table 5 : Fractional factorial DoE screening of trace elements on cell culture 
performance. Using 17 distinct fed-batch experiments we applied different symmetrical 

balanced levels of aluminum, molybdenum, barium, chromium, bromine, iodine, copper, 

manganese, rubidium, silver, zinc, tin, and zirconium stock solutions to the base medium (-1: 

low level, 0: medium level, +1: high fevej). The experiment design was applied for both clone 

1 (n=4) and clone 3 (n=3). The experiment design was generated using JMP DoE tool. 

Exp 
eri 
me 
nt 

Pattern Al MO Ba Cr Br i Cu Mn Rb Ag Zn Sn Zr 

1 -1——1— -1 -1 -1 -1 1 -l -1 1 -1 1 1 -1 1 
2 -1 -1 -1 1 -1 l 1 -1 1 -1 -1 -1 1 
3 hH- -1 -1 1 -1 -1 l 1 -1 -1 1 1 1 -1 
4 —H-+"++-+- -1 -1 1 1 1 -l -1 1 1 -1 -1 1 -1 
5 -1 1 -1 -1 -1 l -1 1 1 -1 1 1 -1 
6 H-++-+--+-+- -1 1 -1 1 1 -l 1 -1 -1 1 -1 1 -1 
7 —H-+~+H—1—+ -1 1 1 •1 1 -l 1 -1 1 -1 1 -1 1 
8 .+++-4-+_+-_+ 1 1 1 -1 i -1 1 -1 1 -1 -1 1 
9 + ++++-++ 1 -1 -1 -1 -i 1 1 1 1 -1 1 1 

10 +-+-M +++ 1 -1 -1 1 1 I -1 -1 -1 -1 1 1 1 
11 "H"— 1 -1 1 -1 1 i "1 -1 1 1 -I -1 -1 
12 +-++--++"+" 1 -1 1 1 -1 -l 1 1 -1 -1 1 1- -1 
13 ++-*++++ 1 1 -1 -1 1 l 1 1 -1 -1 -1 1- -1 
14 ++-+ h++— 1 1 -1 1 -1 -l -1 -1 1 1 1 -1 -1 
15 ++*" +*fr 1 1 1 -1 -X -l -1 -1 -1 -1 -1 1 1 
16 -H"M"H"+++++++ 1 1 1 1 1 l 1 1 1 1 1 1 1 
17 0000000000000 0 o 0 0 0 0 0 0 0 0 0 0 0 

Next the theoretical effective concentrations of aluminum, molybdenum, barium, chromium, 

bromine, iodine, copper, manganese, rubidium, silver, zinc, tin, and zirconium (CTEeffective) at 

the start of the DoE fed-batch experiment were summarized for each condition (Table 6). 

Theoretical CTE effective for these trace elements at experiment start was calculated according 

equation 1: 

(equation 1) 

— Medium *VMedium)*(CTE Stock*VTE Stock)) 
CTE effective ~~ T/„ * 

" Experiment 
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Table 6 : Theoretical effective trace element concentrations GTE effective at the start of 
the fractional factorial DoE fed-batch experiment (Example 1). 

-1 (low level) 0 (medium level) +1 (high level) 

Component [MMl im im 
Al3+ 0.0023 0.0262 0.0502 

M0042- 0.0047 0.0095 0.0144 

Baz+ 0.0049 0.0566 0.1083 

Cr* 0.0005 0.0056 0.0107 

Br 0.0007 0.0383 0.0759 

I- 0.0005 0.0060 0.0114 

Cu2+ 0.3142 0.3471 0.3800 

Mn2* 0.0832 0.0898 0.0963 

Rb+ 0.0024 0.0516 0.1009 

Ag+ 0.0006 0.0065 0.0125 

Zn2* 13.9898 17.6545 21.3193 

Sn2+ 0.0005 0.0030 0.0054 

Zr02+ 0.0047 0.0537 0.1027 

The putative impact of aluminum, molybdenum, barium, chromium, bromine, iodine, copper, 

manganese, rubidium, silver, zinc, tin, and zirconium on galactosylation was analyzed by 

relative G1 and G2 glycan levels combining both clones (clone 1 and clone 3, both 

expressing different mAbs), and samples from day 7,12 and 13 to identify general, clone 

and temporal independent effects. 

Using the JMP DoE analysis tool a good linear model was found describing the impact of 

trace elements on mAb galactosylation. Here, a strong positive effect was observed for 

manganese on G1 and G2 levels (Figure 4A-D). Furthermore, zinc tends to have a positive 

effect on relative G1 and G2 abundance. On the other hand, copper has a statistically 

significant negative impact on G1 glycan formation (Figure 4A-B), indicating that the in vitro 

observed inhibitory effect (as detailed by Kaminska J et al., Glycoconj J. 15.8 (1998) 783-8) 

can be confirmed in vivo by cell culture experiments. 

Interestingly, addition of zinc in combination with manganese revealed a synergistic effect on 

galactosylated glycan formation and the effect seems to be process time dependent. For 

quantification of the effect, we modelled the G1 and G2 formation alone with the effectors 
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zinc and manganese in high and low concentrations (Figure 16), The highest amount of G1 

and G2 species are predicted for high manganese in combination with high zinc levels. 

Using the scaled estimates of the screening experiment (Figure 4B, D) the optimal 

concentration for galactosylation can be summarized as: 

• Manganese: > 0.0963 pM, since the linear model shows best results at highest 

concentration optimum concentration not yet reached) 

• Copper: < 0.3142 pM, since the in a linear model show best result at lowest 

concentration optimum concentration not yet reached). 

We further analyzed the timing of the effect of the above significant elements on 

galactosylation by using clone 3 as model cell line. By switching from day 7 to day 13 using 

the prediction profiler tool, the impact of manganese in an early and late production phase 

was quantified. For both G1 and G2 the effect of manganese declined in late process 

phases (day 13). The decrease of slope in the prediction profiler curve indicates that 

bioavailability of manganese is not as good as in early process phases (day 7) (Figure 5). 

Example 2 

Inverse Effects of Copper and Iron on Cell Growth and Glycosylation 

To identify single trace elements and combined effects responsible for cell growth and 

glycosylation modulation we analyzed the impact of zinc, copper, iron and manganese, 

known as highly bioactive trace elements, on cell growth and mAb glycosylation by a full 

factorial DoE experiment using the recombinant clone 2 (Table 7). Clone 2 was used as 

reporter cell line because of the endogenous elevated formation level of high mannose 

glycan structures. 

Table 7 : Full factorial DoE screening of zincy iron, copper, and manganese on cell 

growth, galactosylated and non-fucosylated glycoprotein species. Using 19 distinct fed-

batch shaker experiments with clone 2 we applied different symmetrical balanced levels of 

zinc, iron, copper, and manganese to the base medium (-1: low level, 0: medium level, +1: 

high level). Three centre points ("0000" - shaker 5, 8, and 11) were used for identification of 

intrinsic experiment variance. The experiment design was generated using JMP DoE took 
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Shaker Pattern Zinc iron Copper Manganese 
1 ++--1- 1 1 -1 1 
2 ++•— 1 1 -1 -1 
3 +— 1 -1 -1 -1 
A —++ -1 1 1 
5 0000 
8 -1 1 -1 1 
7 +—h 1 -1 -1 1 
8 0000 
9 ++++ 1 1 1 1 

10 -++— -1 1 1 -1 
11 0000 
12 —+- -1 -1 1 -1 
13 +—-1— 1 -1 1 -1 
14 -1 -1 -1 -1 
15 +++- 1 1 1 -1 
16 +-++ 1 -1 1 1 
17 -+— -1 1 -1 -1 
18 -+++ -1 1 1 1 
19 + -1 -1 -1 1 

In this example the theoretical effective zinc, iron, copper, and manganese concentrations 

CTE effective at start of the DoE fed-batch experiment were summarized for each condition 

(Table 8). Theoretical CTE mc/ive for zinc, iron, copper, and manganese at experiment start 

was calculated as described above. 

Table 8 : Theoretical effective zinc, iron, copper, and manganese concentrations cTE 

effective at start of the DoE fed-batch experiment (Example 2). 

-1 (low level) 0 (medium level) +1 (high level) 

Component [pM] [pM] [MM] 
Cu2+ 0.312 0.330 0.362 

Fe*/Fe* 1.890 25.386 48.965 

Mn2+ 0.071 0.081 0.091 

Zn2* 13.900 28.295 43.301 

The highest effect on cell growth, analyzed by maximum viable cell density (Figure 6A-C) 

and final cell time integral (Figure 6D-F) was shown by supplementation of iron. In general, 

high concentrations of zinc, manganese and copper used in the experiment tend to result in 

higher ceil growth and biomass generation (Figure 6C, F). On the other hand, the targeted 
i 

combination of zinc, copper, iron and manganese modulated the amount of galactosylated or 
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non-fucosylated species. High concentrations of manganese improves galactosylation, 

shown here for G1 (Figure 6G-I), whereas the combined effect of zinc and copper and the 

lack of manganese results in higher amounts of immature glycosylated mAb species (Figure 

6J-L). 

Copper and zinc show a strong interaction on immature glycan formation. Therefore, we 

further analyzed this interaction on non-fucosylated glycan species (glycoproteins with a high 

Mannose content) in detail using the JMP prediction profiler tool. In general, on moderate 

levels (level 0 in experiment), zinc (level 0 means 28.295 pM) displayed a negative and 

copper (level 0 means 0.330 |JM) a positive correlation to the amount of high mannose 

glycans (Figure 7A). This is confirmed by the fact that the negative zinc level of -0.2 (means 

25.416 pM) and a positive copper level of 0.6 (means 0,349 pM) no longer show an impact 

on the sum of mannosylated glycan species (Figure 7B). In the following, different scenarios 

of significant modulators zinc, copper and manganese on high mannose glycan species 

were simulated: 

«> Moderate and high levels (-0.2 to 1 means 25.416 pM to 43.301 pM) of zinc induce a 

positive effect of copper (Figure 7C, F, G, H, I) 

• Low levels (-1 to -0.2 means 13.900 pM to 25.416 pM) of zinc induce a negative effect 

of copper (Figure 7D, E) 

• A moderate level (-0.2 means 25.416 pM) of zinc annihilate the effect of copper 

(Figure 7B, J) 

o The negative effect of manganese is independent of zinc and copper levels 

We used the prediction profiler tool of JMP to determine the optimum concentrations of zinc, 

copper, iron and manganese for a combined optimization of cell growth and mAb glycan 

formation. Here, one valid model considering all trace element parameters was used 

(quadratic effect of iron). 

According to the prediction profiler zinc, copper, and manganese in the highest 

concentrations and iron at levels > 0.42 (i.e. > 36,704 pM) will improve cell growth (Figure 

8A, C). Using high concentrations of zinc, iron, and manganese and low concentration of 

copper will increase the amount of galactosylated mAb species (Figure 8D). On the other 

hand, low concentrations, level-1, of manganese (i.e. 0.071 pM), copper (i.e. 0.312 pM) and 

zinc (Le.13,900 pM) and iron at levels of -0,3 (i.e. 11.288 ^M) in parallel increase the amount 

of non-fucosylated mAb species (Figure 8F). 
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A minimum for VCD and CT1 is realized when choosing a high level of zinc and copper and 

low levels for iron and manganese (Figure 8B). Low galactosylated glycan species are 

generated by choosing low concentrations of ail of the four elements (Figure 8D). Minimum 

level of mannosylated giycans are generated for high zinc and manganese levels and low 

iron and copper levels (Figure 8G). 

Again, we also tested the option for addition of zinc in combination with manganese alone to 

increase galactosylated glycan formation by JMP modelling of the data. As shown before, 

zinc and manganese have a synergistic effect on galactosylated glycan formation. For 

quantification of the effect, we modelled the G1 formation with effectors zinc and manganese 

at high and low concentrations (Figure 15). Addition of high levels of zinc with high levels of 

manganese can increase G1 species by 17% (Figures 15A, D), 

For modulating degree of glycan species maturity, the optimal trace element levels are a 

combination of G1 and high mannose predictions (Figure 8D-G), 

® For mature giycans: optimal levels for high G1 and low Man5 

o For immature giycans: optimal levels for high Man5 and low G1. 

Example 3 

Targeted Production of Gaiactosylated and Non-fucosylated Glycan Species by Modulation 

of Copper, lronr Zinc, and Manganese: Bioreactor Experiment 1 

CHO-K1 clone 2 was grown for 14 days in controlled 2L Quad fermentation systems 

(Sartorius, Gottingen, Germany) using the proprietary medium and bolus feed process 

platform B. Concentrated nutrient feed were supplemented at 10% of cultivation start 

volume on day 3, 6, and 9. Targeted trace element modulation was performed by 

supplementation of specific medium favouring mAb glycosylation on day 6, 

The ratios and targeted concentrations of zinc, copper, iron and manganese identified in 

previous experiments are summarized in Table 9« These concentrations and ratios of zinc, 

copper, iron and manganese were tested in a bioreactor fed-batch verification experiment 

using clone 2 with endogenous high levels of Mar\5 glycan species. We modulated the trace 

element ratios using a culture splitting strategy and targeted supplementation to support cell 

growth in the first fed-batch phase (d0-d5) and enable mAb glycosylation maturation in the 
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second fed-batch phase (d6-d14), by using two different cultivation media for "Biomass" and 

"Glycosylation" phases as described in Table 9A and Table 9BS respectively. 

Table 9A : "Biomass" medium used in bioreactor experiment for growth phase from 
d0-d5. 

Galactosylation Growth Non-fucosylation 

Component tl*M] [[iM] [\xM] 

Cu2+ 0.064 0.329 1.000 

Fe27Fes* 47.158 47.158 50.000 

Mnz> 0.029 0.029 0.004 

Zn2+ 41.072 41.072 11.061 

Table 9B : "Glycosylation" medium used in bioreactor experiment for glycosylation 
phase from d6-d14. 

Galactosylation Growth Non-fucosylation 

Component [MM] im [MM] 
Cu2+ o.ooo 0.329 1.000 

Fe2+/Fe*+ 0,000 0.000 50.000 

Mnz+ 0.029 0.029 0.004 

Zn2* 41.072 41.072 11.061 

Compared to a set up to favour immature glycan formation, called "non-fucosylation", with 

constant concentrations of zinc, copper, iron and manganese over the whole process we 

tested the predicted trace element concentrations for directed cell growth and mAb 

glycosylation maturation by just varying copper concentration between two levels, in the 

following called "Growth" and "Galactosylation" (Figure 9A). We decided to do so, since 

copper seems to have a stronger effect on glycosylation than on maximal viable cell density 

(Figure 8). 

The following table (Table 10) shows the theoretical target concentrations used for 

bioreactor experiment 1. 
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Table 10 : Target theoretical trace element concentrations modulating cell growth, 

mAb galactosylation, and non-fucosylation. Concentrations of copper, manganese, iron, 

and zinc used in bioreactor experiment 1, see set up in Figure 9A. 

low medium high 

Component [m [MM] im 
Cuz* 0.064 0.329 1.000 

FeJt/Fe3+ 16.055 n/a 50.000 
Mn2+ 0.075 n/a 0.099 
Zn2+ 11.250 n/a 41.072 

(n/a, not applicable) 

Using this set up we proved that until day 6 cell growth capacity can be modulated by trace 

element balancing showing highest viable ceil density and CTI for "Growth", followed by the 

"non-fucosylation" and "Galactosylation" processes (Figure 9B, C). The subsequent switch 

to conditions favouring gfycosylation and to reduced cell growth from day 6 on was clearly 

shown for the"Galactosylatiori' process for viable cell density and ceil time integral. 

Interestingly, the modulation of trace element ratios shows a strong effect on cell viability in 

late process phases (Figure 9D), Reducing copper tends to increase final viable cell density 

up to almost 30% viability (for the"Galactosylation" process) compared to the "Growth" 

process. The effect of increased cell viability by reduced copper concentration could also by 

confirmed by LDH release analysis (Figure 10C). 

On the other hand, copper has been shown to positively influence lactate remetabolization in 

late process phases (Luo et al., BiotechnoL Bioeng-109.1 (2012) 146-56). In the verification 

experiment described above we confirmed the relevance of copper for lactate re­

metabolization, since "Galactosylation" showed an increased but uncritical (-> high cell 

viability) lactate concentration in late process phases compared to "non-fucosylation" and 

"Growth", where until day 14 almost all lactate is consumed (Figure 10B). As it is known that 

high levels of lactate can favour detoxification of ammonium (Li et al., BiotechnoL Bioeng. 

109.5 (2012) 1173-86} we could confirm for the "Gafactosylation,s process the inverse 

correlation of lactate accumulation and ammonium re-assimilation (Figure 10A). 

To study the effect of trace element modulation on mAb glycosylation kinetics we analyzed 

in process samples of bioreactor runs for non-fucosylated and galactosylated species. High 

mannose species Man5 (Figure 11 A) as well as cumulative non-fucosylated species (Figure 

11D) can be reduced (up to 30% for Man5) by the predicted trace element modulation in a 
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copper concentration dependent manner (copper concentration: "non-fucosylation" > 

"Growth" > "Galactosylation"). Modulation of trace elements results in a shift from high 

mannose species to GO (up to 30%) and subsequently to G1 species (up to 30% on day 13) 

once the process is switched from growth to glycosylation conditions (Figure 11A-C), The 

drop of G1 species in the "Galactosylation" set-up on day 14 may be caused by limitation of 

bioavailable Mn2+ and Zn2+ in late process phases. 

Example 4 

Targeted Modulation of Celt Growth and mAb Glycosylation by iron, Copper, Zinc and 

Manganese : Bioreactor Experiment 2 

CHO-K1 clone 2 was grown in shake flasks for culture expansion and 14 days in controlled 

2L Quad fermentation systems (Sartorius, Gottingen, Germany) for production fed-batch 

cultivation to evaluate the impact of iron, copper, zinc and manganese for cell growth and 

protein glycosylation. The proprietary medium and process platform B were used. 

Concentrated nutrient feed were supplemented continuously at 2.73% (v/v) per day and of 

initial culture start volume. Targeted trace element modulation was performed using specific 

metal concentrations in cultivation media and continuous feed (Table 11-13) and by splitting 

of the culture during inoculation train (phase n-2 and n-1) and transfer to production scale 

(phase n). Respective concentrations of iron, zinc, copper and manganese were calculated 

on the basis of specific cell and cultivation system consumption rates (Figure 13 and 14) and 

considering volume balancing during splitting and cultivation (e.g. supplementation of 

correction agents such as glucose stock, antifoam, base). Actual concentrations of iron, 

zinc, copper and manganese can be measured by ICP-MS (Agilent, Boblingen, Germany). 

The test cases were designed either to support cell growth during cell culture expansion, 

initial biomass generation in fed-batch and protein galactosylation in production phase during 

fed-batch (day 6-14) or to support cell growth during cell culture expansion, initial biomass 

generation in fed-batch and protein non-fucosylation in production phase during fed-batch 

(day 6-14) or to interfere with cell growth during ceil culture expansion, initial biomass 

generation in fed-batch and to support protein non-fucosylation in production phase during 

fed-batch (day 6-14) (Figure 12A). 
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Table 11 : Target theoretical trace element concentrations at start of each cultivation 

phase for modulation of cell growth and mAb glycosylation - "Growth/Growth" (GG). 

Concentrations of copper, manganese, iron, and zinc used in bioreactor verification 

experiment 2, see set up in Figure 12A. 

n-2 Phase n-1 Phase n Phase 

Component in Medium: [MM] [MM] [MM] 

Cu2+ 

Fe27Fe3+ 

Mnz+ 

Zn2+ 

1.000 
50.000 
1.000 
43,000 

1.000 
50.000 
1.000 
43.000 

0,550 

40.000 

1.000 

43.000 

Component in Feed: 

Cu2+ 

Fe2+/Fe3* 

Mn2+ 

Znz+ 

na 

na 

na 

na 

na 

na 

na 
73.000 

na 

na 

na 

na 

(naT not applicable) 
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Table 12 : Target theoretical trace element concentrations at start of each cultivation 

phase for modulation of cell growth and mAb glycosylation — "Growth/non-

fucosylation" (GA). Concentrations of copper, manganese, iron, and zinc used in 

bioreactor verification experiment 2, see set up in Figure 12A. 

n-2 Phase n-1 Phase n Phase 

Component in [pM] [pM] [pM] 

medium: 

Cu2* 1.000 1.000 1.000 

Fe2*/Fe3+ 50.000 50.000 50.000 

Rfln2+ 0.110 0.110 0.110 

Zn2+ 12.000 12.000 12.000 

Component in Feed: 

Cu2+ na na na 

Fe^/Fe3* na na na 

Mn2+ na na na 

Zn2+ na na na 

(na, not applicable) 
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Table 13 : Target theoretical trace element concentrations at start of each cultivation 

phase for modulation of cell growth and mAb glycosylation - "Non-fucosylation/Non-

fucyosylation" (AA). Concentrations of copper, manganese, iron, and zinc used in 

bioreactor verification experiment 2, see set up in Figure 12A. 

n-2 Phase n-1 Phase n Phase 

Component in [pM] [pM] [\M] 

Medium: 

Cu2+ 0.330 0.330 0.330 

Fe2+/Fe3+ 18.000 18.000 18.000 

Mn2* 0.075 0.075 0.075 

Zn2+ 14.000 14.000 14.000 

Component in Feed: 

Cu2+ na na na 

Fe2+/Fe3+ na na na 

Mn2+ na na na 

Zn2+ na na na 

(na, not applicable) 

As intended, test case "AA" clearly interferes with cell growth during inoculation train and 

production phase as shown by viable cell density and cell time integral in phase n (Figure 12 

C-D). On the other hand, no difference in biomass generation was observed for test cases 

"GG" and "GA" during cell culture expansion and ceil growth phase in fed-batch. The effects 

on mAb maturation were analysed by glycan abundance measurement, For mature and 

immature mAb glycosylation species, G1 and G2 or Man6, Man5 and GO-GlcNAc were 

pooled. As intended, test case "GG" favours formation of mature glycan species (1.4-7 fold 

increase compared to "AA" and "GA") (Figure 12E) and test cases "GA" and "AA" support 

immature glycan formation (2-3 fold increase compared to "GG") (Figure 12F). 

In summary, the procedure described allows the modulation of glycoproteins, and in 

particular mAb glycosylation maturation, by targeted trace element balancing using a 

biotechnological production process. By switching from "Biomass" to "Glycosylation" 
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conditions using modulation strategies for zinc, copper, iron and manganese concentration 

and ratio the method fulfils the requirements for an economical high titre process. 
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CLAIMS 
1. A method for production of a recombinant glycoprotein under fermentation culture 
conditions in a eukaryotic cell, the method comprising adjusting the concentrations of each 

of iron, copper, zinc and manganese in the culture medium during the culture to affect 

biomass generation and/or N-glycan maturity in the eixpressed glycoprotein wherein the 
adjustment is: 

- increasing the concentration of each of Iron, copper, zinc and manganese in orderto 

increase biomass; and/or 
- increasing the concentration of each of zinc and manganese and, optionally, 

decreasing the concentration of each of iron and copper to increase maturity in the 

expressed glycoprotein; or 
- decreasing the concentration of each Of iron, copper, zinc and manganese or 

increasing the concentration of each of copper and iron and decreasing the 

concentration of each of zinc and manganese to increase production of immature 

non-fucosylated glycoproteins. 

2. The method of claim 1 wherein the expressed glycoprotein is a mature N-
glycosylated glycoprotein, a mature non-fucosylated glycoprotein or an immature rion-

fucosylated glycoprotein. 

3. The method of claim 1 wherein the carbohydrate portion of the expressed 

glycoprotein has a GO, G1 or G2 structure. 

4. The method according to claim 1 wherein to increase biomass concentration the 

concentrations are adjusted to: 
(a) iron - from 15 pM to more than 80 JJM; 
(b) copper - from 0.3 pM to more than 2.5 [JM; 

(c) zinc - from 20 pM to more than 50 pM; and 
(d) manganese - from 0.01 pM to more than 3 (JM. 

5. The method according to claim 1 wherein to increase maturity in the expressed 
glycoprotein the concentrations are adjusted to: 

(a) iron - from 0 JJM to 25 pM; 
(b) copper - from 0 pM to 0.1 pM; 

(c) zinc - from 20 pM to more than 50 pM; and 

(d) manganese - from 0.01 pM to more than 3 pM. 
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6. The method according to claim 1 wherein to increase maturity in the expressed 
glycoprotein the concentrations are adjusted to: 

(a) zinc - from .20 pM to more than 50 pM; and 

(b) manganese - from 0.01 pM to more than 3 pM. 

7. The method according to claim 1 wherein to increase production of immature non-
fucosylated glycoproteins the concentrations are adjusted to either: 

(i) 
(a) iron - from 0 pM.to 35 |jM; 

(b) copper - from 0 pM to 1 [JM; 

(c) zinc - from 0 pM to 20 JJM; and 
(d) manganese - from 0 pM to 0.01 |JM; or 

(ii) 
(a) iron - from 1.5 pM to more than 80 pM; 

(b) copper-from 0.3 pM to more than 2.5 pM; 

(c) zinc - from 0 pM to 20 pM; and 

(d) manganese - from 0 pM to 0.01 pM. 

8. The method according to any one of claims 1 to 7 wherein the. glycoprotein is 

exogenous or endogenous to the eukaryotic cell, optionally wherein the glycoprotein is a 
structural glycoprotein, hormone, antibody or enzyme. 

9. The method according to claim 8 wherein the glycoprotein is an antibody, optionally 

wherein the antibody is a therapeutic or diagnostic antibody, optionally a chimeric, 
humanized or human antibody. 

10. The method according to any one of claims 1 to 9 wherein, the eukaryotic cell is a 
mammalian ceill, a yeast cell or an insect cell. 

11. The method according to any one of claims 1 to 9 wherein the concentrations of iron, 
copper, zinc and manganese are adjusted during the growth and/or production culture 

phases. 

12. The method according to any one of claims 1 to 11 wherein an increase in the 
concentration of any or al! of iron, copper, zinc and manganese in the culture medium is 
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achieved by supplementing the medium in which the celts are cultured and/or by splitting the 
cells into a fresh medium supplemented with any or all of iron, copper, zinc and manganese. 

13. The method according to any one of claims 1 to 11 wherein a decrease in the 

bidavailable concentration of any or all of iron, copper,, zinc and manganese in the culture 

medium is achieved by complexing the iron, copper, zinc and manganese with a chelator 

and/or by seeding the cells into a fresh medium containing a reduced concentration of any or 
all of iron, copper, zinc and manganese compared to the medium of the immediately 
preceding culture phase. 

14. The method according to any of claims 1 to 13 in which the concentrations of each of 
iron, copper, zinc and manganese in the culture medium are adjusted during the culture first 

to favour biomass generation and then to increase maturity in expressed N-glycoproteins, or 
to increase production of immature non-fucosylatsd glycoproteins. 
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