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Abstract
Four independent mAb-producing CHO cell lines were grown in media supplemented with one of seven protein hydrolysates of
animal and plant origin. This generated a 7x4 matrix of replicate cultures which was analysed for viable cell density and mAb
productivity. In all cultures, a consistent growth rate was shown in batch culture up to 4 to 5 days. Differences between cultures
appeared in the decline phase which was followed up to 7 days beyond the start of the cultures. There was a marginal but
significant overall increase (x1.1) in the integral viable cell density (IVCD) in the presence of hydrolysate but a more substantial
increase in the cell-specific mAb (qMab) productivity (x1.5). There were individual differences between hydrolysates in terms of
enhancement of mAb productivity, the highest being a 166% increase of mAb titre (to 117 mg/L) in batch cultures of CHO-EG2
supplemented with UPcotton hydrolysate. The effect of one of the most active hydrolysates (HP7504) on antibody glycosylation
was investigated. This showed no change in the predominant seven glycans produced but a significant increase in the
galactosylation and sialylation of some but not all the antibodies. Overall, the animal hydrolysate, Primatone and two cotton-
derived hydrolysates provided the most substantial benefit for enhanced productivity. The cotton-based hydrolysates can be
viewed as valuable supplements for animal-derived component-free (ADCF) media and as a source for the investigation of
chemically defined bioactive components.

Key points
• Protein hydrolysates enhanced both IVCD & qMab; the effect on qMab being consistently greater.
• Cotton-based hydrolysates showed high bioactivity and potential for use in serum-free media.
• Enhanced galactosylation and sialylation was shown for some of the Mabs tested.

Keywords Protein hydrolysates . Monoclonal antibodies . Glycosylation . CHO cells . Serum-free media

Introduction

The rapid expansion of the biopharmaceutical market pro-
vides a fruitful avenue for the fast-track drug development
and wide expansion of manufacturing of recombinant
proteins-based therapies (Lingg et al. 2012). Chinese ovary

hamster (CHO) cells have been the workhorse of producer cell
lines that show unprecedented ability to express a diverse
range of therapeutic proteins with a high production efficiency
and great volumetric productivity. The huge clinical demands
for such therapeutic products and the expansion of the global
markets necessitate building up a solid production platform
that can enhance the productivity while curtailing the cost of
manufacturing (O’Flaherty et al. 2020).

While the selection of a high producing host cell clone is
the main step in increasing the volumetric cell yield and
minimising the cost of production (Jiang et al. 2019), the de-
velopment of cell culture medium is an integral step in
bioproduction. It plays a crucial role not only in supporting
the growth and productivity of cells in a cost effective manner,
but also in minimising batch to batch variation during produc-
tion (Yao and Asayama 2017).
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One of the most important developments in designing cul-
ture media has been the replacement of foetal bovine serum
(FBS) by non-animal-derived components that have compa-
rable growth promoting effects. There are distinct advantages
of using FBS as a sole component to add to basal media to,
provide essential components including amino acids, lipids,
vitamins, hormones and growth factors that can boost cells
growth and productivity (Gstraunthaler et al. 2013).
However, due to the presence of ill-defined components in
serum, batch-to batch variation and the potential presence of
microbial contamination, the use of serum has been largely
disbanded in the commercial production of therapeutics
(Dimasi 2011; Urbano and Urbano 2007; Doucet et al.
2005). Although serum-supplemented media can support the
growth of a range of cell lines, serum-free formulations are
usually specific for certain cell types (Butler 2015).

Various types of serum free media (SFM) have been devel-
oped to overcome the drawbacks of serum-containing media
(Butler 2013). These include animal component-free media,
protein-free media and chemically defined media (Griffiths et
al. 2013). Although CD media entirely free from non-animal
sources are ideal for consistency and reducing the contamina-
tion risk, their performance is often compromised. Growth
factors and plant-based hydrolysates are sometimes required
to allow efficient cell growth and recombinant protein produc-
tion (Bauman et al. 2018; Usta et al. 2014; Ritacco et al. 2018;
Butler 2013).

Protein hydrolysates are derived from the controlled acidic
or enzymatic breakdown of raw material from plants, micro-
organisms or animals. This results in complex mixtures of
nutrients and growth factors that are produced by protein
sources through partial acidic or enzymatic hydrolysis. Some
of the hydrolysates have been developed in the food industry
as flavour enhancers prepared by acid hydrolysis
(Nagodawithana et al. 2008). Generally, hydrolysates offer
an inexpensive and naturally-occurring source of nutrients
including peptides, carbohydrates, nucleotides, lipid, trace
metals, vitamins and minerals. Several reports show the im-
portance of hydrolysates to provide extra nutritional supports
for the promotion of cell growth and mAb yield. In addition,
such media supplements influence the mAb glycosylation
qualitatively and quantitatively, which ultimately affects the
IgG therapeutic effect (O’Flaherty et al. 2020). Bioactive pep-
tides embedded in the sequence of proteins may be released as
active components, although other small molecules contained
in these hydrolysates may provide significant activity
(Spearman et al. 2016). However, the composition of hydro-
lysates can vary from batch to batch (Ganglberger et al. 2007;
Park et al. 2010). Such variation can not only alter cell pro-
ductivity, but also can alter product composition, such as the
IgG glycosylation, which can affect the therapeutic responses
(Landauer 2014).

Protein hydrolysates have been known for some time to
support mammalian cell growth and productivity. The ma-
jor sources of hydrolysates include meat, milk, soy, cotton-
seed, rice, wheat, chickpea, corn and algae (Galanakis
2019; Chalamaiah et al. 2018; Bhat et al. 2015; Hou et
al. 2017). One of the original protein hydrolysates used
in mammalian cell culture was A tryptic meat digest
(Primatone) which was shown in several studies to im-
prove the culture of a variety of murine cells including a
two-fold increase in cell density and antibody production
by enhancing cell growth while inhibiting cell death
(Schlaeger 1996; Bonarius et al. 1996). Primatone contains
a complex mixture of short and long peptides, carbohy-
drates, metals, lipids and vitamins into which cells can
adapt easily from serum-supplemented basal media
(Schlaeger 1996; Spearman et al. 2014). However, the po-
tential risk of animal-sourced material introducing adven-
titious contaminants such as viruses and prions into thera-
peutic products has prevented the wide-spread use of
Primatone in large-scale bioprocesses (Burteau et al.
2003; Butler 2004; Gu et al. 1997; Butler 2013; Jayme
and Smith 2000)

This has led to the development of several plant- and
microbial-derived hydrolysates. Yeast hydrolysates have
been widely used to stimulate the growth of mammalian
and insect cells in serum-free media (Jagschies et al. 2018;
Spearman et al. 2016). Soy hydrolysate is a good example
of a low-cost plant-sourced material to supplement media
in large-scale bioprocesses. This was introduced to the
market in 2006 as a potential supplement for mammalian
cell bioprocesses and produced by a controlled series of
enzymatic steps shown to be effective in reducing batch
variability(Siemensma et al. 2010). There are now a series
of plant-derived hydrolysates available as supplements in
serum-free media of mammalian cells. These include soy,
wheat, pea, rice and cotton, many of which have shown
bioactivity in enhancing the growth or productivity of spe-
cific animal cells (Ballez et al. 2004; Heidemann et al.
2000; Burteau et al. 2003; Girón-Calle et al. 2008; Kim
and Lee 2009; Sung et al. 2004), This includes the widely
used NSO and Chinese hamster ovary (CHO) cells (Butler
and Meneses-Acosta 2012).

In the present study, we assess and compare the impact of
seven different hydrolysates on three constitutive and one in-
ducible antibody-producing CHO cell lines. We analyse the
effect of these hydrolysates on the integral viable cell density
in batch cultures over 7 to 9 days as well as the overall anti-
body titre. Finally, we assess the effect of one hydrolysate on
the IgG glycosylation. Statistical analysis of this data allowed
us to distinguish the independent effects of the hydrolysates
on cell growth and cell-specific antibody production. This
allows us to identify different types of bioactivity from these
hydrolysates.
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Materials and methods

Cell lines

Four different CHO cell lines that produce monoclonal anti-
body (mAb) were employed in this study.

(a) iCHO-RTX was kindly provided by Yves Durocher
(National Research Council of Canada). This cell line
was developed with the glutamine synthetase (GS-) se-
lection system for rituximab production (Poulain et al.
2017). The cells require cumate to induce gene expres-
sion to produce antibody (Mullick et al. 2006).

(b) CHO-S-RTX was kindly provided by the Technical
University of Denmark. This cell line was generated by
transfecting of CHO-S cells with a rituximab plasmid
(Pristovšek et al. 2018).

(c) CHO EG2 1A7 was kindly provided by the National
Research Council of Canada. It was originally derived
from the CHODXB11 cell line (Agrawal et al. 2012) that
produces EG2-hFc (Bell et al. 2010). TheMab product is
a chimeric heavy chain antibody EG2-hFc constructed
by fusing a camelid heavy chain antibody or single do-
main antibody to the Fc portion of a human mAb (Zhang
et al. 2009).

(d) CHO-Kerry was kindly provided by the Kerry group.
These cells are Mab-producing and derived from CHO-
DG44 with the dihydrofolate reductase (DHFR-) system.

Culture media

All cell lines were maintained in 125-ml conical shake flasks
(Thermo Fisher Scientific, Grand Island, NY, USA) at a shak-
ing speed of 120 rpm using Biogro-CHO serum-free chemi-
cally defined medium (Biogro Technologies, Waverley St,
Winnipeg, MB, Canada) except CHO-Kerry which was main-
tained and cultured in Kerry CD serum-free chemically de-
fined medium (Kerry, Millington Rd, Beloit, WI, USA). The
cells were passaged every 3-4 days by diluting the culture to
0.3 × 106 cells/ml. Culture media were supplemented with 8
mM glutamine (Gln) (Sigma Aldrich, St. Louis, MO, USA),
0.2% commercial anti-clumping agent (A/C) (Irvin,
Newtownmountkennedy, Co. Wicklow, Ireland).

Cultures of the inducible iCHO-RTX cell line were supple-
mented with 50μML-methionine sulfoximine (MSX) (Sigma
Aldrich, St. Louis, MO, USA) to maintain selective pressure.
Cumate (4-isopropyl benzoic acid; Ark Pharm, Arlington
Heights, USA) was added at the onset of culture at a final
concentration of 2 μg/ml in experimental cultures to produce
mAb.

Cultures of CHO-Kerry cells were supplemented with
methotrexate (Sigma Aldrich, St. Louis, MO, USA) at a final

concentration of 25 nM to maintain selective pressure.
Hypoxanthine (HX) and thymidine (TH) (Sigma Aldrich, St.
Louis, MO, USA) were added at final concentrations of 10
mg/L each to these cells during culture experiments.

The osmolality of all media was checked using the auto-
matic cryoscopic Osmomat 030 and following the manufac-
turer instructions

Hydrolysates

A range of commercial hydrolysates were provided by the
Kerry group (Millington Rd, Beloit, WI, USA) (Table S1) as
follows: Hypep1510 (soy-derived), Hypep7504 (cotton-
derived) Hypep1512 (soy-derived), Hypep4601n (wheat-de-
rived), Ultrapep Cotton (cotton-derived), Hypep5603n (rice-
derived) and Primatone P37 (animal/meat-derived).
Following preliminary experiments to determine the optimal
hydrolysate concentration for cell growth, each hydrolysate
was supplemented to experimental cultures at 5 g/L from
stock solutions of 20 g/L made up in the corresponding me-
dium. The hydrolysate stock solutions were filtered and
sterilised using 0.2-μM filter (Thermo Fisher Scientific,
Grand Island, NY, USA).

Experimental cultures supplemented with the
hydrolysates

Cells were seeded at inoculation density of 0.4 × 106 cells/ml
in 50-ml cell culture tubes (Greiner CELLSTAR, Cruinn,
Cherry Orchard, Dublin, Ireland) containing 6 ml of culture
media alone or with added 5 g/l of the indicated hydrolysates
in duplicates. The tubes were incubated at 5% CO2 incubator
at a shaking speed of 250 rpm. Viable cell density was deter-
mined at daily intervals from cell suspension samples (11 μl)
mixed with trypan blue reagent (1:1 v/v) (Sigma Aldrich, St.
Louis, MO, USA) with a Luna II automated cell counter
(Dongan-gu Anyang-si, Gyeonggi-do 14055, South Korea)
and evaluated by a standard method (Patterson Jr 1979).

Metabolite analysis

Media substrates and metabolic by-products including mAb,
lactate, glutamine, glutamate, ammonia and lactate were mea-
sured using the bioprocess analyser CEDEX Bio (Roche,
Mannheim, Germany) following the manufacturer’s instruc-
tions after centrifugation of the sample for 5 min at 10,000
rpm. Total mAb were measured at days 4, 5, 6 and 7, which
represented the period from the beginning of the stationary
phase until the end of the culture for the cell lines (iCHO-
RTX, CHO-S-RTX and CHO-EG2). For CHO-Kerry, sam-
ples were measured at days 4 and 5 (beginning of stationary
phase) and days 8 and 9 (the end of the culture)
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Specific rate of production

Cell-specific productivity (qMab) values were determined
from the linear gradients of plots of product concentration
against integral of viable cell density time (IVCD) from time
zero (Renard et al. 1988; Rodriguez et al. 2005). These values
as well as specific growth rate μ and doubling times Td were
determined as previously shown (Chusainow et al. 2009;
Chida et al. 2013).

Glycan analysis

The glycans of IgGs produced by the cells in the control and
hydrolysate HP7504-supplemented media were characterised
to assess the influence of the hydrolysate on glycosylation
pattern. The IgG samples were collected on day 5 of culture
growth.

To characterise the glycan profile, 50 μg of each IgG was
loaded on a protein A HP SpinTrap™ column (Cytiva,
Freiburg, Germany) with phosphate buffer saline (PBS) pH
7.4 and incubated at room temperature for 15 min on a
thermomixer (Eppendorf, Hamburg, Germany). The columns
were centrifuged to remove the buffer and washed three times
with PBS. Fresh PBS buffer was loaded onto the columns, a
volume of 2 μL PNGase F glycerol free, recombinant (New
England Biolabs, Ipswich, MA, USA) was loaded and the col-
umns were incubated for 24 h at 37 °C on a thermomixer at 600
rpm. The released glycans were collected, filtered using a 10 K
centrifugal filter (EMD Millipore Corporation, Billerica, MA,
U.S.A.) dried and then labelled with 5uL of procainamide la-
belling solution (40 mg of procainamide, 25 mg of NaBH3CN,
280μl DMSO, 120μl acetic acid and 100μl water) at 65 °C for
1 h. The labelled samples were further purifiedwith 6 × 1mL of
acetonitrile using a HyperSep Diol™ 50 mg/1 mL 96-
Removable Well Plate (Thermo Fischer Scientific) to remove
the excess of procainamide. The cleaned labelled glycans were
eluted with 1 mL of water and dried.

In sequence the glycans were analysed using a Waters
ACQUITY I-class Bio UPLC system (Waters Corporation,
Milford, MA, USA) consisting of a bi-quaternary solvent
manager, a sample manager, set to 5 °C, a column manager,
operating at 40 °C, and a fluorescence (FLR) detector (310 nm
excitation wavelength, 370 nm emission wavelength). The
glycans were resuspended in 30:70 μL of water/acetonitrile
and 1 μL injected for analysis in a Waters ACQUITY UPLC
using a Glycan BEH Amide column (2.1 × 150 mm, packed
with 1.7 um particle size, 130 Å pore size) (Waters
Corporation, Milford, MA, USA). Mobile phase A was 50
mM ammonium formate solution (pH 4.4) and Mobile phase
B was acetonitrile (ACN). Analyte separation was accom-
plished by gradient elution using a gradient running from
70%-53% (v/v) Mobile phase B over 25 min at a flow rate
of 0.5 mL/min.

Procainamide labelled standard (Ludger, Oxfordshire, UK)
was used as a standard to assign the GU values for sample
peaks. The standard was reconstituted in 300 μL of water,
followed by a second dilution of 1:5 in water. Six microlitres
of this solution were diluted in 14 μL of ACN and 10 μL were
injected for UPLC analysis.

Data was analysed using Empower 3 software. Glycostore
database was used to correlate the sample GU values with
corresponding glycan structures in the database (www.
glycostore.org).

The galactosylation index (GI) was calculated as the num-
ber of galactose residues on glycan structures: G0—no galac-
tose, G1—one galactose and G2—2 galactose residues.

GI ¼ G1*0:5ð Þ þ G2
G0þ G1þ G2

& The sialylation Index was calculated by including all
the sialic acid molecules on the glycan structure. S0—
no sialic acid, S1—one sialic acid and S2—2 sialic acid
residues:

SI¼ S1*0:5þS2ð Þ
S0þS1þS2

Statistical analysis

Statistical analysis was performed using Graphpad Prism 5.0
(Obaidi et al. 2018). Data were analysed using paired t-test to
compare the overall effect of each individual hydrolysate and
control. One-way analysis of variance (Fujisawa et al. 2014)
was also employed to compare control and hydrolysate-
treated groups using the Dunnett multiple comparison post-
test. Results were expressed as the mean ± standard error
(SEM) of three independent experiments. A probability of
0.05 or less was considered statistically significant.

Results

The impact of the hydrolysates on CHO cells’ growth
profile

The impact of seven hydrolysates on the growth of four dif-
ferent CHO cell lines was evaluated (Fig. 1). The cells were
seeded into 4 different media formulations supplemented with
each of the 7 hydrolysates (5 g/L). The cultures were moni-
tored daily for cell density and viability through growth, sta-
tionary and decline phases until the population viability de-
creased to around 30-50% which occurred after 7 to 9 days.
There was no evidence of a significant lag phase in any of the
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cultures and exponential growth proceeded at a mean specific
growth rate of 0.032 ± 0.003 day−1 that corresponds to a
doubling time of 22 h. There was no significant difference in
the maximum specific growth rate measured between any of
the cultures as determined by paired t-test except for the CHO-
S-RTX cells with HP4601n, where wemeasured a slightly but
significantly (p < 0.05) higher doubling time compared with
control and HP7504-supplemented culture (Table S2).

For 3 of the 4 cell lines, a plateau of cell density was
reached after ~ 4 days with the CHO-Kerry cells continuing
growth until day 7. The peak of VCD varied between cell lines
from 2.2 × 106 cells/ml to 8.0 × 106 cells/ml, the higher value
occurring with the CHO-Kerry cell line because of the longer
growth phase up to day 7. After the maximum VCD, the cells
entered a decline phase the steepness of which was highly
dependent upon the hydrolysate supplement. The viability of
the cell populations was > 98% prior to the decline phase in all
cultures. The bioactivity of the supplemented hydrolysates
appeared in their ability firstly to allow continued cell growth
to a higher VCD and secondly to reduce the rate of the decline
phase. Either of these activities would lead to a higher overall
integrated viable cell density (IVCD) which is a measure of
the sustainability of VCD and viability over the period of
culture. The growth profiles show a decline in viability and
total viable cell density after 4 days in all cases but at different
rates that were reflected in the overall measured IVCD (Fig. 1
and Fig. S1).

The CHO-Kerry culture showed the highest enhanced
VCD of 8.5 × 106 cells/ml which was produced in the pres-
ence of HP1510. This compared with peak VCDs 4.7 × 106,
4.1 × 106 and 3.7 × 106 cells/ml for the iCHO-RTX, CHO-S-
RTX and CHO-EG2 cell lines respectively in the presence of
HP7504 or Primatone which substantially enhanced values
compared with controls.

Although there were clear differences in the effects of spe-
cific hydrolysates on the growth profiles between cell lines
there was an enhancement of IVCD in almost all cases ( Fig.
S1). Primatone showed the highest activity overall in increas-
ing the maximum VCD and IVCD of iCHO-RTX, CHO-S-
RTX and CHO-EG2 cells (Table 1). Primatone and HP1512
hydrolysates enhanced IVCD of the EG2 cells by × 1.6 and ×
1.4 respectively. On the other hand, the wheat HP4601n and
rice H5603 hydrolysates seemed to be the least beneficial
hydrolysates with IVCD values not significantly different
from control in most cases or just marginally higher in the
EG2 cultures (Table 1).

The impact of the hydrolysates on total mAb titre

The hydrolysates enhanced mAb titre significantly in all cell
lines (p < 0.001) except for UP cotton and HP7504 on iCHO-
RTX. The most substantial increase inMab productivity over-
all was for UPcotton hydrolysate that increased the EG2

antibody from CHO-EG2 cells to 117 mg/L from 44 mg/L.
Primatone increased the Mab of CHO-Kerry to 661 mg/L
from 378 mg/L. Rituximab concentrations were enhanced by
Primatone and HP5603n to 145 mg/L and 56 mg/L from low-
er levels (58 and 37 mg/L) in CHO-S-RTX and iCHO-RTX
cells respectively (Fig. 2).

The positive effects of the hydrolysates for enhancement of
antibody titres were ranked differently for each cell line tested
but an overall ranking was as follows: Primatone (meat-
derived) > (cotton-derived) HP7504/UPcotton > (soy-derived)
HP1510/HP1512 > (rice-derived) HP5603n > (wheat-derived)
HP4601n. The ranking indicated Primatone to have the highest
bioactivity and HP4601n the lowest (Table 3).

Effects of hydrolysates on IVCD and qMab

Tables 1, 2 and 3 outline the effect of hydrolysates on CHO
cells on the growth and productivity parameters, IVCD, mAb
and qMab as the fold increase of each culture compared with
the corresponding control culture without a hydrolysate sup-
plement. The qMab is a measure of the intrinsic cell-specific
productivity of the viable cells that is dependent upon the
metabolic activity in each cell to synthesise an antibody and
can also be stimulated by the supplemented hydrolysates (Fig.
S2). Both IVCD and qMab may be modulated independently
but the final Mab titre is the product of these two parameters
([Mab] = qMab*IVCD).

The hydrolysates increased both qMab and IVCD (Table 1
and 2) with just two exceptions. The UPcotton and HP7504
hydrolysates inhibited both qMab and IVCD of the iCHO-
RTX system which accounted for a reduction of Mab titre
by nearly 50%. HP5603n enhanced qMab (× 1.5) of CHO-
S-RTX cells but had no significant effect on IVCD. On the
other hand, HP1512 enhanced the IVCD of CHO-EG2 cells
by × 1.4 but had no effect on qMab. Nevertheless, apart from
the negative effect of UPcotton and HP7504 hydrolysates, in
all other cases, the hydrolysates had a positive effect on the
specific and total Mab produced (Table 3).

To investigate these parameters further we performed a
statistical analysis of the overall data using the 28 values of
the 7 × 4 matrix of hydrolysates and cell lines. This showed
that the qMab was enhanced by a mean of × 1.45 ± 0.07
compared with the matched controls, whereas the IVCD was
enhanced by × 1.09 ± 0.04. This difference is statistically
significant (p<0.0001) and indicates that overall protein hy-
drolysates have a greater effect on the enhancement of qMab
compared with IVCD.

Metabolic analysis of the CHO-S-RTX cells in the
presence of hydrolysates

The utilisation rates of the major energy substrates (glucose
and glutamine) were analysed along with the corresponding
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production rates of the metabolic by-products (lactate and am-
monia) for the CHO-S-RTX cells in the presence of each
hydrolysate (Table 4). The growth phase data (days 0–4)
shows typical glucose uptake rates within a narrow range of
5.4 to 6.2 pmol/cell/day, but there were some significant
differences.

The glucose utilisation and lactate production rates were sig-
nificantly different between the control and HP7504-containing
cultures, which was also reflected by a lower metabolic coeffi-
cient (lac/glu) (p < 0.01) that is indicative of a more oxidative
metabolism in the presence of the hydrolysate. Similar signifi-
cant reductions in metabolic coefficients were shown in
Primatone and HP1512 containing cultures (p < 0.05).

During the decline phase (days 5–7) the glutamine was
completely consumed and there was evidence of a switch
from lactate production to consumption. The glucose con-
sumption rate was variable between cultures, ranging from
1.5 to 6.0 pmol/cell/day, probably reflecting the different met-
abolic states of the cells at maximum VCD. While Primatone
and cotton-derived and soy-derived hydrolysates reduced the
cell-specific glucose consumption rate significantly during the
growth phase, they increased the consumption rate during the
decline phase.

Lactate metabolism was altered during the shift in the
growth phase of CHO-S-RTX to the decline phase, with a
decrease of qLac from 8.2 to 0.8 pmol/cell/day in the control.
Reduced lactate production or consumption rates (as shown

by negative values) were also shown by the hydrolysate-
supplemented cultures in the decline phase (Table 4). The
mean calculated lactate/glucose metabolic coefficient was
1.27, which is within the range of values commonly docu-
mented in other publications (Mulukutla et al. 2012).

The control cultures showed a glutamine utilisation rate of
0.78 pmol/cell per day from time zero to almost complete de-
pletion at day 4 with no significant difference in the profiles
between cultures. Similar values of qGln were shown for
hydrolysate-supplemented cultures except for Primatone, which
showed a significantly lower rate (p < 0.05). However, this was
not reflected in the metabolic coefficient (NH3/Gln), which for
Primatone increased to a value higher than the control.

The ammonia production rate for the control cultures was
1.7 pmol/cell per day up to day 4 followed by a reduced rate
up to day 7. Four of the hydrolysate supplemented cultures
showed significantly higher qNH3 and NH3/gln values com-
pared with the control. The most significant increases were
observed in HP4601n, UPcotton, HP5603n and Primatone
containing media (p<0.05). Glutamine was totally consumed
by the cells at day 4, although ammonia production continued
in the decline phase up to day 7. There were differences in the
rate of ammonia production at this phase that could be
accounted for by variable cell lysis.

The significantly higher levels of ammonia found in the
HP4601n-supplemented culture prompted an examination of
the ammonia levels in the hydrolysates. Table 5 shows the
initial and final ammonia/ ammonium concentrations in the
various cultures. This analysis showed significant differences
in the ammonia content in the hydrolysates themselves. The
highest initial level of ammonia in the hydrolysates was in
HP4601n at 3.08 mM whereas the lowest level was in
HP7504 (0.36 mM). The higher initial concentration in the
HP4601n-supplemented culture was reflected in the final am-
monia concentration of 12.57 mM, a level that could be inhib-
itory to cell growth (Doyle and Butler 1990). It was noted that
this concentration was also attained in the UPcotton-

�Fig. 1 Effects of the hydrolysates on CHO cell growth. CHO cells (a
iCHO-RTX, b CHO-S-RTX, cCHO-EG2 and d CHO-Kerry) were seed-
ed at a density of 0.4 × 106 cells/ml in Biogro medium (a–c) or Kerry CD
medium (d) with added 5 g/L hydrolysate as indicated. Cultures were
continued for 7–9 days until the viability reduced to ~ 30%. Samples
(11 μl) were taken at daily intervals to determine viable cell density and
viability. Data are presented as mean ± SEM of three independent exper-
iments, and analysed using paired t-test; *, **, ***Statistically significant
differences relative to the untreated control at p < 0.05, 0.01 and 0.001
respectively

Table 1 The effect of hydrolysate
supplements on the normalised
integrated viable cell density
(IVCD) over the period of
growth. Relative IVCD is
expressed as a mean ± SEM rela-
tive to the non-supplemented
control. n = 3 independent cul-
tures. The mean IVCD values of
the controls for each culture are
also shown as 106 cell days over
the total culture time period

Hydrolysate
supplement

iCHO-RTX CHO-S-RTX CHO-EG2 CHO-Kerry

Primatone 1.02 ± 0.03** 1.21 ± 0.04*** 1.59 ± 0.09*** 1.02 ± 0.06

HP1510 1.02 ± 0.02 1.09 ± 0.02 1.39 ± 0.04*** 1.17 ± 0.07***

HP7504 0.74 ± 0.03*** 1.18 ± 0.03** 1.19 ± 0.07 1.10 ± 0.07*

HP1512 1.04 ± 0.01*** 1.14 ± 0.07* 1.43 ± 0.08*** 1.11 ± 0.06**

HP4601n 0.92 ± 0.02*** 1.01 ± 0.04 1.13 ± 0.08 1.08 ± 0.04

UPcotton 0.70 ± 0.04*** 1.14 ± 0.05* 1.13 ± 0.10 0.91 ± 0.02*

HP5603n 0.91 ± 0.04*** 1.00 ± 0.02 1.14 ± 0.02 1.07 ± 0.04

Control (× 1) 10.15 × 106 cell days 6.18 × 106 cell days 8.32 × 106 cell days 16.05 × 106 cell days

Probability of significant difference relative to the untreated control is indicated as *p < 0.05, **p < 0.01 and ***p
< 0.001
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supplemented cultures even though the initial concentration of
ammonia in this hydrolysate was lower

To address the question whether the concentration of am-
monia in the hydrolysates was the key factor in determining

bioactivity, an experiment was set up to spike the high-
performing HP7504-supplemented culture with ammonia at
the same concentration as determined in HP4601n, which
had the highest starting ammonia concentration. Ammonium
sulphate was added to the HP7504-supplemented culture to
increase the ammonia to 3 mM which was the initial concen-
tration in the HP4601n-supplemented culture. No change in
pH and osmolality was observed following this addition. The
resulting growth curves are shown in Fig. 3. This shows that
the growth of cells up to day 6 in the HP7504 culture was not
affected appreciably by the extra ammonia, although the de-
cline phase beyond day 6 occurred at a faster rate. The IgG
concentration determined in these cultures showed that there
was a significant decrease (~ 10%) in the maximum concen-
tration as a result of the presence of extra ammonia. However,
although adding ammonia to the HP7504 reduced IVCD and
total IgG significantly comparedwith HP7504 alone, it did not
reduce the bioactivity of the best performing hydrolysate
(HP7504) to the level of the least performing hydrolysate
(HP4601n).

The impact of the hydrolysate HP7504 on the IgGs
glycosylation

The hydrolysate HP7504 presented the most positive effect on
antibody titre for the cells CHO-S-RTX, CHO-EG2 and
CHO-Kerry. The hydrolysate supressed IgG production only
in the iCHO cells. To assess if the hydrolysate also influences
the IgG glycosylation, the glycans from the IgGs produced in
supplemented and control media were characterised and com-
pared (Fig. 4).

A comparison was made between the glycan profiles of
IgG produced in the presence of HP7504 hydrolysate and
control cultures for the four producer cells. The HP7504 was
chosen because it had the greatest impact on antibody titre in
these cells compared with the other hydrolysates.

Seven predominant glycan structures were found in the IgG
(Fig. 4). These included, FA2 (a fucosylated diantennary), M5
(pentamannosylated), FA2G1 and FA2G1′ (a monofucosylated
monogalactosylated with galactose linked to either of the gly-
can antenna), FA2G2 (fucosylated and digalactosylated),
FA2G2S1 (monosialylated) and FA2G2S2 (disialylated). The
percentage of each of these structures in relation to the total
glycan composition is shown in Table 6. There were differences

�Fig. 2 Effects of the hydrolysates on total mAb. Samples (300 μl) of cell
suspension were taken from the cultures described in Fig. 1, centrifuged
at 10,000 rpm for 5 min. The total mAb concentration in the resulting
supernatants was measured using the Cedex Bio-based turbidimetric im-
munoassay system at the indicated time points. Data were presented as
mean ± SEM of three independent experiments and analysed using paired
t-test. *, **, ***Statistically significant differences relative to the untreat-
ed control at p < 0.05, 0.01 and 0.001 respectively
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in the baseline profiles of these 4 antibodies, the most notable
being the high galactosylation and sialylation of the EG2 anti-
body as has been previously noted (Liu et al. 2014).

As seen in Table 6, the galactosylation and sialylation of
the IgGs increased significantly with hydrolysate supple-
mentation in 2 of the cells (CHO-S-RTX and CHO-EG2).
The galactosylation and sialylation indices (GI and SI)
were calculated as indicated in the “Materials and
methods” section. The GI value was particularly high for
the EG2 antibody and increased from 0.65 to 0.77 in the
presence of the hydrolysate. Similarly, high values of
sialylation were shown in this antibody with SI increasing
to 0.24 in the presence of hydrolysate. As would be ex-
pected in this case, the peak for FA2 glycan which is the
precursor of galactosylation and sialylation decreased with
the increase in galactosylated and sialylated species (Fig.
4a, b). On the other hand, the presence of the hydrolysate
decreased the galactosylated and sialylated species of IgGs
produced by iCHO cells (Fig. 4c). In the case of the CHO
Kerry IgGs, there was no apparent change in the measured
quantity of galactosylated or sialylated glycans. However,
in the presence of the hydrolysate, there was a decrease in
the amount of FA2 and an increase in the amount of M5
(Fig. 4d).

Discussion

The composition of serum-free media is a key factor in the
ability to produce biologicals such as monoclonal antibodies
with high productivity in a bioprocess (Butler 2015). The
nutrients and growth-promoting factors in media can support
cell growth to a high cell density and maintain cell viability
over a prolonged period. The gradual incremental improve-
ment of media composition over time has accounted for sig-
nificant productivity increases in commercial bioproduction
processes (Wurm 2004). A second and independent factor in
this productivity increase has been the isolation of cell clones
with high cell-specific productivity which is usually measured
as pg/cell/day. This is largely a function of appropriate genetic
engineering of the producer cells but can also be affected in
turn by the composition of the media.

Six of the hydrolysates studied in this paper are derived
from plants including cotton, soy, wheat and rice. They con-
tain a variety of small molecular weight components that are
bioactive. These may be peptides resulting from the controlled
enzymatic breakdown or other materials such as trace metals
or polyamines that have been identified in some hydrolysate
sources (Spearman et al. 2014; Spearman et al. 2016;
Schlaeger 1996). Batch to batch variability of the composition

Table 2 The effect of hydrolysate
supplements on the normalised
specific antibody production
(qMab) over the period of growth.
Relative qMab is expressed as a
mean ± SEM relative to the non-
supplemented control. n = 3 in-
dependent cultures. The mean
qMab values of the controls for
each culture are also shown as pg/
cell/day

Hydrolysate supplement iCHO-RTX CHO-S-RTX CHO-EG2 CHO-Kerry

Primatone 1.25 ± 0.16 1.97 ± 0.08*** 1.16 ± 0.10 1.72 ± 0.04**

HP1510 1.42 ± 0.04*** 1.54 ± 0.01*** 1.04 ± 0.05 1.30 ± 0.02*

HP7504 0.76 ± 0.11*** 1.64 ± 0.03*** 2.23 ± 0.30*** 1.53 ± 0.06*

HP1512 1.39 ± 0.06*** 1.63 ± 0.12*** 0.98 ± 0.08 1.30 ± 0.06*

HP4601n 1.34 ± 0.18 1.47 ± 0.10*** 1.18 ± 0.13 1.29 ± 0.08*

UPcotton 0.75 ± 0.13*** 1.89 ± 0.06*** 2.40 ± 0.28*** 1.66 ± 0.08**

HP5603n 1.56 ± 0.64*** 1.50 ± 0.01*** 1.17 ± 0.05 1.42 ± 0.08*

Control (× 1) 2.41 pg/cell/day 9.51 pg/cell/day 5.24 pg/cell/day 23.98 pg/cell/day

Probability of significant difference relative to the untreated control is indicated as *p < 0.05, **p < 0.01 and ***p
< 0.001

Table 3 The effect of hydrolysate
supplements on the normalised
total Mab production for each
culture integrated over the period
of growth. Relative [Mab] is
expressed as a mean ± SEM
relative to the non-supplemented
control. n = 3 independent cul-
tures. The mean Mab values of
the controls for each culture are
shown as mg/L

Hydrolysate supplement iCHO-RTX CHO-S-RTX CHO-EG2 CHO-Kerry

Primatone 1.27 ± 0.16* 2.49 ± 0.04*** 1.83 ± 0.07*** 1.75 ± 0.13***

HP1510 1.45 ± 0.05*** 1.73 ± 0.03*** 1.44 ± 0.04*** 1.53 ± 0.11***

HP7504 0.56 ± 0.06*** 2.03 ± 0.05*** 2.61 ± 0.23*** 1.69 ± 0.13***

HP1512 1.45 ± 0.06*** 1.85 ± 0.05*** 1.39 ± 0.06*** 1.45 ± 0.13***

HP4601n 1.24 ± 0.06 1.39 ± 0.03*** 1.32 ± 0.07** 1.40 ± 0.12***

UPcottonUPcotton 0.52 ± 0.17*** 2.21 ± 0.06*** 2.67 ± 0.16*** 1.52 ± 0.11***

HP5603n 1.52 ± 0.067*** 1.57 ± 0.04*** 1.33 ± 0.06** 1.52 ± 0.11***

Control (× 1) 36.63 mg/L 58.16 mg/L 43.91 mg/L 377.5 mg/L

Probability of significant difference relative to the untreated control is indicated as *p < 0.05, **p < 0.01 and ***p
< 0.001
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of hydrolysates is one problem that can arise from the use of
the raw material. To address this manufacturers such as the
Kerry Group have attempted to tightly control the process
conditions during hydrolysis and utilise ultrafiltration to limit
the size of components based on the molecular weight cut off
of the filter (Siemensma et al. 2010).

Batch-to-batch variation in the composition of hydrolysates
represents one of the perceived difficulties in the routine
utilisation of hydrolysates as media supplements in
bioprocessing (Gupta et al. 2013). In a preliminary experiment
we investigated, the effect of two to three batches of four of
the hydrolysates (HP1512, UP Cotton, HP7504 and
HP5603n) on CHO-S-RTX cells’ IVCD, qMab and total

Mab titre. However, no significant differences in these mea-
sured parameters were determined among the tested batches of
the hydrolysates (Fig. S3).

The data presented here involves the analysis of the growth
and antibody production of 4 independent cell lines in cultures
supplemented with 7 hydrolysates. Although the cell lines
used are all designated as CHO cells, they are of different
origin and were transfected to produce mAbs by different
techniques. Three of the cell lines are stable constitutive
mAb producers, and in one case (iCHO-RTX), the mAb pro-
duction requires induction by a small molecule. Furthermore,
one cell line was grown in a different basal media from the
other three. CHO cells are the most widely used cell lines for
commercial production of mAbs and other recombinant pro-
teins, although the variability of the genetics of different CHO
cell lines has been well documented (Lewis et al. 2013).
Nevertheless, using 4 CHO lines of different origins has
allowed a comprehensive analysis of the generic bioactive
properties of the 7 hydrolysates used in this study.

Using the representative CHO cell lines, we determined the
stimulatory effects of the hydrolysates on the productivity
enhancement of mAbs in relation to viable cell density and
cell-specific productivity. Overall the hydrolysates were
shown to be bioactive in enhancing the productivity of the
Mab titre in these diverse cultures with an overall × 1.73 ±
0.09 increase. We were able to analyse the data further to
determine the specific effects of the hydrolysates on the over-
all IVCD in units of cell-day and cell-specific antibody pro-
ductivity as pg/cell/day. Statistical analysis of the 7 × 4 matrix
of growth experiments showed a marginal but significant

Table 4 The effect of hydrolysate supplements on the levels of main
metabolites during CHO-S-RTX culture for 7 days. The utilisation rate of
glucose (qGlu) and glutamine (qGln), and the production rate of lactate
(qLac) and ammonia (qNH3) were measured during the growth (days 0–

4) and decline (days 5–7) phases. Metabolic coefficient was determined
from the ratios of qLac/qGlu and qNH3/qGln. All parameters are
expressed as a mean ± SEM of three independent experiments

Days 0-4 (pmol/cell/day) Metabolic coefficients (days 0–
4)

Days 5–7 (pmol/cell/day)

qGlu qLac qGln qNH3 NH3/Gln Lac/Glu qGlu qLac qNH3

Control 6.16 ± 0.24 8.20 ± 0.37 0.78 ± 0.03 1.71 ± 0.06 2.19 ± 0.02 1.33 ± 0.03 1.52 ± 0.36 0.84 ± 1.02 1.00 ± 0.06
Primatone 5.40 ± 0.18 6.15 ± 0.18** 0.63 ± 0.01* 1.82 ± 0.05 2.88 ± 0.12* 1.14 ± 0.04* 6.01 ± 0.11*** − 1.01 ± 0.67 0.67 ± 0.145
HP1510 5.91 ± 0.12 7.47 ± 0.19 0.75 ± 0.04 1.8 ± 0.03 2.41 ± 0.10 1.27 ± 0.04 2.90 ± 0.32* − 1.59 ± 0.67 0.16 ± 0.01***
HP7504 5.69 ± 0.09* 6.59 ± 0.12** 0.74 ± 0.01 1.57 ± 0.03 2.11 ± 0.04 1.16 ± 0.03* 3.05 ± 0.06*** − 0.51 ± 0.12** 0.75 ± 0.02**
HP1512 5.67 ± 0.15 6.78 ± 0.48 0.77 ± 0.06 1.73 ± 0.18 2.23 ± 0.07 1.20 ± 0.07* 2.92 ± 0.31* − 2.10 ± 0.535* 0.15 ± 0.05**
HP4601N 6.24 ± 0.27 7.93 ± 0.22 0.71 ± 0.08 2.53 ± 0.13** 3.65 ± 0.44* 1.27 ± 0.02 2.54 ± 0.45 1.07 ± 0.90 1.00 ± 0.04
UPcotton 5.80 ± 0.29 7.77 ± 0.37 0.75 ± 0.07 2.16 ± 0.15* 2.90 ± 0.11* 1.34 ± 0.04 4.21 ± 0.51* − 0.19 ± 0.75 1.11 ± 0.07
HP5603N 5.96 ± 0.09 7.17 ± 0.09** 0.80 ± 0.03 1.89 ± 0.04 2.38 ± 0.04* 1.20 ± 0.03 2.41 ± 0.37 0.28 ± 0.98 1.01 ± 0.07

Cell specific utilisation/ production rates in (pmol/cell day) of glucose (qGlu) and glutamine (qGln)/lactate (qLac) and ammonia (qNH3), respectively
were determined from daily measurements of the metabolite concentrations in the media

The metabolic coefficients were also calculated as markers of any change in metabolism during growth due to the presence of any of the hydrolysates

The data associated with the decline phase (days 5–7) show a change in metabolism during which the glutamine was completely consumed and there is
evidence of a switch from lactate production to lactate consumption (negative values). Therefore, metabolic coefficient was not determined for the
decline phase

Probability of significant difference relative to the untreated control is indicated as *p < 0.05, **p < 0.01 and ***p < 0.001

Table 5 Ammonia/ammonium (mM) content of cultures with
hydrolysate-supplemented cultures (5 g/L) before and after cell growth
of CHO-S-RTX cells

Hydrolysate Ammonia/ammonium (mM)

Day 0 Day 7

Control 0.14 ± 0.12 9.24 ± 0.37

Primatone 0.54 ± 0.01 10.89 ± 0.33

HP1510 1.17 ± 0.01 8.28 ± 0.20

HP7504 0.36 ± 0.12 9.35 ± 0.08

HP1512 1.01 ± 0.06 8.27 ± 0.17

HP4601n 3.08 ± 0.15 12.57 ± 0.12

UPcotton 1.25 ± 0.20 12.57 ± 0.21

HP5603n 1.03 ± 0.07 10.09 ± 0.09
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overall increase (× 1.1) in IVCD in the presence of hydroly-
sate but a more substantial increase in the cell-specific mAb
(qMab) productivity (× 1.5).

Despite the overall positive effect of hydrolysate supple-
ments, there were significant differences in the bioactivity of
individual hydrolysates. Of the plant hydrolysates tested, the
cotton derivative HP7504 resulted in the highest increase in
mAb titre followed by the soy hydrolysates (HP1510 and
HP1512) whereas the wheat gluten hydrolysate (HP4601n)
showed the lowest enhancement of titre. In contrast, a study
involving mAb production from Sp2/0 cells showed that
wheat gluten hydrolysate, HP4601n enhanced productivity
to a greater extent than other hydrolysates (Ganglberger et
al. 2007). However, similarly to our results, this occurred
through a combination of enhanced IVCD (25%) and qMab
(36%). Other reported data have shown the value of soy hy-
drolysates to support the growth of isolated human cells
(Essers et al. 2011). Wheat hydrolysate has also been shown
to support the production of recombinant human-interferon-γ

from CHO cells (Burteau et al. 2003). In some cases, cocktails
of hydrolysates are important in providing the required sup-
port as in anchorage-dependent cells (Rourou et al. 2009).

There are a variety of factors that may allow protein hydro-
lysates to support cell growth and mAb production. The pool
of short peptides could include those that act as exogenous
growth factors by binding cell receptors to activate growth
pathways or reduce apoptosis has been explored with those
containing lysine and arginine shown to be particularly active
(Franek 2010). The possibility that protein hydrolysates pro-
vide protection against the shear stress has been suggested as a
similar role as albumin in serum (Siemensma et al. 2010).

Changes to the energy metabolism of the cells have been
shown to be affected by hydrolysates with increased ratios of
glucose to glutamine oxidation and an increased respiration
quotient leading to reduced by-product formation (Siemensma
et al. 2010). MaximumVCDwas recorded in our study at day 4
when the cells consumed all supplemented glutamine. This was
followed by cells entering a decline phase with no obvious
stationary phase. This suggests an essential requirement for
glutamine during the growth phase of the cells. We speculate
that adding fresh glutamine to the culture (fed-batch) at this
point might prolong cellular longevity and delay the entrance
of cells into a stage of nutrient-deprivation. The decline phase
was accompanied by a metabolic switch of lactate to consump-
tion rather than production. Such a phenomenon was
recognised in other studies as desirable in a bioprocess
(Hartley et al. 2018) because the accumulation of lactate can
limit cell growth, alter the pH and increase the osmolality of the
media (Fu et al. 2016; Gagnon et al. 2011). Depletion of glu-
cose or glutamine, reduced glycolytic flux, temperature and pH
shifts are the reported triggers of the lactate switch (Hartley et
al. 2018) and associated with an improved metabolic efficiency
(Liste-Calleja et al. 2015; Luo et al. 2012). The presence of
hydrolysates in the media, particularly Primatone, and cotton-
derived and soy-derived hydrolysates drastically increased lac-
tate consumption and showed a significant alteration of the cell
metabolism during the decline phase. Importantly, the signifi-
cant reduction of lactate production by the cells grown in
HP7504 containing medium during the growth phase might
indicate a switch to a more oxidative metabolism of glucose
and thus less lactate production. The promotion of oxidative
metabolism by hydrolysates was documented by another study
(Mosser et al. 2013). In our study, we measured the metabolic
coefficients of qLac/qGlu and qNH3/qGln as indicators of en-
ergy metabolism. Lower values of these coefficients result in
reduced accumulation of metabolic by-products and a more
efficient cellular metabolism (Toussaint et al. 2016). The pres-
ence of hydrolysates, particularly HP7504 reduced those ratios
and indicated a more efficient metabolism of the cells in the
presence of the hydrolysate compared with the control.

Although we observed a slight increase in osmolality after
the addition of hydrolysates, this was unlikely to account for

Fig. 3 The effect of added ammonia on bioactivity. CHO-Kerry cells
were seeded at a density of 0.4 × 106 cells/ml in Kerry-CD CHOmedium
supplemented with 5 g/L hydrolysate as indicated. Ammonium sulphate
was added to increase the concentration of ammonia in the control and
H7504 cultures to the same concentration as the initial concentration in
the H4601n culture (3 mM). Cultures were continued for 8 days until the
viability reduced to ~ 40%. Samples (11 μl) were taken on days 5 to 8 to
determine viable cell density (a). Samples (300 μl) of cell suspension
were taken from the same culture, centrifuged at 10,000 rpm for 5 min.
The total mAb concentration in the resulting supernatants was measured
using the Cedex Bio-based turbidimetric immunoassay system at the
indicated time points (b). Data are presented as mean ± SEM of three
independent exper iments , and analysed us ing pa i red t -
test.***Statistically significant differences relative to the untreated con-
trol at p< 0.001
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Fig. 4 Comparison of glycan profiles of IgGs produced in control and
hydrolysate supplemented media. Glycan profile of IgGs produced by a
iCHO-RTX, b CHO-S-RTX, c CHO-EG2 and d CHO-Kerry cells in
control (upper chromatogram) and HP7504-supplemented (lower

chromatogram) media. The monosaccharides N-acetylglucosamine, fu-
cose, mannose, galactose and N-acetylneuraminic acid compose the most
abundant glycan structures detected
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the observed increases in mAb titre. The highest osmolality
value was recorded with Primatone (0.415 Osmol/kg) com-
pared with the control (0.376 Osmol/kg) (data not shown). It
has been reported that increased osmolality can negatively
affect cell growth but significantly improve cell productivity
(Ryu et al. 2000; Kim and Lee 2002). However, adding hy-
drolysates to our media did not inhibit cell growth rate and the
osmolality change was within the optimum range as defined in
other studies (Davami et al. 2014; Li et al. 2010).

The level of ammonia in HP4601n supplemented media
was significantly higher (up to × 8.6) than other hydrolysates
such as HP7504 and HP1510. However, the rate of ammonia
production during culture was not different between cultures
but because of the higher starting point increased to 12.6 mM
at day 7 in the HP4601n-supplemented cultures. The possibil-
ity was considered that the higher concentration of ammonia
might explain the lower performance of HP4601n compared
with the other hydrolysates. However, the performance of the
HP7504 did not decrease to the level of HP4601n when am-
monia was added to HP7504 at the same initial concentration
of HP4601n. This suggests that despite differences in the am-
monia levels found in the hydrolysates this is not the predom-
inant factor to explain the differences in bioactivity.

The IgG glycosylation is influenced by variables such as the
metabolic state of the cell, oxygen levels, culture pH, availability
of substrates, enzymes and co-factors (Villacrés et al. 2015). The
overall effect of the hydrolysates on glycosylation was variable
with respect to the 4 culture systems tested. As shown the hy-
drolysate HP7504 enhanced the galactosylation of CHO-S-RTX
andCHO-EG2 cells. One possible reason is that this hydrolysate
may contain co-factors such as manganese that support the ac-
tivity of galactosyl transferases. The particularly high
galactosylation and sialylation levels of the EG2 antibody have
been previously noted and are undoubtedly related to its unusual
chimeric structure which lacks light chains and the CH1 heavy
chain domain (Liu et al. 2014). The negative influence of the
hydrolysate on iCHO-RTX cell growth did not only affect IgG
production, but had a slight but significant effect in decreasing

galactosylation and increasing the non-galactosylated, FA2. On
the other hand, the hydrolysate had a the neutral effect on the
galactosylation of CHO-Kerry IgGs, but an increase in the high
mannose (M5) and a concomitant decrease in FA2. The increase
in high mannose glycans has been previously attributed to
changes in pH, osmolality, increased specific productivity and
nutrient limitation that could result in inefficient processing of
M5 in the ER or Golgi (Slade et al. 2016)

In conclusion, we provide data to show the value of various
protein hydrolysates in enhancing both the integral of viable
cell density and specific-cell productivity in the production of
mAbs from CHO cells. The plant hydrolysates identified, par-
ticularly cotton hydrolysates, are valuable supplements to an-
imal component-free media. Furthermore, work on the identi-
fication of the bioactive components in these hydrolysates is
on-going. This information would provide components that
then could be used in chemically defined medium for en-
hanced cell growth and productivity.
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Table 6 Effect of the hydrolysate
HP7504 on IgG glycosylation.
Relative percentage areas of the
glycans produced by (a) CHO-S-
RTX, (b) CHO-EG2, (c) iCHO-
RTX and (d) CHO-Kerry cells in
control medium (−) and in the
presence of hydrolysate HP7504-
supplemented medium (+)

Structure CHO-S-RTX CHO-EG2 iCHO-RTX CHO-Kerry

± HP7504 − + − + − + − +

FA2 44.96 30.43 18.27 8.66 23.66 28.13 65.33 60.14

M5 2.27 2.75 1.46 0.32 0.98 1.99 3.09 8.69

FA2G1 30.12 36.96 23.21 21.00 37.95 36.66 20.02 20.16

FA2G1′ 9.74 10.87 7.06 6.17 9.49 9.97 6.98 7.30

FA2G2 7.25 11.90 26.79 31.06 18.21 15.06 2.29 2.32

FA2G2S1 3.06 3.89 14.24 18.18 5.02 4.54 1.49 0.93

FA2G2S2 2.60 3.20 8.97 14.61 4.69 3.65 0.80 0.46

Gal index (GI) 0.33 0.43 0.65 0.77 0.52 0.47 0.18 0.17

Sial index (SI) 0.04 0.05 0.16 0.24 0.07 0.06 0.02 0.01
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