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Abstract Sodium butyrate (NaBu) is known to increase the
specific productivity of recombinant Chinese hamster ovary
(rCHO) cells. To understand the effects of NaBu on the
product quality, rCHO cells producing monoclonal antibody
(Mab) were cultivated at various concentrations of NaBu (0 to
4 mM). NaBu increased correctly assembled Mab. In the
absence of NaBu, the proportions of intact Mab (2H2L) and
heavy chain dimer (2H) were 81 and 15 %. At 1 mM NaBu,
the proportion of 2H2L increased to 93 %, whereas the pro-
portion of 2H decreased to 2 %. No further increase in the
proportion of 2H2L was obtained at a higher NaBu concen-
tration. NaBu also affected the charge heterogeneity of Mab,
which may affect the efficacy of Mab. The basic charge
variants of Mabs increased with an increase in the NaBu
concentration. In addition, NaBu affected the galactosylation
of Mab negatively. Overall, the data obtained here show that
NaBu used in rCHO cell cultures for improved Mab produc-
tion affects certain quality aspects of Mab, in this case, the
charge heterogeneity and galactosylation.
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Introduction

Therapeutic monoclonal antibodies (Mabs) of the immuno-
globulin G (IgG) class that are produced predominantly from
Chinese hamster ovary (CHO) cell cultures have proven to be
invaluable pharmaceuticals for the treatment of various dis-
eases (Brekke and Sandlie 2003).

IgG Mabs are glycoproteins consisting of two identical
heavy chains (HCs) and two identical light chains (LCs)
(Jefferis 2009). Product heterogeneity, especially in terms of
the size, charge, and glycosylation (Hossler et al. 2009; Liu
et al. 2008; Vlasak and Ionescu 2008), is common to Mabs
and is typically introduced either upstream during expression
or downstream during manufacturing. As the therapeutic effi-
cacy of Mab varies depending on quality aspects such as its
assembly, charge modification, and glycosylation (Boswell
et al. 2010; Khawli et al. 2010; Pan et al. 2009), critical quality
attributes as well as productivity should be considered thor-
oughly during the process development of Mabs.

Sodium butyrate (NaBu), a short-chain fatty acid, has been
widely used to increase foreign protein productivity (qp) in
recombinant CHO (rCHO) cells producing erythropoietin
(Yoon et al. 2004), tissue plasminogen activator (Hendrick
et al. 2001), thrombopoietin (Sung et al. 2004), follicle-
stimulating hormone (Chotigeat et al. 1994), and Mab
(Hong et al. 2011; Jiang and Sharfstein 2008; Mimura et al.
2001). NaBu is also known to induce apoptosis in CHO cell
cultures (Lee and Lee 2012; Sung and Lee 2005). Recently, it
was reported that the pro-apoptotic effects of NaBu are asso-
ciated with oxidative stress (Chang et al. 2013; Louis et al.
2004; Vanhoutvin et al. 2009). In rCHO cells producing factor
VIII, a NaBu treatment induced intracellular reactive oxygen
species (ROS) and apoptosis, whereas an antioxidant treat-
ment reduced both (Malhotra et al. 2008). These results sug-
gest that CHO cells exposed to NaBu undergo oxidative
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stress. Likewise, a NaBu treatment may also affect the quality
of Mabs produced in rCHO cells.

Although NaBu has been widely used in rCHO cell cul-
tures for improved Mab production, studies of its effect on
certain aspects of the quality of Mab remain not fully substan-
tiated. In this context, we investigated the effect of NaBu on
the modification of Mabs produced in rCHO cells (CS13-1.0)
with regard to its assembly, charge heterogeneity, and glyco-
sylation characteristics.

Materials and methods

Cell line and culture medium

rCHO cells producing an antibody against the S surface anti-
gen of the hepatitis B virus (CS13-1.0) were used. As de-
scribed previously (Kim et al. 1998), they were established
through the co-transfection of vectors containing
dihydrofolate reductase (dhfr) and antibody genes into
DG44 with a subsequent dhfr/methotrexate (MTX)-mediated
gene amplification step up to 1 μMMTX (Sigma-Aldrich, St.
Louis, MO). Cells were adapted for growth in a serum-free
suspension culture in 125-mL Erlenmeyer flasks (Corning,
Corning, NY) containing 40 mL of HyClone SFM4CHOTM

(Hyclone, Logan, UT) supplemented with 4 mM glutamine
and 1 μM MTX in a Climo-Shaker CO2 incubator (ISF1-X,
Adolf Kuhner AG, Birsfelden, Switzerland) set at 110 rpm,
85 % humidity, and 37 °C.

Cell culture, viable cell concentration, and antibody assay

Exponentially growing cells were inoculated at a concentra-
tion of 5.0×105 cells/mL in Erlenmeyer flasks containing
40 mL of culture media with NaBu concentrations ranging
from 0 to 4 mM, after which the flasks were incubated in a
Climo-Shaker CO2 incubator set at 110 rpm, 85 % humidity,
and 37 °C. Approximately 1 mL of culture media was taken
daily from the flask for analysis. The cell concentration was
then estimated using a hemacytometer, and viable cells were
distinguished from dead cells using the trypan blue dye ex-
clusion method. Cell lysates and culture supernatants were
aliquoted and maintained in a frozen state at −70 °C for later
analysis. The secreted antibody concentration was quantified
using an enzyme-linked immunosorbent assay (ELISA), as
described previously (Kim et al. 1998). Experiments were
repeated two separate times.

Western blotting analysis

Western blot analyses were performed as described previously
(Hwang and Lee 2008). The antibodies used for immunoblot-
ting were the anti-β-actin mouse monoclonal antibody (Clone

AC-74, Sigma), anti-Grp78/Bip rabbit polyclonal antibody
(SPA-826, Stressgen, York, UK), peroxidase-conjugated
anti-rabbit IgG goat polyclonal antibody (7074, Cell Signal-
ing, Hitchin, UK), peroxidase-conjugated anti-mouse IgG
goat polyclonal antibody (Upstate Biotechnology, Lake Plac-
id, NY), anti-human IgG (Fc specific)-peroxidase conjugate
(A0170, Sigma), and the anti-human kappa LC-peroxidase
conjugate (A7164, Sigma). Bands were then visualized by the
ECLWestern blot analysis system (GE Healthcare, Bucking-
hamshire, UK).

Purification of recombinant antibody

Culture medium was taken from the flasks. After centrifuga-
tion, the secreted antibody in the culture supernatants was
purified by protein A affinity chromatography (recombinant
protein A agarose, Pierce, Rockford, IL) according to the
manufacturer’s instructions.

Capillary electrophoresis–sodium dodecyl sulfate (CE-SDS)
analysis

A non-reduced CE-SDS analysis was performed on a
ProteomeLab™ PA 800 plus pharmaceutical analysis system
with 32 Karat software (Beckman Coulter, Fullerton, CA)
according to the manufacturer’s instructions. A bare-fused
silica capillary (50 μm ID×30.2 cm) and an IgG purity/
heterogeneity assay kit were obtained from Beckman Coulter.

Capillary isoelectric focusing (cIEF) analysis

A cIEF analysis was also performed on a PA800 plus phar-
maceutical analysis system with 32 Karat software according
to the manufacturer’s instructions. The cIEF reagents, neutral-
ly coated capillary, gel, and cIEF peptide markers were ob-
tained from Beckman Coulter. The sample buffer was pre-
pared by mixing pI standard markers with a desalted protein
sample.

IgG oxidation via a hydrogen peroxide (H2O2) treatment

H2O2 experiments were performed with Mabs produced in the
absence of NaBu. Purified Mabs were diluted to 5 mg/mL in a
10 mM Na-phosphate buffer (pH 7.0). After H2O2 (Sigma)
was added to the Mab solution at a final concentration of
0.3 %, the Mab solution was incubated at room temperature
(25 °C) for the indicated times (0, 1, 3, and 6 h). Then, the
H2O2 in the Mab solution was removed by a buffer exchange
method (1,000 volumes of precooled 10 mM Na-phosphate
buffer (pH 7.0)), and the Mabs were reconcentrated at a
concentration of 5 mg/mL. The Mabs were then analyzed
by cIEF.
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CE-based carbohydrate analysis

Glycans were released from reduced IgG using the PNGase F
enzyme. The samples were incubated at 37 °C overnight and
isolated. 1-Aminopyrene-3,6,8-trisulfonic acid (APTS) label-
ing of samples was undertaken using the ProteomeLab™
carbohydrate labeling and analysis kit from Beckman Coulter.
A CE-based carbohydrate analysis was performed on a
ProteomeLab™ PA 800 System by means of laser-induced
fluorescence (LIF) detection with an excitation wavelength of
488 nm and an emission band-pass filter of 520±10 nm. An
N-CHO-coated capillary 50μm ID×50.2 cm in size was used.
Sample preparation, separation, and analysis were done ac-
cording to the manufacturer’s instructions.

Results

Effect of NaBu on cell growth and antibody production

To investigate the effects of NaBu on cell growth and antibody
production, cells were cultivated in SFM4CHO containing
various concentrations of NaBu. Cell culture was performed
two separate times.

Figure 1 shows the cell growth, cell viability, and antibody
production profiles during the cultures. NaBu inhibited cell
growth and decreased cell viability in a dose-dependent man-
ner. The maximum viable cell concentration and specific
growth rate (μ) in the absence of NaBu (3.49±0.11×
106 cells/mL and 0.51±0.07 day−1) decreased to 0.73±
0.02×106 cells/mL and 0.22±0.01 day−1 at 1 mM NaBu,
respectively. The cells could not growmuch, and cell viability
decreased rapidly at more than 1 mM NaBu (Fig. 1a, b).

Despite the inhibited cell growth by NaBu, the highest
antibody concentration (283.6±7.6 μg/mL) was achieved at
0.2 mM NaBu, suggesting that NaBu enhanced the specific
antibody productivity (qMab) (Fig. 1c). Additionally, qMab in
the absence of NaBu (13.5±1.0 pg/cell/day) increased to 72.2
±2.2 pg/cell/day with 4 mM NaBu. Thus, a NaBu addition
decreased μ and increased qMab in a dose-dependent manner,
as summarized in Table 1.

Effect of NaBu on antibody assembly

To evaluate the effect of NaBu on the antibody assembly
characteristics, a non-reduced CE-SDS analysis was per-
formed with Mabs purified by protein A resin on day 5 (NaBu
0, 0.01, 0.05, 0.2, and 1 mM), on day 4 (NaBu 2 mM), and on
day 3 (NaBu 4 mM) of the cultures shown in Fig. 1. The
protein A resin binds with the Fc region of IgG; therefore,
purified antibodies do not contain a free LC monomer (1 L) or
a LC dimer (2 L).

Figure 2 shows profiles of the Mab size variants as ana-
lyzed by non-reduced CE-SDS. In all samples, three major
peaks were clearly separated and identified in a comparison
with the bands in the non-reducedWestern blotting analysis of
purified IgG against HC as well as LC samples (data not
shown). The main peak corresponds to an intact IgG (2H2L)
tetramer, and the adjacent peak represents a species lacking
one LC (2H1L). The third peak from the right side is a HC
dimer (2H). A 10-kDa internal standard was loaded with the
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Fig 1 Profiles of the cell growth, cell viability, and Mab production at
various concentrations of NaBu (●: 0 mM NaBu, ○: 0.01 mMNaBu,▼:
0.05 mM NaBu, Δ: 0.2 mM NaBu, ■: 1 mM NaBu, □: 2 mM NaBu, ♦:
4 mM NaBu). a Viable cell concentration. b Cell viability. c Mab
concentration. Cell cultures were performed two separate times. The error
bars represent standard deviations calculated from the data obtained in
two independent experiments
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samples as a control (Fig. 2a). Based on the area of the
electropherogram peaks, the proportions of the size variants
were determined and plotted (Fig. 2b).

In the absence of NaBu, the proportion of intact IgG was
81%,while the proportion of 2Hwas 15%. Interestingly, with
the addition of increasing concentrations of NaBu up to 1mM,
the proportion of intact IgG increased significantly with a
concomitant decrease in the proportion of 2H. At 1 mM
NaBu, the proportions of 2H2L and 2H were 93 and 2 %,
respectively. Further increases in the NaBu concentrations of
up to 4 mM did not increase the portion of 2H2L. The
proportion of 2H1L and unknown peaks did not change
significantly regardless of the NaBu concentration.

Given that 1 L and 2 L in the culture supernatants were not
recovered by protein A affinity chromatography, non-reduced
culture supernatants, sampled on day 3, were loaded onto the
SDS-GEL and blotted against LC as well as HC in order to
identify any antibody size variants in the culture supernatants.

Figure 3 shows Western blots of the non-reduced culture
supernatants. With anti-HC antibody, two major bands, 150
and 100 kDa, were detected (Fig. 3a). The intensity of the 100-
kDa band, which corresponds to 2H, decreased with an in-
crease in the concentration of NaBu, in accordance with the
results shown in Fig. 2b. The intensity of the 150-kDa band,
which corresponds to 2H2L, did not change significantly with
the NaBu concentration, which was also confirmed with the
anti-LC antibody (Fig. 3b). With the anti-LC antibody, three
major bands (150, 50, and 25 kDa) were detected. The 50- and
100-kDa bands correspond to L and 2 L, respectively. In
contrast with H2, the intensity levels of 1 L and 2 L increased
with an increase in the concentration of NaBu.

Intracellular levels of antibody and Grp78/Bip

To investigate whether an addition of NaBu resulted in chang-
es in intracellular antibodies or Grp78/Bip, Western blotting
analyses against HC and LC and Grp78/Bip were conducted
with non-reduced cell lysates sampled on day 3 of the cultures
shown in Fig. 1.

Figure 4 shows Western blots of the non-reduced cell
lysates. With anti-HC and anti-LC antibodies, several bands
were detected (Fig. 4a, b). Based on the molecular weights of
HC and LC, each band was identified as the size variant of the
antibody. Overall, the intracellular levels of all types of anti-
body size variants increased with an increase in the concen-
tration of NaBu up to 1 mM, after which they became
saturated.

The level of Grp78/Bip also increased as the concentration
of NaBu increased (Fig. 4c). Grp78/Bip is one of the major
chaperones interacting with polypeptide to fold correctly in
the endoplasmic reticulum (ER) (Lin et al. 1993; Melnick
et al. 1994). Thus, the accumulation of these polypeptides in

Table 1 Effect of NaBu on μ, qMab, and maximum antibody
concentration

NaBu
concentration
(mM)

μ (day−1) qMab

(pg/cell/day)
Max. antibody
concentration
(μg/mL)

0 0.509±0.065 13.50±0.97 265.2±14.6

0.01 0.478±0.050 14.38±1.44 273.3±17.5

0.05 0.437±0.039 15.53±0.85 274.6±5.2

0.2 0.352±0.009 21.75±3.95 283.6±±7.6

1 0.221±0.007 58.05±4.32 176.0±13.0

2 0.109±0.006 68.35±3.57 116.8±±15.0

4 0.001±0.089 72.22±2.21 80.7±5.7

Values are means±standard deviations of two independent experiments
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Fig. 2 Profiles ofMab size variants analyzed by non-reduced CE-SDS. a
A typical non-reduced CE-SDS separation of Mab. Unknown: the peaks
of uncharacterized variants indicated with stars. b A proportion of the
size variants calculated from the area of the electropherogram peak.
(□: 0 mM NaBu, ▨: 0.01 mM NaBu,▧: 0.05 mM NaBu, ▩: 0.2 mM
NaBu,▤: 1 mMNaBu,▥: 2 mMNaBu,▦: 4 mMNaBu). The error bars
represent standard deviations calculated from the data obtained in two
independent experiments. Proportions of 2H and 2H2L on each concen-
tration of NaBu were regressed by non-linear curved fitting. The model
equation was analyzed to be reliable (p value <0.05,R2>95%), indicating
that the decrease of 2H as well as the increase of 2H2L caused by NaBu
was statistically reliable
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the ER at high NaBu concentrations may induce Grp78/Bip
expression.

Effect of NaBu on the charge heterogeneity of the antibody

To evaluate the effect of NaBu on the charge heterogeneity of
the antibody, cIEF was performed with Mabs purified by
protein A resin at the time points indicated in Fig. 2.

Figure 5 shows the cIEF profiles of Mabs. Mabs produced
in the absence of NaBu were separated into six peaks of
charge variants according to their own pI (B3, B2, B1, M,

A1, and A2). In addition, B1, M, and A1 peaks were shown to
form a cluster.

By comparing the peaks of the cIEF profiles with the
proportions of the size variants in Fig. 2b, the B3 peak can
be inferred as belonging to 2H. With an increase in the
concentration of NaBu, the B3 peak, like the 2H size variant
shown in Fig. 2b, decreased, supporting the contention that
the B3 peak belongs to 2H. Likewise, the cluster of the B1,M,
and A1 peaks can be inferred as belonging to 2H2L. This also
indicates that 2H2L, as noted in a single peak in Fig. 2b,
consists of the charge variants B1, M, and A1.

With an increase in the concentration of NaBu, the M peak
(pI 7.68) and A1 peak (pI 7.63) decreased, while the B1 peak
(pI 7.72) increased. In addition, more basic peaks such as B1′
(pI 7.77) and B1″ (pI 7.81) appeared and increased at higher
NaBu concentrations. At 4 mM NaBu, the B1″ peak had the
largest portion of cIEF peaks, indicating that NaBu addition to
culture media increased the basic charge variants of Mab
produced in CHO cells.

To determine whether oxidative stress induced by NaBu
addition increased the basic charge variants of the Mabs, the
Mabs produced in the absence of NaBu were treated with
representative pro-oxidant, H2O2 (0.3 %v/v), for 6 h at room
temperature.

Figure 6 shows the cIEF profiles of Mabs treated with
H2O2. The levels of B3, B2, A1, and A2 were not affected
by the 6-h H2O2 treatment. However, the H2O2 treatment
decreased the M peak (main peak), while increasing the B1
peak (basic charge variant). This result suggests that oxidative
stress induced by an addition of NaBu is responsible in part for
the increased basic charge variants shown in Fig. 5.

Effect of NaBu on antibody galactosylation

To evaluate the effect of NaBu on the antibody glycan pro-
files, the N-linked glycans from Mabs purified by protein A
resin on day 5 (NaBu 0, 0.2, and 1 mM), on day 4 (NaBu
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Fig. 3 Western blot analysis of
non-reduced culture supernatants.
a Western blotting against HC. b
Western blotting against LC

Fig. 4 Western blot analysis of non-reduced cell lysates. a Western
blotting against HC. b Western blotting against LC. c Western blotting
against Grp78/Bip. d Western blotting against β-actin used as a control
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2 mM), and on day 3 (NaBu 4 mM) of the cultures shown in
Fig. 1 were released using PNGase F enzyme.

Figure 7 shows a typical electropherogram profile of the
APTS-labeled glycans separated using CE-LIF. The propor-
tions of glycans that were determined based on the area of the
chromatogram peak are also plotted in Fig. 7.

G0, G0F, G1F(1,6), G1F′(1,3), and G2F, which are typical
for Mabs produced in rCHO cells, were identified by compar-
isons with glucose ladder standards. In the absence of NaBu,
the proportions of G0+G0F, G1F+G1F′, and G2F were 66.7,
25.4, and 3.2 %, respectively. With an increase in the concen-
tration of NaBu up to 1 mM, the proportion of G0+G0F
increased with a concomitant decrease in the proportions of
G1F+G1F′ and G2F. However, further increases in the NaBu
concentration up to 4 mM did not change their proportions
significantly. At 1 mM NaBu, the proportions of G0+G0F,
G1F+G1F′, and G2Fwere 75.8, 15.2, and 1.4%, respectively.
This result indicates that an addition of NaBu has a negative
effect on antibody galactosylation.

Discussion

The addition of NaBu to culture media significantly enhanced
the qp values of many rCHO cell lines (Kim and Lee 2002;
Rodriguez et al. 2005; Sung and Lee 2005; Lee et al. 2014).
The qMab of the rCHO cells (CS13-1.0) used in this study was
also enhanced in the presence of NaBu. Although its benefi-
cial effect on qp is well known, its effect on the quality of
recombinant protein is relatively undiscovered. Thus, we in-
vestigated the effect of NaBu on the quality of Mabs produced
in rCHO cells (CS13-1.0) with regard to assembly, charge
heterogeneity, and galactosylation.

ANaBu addition was found to increase properly assembled
antibody, which could be another beneficial effect of adding
NaBu during the production of Mab in rCHO cell cultures.
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When CS13-1.0 cells were cultivated in the absence of NaBu,
the proportion of intact IgG, 2H2L, was 81%while that of 2H
was 15 %. Interestingly, an addition of 1 mM NaBu to the
culture medium significantly increased the proportion of
2H2L (93 %) while decreasing that of 2H (2 %). IgG Mab
consists of two HCs and two LCs. The two HCs are linked to
each other, and each HC is linked to a LC by a disulfide bond.
Thus, the increased proportion of 2H2L by NaBu suggests
that an addition of NaBu is beneficial to form a disulfide bond
in the inter-molecular linkage between HC and LC.

In rCHO cells producing Mab, two HCs and two LCs are
folded and assembled in the ER (Liu et al. 2008; Vlasak and
Ionescu 2008). The LC polypeptide is known to be synthe-
sized 10–15 % faster than the HC polypeptide (Bergman et al.
1981; Leitzgen et al. 1997; Reddy et al. 1996; Shapiro et al.
1966). In addition, it is easily folded with transient association
with Grp78/Bip and can be secreted as a monomer or a dimer.
In contrast, the HC polypeptide interacts extensively with

Grp78/Bip. Increased HC expression in the absence of the
LC polypeptide results in the accumulation of unfolded HC
polypeptide in the ER, which induces the expression of chap-
erones such as Grp78/Bip and PDI.

In the presence of NaBu, the expression levels of LC and
HC increased in CS13-1.0 cells (Figs. 3 and 4). Likewise, the
expression level of Grp78/Bip increased most likely in order
to process the increased LC and HC polypeptides. Due to the
shorter synthesis rate of LC polypeptide, the expression level
of the LC polypeptide was much higher than that of the HC
polypeptide in the ER. Thereby, the HC polypeptide was
expected to have a greater potential to assemble with the LC
polypeptide, far from being secreted as a type of 2H (Schlatter
et al. 2005). It is also likely that the increased level of the
chaperones contributed to a proper assembly of the antibody
in the ER.

A NaBu addition was found to increase basic charge var-
iants of Mabs produced in CS13-1.0 cells. With an increase in
the concentration of NaBu, even the main peak of the charge
variants was shifted to the basic charge variants. A variety of
antibody modifications are known to influence the charge
heterogeneity of Mabs (Liu et al. 2008; Vlasak and Ionescu
2008). In many cases, the basic charge variants in Mab are
caused by the oxidation of labile amino acid residues (methi-
onine, cysteine, lysine, histidine, and tryptophan), as induced
by temperature and oxidative chemicals during the cell culture
and purification processes as well as in storage (Chumsae
et al. 2007; Harris et al. 2001; Harris et al. 2004; Kaschak
et al. 2011; Zhang et al. 2011). Thus, the increased basic
charge variants of the Mabs by NaBu may originate in part
from intracellular oxidative stress such as ROS. In fact, sev-
eral studies have reported that a NaBu addition induced intra-
cellular ROS and oxidative damages (Chang et al. 2013; Louis
et al. 2004; Malhotra et al. 2008; Vanhoutvin et al. 2009).
When purifiedMab was treated with H2O2, a well-known pro-
oxidant, the basic charge variants increased with the incuba-
tion time. This result indicates that the increased basic charge
variants in the Mabs produced in rCHO cells in the presence
of NaBu were in part due to NaBu-induced ROS in rCHO
cells. If these basic charge modifications occur in the active
sites of Mab, such as in the epitope or effector region, the
antigen binding efficiency or therapeutic efficacy can be
greatly affected. Thus, Mabs produced in the cell culture
process with NaBu need to be characterized in depth.

An addition of NaBu was found to have a negative effect
on the galactosylation of Mabs produced in CS13-1.0 cells, in
contrast with earlier findings (Mimura et al. 2001). Negative
effects of a NaBu addition on galactosylation in Mabs, as
observed in this study, can be a concern because the
galactosylation of Fc-glycan modulates the effector functions
and pharmacokinetic properties. Previously, it was also report-
ed that a NaBu addition reduced the sialylation of glycopro-
teins such as GP1-IgG, interferon-beta, and thrombopoietin
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ed with a star. b The proportions of glycans calculated from a glycan
analysis (□: 0 mM NaBu,▨: 0.2 mM NaBu,▩: 1 mM NaBu,▧: 2 mM
NaBu,▤: 4 mM NaBu). G0 agalactosylated glycan without fucose, G0F
agalactosylated glycan with fucose, G1F monogalactosylated (α 1–6)
glycan with fucose, G1F′ monogalactosylated (α 1–3) glycan with
fucose, G2F digalactosylated glycan with fucose. The error bars repre-
sent standard deviations calculated from the data obtained in two inde-
pendent experiments
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produced in rCHO cells (Santell et al. 1999; Rodriguez et al.
2005; Sung et al. 2004).

In conclusion, a NaBu addition to a culture medium in-
creased the qMab of rCHO cells while also affecting the quality
of Mab. It increased correct antibody assembly, resulting in an
improved proportion of intactMab. However, it also increased
the basic charge variants of Mabs while negatively affecting
the galactosylation of Mabs. Thus, the use of NaBu in rCHO
cell cultures for improved Mab production requires an in-
depth characterization of Mabs.
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