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Abstract Cell cultures containing 0 ~ 5 mM sodium
butyrate (NaBu) and grown at 30 and 37°C were con-
ducted to investigate the combined effect of NaBu and low
temperature on the quantity and quality of an antibody
production in CHO cells. Although NaBu addition de-
creased cell viability by apoptosis in a dose-dependent
manner at both 30 and 37°C, the onset of significant
apoptosis induced by NaBu was delayed by lowering
culture temperature. The highest specific antibody produc-
tivity (g,) of 23.26 pg/cell/day was obtained in the culture
containing 2 mM NaBu at 30°C; however, the highest
antibody concentration of 167.84 mg/L. was achieved in the
culture containing 1 mM NaBu at 30°C, as the detrimental
effect of further NaBu addition on cell growth com-
promised its beneficial effect on g,. Moreover, protein
quality with respect to the total sialic acid content and N-
glycolylneuraminic acid (Neu5Gc) level was evaluated.
There were no apparent changes regarding the total sialic
acid content of the antibody, but manipulation of cultures
with NaBu treatment or (and) low culture temperature did
decrease Neu5Gc levels by 5 ~ 10%. Biological activity of
the antibody was also assessed, and no obvious changes
were observed. Collectively, the simultaneous application
of NaBu and low culture temperature was an effective way
to extend culture period and enhance final antibody con-
centration, without compromising the sialic acid content or
biological activity.
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1. Introduction

Currently, therapeutic recombinant human proteins are
predominantly produced in mammalian cells, especially
Chinese hamster ovary (CHO) cells. In an effort to increase
the production of recombinant proteins, both academic and
industrial researchers have focused on optimizing cell line
generation and process development [1]. A variety of
strategies have been employed to increase recombinant
protein productivity in CHO cells, including low temper-
ature [2-5] and addition of sodium butyrate (NaBu) [6-9].

NaBu, a sodium salt of butyric acid, can enhance re-
combinant protein biosynthesis in mammalian cell culture
[6-9], but it can also inhibit cell growth and induce cellular
apoptosis [10-14]. Thus, the beneficial effect of NaBu
addition on a foreign protein expression is compromised by
its negative effect on cell growth. As an endeavor to reduce
this defect, various strategies aimed at overcoming the
cytotoxic effect of NaBu have been attempted [10-14].
Manipulations of the culture environment (chemicals such
as nutrients or anti-oxidants) and the cell itself (genetics)
are well documented, and to our knowledge, a shift to low
culture temperature has been reported to maintain high cell
viability and extend the culture period [15,16]. Thus,
culture shift to low temperature may be an alternative
method to alleviate NaBu-induced apoptosis and further
increase the antibody production through increased specific
productivity (g,) and extended cell culture period. How-
ever, the combined effect of these stressful culture condi-
tions on the g, of CHO cells has not yet been clearly
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reported.

Besides their effect on production of recombinant pro-
teins, NaBu addition or temperature shift might be able to
influence the quality of recombinant glycoprotein [5,17].
Proper glycosylation, especially sialylation, is a major con-
sideration for the production of glycoprotein therapeutics
as it can affect protein stability, bioactivity, as well as
immunogenicity [18]. Among > 40 naturally occurring
forms of sialic acid [19], N-glycolylneuraminic acid
(Neu5Gc) and N-acetylneuraminic acid (Neu5SAc) are the 2
most common forms. Neu5Gc, a derivative of NeuSAc,
which is not typically expressed in humans but is present
in CHO cultures, has been suggested to be immunogenic in
humans [20,21]. Thus, it is urgent to understand how cell
culture conditions affect Neu5Gc levels. Extensive efforts
have been made to describe the effects of environmental
factors on the total sialic acid content of a glycoprotein
[22,23]. However, there are very few literature reports
describing the impact of culture conditions on glycoprotein
Neu5Ge levels.

In this paper, we investigated the combined effect of
NaBu addition and low culture temperature on production
of an antibody in CHO cells. Furthermore, because the
quality of foreign protein can be affected by stressful
culture conditions [5,7-9,17], the sialic acid content and
biological activity of purified antibody were also examined
to determine their combined effect.

2. Materials and Methods

2.1. Cell line and culture maintenance

A CHO cell line secreting a humanized antibody was
employed for this study. The medium for culture main-
tenance was EX-CELL™ 302 serum-free medium (JRH,
Bioscience, USA) supplemented with 2 mM glutamine and
1.6 g/ NaHCO;. Cells were placed on a rotary shaker
with an agitation rate of 50 rpm and maintained in a
humidified incubator with 5% CO, at 37°C. Seed cells
were subcultured every 2 days at an initial cell density of
3 x 10° cells/mL. Unless otherwise stated, all materials
were from Sigma (USA).

2.2. Batch cultivation

Batch suspension cultures were performed in spinner flasks
(Corning, NY, USA), with a working volume of 100 mL.
Exponentially growing CHO cells were harvested by
centrifugation (1,200 rpm for 10 min), and inoculated in
fresh EX-CELL™ 302 serum-free medium at a cell density
of 3 ~ 4 x 10° cells/mL. After 2 days of cultivation, the
spinner flasks were incubated at 2 different temperatures,
30 and 37°C, respectively. Simultaneously, a 1 M sterile
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stock solution of NaBu was added to a final concentration
of 0 ~ 5 mM on the day following temperature shift.
Experiments were performed in triplicate on 2 separate
occasions. Cell suspension samples were taken daily from
the spinner flasks. Culture supernatants, after centrifuga-
tion, were aliquoted and kept frozen at —20°C for later
analyses.

2.3. Routine analytical methods

Cell concentration during the culture was estimated using
a hemocytometer. Viable cells were distinguished from
dead cells by the trypan blue dye exclusion method. The
activity of lactate dehydrogenase (LDH) in the medium
was measured with an enzyme test kit according to the
manufacturer’s protocol (Nanjing JianCheng Bioengineer-
ing Institute, Nanjing, China).

Quantification of the antibody was detected by a reversed
phase HPLC method. The antibody concentration was
quantified using reference standards (Shanghai CP Guojian
Pharmaccutical Co., Ltd, Shanghai, China). g, was calcu-
lated in the range showing linear correlation between anti-
body concentration and the integral of viable cell concent-
ration (IVCC) between day 2 and the end of the culture
[24].

2.4. Analysis of cell cycle

To assess the combined effect of NaBu addition and low
culture temperature on cell cycle distribution, cellular
DNA was analyzed by flow cytometry. Briefly, ~ 1.0 x 10°
cells taken from the cultures were centrifuged, washed
twice with PBS, fixed using ice-cold 70% (v/v) ethanol and
stored at —20°C. Before measurement, the fixed cells were
washed twice with PBS, resuspended in PBS containing 50
pg/mL RNase A, and incubated for 30 min at room
temperature. Then, propidium iodide (PI, Invitrogen, USA)
was added to a final concentration of 50 pg/mL and the
preparation was incubated at room temperature in the dark
for an additional 30 min. Flow cytometric analysis was
carried out using a FACS Calibur flow cytometer (Becton
Dickinson, San Jose, CA, USA). Cellular debris and
doublets were gated out using a bitmap surrounding the PI-
stained single cells.

2.5. Analysis of cell apoptosis

The percentage of CHO cells undergoing apoptosis was
determined using the Apoptosis Detection kit (Invitrogen,
USA) according to the manufacturer’s instructions. Briefly,
~1.0 x 10° cells were harvested, washed twice with cold
PBS, and suspended in PI dyeing reagent for 5 ~ 15 min at
room temperature in the dark. The stained cells were
immediately analyzed on a FACS Calibur flow cytometer
(Becton Dickinson, San Jose, CA, USA).



The Combined Effect of Sodium Butyrate and Low Culture Temperature on the Production, Sialylation---

1159

2.6. Determination of sialic acid content of purified
antibody

The antibody secreted by CHO cells was purified as
described by Gawlitzek et al. [25]. A single peak was
obtained and confirmed in comparison with the antibody
standard (Shanghai CP Guojian Pharmaccutical Co., Ltd,
Shanghai, China). Purified antibody was stored at —20°C
for later analysis.

Quantification of sialic acid content of the antibody was
conducted using a reversed phase HPLC method [26].
Briefly, the sialic acids were released from the Protein-A
purified samples in a NaHSOj, solution (0.25 M, 80°C, 20
min) and derivatized in the same solution with o-phenyl-
enediamine-2HCI1 (OPD) (10 mg/mL, 80°C, 40 min). The
derivatives were then separated on a C-18 reversed-phase
Ultrasphere-ODS column and the sialic acids were monitor-
ed by a HPLC fluorescence detector (Waters, USA). The
following settings were used on the detector: excitation
wavelength, 230 nm; emission wavelength, 425 nm. The
peak areas were quantified by linear regression of a
standard curve. The sialic acid content was determined by
comparison to a standard curve obtained using a sialic acid

standard.

2.7. Determination of biological activity of antibody

The biological activities of antibody were tested using a
standard method according to the Pharmacopoeia of the
Peoples Republic of China. Briefly, 100 puL. of exponenti-
ally growing 1.929 cells at a density of ~ 1.2 x 10° cells/mL
were inoculated into a 96-well microplate (Corning, NY,
USA) in a humidified 5% CO, incubator at 37°C. After 24
h of cultivation, the antibody obtained from the cultures
and the antibody standard, were added together with 60 pg/
mL actinomycin D and 60 U/mL TNF-a to the L929 cells.
The 96-well microplate was further incubated for 18 h.
Then, 10 uL chromogenic agent (Cell Counting Kit-8,
Dojindo Molecular Technologies, Japan) was added to
measure the absorbance at 490 nm in a microplate reader.

3. Results

3.1. The combined effects of NaBu and low temperature
on cell growth and antibody production

A B
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Fig. 1. The combined effect of NaBu addition and low culture temperature on cell growth and viability: (l) 0 mM; (@) 1 mM; (A) 2
mM; and (W) 5 mM. (A) Viable cell concentration at 30°C. (B) Viable cell concentration at 37°C. (C) Cell viability at 30°C. (D) Cell
viability at 37°C. Arrows indicate the timing of NaBu addition or temperature shift. The error bars represent the standard deviations

calculated from the data obtained from 3 independent experiments.
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(¥) 5 mM. (A) Antibody concentration at 30°C. (B) Antibody concentration at 37°C. (C) Specific antibody productivity at 30 and 37°C.
(D) The final antibody concentration at 30 and 37°C. The error bars represent the standard deviations calculated from the data obtained

from 3 independent experiments.

To determine the combined effects of NaBu and low
culture temperature on antibody production in CHO cells,
the cultures were performed in batch cultivation mode as
described in Materials and Methods. Fig. 1 showed cell
growth and cell viability profiles of the cultures subjected
to different NaBu concentrations (0, 1, 2, and 5 mM) at
both 30°C (Fig. 1A) and 37°C (Fig. 1B). In the absence of
NaBu, culture temperature shift from 37 to 30°C sup-
pressed cell growth, but cell viability remained high for a
longer culture period. However, NaBu treatment inhibited
cell growth and decreased cell viability in a dose-depen-
dent manner regardless of culture temperature. At 24 h
post-treatment with NaBu at 37°C, cell viability in the
culture without NaBu addition was 97.41%, while cell
viabilities with addition of 1, 2, and 5 mM NaBu were
96.23, 92.30, and 55.30%, respectively. By comparison,
the cultures at 30°C experienced the better cell growth:
cells retained viabilities of at least 85% during the course
of 144 h. The onset of significant cell death induced by
NaBu addition was delayed, indicating the effect of low
culture temperature on NaBu tolerance. Thus, combining

@ Springer

NaBu addition with low culture temperature was more
beneficial for antibody production than NaBu addition
alone, as a result of an extended culture period.

Despite its negative effect on cell growth, protein
production benefited from NaBu addition, demonstrated by
a higher specific productivity and a higher product yield at
30°C (Fig. 2). NaBu addition at 30°C affected ¢, in a
different fashion from that at 37°C. At 37°C, the highest g,
of 19.03 pg/cell/day was obtained with 5 mM NaBu
addition, while the highest g, of 23.26 pg/cell/day was
achieved with addition of 2 mM NaBu at 30°C (Fig. 2C).
In all experimental groups, the highest antibody yield of
167.84 mg/L (Fig. 4D) was achieved in the culture with 1
mM NaBu treatment at 30°C. The presence of NaBu up to
5 mM did not further increase antibody production,
perhaps because the cytotoxic effect of NaBu on cell
growth outweighed its beneficial effect on g,.

3.2. The combined effect of NaBu and low temperature
on cell apoptosis
To investigate whether the rapid decrease in cell viability in



The Combined Effect of Sodium Butyrate and Low Culture Temperature on the Production, Sialylation--- 1161
A 40 A 400
——JomM
- BZZi 1 mM
£ 7ZZ42 mM
2 307 25 mm 300 T
8
L] é7 —_ A
@ =
g 20 2 2007 1
o . .
& g8 *
2 1004 .
5 104 A
2
L]
& v
W 0 * — "
0 ' . T T : : :
2 b 96 h 144 h 0 24 48 72 96 120 144 168 192
Time (h
B Time 400 ®
40 ]
_10mMm .
77 1 mM A
< 77742 mM 300]
9; 30 I 77745 mM ] I
3
o ] .4
2 S 200 £
[e] ] 1
.g_ 20 E .
a - i .4 e
[1+] 4
s 1004 - = 0mM
= 104 1 o 1TmMm
8 ¢ s 4 2mM
d‘f 0 ? I‘ T T T T X I5 mM
04 0 24 48 72 96 120 144 168 192
72h Time (h)

Time

Fig. 3. The combined effect of NaBu addition and low culture
temperature on cell apoptosis. (A) 30°C. (B) 37°C. The error bars
represent the standard deviations calculated from the data obtained
from 3 independent experiments.

the presence of NaBu was associated with apoptotic cell
death, cells were sampled during the culture for apoptosis
measurement. The percent of apoptotic cells as a function
of cultivation time was shown in Fig. 3. Reduction in
temperature to 30°C did not synergize with NaBu addition
to increase apoptosis. Rather, a ~ 24 h delay of the onset of
significant apoptosis (> 10%) was afforded by lowering
culture temperature. This “protection” by lowering culture
temperature was reflected in the extended culture period,
which explained the phenomenon that the culture with 1
mM NaBu addition at 30°C demonstrated significantly
increased final antibody concentration.

To further determine the combined effect of NaBu treat-
ment and low culture temperature on cell death, the LDH
activity was also investigated. The increase in LDH activity
is considered to be an indication of cell lysis [27]. As
anticipated, the increasing LDH activity correlated well with
the changes in cell viability. The LDH activity increased in
a dose-dependent manner with NaBu addition at both 30
and 37°C (Fig. 4). At 37°C, the LDH activity increased

Fig. 4. The combined effect of NaBu addition and low culture
temperature on LDH activity: (l) 0 mM; (@) 1 mM; (A) 2 mM;
(¥) 5 mM. (A) 30°C. (B) 37°C. The error bars represent the
standard deviations calculated from the data obtained from 3
independent experiments.

rapidly once after NaBu treatment, and increased sharply
toward the end of cultivation. However, its activity gradu-
ally increased at 30°C, indicating that cellular membrane
integrity was improved by lowering culture temperature.
At the termination of culture, the LDH activities at 37°C
with 0 ~ 5 mM NaBu addition were 212.68, 282.46,
344.43, and 228.44 U/L, respectively, while those at 30°C
were 112.58, 164.19, 234.29, and 302.58 U/L, respectively.

3.3. The combined effect of NaBu and low temperature
on cell cycle distribution

To further investigate cell growth, we studied the distribu-
tion of the cells regarding their cell cycle phase. As the
protein may be preferentially produced during G1 cell
cycle phase [28], we stated the percentage of G1 phase
cells in total cells (Fig. 5). An ~8% increase in the pro-
portion of cells at G1 phase was observed with a temper-
ature shift from 37 to 30°C. However, there was no signifi-
cant difference among cell cultures with 0 ~ 5 mM NaBu
addition at either 37 or 30°C. These results demonstrated
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Fig. 5. The combined effect of NaBu addition and low culture
temperature on percentage of cells at G1 phase. The error bars
represent the standard deviations calculated from the data obtained
from 3 independent experiments.

that lowering culture temperature solely increased the
percentage of G1 phase cells, while combining NaBu with
low culture temperature did not further increase the
percentage of G1 phase cells.

3.4. The combined effect of NaBu and low temperature
on sialylation of antibody

To determine the combined effect of NaBu addition and
low culture temperature on the quality of antibody produc-
ed by CHO cells, both the total sialic acid contents and
glycoprotein Neu5Gc levels were investigated. As shown
in Fig. 6, the total sialic acid content remained more or less
at the same level among all culture conditions; however,
NaBu treatment or lowering culture temperature did reduce
Neu5Ge levels. The harvest Neu5Ge levels were lower
when culture temperature was shifted from 37 to 30°C; for
example, the Neu5Gc level decreased from 17.70 to
12.00% in the absence of NaBu. Moreover, Neu5Gc levels
further decreased from 12.00 to 7.32% when 1 mM NaBu
was added to the former culture at 30°C. Thus, NaBu
addition in combination with low culture temperature was
able to further decrease Neu5Gc levels, indicating an
improvement in antibody quality.

3.5. The combined effect of NaBu and low temperature
on biological activity of antibody

For therapeutic use of an antibody, biological activity is
one of the most important criteria for development of an
antibody production process. Therefore, we investigated in
detail the combined effect of NaBu addition and low
culture temperature on the biological activity of antibody.
The biological activity was evaluated by the median effec-
tive dose (EDsp) test. Whereas, the data presented in Table
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Fig. 6. The combined effect of NaBu addition and low culture
temperature on the total sialic acid content and Neu5Gc levels of
purified antibody. (A) Total sialic acid content. (B) Neu5Gc levels.
The final value of total sialic acid content was calculated as a ratio
of g sialic acid per mg antibody. Neu5Ge level was calculated as
a fraction of NeuSGc in the total sialic acid of the antibody.

1 was calculated by comparison to the antibody standard
and experimental values as a ratio of EDs (standard):EDs
(sample), of which the EDs, of antibody standard was
~1.16 ng/mL. As shown in Table 1, there were no signi-
ficant differences with regard to the value of EDs
(standard):EDs, (sample) in the culture subjected to either
NaBu addition or temperature shift. These results demon-

Table 1. The combined effect of NaBu addition and low culture
temperature on the biological activity of antibody

In vivo biological activity of antibody (%)

NaBu concentration Culture temperature(°C)
(mM) 30 37

0 8434+ 043 90.01 £ 0.90

1 83.23+£0.40 87.23+1.02

2 83.34+0.45 87.03 +£0.89

5 80.23 +£0.19 81.54 +£1.23

The final value of biological activity of antibody was calculated by
comparison to the antibody standard and experimental values as a ratio
of EDs (standard):EDs, (sample), of which the EDs of antibody stan-
dard was ~ 1.16 ng/mL. Values are means + SD.
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strated that combining NaBu addition with low culture
temperature did not deteriorate the quality of antibody
produced by CHO cells.

4. Discussion

In an effort to increase the production of recombinant
proteins in recombinant CHO cells, the effects of various
environmental factors on cell growth and recombinant
protein production have been extensively investigated [2-9,
16]. Studies regarding the effects of NaBu [6-14] or
temperature [2-5] on recombinant protein production have
been independently discussed in depth. However, to our
best knowledge, the combined effect of NaBu addition and
low culture temperature on antibody production in CHO
cells had not yet been reported. Thus, this motivated us to
systematically investigate their combined effect on the
production, sialylation, and biological activity of antibody
in CHO cells.

NaBu addition increased ¢, at 37°C, whereas cells
demonstrated a dramatic reduction in viable cell density at
the same time. The opposing effects of NaBu on ¢, and cell
viability led to no elevation; and instead, a decline in final
antibody concentration (Fig. 2D). This phenomenon was
consistent with those observed in many CHO cell lines
[10-14,29]. Our application of lowering culture temper-
ature prolonged culture period and further elevated g,
which resulted in an enhancement of final antibody con-
centration. Additionally, g, and final antibody concentra-
tion could be further enhanced by 60.4 and 66.3%, respec-
tively, through the addition of 1 mM NaBu at 30°C. There-
fore, an additional effect was exhibited when using NaBu
and low temperature in combination.

One of the limitations of NaBu as a tool to improve
recombinant protein productivity is that NaBu can lead to
significant cell apoptosis, which consequently results in
premature termination of production cultures [10-14]. In
agreement with previous research [10-14], NaBu addition
was found to induce apoptotic cell death in a dose-depen-
dent manner (Fig. 3). Accordingly, to solve this problem,
NaBu-induced anti-apoptotic engineering is an emerging
area of research [10-14]. Reduction in culture temperature
as an anti-apoptosis method was successfully applied in
our study, though its effect was merely a delay rather than
a complete inhibition of apoptosis. However, adoption of
lowering culture temperature for an industrial-relevant
process is acceptable due to its easy execution in a cell
culture process. Thus, culture at low temperature in coordi-
nation with NaBu supplementation would be a promising
method for future application.

Although the molecular mechanism responsible for the

effects of NaBu on increased ¢, has not yet been clearly
elucidated, one of the most convincing arguments is that
NaBu could loosen chromatin packing as a result of
histone hyperacetylation, through inactivation of histone
deacetylase (HDAC) [30,31]. Conversely, reduced culture
temperature influences ¢, in a different fashion. It has been
suggested that lowering culture temperature causes a shift
in the proportion of cells from S to G1, which is partially
responsible for increased g, [28,32]. It is well known that
cells at G1 phase do not need to devote cellular resources
to biomass production, thus subsequently can be employed
for recombinant protein synthesis. However, an analysis of
cell cycle characteristics had not been previously conduct-
ed regarding the combined effects of NaBu addition and
low culture temperature for correlation with cell cycle
events. The obtained data demonstrated that NaBu addition
did not increase the accumulation of cells at G1 phase,
whereas combining NaBu addition with low culture
temperature elevated the proportion of cells at G1 phase
(Fig. 5).

In an effort to apply NaBu and low temperature to
commercial antibody production in CHO cells, product
quality in regard to glycoprotein sialylation and biological
activity is a concern. Documented reports have shown that
culture process variables can considerably affect the sialic
acid levels of recombinant proteins [22,23]. A higher
sialylation of biopharmaceutical proteins is advantageous
because glycoproteins lacking terminal sialic acid are
generally ineffective in vivo because of rapid clearance by
asialoglycoprotein receptors [33,34]. In our study, no
changes were observed in the total sialic acid content of
antibody obtained from the cultures with NaBu addition or
a temperature shift. However, the amount of Neu5Gc as a
percentage of total sialic acids did decrease. Sialic acids are
a class of monosaccharide consisting of NeuSAc and its
derivatives, especially NeuSGe. NeuSGce is generated by
hydroxylation of CMP-NeuSAc to CMP-Neu5Gc, cataly-
zed by CMP-Neu5Ac hydroxylase (CMAH) in most animal
species [35]; however, a significant exception is humans,
which cannot produce Neu5Gc due to a genetic mutation
in the human CMAH gene. Despite traces of Neu5Gc
being detected in human serum due to the assimilation of
dietary sources such as red meat and milk [20,36], NeuSGc
containing molecules can elicit immunogenicity issues in
humans [21]. Thus, understanding factors that affect
Neu5Ge in manufacturing is of significant importance when
assessing the equivalency of different cell culture para-
meters. Our results of lower Neu5Gc content in the culture
with NaBu addition are similar to those of Li ef al. [37].
Furthermore, the simultaneous application of NaBu addi-
tion and low culture temperature further decreased the
Neu5Gc level, which would not be expected to lead to an
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increase in immunogenicity.

The altered expression of Neu5Gc does reveal some
clues as to how cells respond to the synergistic effect of
NaBu addition and low culture temperature regarding
sialylation. The donor of Neu5Gc, CMP-Neu5Gec, is synthe-
sized in the cytosol from CMP-NeuSAc by the enzyme
CMP-Neu5Ac hydroxylase, in the presence of NADH
[38,39]. However, the supply of NADH may become limit-
ed due to the decrease in specific glucose and glutamine
consumption rate under NaBu-supplemented and low
temperature culture conditions [40]. In fact, in our experi-
mental regime, the specific glucose and glutamine consump-
tion rates were significantly reduced, especially under
NaBu-supplemented and low culture temperature (30°C)
dual-stress conditions (data not shown). Thus, it could be
concluded that combining NaBu addition with low culture
temperature decreased Neu5Gc levels due to a limited
supply of NADH.

5. Conclusion

NaBu has been widely reported to increase the specific
productivity of recombinant proteins; however, there are
few papers reporting that NaBu significantly increases the
final protein concentration, because NaBu can also induce
apoptotic cell death. Our successful use of lowering culture
temperature in combination with NuBu addition not only
significantly increased the g, but also the final concent-
ration of antibody in CHO cells. In addition, combining
NaBu addition with low culture temperature did not deterio-
rate the protein quality with respect to either sialylation or
biological activity. Therefore, lowing culture temperature
in combination with NaBu addition would be a promising
method for future application to achieve both higher g, and
higher final antibody concentration, while not comprising
either the sialic acid content or biological activity.
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