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Abstract An efficient method of formulating serum-free
medium (SFM) for production of therapeutic antibodies by
recombinant CHO (rCHO) cells was developed using two
rCHO cell lines producing a therapeutic antibody. In this
method, ten kinds of SFM were prepared by supplement-
ing the basal SFM with statistically designed mixtures
(total 5 g L−1) of three non-animal-derived hydrolysates:
yeastolate, soy hydrolysate, and wheat gluten hydrolysate.
When the two rCHO cell lines were cultivated, the mixtures
of soy hydrolysate and wheat gluten hydrolysate showed a
positive effect on cell growth. On the other hand, the
mixtures including a high portion of yeastolate significantly
enhanced specific antibody productivity. To reconstitute the
mixture ratios of the three hydrolysates for high growth and
antibody production, the effect of each medium was
analyzed by the statistical program Design-Expert®. The
resulting medium gave a 1.9–3.3-fold increase in the
maximum antibody concentration, compared to the basal
SFM. Taken together, the supplementation of hydrolysates
to the basal SFM with the help of statistical analysis is an
efficient means of developing SFM for therapeutic antibody
production by rCHO cells.
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Introduction

Chinese hamster ovary (CHO) cells have been most widely
used for the commercial production of therapeutic anti-
bodies. The popularity of CHO cells is likely to persist as
the demand for therapeutic antibodies continues to increase
(Chiou et al. 2009; Majors et al. 2008; Nam et al. 2008).

For large-scale suspension cultures of recombinant CHO
(rCHO) cells, a serum-free medium (SFM) is desirable
because the use of serum increases the risk of contamina-
tion of infectious agents such as mycoplasma, viruses, and
prions and complicates the subsequent purification process
(Glassy et al. 1988; Keen and Rapson 1995; Schrőder et al.
2004; Huang et al. 2007). However, no universal SFM
applicable to all cell lines is available. Thus, a specific SFM
for each individual cell line needs to be developed to
maximize cell growth and antibody production.

Although a chemically-defined SFM is desirable, it often
results in decreased cell growth and protein production,
compared to serum-containing medium. Furthermore, due to
the complexity of nutritional requirements of CHO cells, it is
time-consuming to formulate the chemically defined SFM. In
this regard, SFM supplemented with hydrolysates, which
contain oligopeptides, amino acids, iron salts, lipids, vitamins,
and other low molar mass substances in trace elements, is a
useful alternative (Chun et al. 2007; Wang et al. 2007). In
fact, SFM supplemented with hydrolysates is the most
widely used medium in the biopharmaceutical industry.
However, the composition of this SFM supplemented with
hydrolysates is unrevealed to the public.

Among various raw materials, the trend of avoiding
animal-derived materials during the biopharmaceutical pro-
cess has led to the extensive use of non-animal hydrolysates
such as plant hydrolysate and yeast hydrolysate (Donaldson
and Shuler 1998; Franek et al. 2000; Heidemann et al. 2000).
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The source of the hydrolysates affects cell growth and
production (Sung et al. 2004). Accordingly, careful consid-
eration should be taken when determining the kind and
quantity of hydrolysates to be used.

In the present study, we describe a simple and rapid
method of developing SFM supplemented with non-animal-
derived hydrolysates for suspension cultures of rCHO cell
lines producing therapeutic antibodies.

Materials and methods

Cell lines

Two antibody-producing rCHO cell lines were used in this
study. One rCHO cell line produces a recombinant
antibody against human platelets and was established by
transfection of a vector containing dihydrofolare reductase
(dhfr) and the heavy chain and light chain of the antibody
into dhfr-deficient CHO cells (DG44) and which under-
went subsequent dhfr/methotrexate (MTX)-mediated gene
amplification (Jun et al. 2005). The stable rCHO cell line
(C11-08) was selected at 80 nM MTX. The other rCHO cell
line produces a humanized anti-4-1BB antibody for active
suppression of antibody-mediated autoimmune reactions. It
was established by transfection of a vector containing the
dhfr gene and the heavy chain of the humanized antibody
and another vector containing the light chain into dhfr-
deficient CHO cells (DUKX-B11, ATCC CRL-9096)

(Hong et al. 2000). The stable rCHO cell line (H-1-5) was
selected at 1μM MTX.

Media and reagents

Iscove's modified Dulbecco's medium (IMDM), dialyzed
fetal bovine serum (dFBS), and yeastolate ultrafiltrate were
purchased from Invitrogen (Carlsbad, CA, USA). Soy
hydrolysate (HyPep® 1510) and wheat gluten hydrolysate
(HyPep® 4601) were obtained from Kerry Bio-science (Cork,
Ireland). The other medium supplements used in this work
were purchased from Sigma-Aldrich (St. Louis, MO, USA).

A basal SFM was developed in our laboratory and its
components are given in Table 1. For the SFM formulation,
medium supplements, except for insulin, phosphatidylcho-
line, and ferric citrate, were dissolved in water before
addition to the culture media. Insulin was dissolved in 1 M
acetic acid, phosphatidylcholine in absolute ethanol, and
ferric citrate in boiling water.

Supplementation of hydrolysates to the basal SFM was
determined by the mixture design which consists of three
components, yeastolate ultrafiltrate (A), soy hydrolysate
(B), and wheat gluten hydrolysate (C). It contains the ten
blends of media with different ratios of the hydrolysates
(Table 2). Blends were made so that the total amount of all
three components always equaled 5 g L−1.

Cell maintenance and culture

The two rCHO cell lines were maintained in suspension in
125-mL Erlenmeyer shake flasks (Corning, NY, USA) on
an orbital shaker (Vision, Korea) rotating at 110 rpm, which

Table 1 Composition of the basal SFM designed for rCHO cells

IMDM supplemented with:

Components Concentration (mgL−1)

CuCl2 0.0025

ZnSO4·7H2O 1

Na2SeO3·5H2O 0.017

L-Cysteine 100

L-Methionine 50

L-Glutamine 584

L-Threonine 50

Recombinant insulin 5

Ethanolamine 3

Hydrocortisone 10

Phosphatidylcholine 5

Putrescine 1

Ferric citrate 2

Pyruvic acid–Na 170

Ascorbic acid 25

Pluronic F68 1,000

Dextran sulfate 50

Table 2 Matrix of ten mixtures of hydrolysates used for supplemen-
tation using a simplex lattice design

Media number Ratio of additional hydrolysates (%)

Yeastolate Soy Wheat

1 100 0 0

2 0 100 0

3 0 0 100

4 50 50 0

5 0 50 50

6 50 0 50

7 67 17 17

8 17 67 17

9 17 17 67

10 33 33 33

SFM 0 0 0

The total amount of hydrolysates supplemented was always 5 g L−1 ,
equal to 100%
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was placed in a 5% CO2/air, humidified at 37°C,
incubator. Unless otherwise specified, the working volume
in the 125-mL Erlenmeyer shake flasks was 30 mL. The
medium for culture maintenance of the C11-08 cell line was
IMDM supplemented with 10% dFBS. For the H-1-5 cell
line, IMDM supplemented with 5% dFBS was used.
Neither antibiotics nor MTX was added to the media.

For batch cultures, exponentially growing cells in shake
flasks containing the maintenance medium were used as an
inoculum. After centrifugation at 1,200×g for 5 min at 4°C,
the cells were washed with phosphate-buffered saline (PBS).
The cells were pelleted again by centrifugation and were
resuspended in the SFM under examination. MTX was not
included in this SFM. Cells were then inoculated at a
concentration of 2×105 cells/mL in 125-mL Erlenmeyer
shake flasks containing the SFM under examination and were
sampled everyday. Aliquots of spent media, after centrifuga-
tion, were taken and kept frozen at −70°C for further
enzyme-linked immunosorbent assay (ELISA) analysis.

Statistical analysis of the responses of rCHO cell lines
to ten different mixtures of hydrolysates

DOE software Design-Expert® (version 7.0, Stat-Ease Inc.,
Minneapolis, MN, USA) was used for the analysis of
responses to the hydrolysate mixtures. The program provid-
ed a mixture matrix, a fitted linear or quadratic mixture
model, and a contour plot of the predicted elongation values
of the two responses, maximum cell density (or time integral
value of cell concentration) and maximum antibody concen-
tration. It was then possible to find the optimal ratios of the
three hydrolysates for these two responses. The numerical
and graphical optimization section of this program allowed
the determination of the ratio of hydrolysates that would give
the best combination of cell and antibody concentrations.

Cell concentration, viability, and antibody assay

Cell concentration was estimated using a hemacytometer.
Viable cells were distinguished from dead cells using the
trypan blue dye exclusion method. Secreted antibody
concentration was quantified by an ELISA as described
previously (Jun et al. 2005; Yoon et al. 2003). For
quantification of anti-4-1BB antibody, 96-well plates
(Nunc) were coated with bacterially expressed 4-1BB.

Evaluation of specific growth rate and antibody
productivity

The specific growth rate (μ) was based on data collected
during the exponential growth phase (from day1 to day4).
Specific antibody productivity (q) was evaluated as de-
scribed earlier (Renard et al. 1988). When the antibody

concentrations are plotted against the time integral values of
the growth curve, the slope represents q.

Western blot analysis

Culture supernatants, including 0.2μg of produced antibody,
from serum-free and serum-supplemented cultures were
electrophoresed on an SDS-PAGE gel and transferred onto
a polyvinylidene fluoride membrane (Bio-Rad, Hercules,
CA, USA). Membranes were probed with an anti-human
whole IgG antibody-peroxidase conjugate (Sigma). After
washing the blots with PBS-T buffer (phosphate-buffered
saline containing 0.1% Tween-20), bands were visualized by
the ECL Western blotting system (Amersham, Uppsala,
Sweden).

Results

Cell growth and antibody production in SFM supplemented
with a mixture of hydrolysates

To determine the effect of hydrolysates in regard to cell
growth and antibody production, C11-08 and H-1-5 cells
were cultivated in SFM supplemented with different ratios
of hydrolysates as summarized in Table 2, respectively.
Cells were also cultivated in the basal SFM as control.

Figure 1 shows cell growth, cell viability, and antibody
production profiles during batch cultures of C11-08 cells.
Supplementation of soy hydrolysate, in general, showed a
positive effect on cell growth (Fig. 1a). When only wheat
gluten hydrolysate was supplemented to basal SFM, cell
growth was not improved. However, supplementation of
wheat gluten hydrolysate with other hydrolysates, particularly
soy hydrolysate, improved cell growth significantly. The
highest maximum viable cell concentration was achieved in
media #5 which was supplemented with 50% soy hydroly-
sate and 50% wheat gluten hydrolysate. Compared to the
basal SFM, a 1.6-fold increase in maximum viable cell
concentration was achieved in media #5. Supplementation of
yeast hydrolysate did not improve cell growth and rather
inhibited cell growth at high concentration (≥ 3.35 g/L).
Compared to the basal SFM, the maximum viable cell
concentration achieved in media #1 and media #7 was
decreased by 36% and 16%, respectively. Supplementation of
hydrolysates, regardless of hydrolysates used, improved cell
viability (Fig. 1b). Furthermore, supplementation of any
combination of hydrolysates, except for wheat gluten
hydrolysate only, significantly enhanced antibody production.
Supplementation of yeastolate significantly enhanced qAb.
Compared with qAb in the basal SFM, a 2.3-fold increase in
qAb was achieved in media #1 which was supplemented with
yeastolate only. Accordingly, supplementation of yeastolate,
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despite its inhibitory effect on cell growth, resulted in
improved antibody production. The highest antibody concen-
tration was achieved in media #8 which was supplemented
with 17% yeastolate, 67% soy hydrolysate, and 17% wheat
gluten hydrolysate. Compared to the basal SFM, a 2.8-fold
increase in maximum antibody concentration was achieved in
media #8.

The μ, maximum viable cell concentration, qAb, and
maximum antibody concentration in SFM supplemented with
different ratios of hydrolysates were summarized in Table 3.

The effect of supplementation of hydrolysates on cell
growth and antibody production of H-1-5 cells was similar
to that of C11-08 cells as shown in supplementary Fig. S1.
Supplementation of soy hydrolysate, in general, showed a
beneficial effect on cell growth. Supplementation of
yeastolate showed an inhibitory effect on cell growth, but
a beneficial effect on antibody production. As summarized
in Table 3, the highest maximum viable cell concentration
of H-1-5 cells, like C11-08 cells, was achieved in media #5.
The high antibody concentration was achieved in media #7,
#8, and #10 which are supplemented with different ratios of
all three hydrolysates.

Design of hydrolysate mixtures using statistical analysis

To determine the ratios of hydrolysates yielding the highest
maximum viable cell concentration or the highest antibody
concentration, the data in Table 3 were analyzed using DOE
software.

Figure 2 shows contour plots of experimental region. In a
contour plot, overall trends of response of cells to the media
formulation can be seen through the line of the same response
points predicted by the program. For both C11-08 and H-1-5
cells, mix S1, reconstituted for the highest maximum viable
cell concentration, contains 60% of soy hydrolysate and 40%
of wheat gluten hydrolysate. Mix S2, reconstituted for the
highest antibody concentration, somewhat differed between
the two cell lines. Mix S2 for C11-08 cells contains 52% of
yeastolate, 18% of soy hydrolysate, and 30% of wheat gluten
hydrolysate. For H-1-5 cells, mix S2 contains 70% of
yeastolate and 30% of wheat gluten hydrolysate.

To confirm the effect of the supplementation of mix S1
and mix S2 on cell growth and antibody production, C11-08
and H-1-5 cells were cultivated in SFM supplemented with
mix S1 and mix S2, respectively. Cells were also cultivated
in the basal SFM as control.

Figure 3 shows cell growth and antibody production
profiles during batch cultures. Both cell lines showed
substantially higher cell growth in mix S1 than in mix S2
or the basal SFM. Furthermore, antibody production in mix
S1 and mix S2 was also substantially higher than that in the
basal medium, demonstrating the potential of DOE for
determining the optimal ratio of different hydrolysates.

The μ, maximum viable cell concentration, qAb, and
maximum antibody concentration in mix S1, mix S2, and
the basal SFM were summarized in Table 4.

Cell maintenance in SFM supplemented with mix S1
and mix S2

In experiments to design the SFM supplemented with the
mixture of hydrolysates shown in Figs. 1 and 3, cells grown
in a serum-containing medium were used as an inoculum.

V
ia

bl
e 

ce
lls

/m
L

1x106

2x106

3x106
V

ia
bi

lit
y 

(%
)

0

20

40

60

80

100

Time (day)

0 1 2 3 4 5 6 7 8 9 10 11 12

A
nt

ib
od

y 
co

nc
en

tr
at

io
n 

(µ
g/

m
L)

0

20

40

60

80

100

120

140

160

A

B

C

Fig. 1 Batch culture of C11-08 using various SFM supplemented
with the 10 mixtures of hydrolysates. a Cell growth. b Cell viability. c
Antibody production. ● media 1; ○ media 2; ▼ media 3; ▽ media 4; ■
media 5; □ media 6; ◆ media 7; ◇ media 8; ▲ media 9; △ media 10;
SFM without supplementation. The compositions of the hydrolysates
for the ten media are shown in Table 2. Each data point represents the
mean of duplicate experiments
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Accordingly, it is necessary to test whether the developed
SFM supplemented with a mixture of hydrolysates supports
cell growth during successive passages. To test this, cells
were inoculated at a concentration of 2×105 cells mL−1 in
125-mL Erlenmeyer shake flasks containing the SFM
supplemented with mix S1, the SFM supplemented with
the mix S2, and the basal SFM, respectively. Cells were
cultivated in a repeated batch mode by being re-inoculated
at a concentration of 2×105 cells mL−1 every 3 days for six
consecutive passages.

Figure 4 shows the cell growth profile of C11-08 cells
during successive passages. Cell growth rate was not deteri-
orated during successive passages, suggesting that cells can be
maintained in these SFM supplementedwith hydrolysates. The
average μ during six passages in SFM supplemented with
mix S1, which was the highest, was 0.60±0.04 day−1

(average ± standard deviation, n=6). The average μs in the
SFM supplemented with mix S2 and the basal SFM were
0.53±0.05 and 0.43±0.10 day−1, respectively.

Figure 5 shows the cell growth profile of H-1-5 cells
during successive passages. Like the C11-08 cells, cell
growth of H-1-5 cells could be maintained in the SFM
supplemented with hydrolysates and the basal SFM. The
average μs in the SFM supplemented with mix S1, mix S2,

and the basal SFM were 0.64±0.08, 052±0.04, and 0.68±
0.06 day−1, respectively.

Cell growth and antibody production in the developed SFM

To determine whether cells can retain their antibody
production capability after long-term maintenance in the
developed SFM supplemented with a mixture of hydro-
lysates, cells after six passages shown in Figs. 4 and 5 were
cultivated in the corresponding culture media.

Figure 6 shows cell growth and antibody production
profiles during batch cultures. After long-term maintenance
in the developed SFM, cell growth and antibody production
capability of both C11-08 and H-1-5 cells were retained.
The μ, maximum viable cell concentration, qAb, and
maximum antibody concentration in the SFM supple-
mented with mix S1, mix S2, and the basal SFM were
summarized in Table 5.

Discussion

SFM is a regulatory requirement for the commercial
production of therapeutic antibodies from rCHO cell

Table 3 Effect of ten hydrolysate mixtures on μ, maximum viable cell concentration, qAb, and maximum antibody concentration

Cell line Mix number μ (/day) Maximum viable cell
concentration (106 cells/mL)

qAb (μg/10
6 cells/mL) Maximum antibody

concentration (μg/mL)

C11-08 1 0.31±0.04 1.08±0.05 12.52±1.86 109.57±4.00

2 0.51±0.03 2.10±0.27 8.47±2.21 133.40±36.25

3 0.33±0.00 1.46±0.15 5.78±0.68 51.02±3.91

4 0.47±0.03 1.44±0.64 12.53±1.89 136.87±3.70

5 0.55±0.04 2.61±0.29 5.79±0.01 107.09±7.90

6 0.49±0.10 2.22±0.34 9.41±1.52 143.57±6.73

7 0.42±0.08 1.41±0.05 13.77±4.18 142.04±22.89

8 0.50±0.09 2.25±0.21 9.15±0.94 151.90±10.64

9 0.53±0.02 2.31±0.22 7.21±1.17 109.45±16.08

10 0.43±0.04 2.21±0.11 9.00±1.25 145.31±11.11

SFM 0.50±0.09 1.68±0.01 5.55±0.27 53.47±2.10

H-1-5 1 0.38±0.03 0.70±0.03 19.10±2.33 77.66±11.72

2 0.50±0.07 1.63±0.08 10.07±2.22 82.58±17.61

3 0.39±0.03 1.18±0.08 4.59±0.91 31.46±3.55

4 0.33±0.02 0.57±0.23 21.49±0.07 77.50±24.18

5 0.52±0.07 1.92±0.05 7.69±1.23 76.73±13.73

6 0.43±0.02 0.92±0.03 15.67±0.32 86.60±15.10

7 0.36±0.10 0.73±0.17 21.73±0.48 94.44±8.44

8 0.43±0.01 1.12±0.26 14.65±1.68 88.89±12.12

9 0.60±0.07 1.33±0.10 8.12±0.77 60.65±6.60

10 0.50±0.04 1.10±0.14 14.39±0.62 91.31±15.25

SFM 0.57±0.06 1.03±0.14 8.61±0.36 45.38±4.77

Values are means±SD of duplicate experiments. The compositions of the hydrolysates for the ten media are shown in Table 2
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culture. However, due to the diverse nutritional require-
ments of cell lines, there is a need to formulate a SFM for
each particular cell line, which is labor-intensive and time-
consuming. Furthermore, the use of SFM often results in a
decrease of specific growth and productivity. To fortify
SFM, non-animal-derived hydrolysates with low cost, such
as soy hydrolysate, wheat gluten hydrolysate, and yeast-
olate, have been used as additives for the production of
recombinant proteins in rCHO cell culture (Franek et al.
2000; Sung et al., 2004).

In this study, we investigated a time-efficient method of
developing SFM for therapeutic antibody production from
rCHO cells. In this method, statistically designed mixtures
of three non-animal-derived hydrolysates, including soy
hydrolysate, wheat gluten hydrolysate, and yeastolate, were

added to chemically defined SFM, which had been
developed in our laboratory, and their efficacy was assessed
using DOE. It takes less than 1 month to develop the SFM
supplemented with hydrolysates for a specific rCHO cell
line producing a therapeutic antibody.

Optimized media formulations by DOE did not result in
a dramatic increase in antibody production, compared to
some of the test media. It is likely that some of the initial
test media are already optimal. We made a significant effort
in developing the basal SFM. The basal SFM, of which the
complete composition is listed in Table 1, supports cell
growth of many rCHO cell lines. When rCHO cells grown
in serum-containing medium were inoculated into the test
media, cells could grow well without a noticeable lag phase
(refer to Fig. 1 and Fig. S1).

Fig. 2 Contour plots analyzed using Design-Expert®. a Maximum
viable cell concentration of C11-08. b Maximum antibody concentra-
tion of C11-08. c Maximum viable cell concentration of H-1-5. d

Maximum antibody concentration of H-1-5. Numerical values on the
line mean the predicted ratios to the responses of SFM
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The major advantage of DOE used in this study,
compared to full-factorial designed experiments, is that we
can analyze the overall effect of three kinds of hydrolysates
through a limited number of experiments. Depending on the
purpose of the medium, the mixture ratios of the hydro-
lysates can be easily determined using the DOE, for
example, the mixture ratios yielding the highest maximum
viable cell concentration, the highest antibody concentra-
tion, the highest μ, the q, or the combination of the two
parameters with equal importance, etc.

For establishment of a rCHO cell line producing
antibodies, the two most frequently used dhfr-deficient
CHO host cell lines are DXB11 and DG44. The DXB cell
line, originally derived from CHO-K1, contains a single
point mutant allele, and the other dhfr allele has been
deleted (Urlaub and Chasin 1980). The DG44 cell line,
derived from CHOpro3− cells, is a double deletion mutant
that contains no copies of the hamster dhfr gene (Urlaub et
al. 1986). In our experience, DXB11 is easier to grow in
suspension than DG44, but we have observed a reversion of
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Fig. 3 Batch cultures of two rCHO cell lines using SFM supple-
mented with mix S1 and mix S2. a Cell growth of C11-08. b Antibody
production of C11-08. c Cell growth of H-1-5. d Antibody production

of H-1-5. SFM supplemented with: ● mix S1; ○ mix S2; ▽ without
supplementation. Each data point represents the mean of duplicate
experiments

Table 4 Effect of mix S1 and mix S2 on μ, maximum viable cell concentration, qAb, and maximum antibody concentration

Cell line Mix number μ (/day) Maximum viable cell
concentration (106 cells/mL)

qAb (μg/10
6 cells/day) Maximum antibody

concentration (μg/mL)

C11-08 Mix S1 0.55±0.06 2.61±0.11 5.54±0.88 127.56±12.02

Mix S2 0.39±0.03 1.80±0.02 8.29±0.78 137.80±10.98

SFM 0.43±0.05 1.94±0.01 4.38±0.96 52.22±12.51

H-1-5 Mix S1 0.52±0.04 1.92±0.11 8.38±0.04 125.62±0.85

Mix S2 0.37±0.05 1.05±0.17 12.58±1.55 125.49±10.30

SFM 0.50±0.02 1.18±0.11 7.65±0.49 63.56±1.97

Values are means±SD of duplicate experiments
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DXB11 during adaptation to serum-free suspension culture.
By contrast, no revertants of DG44 have been seen.

In this study, two rCHO cell lines derived from these two
different host cell lines, C11-08 and H-1-5, were used for
the development of SFM supplemented with hydrolysates.

Both rCHO cell lines grew well in the basal SFM of
which the individual component is listed in Table 1. This
result suggests that the basal SFM is likely to support cell
growth of most of rCHO cell lines. Fortification of the basal
SFM by hydrolysates significantly improved cell growth
and antibody production, although the effect of hydrolysate

mixtures depends on their source and mix ratios. The
mixture of soy hydrolysate and wheat gluten hydrolysate
showed a positive effect on cell growth, whereas the
mixture including a high portion of yeastolate enhanced
product concentration by increasing the qAb.

It may be thought that the enhanced qAb in SFM
containing a high proportion of yeastolate was due to
elevated osmolality. The osmolality of the basal SFM was
327±2.8 mOsm/kg. Addition of hydrolysates (5 gL−1)
increased the osmolality by about 11–31 mOsm/kg. Thus,
the osmolality of all media used in this study was in the
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with mix S2. c SFM only. Each data point represents the mean of
duplicate experiments

646 Appl Microbiol Biotechnol (2009) 83:639–648



range of 327 to 358 mOsm/kg. Previously, it was reported
that the growth and q of rCHO was not significantly
affected in this range of osmolality (Kim et al. 2000; Ryu et
al. 2000, 2001). Thus, elevated osmolality by the addition
of yestolate is not a major factor for the enhanced qAb.

The addition of 5 g L−1 of hydrolysates to the SFM
resulted in an increase of total amino acid concentration.
However, total amino acid concentrations in all SFM were
not significantly different according to the product data

sheet of the hydrolysates. When tested on mouse hybrid-
oma culture, individual peptide fractions of soy and wheat
gluten varied significantly in their growth-promoting and
production-enhancing activities (Franek et al. 2000). The
differences in the kind and concentration of peptides among
hydrolysates may be the reason for the different effect on
cell growth and antibody production.

The quality of the produced antibodies was not studied
in depth. However, for quantification of anti-4-1BB
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Fig. 6 Batch culture of the two CHO cell lines using SFM supplemented
with mix S1 andmix S2 after serum-free adaptation for 6 passages. a Cell
growth of C11-08. b Antibody production of C11-08. c Cell growth of

H-1-5. d Antibody production of H-1-5. SFM supplemented with: ●
mix S1; ○ mix S2; ▽ without supplementation. Each data point
represents the mean of duplicate experiments

Table 5 Effect of mix S1 and mix S2 on μ, maximum viable cell concentration, qAb, and maximum antibody concentration after serum-free
adaptation

Cell line Mix number μ (/day) Maximum viable cell
concentration (106 cells/mL)

qAb (μg/10
6 cells/day) Maximum antibody

concentration (μg/mL)

C11-08 Mix S1 0.73±0.02 2.87±0.20 5.14±0.09 104.90±2.54

Mix S2 0.51±0.02 1.44±0.01 9.88±0.65 105.38±16.62

SFM 0.67±0.04 1.61±0.11 4.51±0.41 54.13±0.67

H-1-5 Mix S1 0.62±0.01 3.38±0.29 5.94±0.47 102.69±7.12

Mix S2 0.49±0.03 1.41±0.03 13.16±0.90 79.12±0.47

SFM 0.60±0.03 1.98±0.05 5.17±0.82 30.88±0.67

Values are means±SD of duplicate experiments
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antibody, we used an antigen-coated ELISA which showed
the functional property of the antibody. In addition, Western
blot analysis showed that the fully assembled antibody
(H2L2) was the major portion of the antibodies produced in
SFM supplemented with hydrolysates as shown in supple-
mentary Fig. S2.

The application of the method of developing SFM
supplemented with hydrolysates is not just limited to rCHO
cells producing therapeutic antibodies. Using this method,
we successfully developed SFM for rCHO cell lines
producing various proteins such as erythropoietin, throm-
bopoietin, and β-interferon (data not shown).

In conclusion, SFM with an optimized composition of
hydrolysates for a specific rCHO cell line, which is
accomplished using DOE, can be made in 1 month. This
time-efficient method of formulating SFM will be useful for
the process development of antibody production from
rCHO cells.
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