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A Modified Serum-Free Medium Development for Vero Cell Cultures
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ABSTRACT
The objective of this study was to develop a modified serum-free medium (SFM01-M) for Vero cell
cultures. The systematic design of experiments was used to screen and optimize prominent serum substitutes. In
screening study, six serum substitutes (BactoTMsoytone, BactoTM yeast extract, vitamin C, vitamin B12, SITE liquid
media supplement, recombinant human epidermal growth factor) were screened by using the 2 6-2 fractional factorial
design and Eagle’s minimal essential medium (MEM) was used as a basal medium. The results demonstrated that
vitamin C, vitamin B12, and recombinant human epidermal growth factor were found to be significant statistically.
Three prominent serum substitutes were further optimized by using the circumscribedcentral composite design. The
results demonstrated that the optimum concentrations of vitamin C, vitamin B12, and recombinant human epidermal
growth factor were 9.72 mg/L, 0.173 mg/L, and 0.058 mg/L,respectively. The modified serum-free medium (SFM01M) was verified by using both sequential and direct adaptation. The results demonstrated that cells could not adapt in
SFM01-M; however, cell growth could be improved when the concentration of Bacto TM yeast extract was adjustedto
0.1 g/L together with the addition of L-glutamine at 4 mM.Additionally, the effect of SITE liquid media supplement
on cell growth was also evaluated. The results demonstrated that cell growth wasindependent on the concentration of
SITE liquid media supplement. The maximum mean cell yields andthe specific growth rate () were reached 0.85 ±
0.07 x 106 cells/well and 0.015 ± 0.001 h-1. Additionally, the relative growth efficiency (RGE) of SFM01-M
compared with SCM and VP-SFM were respectively in the range of 59%- 67% and 78%-85%indicating that SFM01M might be an alternative for Vero cells in serum-free cultures.From this study, the development of a modified
serum-free medium for Vero cell cultures could be achieved by using the systematic design of experiments in
accompany with some modifications.
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Introduction
Vero cells, derived from African green
monkey kidney, have been widely used for developing
human and veterinary vaccines. Furthermore, Vero
cells have also been recommended by the World
Health Organization as a suitable cell substrate for the
production of biological including vaccines (World
Health Organization [WHO], 1987).
To establish cell culture systems in vitro,
serum has been commonly used for promoting cell
growth since the presence of growth factors, albumin,
transferrin, anti-proteases, attachment and spreading
factors, minerals, trace elements, nutrients, hormones
and inhibitors (Castle and Robertson, 1998; Freshney,
2010). Nevertheless, use of serum has several
disadvantages due to the possible contamination of
adventitious agents such as mycoplasma, viruses,
bovine spongiform encephalopathy (BSE).
Additionally, serum contains non-identified
components with unknown functions and has the
variation of quantity and quality, high cost and
complication in the purification process (Castle and
Robertson, 1998; Keenan et al., 2006).
With disadvantages of using serum in cell
cultures, the development of serum-free medium
(SFM) has been widely performed for producing
biopharmaceuticals such as recombinant proteins,
monoclonal antibodies and viral vaccines. However,
there is no universal SFM available to all cell line.
Therefore, a specific SFM for each individual cell line
needs to be developed to maximize cell growth and
productivity.
Recently, low-cost hydrolysates containing
non-defined mixtures of low-molecular weight
components such as amino acids, peptides, vitamins
and trace elements, are frequently utilized as SFM
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additives to provide nutrients in cell cultures,
particularly non-animal derived hydrolysates such as
plant (soy, wheat gluten, rice) hydrolysates and yeast
hydrolysates (Jan et al., 1994; Keen and Rapson, 1995;
Heidemann et al., 2000; Franĕk et al., 2000; Sung et
al., 2004; Chun et al., 2007; Kim and Lee, 2009;
Babcock et al., 2010; Michiels et al., 2011).
In the present study, we describe the
development of a modified serum-free medium for
Vero cell cultures by using design of experiments
(Montgomery, 2001; Box et al., 2005). The efficiency
of non-animal derived hydrolysates such as BactoTM
soytone and BactoTM yeast extract was studied. The
inhibition effect of hydrolysates on cell growth was
also discussed.
Objective of the study
The aim of this study was to develop a
modified serum-free medium for Vero cell cultures.
Materials and Methods
Cell line
Vero cells (CCL-81TM) were purchased from
the American Type Culture Collection (ATCC). Cells
were cultured in serum-containing medium (SCM)
containing Eagle’s minimal essential medium (MEM),
10 % fetal bovine serum (FBS), 1 % MEM nonessential amino acids (100x), 1 mM sodium pyruvate
and 2 mM L-glutamine at 37 oC, 5 % CO2 until
confluence. Monolayer cells were washed once with
phosphate buffered saline (PBS) and digested with
trypsin-EDTA solution for 2-5 min at 37 oC. Cells
were sub-cultured for at least 3 passages.
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Hydrolysates
BactoTM yeast extract and BactoTM soytone
were purchased from Becton, Dickinson and
Company, USA. Each hydrolysate was prepared at a
concentration of 100 g/L and sterile filtered by using
Sartopore2 (Sartorius, Germany) with pore size of 0.45
m + 0.2 m.
Cell cultures
Screening study
In screening study, a cell density of 2 x 104
cells/cm2 was used. Cells were cultured in SCM before
seeding to 6-well plates. Cells were incubated at 37 oC,
5 % CO2 for 3 h. After that, spent media were removed
and replaced with tested media. Cells were cultured for
7 days at 37 oC and 5 % CO2. Optimized and verified
studies were conducted in 6-well plates with a cell
density of 2 x 104 cells/cm2 cultured for 4 days.
Cultures were carried out in triplicate and expressed as
mean ± SD.

suspended in SCM to inactivate the activity of trypsin.
Viable cells were counted after staining with the 0.4 %
(w/v) trypan blue solution by a hemocytometer. In
modified serum-free condition, the trypsin-EDTA
solution was replaced by TrypLETM Select.
Calculation
The specific growth rate,  (h-1) was
estimated by the following equation;
 = ln Xn – ln Xn-1
tn - tn-1
where X represents the viable cell density per cm2, t
represents the time points of sampling expressed in
hour, the subscripts n and n-1 stand for two succeeding
sampling points.
The relative growth efficiency was
calculated by the following equation;
RGE = mean cell yield (SFM01-M) x 100
mean cell yield (SCM or VP-SFM)
Experimental design and statistical

Optimization study
In optimization study, basal medium
contained MEM, 0.1 g/L BactoTM soytone, 7.0 g/L
BactoTM yeast extract, 2.0 % SITE, and others
indicated in SCM while other components (vitamin C,
vitamin B12, rEGF) were varied according to the
central composite design. Cells were performed as the
same method as mentioned in screening study.
Cell counting
Growth of cultured cells was daily
determined. Spent media were removed and washed
once with PBS and then digested with trypsin-EDTA
solution for 2-5 min at 37 oC. Digested cells were re-
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analysis
In this study, the Minitab Release 14
Statistical Software was used for designing the
experiments and statistical analysis of the data.
Results
Screening study
Six serum substitutes were screened to
identify the most prominent ones capable of
supporting growth of Vero cells. The results
demonstrated that BactoTM soytone, BactoTM yeast
extract, vitamin C and vitamin B12 had effect
negatively while other two had effect positively (SITE,
rEGF) on mean cell yields. However, only three
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(vitamin C, vitamin B12, rEGF) showed statistically
significant differences between negative and positive
effect on mean cell yields. Main effects plots were
shown in Figure 1.

Figure 1 Main effects plots of six serum substitutes
derived from 26-2 fractional factorial design
(-1 indicated a low level, 0 indicated a center
point, 1 indicated a high level).
Optimization study
The circumscribed central composite design
which was a 23 factorial design containing six star
points ( = ± 1.68) and two center points. In the
regression equation, the factors (serum substitutes)
were codes as follows;
x i = X i – X i*
ΔXi
where xi is the code value; Xi is the actual value of the
ith test variable; Xi* is the value of Xi at the center point
of the investigated area: ΔXi is the step size.
Based on the results derived from the central
composite design, the analysis of variance (ANOVA)
was shown in Table 1. By examination, all main
effects, X1, X2, X3, quadratic terms (X1X1, X2X2,
X3X3) and interaction terms (X1X2, X1X3, X2X3)
were found to be significant statistically (p-value <
0.05). Statistical analysis was also revealed that about
5 % of experimental data could not be described by the
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empirical mathematical model (R2 = 95.19 %) and cell
yield was estimated by this equation;
Cell yield = 1209278 + 41690X1 + 21754X2 +
23744X3 – 44645X1X1 – 53484X2X2 - 30503X3X3
– 32875X1X2 – 78375X1X3 – 45875 X2X3
The maximum points of three prominent
serum substitutes (Figure 2) derived from the central
composite design were expressed as coded unit (actual
value) as X1 = -0.063 (9.719 mg/L), X2 = 0.033
(0.1725 mg/L) and X3 = 0.05756 mg/L. Estimated cell
yield was equal to 1.21 x 106 cells/well with ± 10-15
% of its deviation.
Table 1 Coefficients of three prominent serum
substitutes for the response (mean cell
yields) derived from the central composite
design
Term Coefficient
t
p-value
Constant 1209278
62.538
0.000
X1
41690
4.591
0.003
X2
21754
2.396
0.048
X3
23744
2.615
0.035
X1X1
-44645
-4.467
0.003
X2X2
-53484
-5.351
0.001
X3X3
-30503
-3.052
0.019
X1X2
-32875
-2.771
0.028
X1X3
-78375
-6.606
0.000
X2X3
-45875
-3.867
0.006
X1, vitamin C; X2, vitamin B12; X3, rEGF
S = 33557.7, R2 = 95.19 %, R2 (adjusted) = 89 %
Significant at p-value < 0.05
Verification study
A modified serum-free medium (SFM01-M)
was used to culture Vero cells for 3 passages by the
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direct and sequential adaptation (Figure 3 and 4). The
ability of cells to adapt in SFM01-M gradually
decreased during subcultures. However, mean cell
yields were improved when the concentration of
BactoTM yeast extract was adjusted to 0.1 g/L.
Furthermore, it was also found that the addition of Lglutamine at 4 mM could improve mean cell yields as
shown in Figure 5.
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Figure 3 Comparison of mean cell yields during
subcultures in SFM01-M for 3 passages by
the direct adaptation compared with SCM
and VP-SFM.
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Figure 4 Comparison of mean cell yields during
subcultures by the sequential adaptation.
Each passage was repeated three times
started with a ratio of SCM to SFM01-M at
75 % to 25 % for P1.
1.6

C

SCM
2 mM L-Glutamine
4 mM L-Glutamine

Mean Cell Yield (x 106 cells/well)

1.4
1.2
1.0
.8
.6
.4
.2
0.0
P1

Figure 2 Contour plots of mean cell yields derived
from the comparison of optimized serum
substitutes.
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Figure 5 Mean cell yields derived from 3 passages in
SFM01-M (0.1 g/L BactoTM yeast extract)
supplemented with 2 mM L-glutamine and 4
mM L-glutamine compared with SCM by the
direct adaptation.
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Effect of SITE on cell growth
The results demonstrated that use of SITE at
0.1 % - 2.0 % could give similarly mean cell yields at
P3 (Figure 6). The relative growth efficiency (RGE)
(0.1 % - 2.0 % SITE) were 59 % - 67 % (SCM) and
78 % - 85 % (VP-SFM). Therefore, the optimal
concentration of SITE in SFM01-M should be in the
range of 0.1 % - 2.0 %; however, due to cost of SITE
it is possibly cost-effective when a low concentration
of SITE in the range of 0.1 % - 0.5 % should be used.
1.6
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1.0 % SITE
0.5 % SITE
0.1 % SITE
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Figure 6 Mean cell yields derived from 3 passages in
SFM01-M (0.1 g/L BactoTM yeast extract)
supplemented with 4 mM L-glutamine and
different concentration of SITE compared
with SCM and VP-SFM by the direct
adaptation.
Discussion
Vero cells have been recommended by WHO
as a host cell substrate for biological and vaccine
productions (WHO, 1987). However, cell cultures are
still dependent on serum (Freshney, 2010) although
serum or animal-derived products have been
concerned in consequence of possible contamination
of adventitious agents (Castle and Robertson, 1998).
The development of serum-free media is timeconsuming and perhaps cost is higher than serum.
Moreover, there is no a universal serum replacer
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capable of supporting growth of cultured cells.
BactoTM soytone is rich in high-quality proteins,
carbohydrates, and B vitamins. (BD bionutrientsTM
technical manual, 2006). Protein hydrolysates or
animal-derived peptones have been widely used (i.e.,
BactoTM peptone, casein peptone, tryptose peptone,
Primatone RL) to stimulate cell growth and
productivity (Saha and Sen, 1989; Jan et al., 1994;
Keen and Rapson, 1995; Schlaeger, 1996).
Additionally, plant protein hydrolysates (i.e., soy,
wheat, rice, cotton, pea) have also been used (Franĕk
et al., 2000; Burteau et al., 2003; Mols et al., 2004;
Ballez et al., 2004; Lee et al., 2009). With
achievement in CHO and stem cell cultures, only few
articles have reported on soy peptones (hydrolysates)
for Vero cell cultures (Rourou et al., 2009; LoboAlfonso et al., 2010); however, the effect of its
concentration is still not evaluated as reported in other
cell line such as CHO cells (Chun et al., 2007). Thus,
in this study, BactoTM soytone at low (0.1 g/L) and
high (7.0 g/L) concentration was investigated. The
results indicated that mean cell yields could improve
when a low concentration of BactoTM soytone was
used (Lobo-Alfonso et al., 2010). Generally, there has
been a variety of soy peptones (hydrolysates) have
been produced and used to culture either animal or
insect cell lines with different achievements
(Heidemann et al., 2000; Kwon et al., 2005; Chun et
al., 2005; Michiels et al., 2011). Consequently, the
application of soy peptones (hydrolysates) in cell
cultures should be considered carefully since there
might be influence on the overall cell culture
performance (Babcock et al., 2010). BactoTM yeast
extract contains essential water soluble vitamins,
amino acids, peptides and carbohydrates (BD
bionutrientsTM technical manual, 2006). It has been
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widely used as an additive for mammalian and insect
cell lines including Vero cells (Drews et al., 1995;
Batista et al., 2008; Vaughn and Fan, 1997; Ikonomou
et al., 2001; Sung et al., 2004; Kim et al., 2009; LoboAlfonso et al., 2010). In this study, the inhibition
effect of BactoTM yeast extract was observed at high
concentration although it could stimulate cell growth
at passage P0. This phenomenon might take place by
traces of serum components probably bind to the cell
surface or are internalized by the cells themselves
during their brief period of contact with the serum
(Hewlett, 1991). Additionally, it might probably occur
as a result of overdose addition (Babcock et al., 2010).
Thus, mean cell yields of Vero cells could be
enhanced when yeast extract at only 0.2 g/L in MEM
was used (Lobo-Alfonso et al., 2010). Some cell lines
such as CHO, Sf9 and High-Five showed doseindependent effect except for Vero cells. Thus,
selection of yeast extracts or hydrolysates should be
considered on types from each vendor since it might
lead to cause the unintentional overdose (Chun et al.,
2007; Babcock et al., 2010). Vitamin C (L-ascorbic
acid) is a cofactor for certain important enzymes. It
acts as an antioxidant, a promoter for collagen
synthesis and secretion (Arigony et al., 2013). In this
study, the optimal point was 9.719 mg/L (  55 M)
while at 100 M was optimal in IPT-AFM (Rourou et
al., 2009).Vitamin B12 or cyanocobalamin is required
for growth, genetic stability and survival of cell in
vitro. It acts as unique coenzymes of methionine
synthase and methylmalonyl-Co A mutase. The
deficiency of vitamin B12 may contribute to acidosis,
genome instability and mitochondria-mediated
apoptosis (Arigony et al., 2013). The optimal point
was 0.173 mg/L in this study. In serum-free media, it
was necessary since it might have a synergistic effect
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with some components in both hydrolysates, to
stimulate cell growth (Bjare, 1992). SITE, is a mixture
of recombinant human insulin, human transferrin
(partially iron-saturated), sodium selenite and
ethanolamine commonly used to promote cell
attachment and proliferation in serum-free culture (Liu
et al., 2007; Murakami et al., 1982; Kovář and Franĕk,
1989; Eto et al., 1991). The concentration of SITE at
0.1 % - 2.0 % in SFM01-M might be suitable for
supporting Vero cell growth; however, due to the cost
of SITE, a low concentration of SITE at 0.1 % - 0.5 %
should be considered. Besides, the addition of EGF at
0.058 mg/L in SFM01-M could improve cell growth as
reported in IPT-AFM medium at 0.020 mg/L for Vero
cell culture (Rourou et al., 2009) as well as at 0.100
mg/L for MRC-5 and Vero cells (Clark et al., 1982).
Conclusion
A modified serum-free medium, SFM01-M,
for Vero cell cultures was developed. Design of
experiments was applied to screen and optimize
prominent serum substitutes. Cell adaptation in
SFM01-M was carried out by sequential and direct
adaptations. Mean cell yields at passage P0 (serumdependent) from both adaptations were corresponded
with that estimated by empirical mathematical model
whereas the next passages (serum-independent) could
not. However, the modification of SFM01-M with 0.1
g/L BactoTM yeast extract, 4 mM L-glutamine and
SITE (0.1 % - 2.0 %) could improve cell growth with
the maximum mean cell yields of 0.85 ± 0.07 x 106
cells/well and the specific growth rate () of 0.015 ±
0.001 h-1. Additionally, the relative growth efficiency
(RGE) of SFM01-M compared with SCM and VPSFM was respectively in the range of 59 % - 67 % and
78 % - 85 % indicating that SFM01-M might be an
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alternative for Vero cells in serum-free cultures.
Moreover, the cost of SFM01-M is around 70 $ per
liter whereas VP-SFM is approximately 125 $ per liter.
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