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Adherent and single-cell suspension culture of Madin-Darby
canine kidney cells in serum-free medium
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Abstract: In recent years, there are tremendous economic and social losses across the world because of virus-related diseases.
It is well known that Madin-Darby canine kidney (MDCK) cells are easily handled, quickly amplified and efficiently infected
with influenza virus. Therefore, they are considered as one of the most important cell lines for the production of influenza
vaccine. In this work, we first developed a serum-free adherent culture process for MDCK cells with an in-house prepared
serum-free medium MDCK-SFM. Next, we derived a cell line named ssf-MDCK, which was amenable for single-cell suspension
culture in the serum-free medium. We found that during serum-free batch culture of MDCK cells, the peak viable cell density and
maximum specific growth rate were 3.81x10° cells/mL and 0.056 h™', respectively; 3.6- and 1.6-fold increase compared with
those in serum-containing adherent batch culture. In addition, we compared growth and metabolic characteristics of MDCK cells
in serum-containing adherent culture, serum-free adherent culture and serum-free single-cell suspension culture. We found that

Received: March 5, 2010; Accepted: May 13,2010

Supported by: National Natural Science Foundation of China (No. 20706016).

Corresponding author: Wensong Tan. Tel: +86-21-64250948; Fax: +86-21-64252250; E-mail: wstan@ecust.edu.cn
Ex AREI IS (No. 20706016) %) .



646 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

April 25, 2011 Vol.27 No.4

less metabolic by-products were produced in both serum-free cultures. In serum-free single-cell suspension batch culture, the

viable cell density was highest. These results are critical for establishing large-scale suspension culture of MDCK cells as

subsequent well as large-scale influenza vaccine production.
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Fig. 1 Growth curves of adherent MDCK cells in batch culture
with serum containing medium.
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Fig. 2 Glucose, lactate and ammonia concentration in batch
culture of adherent MDCK cells with serum containing medium.
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Fig. 3 Changes of cell growth during gradual adaptation. (A)
Changes of viability and viable cell density. (B) Changes of
specific growth rate.
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Fig. 5 Growth of adherent MDCK cells in serum-free batch
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Fig. 6 Glucose, lactate and ammonia concentration in adherent
batch culture of MDCK cell with serum-free medium.
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Fig. 7 Changes of cell growth during adaptation of MDCK to

single-cell suspension cells. (A) Changes of viability and viable
cell density. (B) Changes of specific growth rate.
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Table 1
single-cell suspension culture of MDCK cells

Performance comparison among serum-containing adherent culture, serum-free adherent culture and serum-free

Serum-containing

Serum-free

Single-cell
suspension culture

adherent culture Adherent culture

Lag phase (h)

Doubling time (h)

Time of peak viable density (h)

Duration (h)

Integral of viable cell concentration (10° cells-day/L)
Peak viable density (10° cells/mL)

Cell viability during log phase (%)

Expansion fold of viable cell density (fold)

Peak specific growth rate (h™")

Specific glucose consumption rate (mmol/(10° cells-d))
Specific lactate production rate (mmol/(10° cells-d))
Specific ammonia production rate (mmol/(10° cells-d))

Lactate produced/glucose consumed (mmol/mmol)

~24 ~12 ~6

19+2 19+4 12

84 84 79

1011 100£1 88+1
2.31£0.31 2.72+0.06 7.74+0.14
10.65+0.16 11.02+0.78 38.05+1.48
95.76+0.47 95.94 96.50+0.51
5.61£0.94 6.12+0.09 11.25+0.27
0.036+0.005 0.035+0.008 0.056+0.002
5.72+0.34 5.15+1.12 2.22
9.28+0.70 5.40 2.93+0.04
1.86+0.15 1.54+0.01 0.45
1.62+0.03 1.05+0.20 1.32+0.02

Integral of viable cell concentration and duration were calculated until the viability decreased to approximately 80%.
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