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Cytopore 1.3.4
1.2 Centronic GmbH
7.5L = 5L Biostat CT 30 L Bio- 1.3.5 SDS-PAGE  Western blot
stat UC =20 L B.Braun Co. Germany 13
g 2
2.1
? 1
>
- —5L CelliGen
—>7.5 L Biostat CT . Part of cells detached from Cytopores, -
. .. "which were full of cells, to the supematant. .".
30L Biostat UC T e e e .,
: L : . : . :lfihere were spaces in Cytopores, part of
g * suspended cells in supernatant would
oTe 7T ereattach to porous microcarriers, and
''''''''''' proliferate in them.
10 pH=7. 0+0.05 DO=7% ~ ‘Ultimately, all the microcarriers were full of cells, and cells
. . ‘grown in reactor wauld reach a dynamic equilibrium .
40 % =37.0C £0.1C 70~90 r ‘between Cytopores and supernatant, 80%~80%cells grew-
. Yo ] Jin porous microcarriers, and 10%-~20% cells suspended jni*
min g L -supernatant. i
1~1.2
7.5L =0.4 bar = o
0.04 H {A) Model of cell growth on Cypotore porous microcarriers (»
’ z cells; q& porous microcarrier). (B) inoculation. The seed
1.3 beads that contained cells were dyed black with MTT, and
1.3.1 5 mL 10 mL about 3/4 microcarriers was vacant. (C) Cells oceupied all of
. the microcariers after a peried of culture.
1500 r min 0.1% :
0.1 mmol L 5 mL 1
1h 3h Fig.1 Cell culture on porous microcarriers
0.2%
0.05%
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10% ~20% 80%
1.3.2 MTT 12 —90%
1.3.3 pro-UK - 1
4
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10" mL
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1 C ~
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= 300 | 2
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2 200 >~
S o 2.3 30L
g 100 |
> 2
. 0 .
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2 7.5L CL-11G
Fig.2 CL-11G cells culture in a 7. 5L stirred tank |
v Add new microcarriers ! Replace part of microcarri- Celligen
ers value beside ! Microcarrier replacement ratio Phasell 90 d 20~30d
IV Culture with cyclic pressure oscillation Phase [ [l V 50% ~90%
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30 L

quPA
YLac Gle 3B
Biostat UC 91d CL-
11G 2.6x10" mL
>90% 107 mL
1.3~2.6 X10" mL
u-PA 100 mg L u-PA
114 g 1827L 3
X X
* o
. 0.6
% 0.5
El 0.4 2
2 0.3 =
X g
2 0.2 *
£ 0.1 W
SO , , . : 0.0
<& 0 20 40 60 80 100

tA

B Cell expression level and yield coefficient of
lactate produced on glucose consumed
3 30L CL-11G
Fig.3 CL-11G cells culture in a 30 L stirred tank
! Replace part of microcarriers value beside ! Microcar-

rier replacement ratio

2.4 u-PA

Single-chain urokinase-type plasminogen activatior
scu-PA
Lys158-11e159
tcu-PA
HMW-UK
LMW-UK
1415 Pro-
UK UK Pro-
UK

scu-PA
A
scu-PA
IMWUK - B
scu-PA
Cc
4 SDS-PAGE

Western blot
Fig.4 SDS-PAGE analysis and Western blot analysis of
supernatant and SDS-PAGE of purified u-PA product

A SDS-PAGE anlaysis of supernatant. Sample from 7. 5L reactor
lanes 1 3  Sample from 30L reactor lanes 2 4 MW marker
Gibco BRL 97.4 66.2 55.0 42.7 40.0 31 0 21.5 14.4kD .
B Western blot analysis of supernatant sample from 7. 5L reactor
lanes 1 3  Sample from 30L reactor lanes2 4 . C SDS-PAGE of
u-PA product purified from cell culture supernatant by four-column
process before freeze-drying. MW marker Gibco BRL 97.4 66.2
55.0 42.7 40.0 31.0 21.5 14.4kD Batch 1 lanes 1 3 Batch
2 lanes 2 4
Electrophoresis under reducing and non-reducing conditions is

shown in lanes 1 2 and lanes 3 4.
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3 rCHO uPA 301
Pro-UK
UK ™ UK
Pro-UK u-PA
80% ~90% 4 1 HPLC

u-PA 2 SDS-PAGE

u-PA 60~100 mg L >
SDS-PAGE 80% 2100 L
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Production of u-PA with rCHO Cell Culture on Porous
Microcarriers in Serum-free Growth Medium

HU Xian-Wen! XIAO Cheng-Zu' LI Zuo-H#? GUO Zhi-Xia!
GAO Li-Hua' ZHANG Zheng-Guang! XU Zhao-Ping! WANG Fei'
Y Institute of Biotechnology Academy of Military Medical Sciences Beijing 100071

2 State Key Laboratory of Biochemical Engineering Institute of Chemical Metallurgy The Chinese Academy of Sciences Beijing 100080

Abstract A novel technique was developed to deal with apoptosis in large-scale animal cell culture. By means of replacing
part of Cytopore porous microcarriers at regular intervals a rCHO cell line which produces urokinase-type plasminogen ac-
tivitor u-PA  was cultivated continuously with serum-free medium in a 30L stirred tank for 91 days. The cell density was
maintained at 1.3~2.6 X 10" mL and >90% of cells was viable. In order to reduce the effect of cell density on cell
growth and expression a cyclic pressure oscillation was exerted on a 7. 5L reactor headspace to enhance cell expression at
high cell density to a certain extent. During the 67 days of medium-replacement culture the maximal cell density reached
2.64x 10" mL and cell viability was always kept above 95% when combined with microcarrier-replacement. Compare to
control culture culture with cyclic pressure oscillation could enhance cell expression level and reduce the ratio of glucose
metabolized anaerobically to produce lactate. With four-step purification process about 80 g u-PA ~90% scu-PA was re-
covered from ~2100 liters supernatant which contained~ 135 g u-PA.

Key words Animal cell culture porous microcarrier prourokinase serum-free medium periodic artificial stimulus
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