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The effects and control of specific environmental factors on mammalian cell culture and control of
their factors were investigated. (1) After studying the basal environmental factors such as temperature,
pH, and dissolved oxygen (DO) and developing a low-serum medium, a novel aeration strategy of
supplying dissolved oxygen without cell damage in a large scale culture, which involves the usage of
an air-spray system and pressurization, was proposed. A practical method for the on-line measurement
of respiration rate as an index of the physiological state of cells was developed and applied to a shift
of control mode of a microcarrier culture of human embryo lung cells producing the tissue plasminogen
actvator (tPA). (2) A novel carrier of chemically modified starch particles was developed with the aim
of convenient cell separation during medium change in suspension culture of tPA-producing Chinese
hamster ovary (CHO) cells. Another cell separation method employing a low centrifugal force was
effective in maintaining the specific tPA production rate at high levels during suspension culture. (3)
The change in the morphology of adhesive cells and the increase in energy metabolism, which major
substrate shifted from glucose to glutamine, were considered to correlate with the increase in the specific
production rate of proteins under a high osmotic pressure. The gradual increase and cyclic change of
osmotic pressure during culture were found to increase the production of proteins such as monoclonal
antibody (MAb) and tPA. Static pressurization at 0.9 MPa increased MAb production by hybridoma
cells. These results may be useful to solve specific problems in industrial processes of mammalian cell
culture.

[Key words: mammalian cell, process engineering, respiration, centrifugation, osmotic pressure,
static pressure, animal cell]
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Table 1. Engineering subjects regarding mammalian cell cultivation.
Characteristics
Microbes Mammalian cells Engineering subjects
Growth Suspension Adhesion Cell adhesion carrier
(contact inhibition) (e.g., microcarrier)
Adaptation for suspension culture
Reproduction Infinite Finite Freeze preservation
(~ 50 PDL) Immortalization
Cell density High Low Dense culture
( ~ 106 cells/ml) Optimization (temp., pH, DO)
Generation time Short (h) Long (d) Highly aseptic operation
Agitation ~ 1,000 rpm ~ 100 rpm Low shear agitation
Sparging Possible Impossible Surface aeration
(e.g., air spray, pressurization)
Osmotic pressure Tolerance Sensitive Osmolarity control
Nutrient demand Simple Complicated Serum-free medium
(e.g., serum) Medium change technique
Monitoring of Common Difficult On-line measurement

respiration rate
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Fig. 1. A continuous measurement system for on-line monitor-

ing log.
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Fig. 2. Comparison of gas replacement and continuous mea-
surement methods for Iog monitoring. In culture A, Iog was
measured by the gas replacement method, while in culture
B the continuous method was used. Symbols: O, cell con-
centration; -, Iog.
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Table 2. Change in tPA production rate during growth culture.

Growth culture

Production culture in small-scale

Time Final cell conc. Average tPA production rate Initial tPA production rate
(d) (103 cells/ml)  (u/ml/h) (u/ml/h)
(0-15 d) 0-5d
3 5.8 0.13 0.37
4 10.0 0.95 0.78
5 15.5 0.80 0.68
6 17.0 0.78 0.65
7 16.5 0.25 0.47

After a certain period of growth culture of human embryo lung cells in an 8-/ reactor with
microcarriers, small-scale tPA production cultures for 15 d were started and tPA production
rates were determined.
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Fig. 3. A shift of control mode of tPA production culture
employing real-time estimation of tPA production activity.
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Fig. 4. Effect of centrifugal force applied during a series of me-
dium change on cell activity. The average values of each spe-
cific rate during the suspension culture of CHO 1-15500
were calculated and plotted against the centrifugal force ap-
plied during medium change. Symbols: @, u (specific
growth rate); B, qwa (specific tPA production rate); O, vc
(specific glucose consumption rate); O, qu (specific lactate
production rate); A, voLn (specific glutamine consumption
rate); A, qa. (specific ammonia production rate).
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Fig. 5. Comparison of specific activities of cells from the super-
natant and precipitate after centrifugation at 67x G. CHO 1-
15500 cells in the precipitate (ppt) and supernatant (sup) af-
ter centrifugation at 67x G were inoculated into other cul-
tures in duplicate, and the average values of each specific
rate during the cultures are shown. Bars indicate the range
between duplicates.
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Fig. 6. Flux change in energy metabolism with osmotic pressure and proportional correlation between gmab and gatr The specific ATP
production rates (qatp) from glucose (O) and glutamine (&) and their sum (O) were calculated using the data of batch culture of
hybridoma cells under each osmotic pressure (A). The specific MAb production rate (qmab) is plotted against qare (B).
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Fig. 7. Effect of gradual increase in osmotic pressure on MAb
production. During batch cultures of hybridoma cells (B),
osmotic pressure was kept constant at 300 (O) or 400 (O)
mOsm/kg and increased gradually according to the profile
shown in Fig. 7A (m).
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Fig. 8. Effect of static pressure on hybridoma cell culture. Hy-
bridoma cells were cultivated in T-flask under various static
pressures for 3 d. Symbols: A, conversion from glucose to
lactate; O, specific glutamine consumption rate (voLn); ®,
specific ammonia production rate (qa); O, specific MAb pro-
duction rate (qMab).
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gV, ZIICESEHE, SRR EDOH
RBEMNILUELTWA. Zuzxt LT, 2000Fiz, £
TITHA2IELNKT Ay vaxz =T V) U ITHESHR
Bah, ZhHORE~OFEBHIRY AL BIEE> T
5. ZOL D ICBMMREEO TERRIIERMLBED
HRLTHAERICBNTHLERDIERARDO T
5.

AFRIZIECRS A 79 A4 = ABREMERRB LUK K
FEHTZERRKE Y —EHREFRZTITOALZLOT
T. BALRRERT A 794 = AL EHMAEFRFERRHEBICL
WTIIHFEIRE LT, BERNAM, LH—X, HBEX, &
52, NBILKEOEERES, REEH BN & HE &,
Ikfhz, BR RERKOERHNEEZHT, HAPAT V=T
DI EALE &FIT, 1983 ~ 1990 FEDRTEEKASR, BKRA
B, BLEEIREE, LR, BRLUAKE LTRFEROLRW
WEBBOPTITLETWEENWELDTY. Eiz, ZOHFH
~DBMEEBMLLTLKEEVWE LEEFHER, LEMHIERIC
LREMHKLET.

EHICKRAREAH T ZERRZTE ¥ —Tik, SHEER
BIZHLWHEOFREIZE L OURBICEAEHEE 2 W72
%, BEROEKGFLPERBELDIED, 1994~ 2001 FD
B, B, AFECHALTWEEWEXEHR—, A& BIE,
#Z LK, K% B, HuiChing Hia, Jin Ho Jang, Moham-
mad Ilias, Jiangiang Lin BRI bHHAD I LEVF—D R
T DHIZEARE, WREOFEDHZ I ALRITEH
T=LET.
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