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Mass Production of Mammalian Cells under Chemostat Cultivation
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Cell density was gradually decreased as the dilution rate was increased under chemostat cultiva-
tion of HeLa cells. Maxium cell density was maintained at the dilution rate of 0.020 (1/h) which
was far less than the wash-out rate of 0.050 (1/h). Maxium cell productivity of 2 (mL of cells/L/h)was
obtained at the dilution rate of 0.030 (1/h) by showing the culture also required maintenance period
at low dilution rates, whose result meant the deviation of continuous culture theroy. Methods of
indirectly measuring cell density have been introduced to represent mammalian cell growth, which
are packed cell volume and oxygen uptake rate, and these values showed good linear relationship
with actual cell density by having correlation factor of 0.90. Theoretical maximum oxygen yield,
Yg3" and maintenance oxygen consumption rate, mg, were estimated as 4.1 x 105 (cells/mmole o,)
and 10.71 X 10 (mmole o,/cells/h) by employing oxygen yield model.
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Fig. 1. Correlation between cell density and packed
cell volume. Solid line is the result of linear regres-
sion analysis.
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Table 1. Results of cultivation HeLa S3 cells under
chemostat operation.

Dilution Cell A Specific oxygen
rate, D density, X Vl?};l;lty uptake rate
(1/h)  (x106 cells/mL) ) (x109mmole/cell/h)
0.0042 1.10 90 15.38
0.0083 3.71 92 13.91
0.0161 3.60 89 13.41
0.0200 3.04 90 14.29
0.0250 2.47 86 15.72
0.0331 2.06 85 15.74
0.0382 1.20 84 16.77
0.0430 0.60 80 24.82
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Fig. 2. Growth of HeLa cells as a function of rates of
consuming oxygen. Solid line is the result of linear
regression analysis.
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Fig. 3. Relationship between respiration rate and di-
lution rate for the growth of HeLa cells
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Fig. 4. Growth phenomena of HeLa cells under
chemostat operations according to the change of di-
Iution rate. Solid curve is the result of non linear
regression analysis.
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Fig. 5. Rates of cell output as a function of dilution
rate under continuous cultivation for the growth of
HeLa cells. Solid line is the result of non linear regres-
sion analysis.

Eood Ao ASEEE §R5x B3in, 34

-54 Zotol wel Azl zra@ el ek,
|24 FEBAZY A% v H4%o] &G Az

o zAHo FYE slgoiot 3ln, AZAAA ]
g AAAE 5 e £ 4ol =iyl
o, =3 FEAZY &7l AAA B2 mainte-
nance & HREZ 3l gIdch AA AL FA%
vebd £ gl 2R S é"é“o‘ o2, A% 14
(packed cell volume) 9} Ab4 4] %% (oxygen up-
take rate) 7} wlwd A ARIAE el
o] AaAlo] old] Aldd Ao A4 48, Yot

maintenance ArA4¥4%, mg7b A7 41X10°
{cells/mmole Q;) %} 10.7X10~° (mmole O,/cells/h)
24 CHO AlzR & Alx 448 Jehdo, o
ze. 045': uqookq EE_—‘]'&lZJ x],g_ ° H].E]—Oi :qu
o HAZE Bl A Az YA4s A2 £ 9L A
o]},

2 ¢

HeLa AZF9) A% wjokA] AF571 wiz]e] o
FEEIL Folghl uet 4de dA4ES Jelle
o, Hd ATFEE FATE 99 dilution rate 2
0.012(1/h) & wash-out &1 0.050(1/h)x=e} 33
2 v, dilutionrate®] 0.030(1/h)% = 2.0(m!
cells/i/h) 8 Hoj AE AAE=E ¥}, =3 ¢



Vol. 17, No. 3
L WA o]l FEEoM AEFY i o E
maintenance term ¢l A& ok o Lo
packed cell volume 3} AlaAvu|dxe] ZAzto] A
Al AxZAld gt dA 7 o] dFE] 71
o] og A§r E3o] A =Hold =
g Ab4 yield model ol 28 3o 44 8§, Y&
3} maintenance AFELBIEZ, me7b 77 41X
10% (cells/mmole O;)¢} 10.71X10-*(mmole O,/
cells/h) & &A=},

Fue2s

—

. Boag, A.H. and M.V. Sefton.: Biotech. Bioeng., 30,
954 (1987).

2. Wieman. M.C., E.D. Ball, M.W. Fanger, G. Bernier.
and P. Calabresi : Clin. Res., 31, 511 (1983).

3. Marcipar, A., P. Henno, E. Lentowoit, A. Reseto. and
G. Broun : Ann. N.Y. Acad. Sci., 413, 416 (1983).

4. Bulter, M., T. Imamura, J. Thomas and W. Thilly :
J. Cell Sci., 61, 351 (1983).

5. Griffitths, B. and B. Thornton : J. Chem. Tech.
Biotech., 32, 324 (1982).

6. Lee, HY : Kor. J. Appl. Microbiol. Bioeng., 16, 246
(1988).

7. Lee, H.Y : Kor. J. Appl. Microbiol. Bioeng., 16, 246
(1988).

8. Tolbert, W.R. and W.R. Srigley : Biopharm, 4, 249

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

177

(1987).

. Pirt, S.J. (ed.): Principles of Mirobe and Cell Cultuva-

tion, John Wiley Sons, N.Y. (1975).
Lee, H.Y : Tenth Symposium on KSEA, 10, 127
(1987).
Lee, H.Y. and J.H. Lee : Kor. J. Chemical Eng., 26,
659 (1988).
Lee, H.Y. and G.S. Kim : Kor. J. Appl. Microbiol
Bioeng., 16, 522 (1988).
Tolbert, W.R. and J. Feber : Annl. Rep. Ferment.
Process, 6, 35 (1983).
Lee, H.Y : Kor. J. Biockem. Eng., 4, 36 (1989).
Kalenbach, J.P., M.H. Kalenbach and W.B. Lyons :
Exp. Cell Res., 15, 112 (1958).
Tolbert, W.R., M.M. Hitt and J. Feder: Annal.
Biochem., 106, 109 (1980).
Caleott, P.H. (ed.): Continuous Culture of Cells, CRC
Press, Florida (1981).
Bailey, J.E. and D.F. Ollis (eds.): Biochemical
Engineering Fundamentals (2nd ed.), McGraw-Hill
Co., N.Y. (1986).
Lee, H.Y,, L.E. Erickson and S.S. Yang : Biotech.
Bioeng., 26, 926 (1984).
Harrison, D.E. and J.E. Loveless : J. Gen. Microbiol.,
68, 35 (1971).
Tovey and Brouty-Boye : Exp. Cell Res., 101, 146
(1976).

(Received February 22, 1989)



