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Performance of a Novel Bioreactor Equipped
with Moving Membrane Tube-Aeration System
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Abstract — The optimal conditions for operating a moving-aeration bioreactor were determined
as 30 rpm and 150 (m//min) of air flow rate, which can yield ca. 7.3 (/h) of maximum mass
transfer coefficient. It was also found that the agitation speed played much important role than
air input rate in oxgen transfer into the medium. 2.6X10° (cells/m/) and 0.6 (mg/]) of maximum
cell denisty and IL-2 production were observed in batch cultivation of IL-2 producing BHK cell
line. 0.53 (mM/I/h) of oxygen uptake rate was also estimated. The performance of a moving-aeration
bioreactor (specific growth rate and oxygen uptake rate, etc.) was superior to other culture systems,
such as cell-lift and static membrane aeration bioreactors. Ii must be useful to apply this reactor
to many culture processes by improving structural limitations in scaling-up the system.
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Fig. 1. Diagram of top driven moving-membrane biore-
ctor.
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. shaft

. center-empty shaft

hole for input air

. connector to membrane tubing
exhast gas-out connector

. hole for exhast gas

frame for membrane tubing

. membrane tubing

. housing for shaft

. empty space for gas-in

. empty space for gas-ut

. 0.2 um filter

. 0.2 um filter

. compact bearing set
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Fig. 2. Detail diagram of moving-membrane shaft in
Fig. 1.
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Fig. 3. The effect of agitation speed on mass transfer

coefficient according to several different aeration rates.
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Fig. 5. Comparison of aeration methods in oxygen tra-

asfer rate for different agitation speed at 150 (m//min)

of aeration rate.
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Fig. 6. The effect of 5% (v/v) serum on mass transfer

rate in moving and static aeration systems.
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Fig. 7. Kinetics of cell growth, IL-2 preduction and
oxygen uptake according to cultivation time in a moving
membrane bioreactor for the batch cultivation of BHK
cells (30 rpm of agitation speed and 150 m//min of
aeration rate).
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Fig. 8. The correlation among cell growth, oxygen up-

take rate and 1L-2 production in cultivating BHK cells

by a moving membrane bioreactor.

Solid line is the result of linear regression analysis.
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Fig. 9. Comparison of specific oxygen uptake rate and
specific 1L-2 production for two different aeration sys-
tems as a function of agitation speed.
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Tabel 1. Comparison of growth parameters for three different aeration systems in batch cultivation of BHK and

HepG2 cells

Aeration Max. cell Product conc. Sp. growth Cultivation Ref.
denisty (cells/m/) (mg/l) rate (1/h) time (h)

Cell-lift 4.0X10° 1.0 0.025 400 This work

Moving aeration 2.6 X 10° 0.6 0.026 360 %

Static aeration 3.8X10° — 0.018 250 ®




Vol. 21, No. 4
A A

£ ATE A48 AE Ass) w49
oz FaE AT oo] AT eE Egieh

EHDEH

1. Asselbergs, F.AM. 1992, Transformation of Bo-
wes melanoma cells with SV40 T antigen. J. Bio-
technol. 26: 301-313.

2. Bader, A., LH. Rinkes, E. Closs, CM. Ryan. M.
Toner, JM. Cunnignham, R.G. Tompkins and
M.L. Yarmush. 1992. A stable long term hepatoc-
yte culture system for studies of physiologic pro-
cess. 8: 219-225.

3. Applegate, M.A. and G. Stephanopoulos. 1992.
Development of a single pass ceramic matrix
bioreactor for large scale mammalian cell culture.
Biotechnol Bioeng. 40 1056-1068.

4. Schurch, U., SJ. Cryz and A.B. Lang. 1992. Scale-
up and optimization of culture conditions of a
human heterohybridoma producing serotype-spe-
cific antibodies. Appl. Microbiol. Biotechnol. 37
446-450.

5. Lehman, J., J. Vorlop and H. Buntmyer. 1988.
Bubble free reactors and their development for
continuous culture with cell recycle. Animal cell
Biotechnology. R.E. Spier and J.B. Griffths (eds.)
Pp. 221-237. Academic Press.

353

. Tharakan. J.P. and P.C. Chau. 1986. Operation

and pressure distribution of immobilized cell ho-
tlow fiber reactors. Biotechnol. Bioeng. 28: 1064-
1071.

. Smith, C.G., JM. Cuillaume, P.F. Greenfield and

D.H. Randerson. 1991. Experience in scale-up of
homogeneous perfusion culture for hybridoma.
6: 213-219.

. Jung, H.C. and J.H. Kim. 1992. Oxygen transfer

in animal cell culture by using a silicone tube
as an oxygenator. Kor. J. Appl. Microbiol. Biotech-
nol. 20: 445-450.

. Velez, D., L. Miller and J.D. McMillan. 1988. Use

of tangential flow filtration in perfusion propaga-
tion of hybridoma cells for production of monoc-
lonal antibodies. Biotechnol. Bioeng. 33: 938-940.

. Contradt. HS.. M. Nimtz. K.EJ. Dittmar and H.

Hauser. 1989. Expression of human interleukin-
2 in recombinant baby hamster kidney. Ltk™. J
Biol. Chem. 264: 17368-17373.

. Bailey, J. and D. Ollis. (eds.). 1986. Biochemical

Engineering Fundementals. Pp. 457-532. McG-
raw-Hill. N.Y.

. Schump.A., 1. Adler and W.D. Deckwer. 1978. So-

lubility of oxygen electrolyte solution. Biotechnol.
Bioeng. 20: 145-153.

. Thilly, W.G. (eds.). 1986. Mammalian Cell Tech-

nology. Pp. 167-198. Butterworths. Boston.
(Received May 21, 1993)



