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Cell Distribution and Shear Effect on Mammalian Cell
Growth in Macroporous Gelatin Microcarriers

Hyun-Soo Lim and Jung-Hoe Kim*

Department of Biotechnology, Korea Advanced Institute of Science and Technology,
Tagfon 305-707, Korea

Abstract — Immobilization of anchorage-dependent animal cells was investigated using macroporous
gelatin microcarriers developed in our laboratory. For the observation of the distribution of cells
in macroporous beads, Vero-6 cells and CHO cells were cultured and their distribution in macropo-
rous beads was observed using a confocal microscope. In results, the final concentration of Vero-
6 cells and CHO cells on macroporous beads was 2~-3 times higher than that on commercial
solid microcarriers (Cytodex-3). Also, macroporous microcarriers could hold cells in their macropo-
res. Consequently, the pores protected cells against hydrodynamic shear. Based on Kolmogorov
eddy length scale, the smaller eddies (80 um) showed the detrimental effect on cells in macropo-
rous beads as compared with 160 um of eddies in conventional solid microcarriers.
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Fig. 1. Attachment kinetics of CHO (A) and Vero-6 (B) cells to macroporous beads.

The cultures were agitated continuously at 60 rpm.
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Fig. 2. Growth kinetics of CHO (A) and Vero-6 (B) cells to macroporous beads.
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Fig. 3. Distributions of Vero-6 cells inner and outer part of macroporous beads.
1-ab,c: outside cells of macroporous beads, 2-a,b,c: inside cells of macroporous beads (a: at 24 hrs culture, b:
at 72 hrs culture, c¢: at 144 hrs culture)
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Fig. 4. Effect of agitation speeds on growth (A) and lysis (B) of Vero-6 cells in spinner culture with Cyto-
dex-3.

: 60 rpm, X: 100 rpm, M: 100 rpm, @: 120 rpm, O: 150 rpm, A: 200 rpm
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Fig. 5. Effect of agitation speeds on growth (A) and
lysis (B) of Vero-6 cells in spinner culture with macro-
porous beads.

[1: 60 rpm, M: 100 rpm, @: 120 rpm, O: 150 rpm,
A: 200 rpm, A 250 rpm, X: 300 rpm
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Table 1. Summary of growth and death rates of Vero-
6 cells cultured on Cytodex-3 and macroporous beads
(Data from Fig. 4 and 5)

Carriers RPM  p,,, (X e (X i, (X
1077 /hry 10 '/hr) 10 '/hr)
Cytodex-3 60 (.209 0.019 0.228
80 0.180 (0.050 0.230
100 0.105 0.031 0.136
120 0.081 0.029 0.110
150 —0.307 - —
200 —0.329 — —
Macro- 60 0.229 0.006 0.235
porous 100 0.217 0.012 0.229
(Gelatin 120 0.226 0.013 0.239
Micro- 150 0.189 0.015 0.204
carrier 200 0.130 0.034 0.164
250 —(.180 -~ -
300 —(0.220 - —
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Fig. 6. Relative growth of Vero-6 cells on beads as
a function of Kolmogorov eddy length scale.
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Nomenclature
a . conversion factor (units/10° cells)
d; : impeller diameter (cm)
E . LDH activity (units//)
E, :initial LDH activity (units/[)
Ky : decay rate constant of LDH (1/hr)
Mapp - apparent specific growth rate (1/hr)
g . specific death rate (1/hr)
u; . intrinsic specific growth rate (1/hr)
n : impeller speed (revolusion/s}
N, ! dimensionless power number
ne - fluid wiscosity (g/cm s)
pr - fluid density (g/cm?)
ps - microcarrier density (g/cm?®)
v . volume fraction of solids
t . culture time (from 24 hrs to 120 hrs)
V . reactor volume {(cm?)
v . kinematic viscosity (cm?®/s)
X I cell density (cells/ml)
X, - initial cell density (cells/m/)
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