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INTRODUcnON 

Eukaryotic cells used for bioproduction are usually cultivated in suspension or 
as monolayers (roller bottles, microcarriers). neglecting that under these cultivation 
conditions cells are unable to evolve their natural extracellular matrix. The extracellular 
matrix, however, influences the geometry and biochemistry of the cells as well as the 
translation and the processing of cellular proteins (Review: Bissell et al., 1982). We, 
therefore, used a cell culture system without any surface substrate where cells can be 
cultivated as suspended cellular aggregates, so-called multicell spheroids (Review: 
Sutherland, 1988). These spheroids preserve the natural three-dimensional arrangement 
and the extracellular matrix of the cells. Resulting from the three-dimensional 
arrangement of the cells, gradients of medium components and metabolites develop. 
Therefore, the cells are triggered into a differentiation state which is characterized by 
a reduced proliferative activity and an altered productivity. 

This multicell spheroid system was examined with regard to its feasibility for 
bioproduction. For this purpose, we investigated transfected L-cells, grown in 
monolayer- and spheroid culture, with respect to their productivity of B-galactosidase. 
This enzyme can be detected within the cells, thus allOwing the determination of the 
B-galactosidase productivity per cells. 

MATERIAL AND METHODS 

eel/line: L-cells (mouse fibroblasts), 
thymidinekinase negative (tk-), transfected with 
a lacZ-gene connected to an B-actin-promoter 
(PhBAPr-1-B-Gal-Plasmid). 

Spheroid culture: Ltk--cells were maintained as 
monolayer cultures. Spheroid growth was initiated 
by inoculating 3 . 10' cells in 20 ml medium into 
petri dishes which had been previously underlayed 
with 1 % agar. After incubation for two or three 
days, the spheroids were removed from the petri 
dishes, transferred into spinner flasks and stirred 
at 70 rpm in a humidified CO,-incubator. The 
medium was replaced daily (fig. 1). 
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fig. 1: Procedure for preparation and cultivation of multicell spheroids 
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Measurements of p-galaclosidase by flow cylomelry: lI-galactosidase can be detected by 
fluorescein-di-galactosid (FDG), a substrate which is intracellularly hydrolyzed to 
galactose and fluorescein. The intracellular fluorescein intensity corresponds to the 
B-galactosidase activity and can be measured by flow cytometry. For identification of 
different lI-galactosidase producing subpopulations, spheroids were selectively 
dissociated in different layers by successive trypsin treatment. 

Histological slaining of p-galaclosidase: Cells grown as monolayer were fued in a 
formaldehyd / glutaraldehyd - solution for 5 - 10 min, stained with X-gal (5-bromo-
4-chloro-3-indolyl-1I-D-galactosid) for 8 - 24 hours and with erythrosine for seven 
minutes. Spheroids were fued for 2 h, stained with X-gal, embedded in paraplast, 
sectioned and stained with hematoxylin / erythrosine by the same procedure as 
monolayer cells. 

RESULTS 

In cells cultivated as monolayer, lI-galactosidase activity was independent of 
nutrient supply and cell density. The portion of cells in G,-phase increased to = 60 % 
when cells were cultivated without renewal of medium (fig. 2a) whereas at the same 
cell density the ponion of cells in G,-phase was only = 45 % when medium was 
changed every 12 h (fig. 2b). The lI-galactosidase production, however, remains stable 
with increasing cell density in exhausted as well as in regularly renewed medium 
(fig.2a. b). In spheroid culture cells lost their lI-galactosidase activity within = 15 days 
(fig. 3), whereas the same cells continously grown as monolayer showed no detectable 
decrease during this period. Histological sections of X-gal stained spheroids at different 
ages revealed a decrease of lI-galactosidase activity first in superficial layers - starting 
after 8 days in spinner culture - followed by the loss of lI-galactosidase activity in the 
viable center after 14 days. The lI-galactosidase actvity of cells cultivated as spheroids 
recovered within few days when cells were retransferred in monolayer cultures (fig. 4) . 
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fig. 2: a-galactosidase activity (0) and portion of cells in G,-phase (oj in relation to 
cell density a) without renewal of medium b) renewal of medium every 12 h. 
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Og. 3: Ponion of producing cells cultivated as mullicell spheroids (.) and as 
monolayer (0) in relation to the cultivation period. 

,. 

~ .. .. 
c 

'1) 

" ." n -::: 
Co 

cultivation period / d 

fig. 4: Recovery of ll-galactosidase production of cells cultivated as multicell 
spheroids (.) for seven (0), ten (0) and 14 (?) days when .. transferred in 
monolayer culture (dotted lines). 

DISCUSSION 

In these studies, we demonstrate that the threedimensional arrangement of the 
cells in spheroids influences the a·galactosidase activity of transfected ltk- ·cells. In 
contrast to cells grown in monolayer culture cells growing as spheroids lost their B· 
galactosidase activity within few days. The reduction of B·galactosidase activity in cells 
grown as spheroids was nOt caused by a lost of the lacZ·gene as can be seen from the 
recovery of the a-galactosidase production when cells were retransferred in monolayer 
culture. Previous studies reported a decrease of nutrients and an increase of cells in GI -

phase towards the center of the spheroids (Review: Sutherland. 1988). A5 we showed 
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in cells cultivated as monolayer. B-galaetosidase activity seems to be not impaired by 
gradients of nutrient supply or cell cycle_ These measurements are confirmed by 
histological sections where the highest B-galactosidase activity was found in the viable 
eenter of tbe spheroids_ 

The reduced B-galactosidase activity of transfected Uk - -cells in multicell 
spheroids indicate a regulatory process in threedimensionally growing cell cultures_ This 
!hreedimensional arrangement of the cells in multicell spheroids may reduce the B-aetin 
produetion in cells. The expression of lacZ-gene. however. is controlled by an B-actin
promoter. Therefore. the decrease of B-galactosidase activity depends to the reduced 
expression of the lacZ-gene. However. we cannot exclude another physiological 
regulation of B-galaetosidase activity by an intra- or extracellular messenger. 
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