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Abstract : Animal cells, Chinese Hamster Ovary (CHO) and Baby Hamster Kidney (BHK) cells, were
immobilized in the gel beads of alginate-functional polymer mixture to investigate the effect of the
mixtures of the alginate and the polymer with different functional group on the viability and growth
of the cells. The polymers used were poly(vinyl alcohol) (PVA, -OH functional group), poly(acrylic
acid) (PAA, -COOH functional group), and poly(acryl amide) (PAAM, -NH, functional group). The
cells immobilized in the beads were cultured in Petri dishes at 37 C under 5 % CO, atmosphere. The
viable cell densities in the beads after given time culture were measured by the trypan blue dye exc-
lusion method using a haemocytometer. Morphologies of the beads and the cells growing in the beads
were examined with a scanning electron microscope (SEM) and an inverted microscope. It was obse-
rved that the beads prepared by the alginate-poly(vinyl alcohol) mixture are effective for the immo-
bilization of both CHO and BHK cells in terms of cell viability and density in the beads after culturing

in Petri dishes.
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INTRODUCTION

Cell immobilization techniques, which permitted
new advances in the production of natural or reco-
mbinant biological products, have been adapted for
a variety of animal cells. Immobilization of the ce-
lls by entrapment in particles or beads makes se-
paration of the culture medium and the cells easy,
and still enables the cells to grow to high concent-
rations. It also protects cells from environments
such as shear stress, transport, or contamination
sources in large-scale culture equipments. Investi-
gations of immobilized animal cells have dealt with
the production of high value molecules secreted by
the natural or genetically engineered cells. They
include monoclonal antibodies, vaccines, interfe-
rons, interleukins, plasminogen activators, hormo-
nes like erythropoietin, proteins, etc.'? The immo-
bilization processes often require harsh conditions
such as the use of non-aqueous solvents, extremes
of pH, or high temperature. Such techniques are
unsuitable for the immobilization of animal cells
because the animal cells are highly sensitive to to-
xic compounds and changes in the environment
caused by chemical reactions.® Ideally, the immo-
bilization techniques for live animal cells should
use mild gelation conditions and a gelling material
which is inert and non-toxic to the cells. Also, the
techniques should allow the cells to be immobili-
zed in a semi-permeable membrane providing cells
access to nutrients and other substances necessary
for viability and growth but protecting cells from
substances having a high molecular weight such as
antibodies, toxins or bacteria.*®

Entrapment in the beads of calcium alginate gel
is one of the most widely used techniques for im-
mobilizing live animal cells because this natural
polymer fulfills above mentioned all criteria The
gelation of this polymer occurs under mild condi-
tions which do not cause the cell damage. Such gel
beads can easily be made by allowing droplets of
sodium alginate solution to fall into a bath of cal-
cium chloride solution.

In this study, the gel beads prepared by the mi-
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xtures of alginate and polymer with different func-
tional group were investigated in terms of the via-
bility and growth of the immobilized cells. The ef-
fectiveness of these gel beads was compared to
that of the alginate gel.

EXPERIMENTAL

Cells and Culture

CHO (CHO-KI-BH,, Oak Ridge National Labo-
ratory, U. S. A.) and BHK (Green Cross Medical
Co.) cell lines were used to be immobilized in the
gel beads.

They were routinely cultured in tissue culture
polystyrene flasks (Coring, U. S. A.) at 37 C under
5% CO, atmosphere. The culture media used for
the CHO and BHK cells were Ham'’s F-12 nutrient
mixture and minimum essential medium (GIBCO,
U. S. A), respectively. Both of them contained 10
% newborn calf serum, 100 unit/ml penicillin, and
100 yg/ml streptomycin. They were sterilized
using a sterilization filter unit (pore size 0.2 pm,
Nalge Co., U. S. A.). After monolayer culture in the
culture flasks, the cells were harvested after
trypsin treatment (0.05 % trypsin/0.02 % EDTA
(GIBCO)) and used for the immobilization. The
detailed procedures were reported in the previous
papers.”®

Polymers

The cells were immobilized in sodium alginate
(ALG, also called algin or alginic acid sodium salt)
and the mixtures of sodium alginate and polymer
with different functional group. The sodium algi-
nate (Sigma, U. S. A.) was dissolved in Dulbecco’s
phosphate buffered saline’ (PBS, pH 7.2-7.3) to
prepare 4 % solution.

The polymers used were poly(vinyl alcohol)
(M. W. about 100,000, Aldrich, U. S. A.) with -OH
functional group, poly(acrylic acid) (M. W. about
100,000, Aldrich) with -COOH functional group,
and poly(acryl amide) (M. W. about 5,000,000, Al-
drich) with -NH, functional group. They were also
dissolved in the PBS to 4% solutions. The sodium
alginate solution and each polymer solution were
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uniformly mixed with the volumetric ratio of 1.1
and the pH's of the solutions were adjusted to 7.2-
7.3 using 1N HCl and 1 N NaOH.

Immobilization of Cells and Cultivation

The CHO and BHK cells harvested from the cu-
lture flasks were suspended in the Ham's F-12
nutrient mixture and the minimum essential me-
dium at a concentration of 2X 10® cells/ml, respec-
tively. The sodium alginate solution diluted to 2 %
in the PBS and the mixture solutions of 4 % so-
dium alginate and 4 % polymer with different fun-
ctional group were sterilized in an autoclave at 121
T for 15 min. Equal amount of the sodium algi-
nate solution or the mixture solution was added to
the cell suspension so as that the final alginate and
the polymer concentrations in the mixture were 1
% each and the cell density was 1X 108/ml.

Fig. 1 shows the schematic diagram of the cell
immobilization and cultivation process. The mix-
ture solution containing cells was packed in a syri-
nge (22-gauge needle) and added dropwise into
autoclave-sterilized 1.5 % CaCl, solution (in the
culture medium). The gel beads produced (bead
size, 2-3mm), in which the cells were immobili-
zed, were left for 10 min in the solution for harde-
ning. After washing with the medium, the cell-im-
mobilized gel beads were transferred to Petri di-

Cell suspension
Cell counting &
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Fig. 1. Experimental scheme showing cell immobiliza-
tion, cultivation, and analysis processes.
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shes (Coring) containing the medium and then in-
cubated at 37 C under 5 % CO, atmosphere. Du-
ring the culture, the medium was replaced by
fresh medium every two days.

Analyses

After given time culture in the Petri dishes,
some beads were taken out, washed with the PBS,
and aspirated. Then, the beads were solubilized in
1.5 % sodium citrate in the PBS and centrifuged
at 2000 rpm for 5 min (Fig. 1). After removing the
supernatant and resuspending the cell pellet with
Hank’s balanced salt solution (Sigma, U. S. A)),
the cell viability and number were measured by
the trypan blue dye (0.4 %, Sigma) exclusion me-
thod using a haemocytometer. The dead cells were
stained blue and thus distinguished from the uns-
tained viable cells. The average of three counts
was used to determine the cell viability and num-
ber.

Some beads were also taken out from the Petri
dishes, washed with water, and freeze-dried, then
half-sectioned with a razor blade. The morpholo-
gies of the half-sectioned beads were observed
with a scanning electron microscope (SEM, JSM-
8404, Jeol Co., U. S. A). The cells immobilized
and growing in the beads were directly observed
using an inverted microscope (Diaphot-TMD, Ni-
kon, Japan).

RESULTS AND DISCUSSION

CHO and BHK cells have popularly been used
as mode] systems because they exist as reasonably
stable single cells and are not unreasonably fasti-
dious in terms of culture requirements.® These ce-
lls, after genetical recombination, have been cultu-
red to obtain biological products secreted by the

cells, such as erythropoietin,!®~12
1415

interleukins,®
and interferons.

In this study, the CHO and BHK cells were im-
mobilized in the gel beads of alginate-functional
polymer mixture to investigate the effect of the
mixtures of the alginate and the polymer with dif-
ferent functional group (-OH, -COOH, and -NH,
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ALG ALG/PAA
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Fig. 2. SEM pictures of the gel beads prepared by alginate and alginate-functional polymer mixtures after

freeze-drying and half-cutting (X 50).

functional groups) on the viability and growth of
the cells. The cell-immobilized alginate beads were
also used as controls.

The alginates are natural copolymers consisted
of B-D-mannuronate and a-L-guluronate linked
by 1->4 glycosidic linkage.® They have correspon-
dingly high affinities for divalent ions such as
Ca®*, Sr?*, and Ba®". In the solution of divalent
ions, the alginates rapidly form cross-linkages and
thus gels. The structure of the gels was well desc-
ribed elsewhere.® The gel surface produced has
a semi-permeable characteristic.

Fig. 2 shows morphologies of the gel beads pre-
pared by the alginate and the alginate-functional
polymer mixtures. It was observed that the beads
have highly porous structures. The beads prepared
by the alginate-poly(vinyl alcohol) mixture showed
a little different structure compared to others.

It is thought that the cells are immobilized and
growing in the pores inside the bead, and the nut-
rients such as vitamins, minerals, amino acids, etc.,
oxygen, glucose as a carbon source and other sub-
stances necessary for the cell growth are supplied
from the culture medium through the semi-per-
meable membrane of the bead surface (Fig. 3).
The metabolites such as ammonia and lactate sec-
reted by the cells immobilized in the bead, which
inhibit the cell growth, are come out from the bead
to the medium. The desired product produced by
the cells can be obtained inside or outside the
bead, depending on its molecular weight.

The CHO and BHK cells immobilized in the gel
beads of the alginate or the alginate-functional po-
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Fig. 3. Schematic diagram showing the transport of
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the low molecular substances between the cells in the
gel bead of alginate or alginate-functional polymer
mixture and culture medium.

lymer mixture were cultured in the Petri dishes.
Fig. 4 shows the appearance of the BHK cells im-
mobilized and growing in the gel beads of the algi-
nate and the alginate-functional polymer mixture
after 3 days culture in the Petri dishes. The beads
in the culture medium were directly photograghed
using a camera-attached inverted microscope. We
could see that the cells are uniformly distributed
and growing in the beads.

The viabilities of the CHO and BHK cells in the
beads after given time culture were examined
using a haemocytometer after the trypan blue stai-
ning (Fig. 5). Since the dead cells were stained
blue, the live cells were easily distinguished from
the dead ones. The viability was determined by
the percentage of the number of live cells to the
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Fig. 4. Appearance of BHK cells immobilized and growing in the gel beads of alginate and alginate-functional
polymer mixture after 3 days culture in Petri dishes (inverted microscope, X 40).
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Fig. 5. Viabilities of CHO and BHK cells immobilized
in the gel beads of alginate and alginate-functional po-
lymer mixture as a function of culture time, (A) CHO
cells and (B) BHK cells.
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total number of cells. From the Figure, we can see
that the viability was not reduced with the culture
time for both CHO and BHK cells. The gel beads
prepared by the alginate-poly(vinyl alcohol) mix-
ture showed best result for the viability of the
CHO cells, i. e. more than 80 % during the given
culture periods. The viability of the BHK cells
were not much dependent on the kind of the beads
used.

Fig. 6 shows the viable cell densities for the
CHO and BHK cells grown in 1 gram of the gel
beads of the alginate and the alginate-functional
polymer mixture. The cells were grown in the
beads with the culture time. The gel beads of the
alginate-poly(vinyl alcohol) mixture also showed
best result for the CHO cells, i.e. about 3-fold inc-
rease in the cell number after 10 days culture. The
BHK cells were not grown well until 3 days cul-
ture, but the cells immobilized in the gel beads of
the alginate-poly(vinyl alcohol) mixture were also
grown about 3-fold after 10 days culture.

It is not clear yet why the beads prepared by the
alginate-poly(vinyl alcohol) mixture show better
cell viability and growth than others, but it may be
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Fig. 6. Viable cell densities for CHO and BHK cells
in the gel beads of alginate and alginate-functional po-
lymer mixture as a function of culture time, (A) CHO
cells and (B) BHK cells.

related to the morphology and chemical structure.
First, the morphology inside the gel beads of the
alginate-poly(vinyl alcohol) mixture was much dif-
ferent from those of other beads, as seen in Fig.
7 (also refer to Fig. 2). It has the channel-like pore
structure extended towards the bead center, while
the others have the random honey comb-like stru-
ctures. We do not know why these structural diffe-
rences happened but this probably affect the
viability and growth of the cells immobilized in the
beads. Second, we already have some evidence
from the previous work”® that the polymer surfa-
ces with -OH functional groups show good cell
adhesion and growth properties. Although the si-
tuation is not exactly same here, i.e. the substra-
tes used in this study are porous beads while
those in the previous work were flat sheets, we
may say that the -OH functional groups probably
affect positively for the cell viability and growth in
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Fig. 7. SEM pictures of the cross-sectioned gel beads
of alginate and alginate-functional polymer mixture
after freeze-drying (X 40 for top three pictures and
X 60 for bottom picture).
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the beads. It will be further studied to elucidate
this phenomenon in detail.

CONCLUSIONS

The animal cells, CHO and BHK cells, were im-
mobilized in the gel beads of the alginate and the
mixtures of the alginate-polymer with different fu-
nctional group (-OH, -COOH, and -NH,). The
morphology inside the gel beads prepared by the
alginate-poly(vinyl alcohol) mixture was different
from those of other gel beads. The gel beads of the
alginate-poly (vinyl alcohol) mixture were more ef-
fective for the immobilization of both CHO and
BHK cells compared to other beads in terms of the
cell viability and density after culturing in the Pe-
tri dishes.

The continuous cell culture under flowing cul-
ture medium system is on progress using the gel
beads of the alginate-poly(vinyl alcohol) mixture
to obtain the mass production of animal cells.
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