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Spodoptera frugiperda IPLB-SF-21-AE cells were cultivated in a spin-filter bioreactor with continuous perfusion
for the recombinant B-galactosidase production. At the perfusion rate of 0.06 hr™*, the maximum cell density
of insect cells in this bioreactor system reached 3.5X10° viable cells/m/ using the Grace media containing
5% FBS and 0.3% Pluronic F-68. The recombinant B-galactosidase production of 8,100 units per reactor volume

was also achieved at this perfusion rate.

Protein expression systems based on the Autographa
californica nuclear polyhedrosis virus (AcNPV) have wide
applicability as an altemative to prokaryotic or other
eukaryotic expression system (6,7, 9,12, 13). However,
the application of the baculovirus expression systems
has been limited by difficulties in the scale-up of insect
cell culture (10, 15). Therefore, the scale-up of insect
cell cuiture is a scientific and technological challenge
for ensuring the efficient production of various signifi-
cant products for human health.

The major obstacle to scale-up lies in obtaining high
cell density in culture vessels. The most effective way
to achieve high cell density is to retain insect cells in
the bioreactor by suitable methods.

Cell retention can be problematic, if the cells are
separated outside the cultivation vessel. Filtration and
centrifugation steps may pose problems of contamina-
tion and cell lysis. The separation of the aqueous me-
dium from the cells within the cultivation vessel would
be advantageous as this would eliminate the need for
pumping the fragile cells and should alleviate the prob-
lems with aseptic operation. Internal cell retention has
been achieved by several investigators through cell pre-
cipitation or spin-filtration (14, 16). But it has been repo-
tted that cell retention using precipitation works only
over a narow range of perfusion rate (5). Therefore,
it appears that the cell retention using intemal spin-filtra-
tion needs to be further investigated.
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In this study, Spodoptera frugiperda 1PLB-SF-21-AE ce-
lls were cultured in a spin-filter bioreactor in order to
obtain information for future development of large sus-
pension culture. This work was also to examine the
feasibility of recombinant protein production by cells
with a genetically-modified baculovirus.

MATERIALS AND METHODS

Cell Line and Culture Conditions

The cell line used in this study was Spodoptera frugi-
perda |PLB-SF-21-AE (Sf 21) cells. The cells were maintai-
ned in 25 cm? and 75 cm? tissue culture flasks to pro-
vide cells for perfusion reactors. A recombinant AcNPV
expressing E. coli B-galactosidase was propagated and
amplified on monolayer Sf 21 cells and kept at 4°C
in the form of supematant (11). The medium used was
Grace's insect medium (Sigma), which was supplemen-
ted with 50 pg/ml gentamycin sulfate, 2.5 pg/m/ fungi-
zone, 0.35 g/l sodium bicarbonate and 5% (v/v) fetal
bovine serum (Gibco).

Perfusion Bioreactor Operations

The spin-filter bioreactor was a 300 m/ spinner flask
equipped with 10 um stainless steel filter element which
was a part of the impeller assembly (Fig. 1). Insect cells
were first grown batchwise in a spin-filter bioreactor
with 150 m/ of complete medium containing 5% FBS
in Grace medium. After the cell density reached 5~10
X10° cells/ml, the perfusion was started with Grace
medium containing 5% FBS under the conditions of
the initial pH 6.2, 28°C, 80 rpm and surface aeration,
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Fig. 1. Photograph of a spinfilter bioreactor.

unless otherwise specified.

Analytical Methods

The cell number was counted with a hemacytometer
under the microscope. The cell viability was determined
by the dye exclusion method with 0.4% trypan blue
solution. The recombinant B-galactosidase activity was
determined by the procedure described as elsewhere
(8). One unit of activity is defined as 1.0 mM of ONPG
cleaved per minute at 37°C and pH 7.3. One mg of
pure B-galactosidase contains approximately 300 units
of activity (Sigma, G-6008).

RESULTS AND DISCUSSION

The experiments were carried out in a spin-filter bio-
reactor to investigate the effect of agjtation rate on in-
sect cell growth. As shown in Fig. 2, viable cell density
decreased abruptly as the agitation rate was increased
from 80 pm to 150 rpm. Agitation at 80 rpm had no
apparent harmful effect on cell proliferation for up to
5 days and then viable cell density started to decrease.
At this condition lower hydrodynamic damage to the
cells would be expected.

It is well known that surfactant Pluronic F-68 protects
animal cells against hydrodynamic forces. Therefore, the
insect cell growth was tested using a media containing
0.1% Pluronic F-68. The specific growth rate in the media
containing 0.1% Pluronic F-68 was no better than that
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Fig. 2. Effect of agitation rate on cell growth.
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in the media without Pluronic F-68 (Data not shown).
However, The addition of 0.3% Pluronic F-68 to the
media improved insect cell growth in the spin-filter bio-
reactor. Evidently, medium supplemented with 0.3%
Pluronic F-68 protected the cells from detrimental hyd-
rodynamic forces. The specific mechanism of Pluronic
F-68 protection is not clear at present time, although
Handa et al. (3-4) hypothesized that the protection is
due to formation of a stable foam layer on the medium
surface. Fig. 3 shows the time course changes of the
perfusion culture using Grace media with 0.3% Pluronic
F-68. It is noted that during the perfusion culture a sta-
tionary level of 3.5X10° cells/ym!/ was obtained, and
that the specific production rate of recombinant §-gala-
ctosidase (B-gal/10° cells) was decreased. Similar obser-
vations were made with other researchers (1-2).

Since insect cell growth and recombinant protein pro-
duction may have been influenced by the medium co-
mposition, the comparison of the culture kinetics under
three different media was made. Fig. 4 shows the cell
growth and B-galactosidase production in Grace, TNM-
FH, and {PL-41 media, respectively. in both IPL-41 and
TNM-FH media, the cell growth and pB-galactosidase
production were relatively poor compared to those in
the Grace media. In all cases, B-galactosidase producti-
vity( B-gal/10° cells) decreased dramatically as the perfu-
sion progressed. It appears that the B-galactosidase pro-
ductivities decrease gradually during the perfusion cul-
ture. This may be because the metabolic activities of
cells decrease with limited oxygen supply due to surface
aeration or with cell density effect.
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Fig. 3. Time course changes of cell growth and recombinant
B-galactosidase production.
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Fig. 4. Effect of media composition on cell growth and recom-
binant $-galactosidase production.
Cell density (—); activity of B-galactosidase (----).

To find out the effect of aeration on insect cell growth
and B-galactosidase production, bioreactor experiments
under both surface aerated and sparged conditions were
camied out using the Grace media containing 0.3% Plu-
ronic F-68. In the culture at sparged conditions, maxi-
mum cell density reached to about 3.05X10° cells/m/
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Fig. 5. Profiles of recombinant B-galactosidase production at
surface aerated and sparged conditions.
Cell density (—); activity of B-galactosidase (----).

and the trend of B-galactosidase production was similar
to that obtained from previous experiments (Fig. 5).
Therefore, oxygen limitation due to surface aeration may
not be appropriate to explain reduced B-galactosidase
production during the perfusion culture in a spin-filter
bioreactor. These results suggest that cell density effect
is the important factor causing reduced B-galactosidase
production in a spin-filter bioreactor.

Improvements may still be made by further optimiza-
tion of other operating conditions. Provided that the
conditions which presently limit cell and viral growth
are well identified, a high density of insect cells and
the maximum productivity of recombinant B-galactosi-
dase could be obtained in a spin-filter bioreactor.
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