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ABSTRACT

The medium additives such as CaCl,,

glucose, frutose, glutamine, glutamate and lipids were examined

to enhance recombinant A-galactosidase(f-gal) production in baich and continuous two—stage
bioreactor systems. The presence of each medium additive such as CaCl,, fructose, glutamate, cholester-
ol and tocopherol at AcNPV infection of Sf 21 cells had an effect on improved #-gal production. The
recombinant §-gal production using the infection media supplemented with a mixture of 30mM CaCl,,
2.2mM fructose, 4.1mM glutamate and 0.34mM cholesterol was increased by about 40%.

INTRODUCTION

The baculovirus vector has been extensively de-
veloped and improved for the efficient expression
of heterologous genes(1-4). However, maximal
expression potential of the various gene employed
in the Autographa californica nuclear polyhe-
drosis virus(AcNPV) vector system still remain
undetermined. There are many identified factors
that affect foreign gene expression in insect cell
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culture. Several factors such as multiplicity of in-
fection, cell density at infection, cell culture con-
ditions, choice of media and operating mode of
bioreactors have been investigated by several
researchers(5-11). The medium components or
additives at viral infection also have an effect on
recombinant protein production. It is important
that these factors be examined for insect cell cul-
ture in order to maximize protein production. In
this study, we evaluated the medium additives
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such as CaCl,, glucose, frutose, glutamine, gluta-
.mate and lipids at AcNPV infection of Spodop-
tera frugiperda 21(Sf 21) cells in batch and two-
stage bioreactor systems.

MATERIALS AND METHODS

Cell Line, Virus and Medium

The insect cell line used in this study was Spo-
doptera frugiperda IPLB-S{-21(Sf 21). The cells
were maintained in 25cm? and 75¢m? tissue culture
flask(Corning), to provide cells for batch and two
—stage bioreactors. A recombinant AcNPV ex-
pressing E. coli f-galactosidase was propagated
and amplified on monolayer Sf 21 cells and kept
at 4°C i the form of culture supernatant(12).
The medium used in batch experiments was
Grace’s insect medium(Gibco), which was supple-
mented with 50pg/ml gentamycin sulfate(Sig-
ma), 2.5¢g/ml fungizone(Gibco), 0.35g/¢ sodi-
um bicarbonate(Sigma) and 10% fetal bovine
serum(Sigma). In the continuous two-stage bio-
reactor experiments the same medium was used,
but with 5% fetal bovine serum.

Batch Culture Conditions

Viable Sf 21 cells(1.5-2 % 10° cells/plate) were
allowed to attach for lhr. Viruses were added at
an MOI of 0.5 and T—flasks rocked for 1hr. The
medium containing virus was then removed, re-
placed with fresh medium containing medium
additive and incubated at 28°C for 4 days.

Continuous Two-stage Bioreactor Culture Con-
ditions

A continuous two-stage bioreactor system was
established using spinner flasks. The first-stage
bioreactor was designed for the cultivation of in-
sect cells and the second-stage bioreactor was in-
tended for the viral infection of the cells. The
working volume of the first and second stage
bioreactors was maintained at 100ml and 250ml,
respectively. Two—stage bioreactor culture was
operated under the conditions of the initial pH
6.2, 28°C and 80rpm of agitation. The cells of the
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second stage bioreactor was infected with virus
at an MOI of 10. The air supply to the bioreactor
was done by a silicone tubing device.

Analytical Methods

Viable cell concentration was determined using
the trypan—blue dye exclusion test. Viral titers
were measured by plaque assay as described else-
where(12). The recombinant A-galactosidase
activity was determined by the procedure de-
scribed as elsewhere(13).

RESULTS AND DISCUSSION

Batch Culture

Divalent cations were reported to be important
for the initiation of virus infection(14). A set of
experiments was carried out to determine the ef-
fect of calcium ion on A-gal production. As
shown in Fig. 1, recombinant 8-gal production
increased upto the CaCl, concentration of 30mM
and then decreased at higher concentration of
CaCl,. Apparently, the level of CaCl, present in
the medium at AcNPV infection was found to af-
fect recombinant f-gal production. Also glucose,
fructose, glutamine and glutamate were reported
to be the most rapidly consumed components as
carbon or energy sources(15). To find out the
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Fig. 1. Effect of CaCl. concentration on recombi-
nant Sgalactosidase production. Initial
cell density, 1.5X 10° cells/plate. MOL, 0.5.
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Fig 2. Effect of glucose, fructose, glutamine and
glutamate on recombinant S-galactosidase
production. Initial cell density, 2% 10° cells
/plate. MOL, 0.5.
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Fig. 3. Effect of lipids at AcNPV infection on re-
combinant 3-galactosidase production. Ini-

tial cell density, 1.5X10° cells/plate. MOI,
05s.

effect of these components on A-gal production
several runs were made. Fig. 2 shows that the
addition of 2.2mM fructose or 4.1mM glutamate
to the infection medium(indicated by Fructose 2X
and Glutamate 2X) yielded higher S-gal produc-
tion. These components seem to be one of the im-
portant energy substrates for infected Sf 21 cells.
Furthermore, commercially available lipids as an-
other medium additive were tested to facilitate re-
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combinant S-gal production. In a preliminary ex-
periment, direct addition of lipids to the medium
resulted in insoluble droplets. Hence these lipid
components were prepared as a microemulsion
using Pluronic polyol F68 and ethanol. As shown
in Fig. 3, the addition of lipids such as cholesterol
or tocopherol to the infection medium improved
recombinant §-gal production. Evidently, the lipid
component seems to play an important function
in AcNPV replication and recombinant protein
production, but the exact role of lipid at AcNPV
infection remains to be clarified.

Continuous Two—Stage Bioreactor Culture

Previous studies demonstrated that appropriate
dilution rate for a singe—stage bioreactor run was
0.015hr~'(13). Thus the first stage bioreactor
was operated at this dilution rate and a steady
supply of 8x10° cells to the second stage biore-
actor was maintained. To find out optimum dilu-
tion rate of the second stage bioreactor, several
runs were made by varing the dilution rate from
0.018hr™! to 0.075hr~!. At each dilution rate
steady state samples were taken from the bio-
reator for quantification of #gal activity. Fig. 4
shows that the amount of B-gal synthesis in the
second stage bioreactor was the highest at the di-
lution rate of 0.018hr~". As the dilution rate was
further increased, the reduction of A-gal synthesis
was observed. These studies have revealed that
recombinant A-gal production rate is sensitive to
the operating condition of the second stage
bioreactor.

Several two-stage bioreactor runs were made
to see the effects of medium additives on con-
tiunous $-gal production. In principle, cell suspen-
sion of the continuously operated cell growth
bioreactor(Stage 1) was pumped into the infec-
tion bioreactor(Stage 2) and second feed stream
of recombinant AcNPV containing concentrated
medium additives was added to the infection
bioreactor. The dilution rate of the second stage
bioreactor was 0.018hr™!, corresponding to a
residence time of 56hr. As expected, noticeable
effect was observed in the evaluation of medium
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Fig. 4. Continuous two-stage bioreactor culture:

Effect of dilution rate of the second stage

bioreactor on recombinant S-galactosidase

production.

L’ Cel}t density [T f-gal units/ml

TT——0

N
!
T

~

Cell density (x10° cells/ml)

B-galactosidase(normalized units/ml)

0 T T T
Control Cholesterot Enriched
Infection medium

Fig. 5. Effect of infection medium supplemented
with additives on Sgalactosidase produc-
tion in continuous two-stage bioreactor
culture.

additives for recombinant F-gal production in
continuous two-stage bioreactor systems. The 8-
gal production using the infection medium supple-
mented with either 0.34mM cholesterol or a mix-
ture of 30mM CaCl,, 2.2mM fructose, 4.1mM glu-
tamate and 0.34mM cholesterol was increased by
about 10% and 40%, respectively, compared to
that of the control(Fig. 5). The presence of medi-
um additives was an important improvement for
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recombinant A-gal production.

This result indicates that nutrient limitation is an
Important parameter during AcNPV infection
process. It appears that further investigations are
needed to identify other factors in the medium
composition limiting the performance of insect
cell-baculovirus systems. However, our studies
reveal that when appropriate medium additives
are provided at viral infection of insect cells, re-
combinant AcNPV utilizes more efficiently the
cell machinery for the expression of foreign hete-
rologous proteins.
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