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Abstract The baculovirus expression vector system (BEVS)
is one of the powerful heterologous protein expression sys-
te ms using insect cells. As a result this has become a hot
issue in the field of biotechnology. The advantage of the
EEVS is that the large-scale production of heterologous
p oteins, which undergo postiranslational modification in
il ¢ endoplasmic reticulum (ER), can be accomplished. Al-
th ough posttranslational modification of heterologous pro-
te ins in insect cells is more similar to mammalian cells than
v -ast, it is not always identical. Therefore, aggregation and
d gradation can sometimes occur in the ER. To produce
a high level of bioactive heterologous proteins using BEVS
i1 insect cells, the prerequisite is to completely understand
il posttranslational conditions that determine how newly
s nthesized polypeptides are folded and assembling with ER
¢ 1aperones In the ER lumen. Here, we provide Information
01 current BEVS problems and the possibility of successful
h :terologous protein production from mammalian cells.
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I atroduction

I eukaryotic cells, in order to secret proteins from the
¢ wdoplasmic reticulum (ER) to the extracellular space, the
fullowing four steps are essential [2]: 1) the formation of
a + mRNA/ribosome complex on the ER membrane and start-
11 g translation from the mRNA to the nascent polypeptide;
2 the posttranslational modification in the ER via glycosy-
.« tion, phosphorylation, myristylation, folding and assembly;
3 a concentration of secretory proteins in the Golgi appa-
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ratus and a recycling of the proteins associated with trans-
port from the ER to the Golgi complex; 4) selection of the
secretory vesicle to the outside space of the plasma mem-
brane. Of these four steps, ER posttranslational modification
is the rate-limiting step in the export of newly synthesized
secretory proteins from a cell. In fact, the destination of
almost all secretory and plasma membrane proteins depend
on whether it can be escape freely from the ER, after correct
folding andfor assembly in the ER lumen. If this step is
not perfect, malfolded proteins are trapped within ER and
this may impede cell physiology [2,24].

Currently, the requirement of heterologous proteins pro-
duced from insect culture cells for diagnostics, protein
studies, biomedical studies and vaccines has increased [35].
For these reasons, the stable production of heterologous
proteins has been a major focus biotechnology. However,
proteins made from insect cells using the baculovirus ex-
pression vector system (BEVS) sometimes exhibit low bio-
activity and low secretion including protein aggregation and
degradation in the ER lumen [15,24]. To produce many
highly processed heterologous proteins from insect culture
cells, it is important to understand fully the function of the
ER during posttranslational modification of the secretory
proteins [23,27]. Here we report the processing of the ER
postiranslational modification of secretory protein in insect
cells by BEVS, including some current problems, and pos-
sible solutions to these problems In addition, the production
of heterologous proteins from mammalian culture cells by
BEVS is also briefly described

Signal peptide processing

The eukaryotic secretory pathway of both plasma membrane
proteins and the secretory proteins is a complex multi-
organelle system. Each of these contains specific proteins
that assist in the secretion process. The first step of protein
synthesis in the eukaryotic cells is mRNA translation from
the ribosomes bound to the ER and the nascent polypeptides
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across the ER membrane. In this time, a cytosolic hsp70
chaperone [18] assists the translocation process and sup-
presses polypeptide aggregation with the hsp40 [37], Hip
[20] and Hop [29] cofactors. It was demonstrated that these
cofactors are necessary for hsp70 functional activity. The
result of the coexpression experiment on human hsp70 and
murine immunoglobulin G (IgG) in insect cells using BEVS,
revealed the secretion of highly active IgG[1]. Recently an
interesting experiment was attempted to determine a more
effective method of translation. This method involves the
replacement of the signal peptide from heterologous protein,
which is well recognized, and is easily cleaved by the signal
peptidase [41]. Indeed, another recent study demonstrated
that replacing the prepropapain signal peptide with melittin’s
enhanced propapain secretion. Although the detail mech-
anism is relatively known, the useful modification of the
signal peptide should improve the ability to obtain a het-
erologous protein from the insect culture cells using BEVS.
However, although a similar modification of the signal
peptide was successful in obtaining amount of the het-
erologus protein it could not guarantee a perfectly bioactive
protein that can act as a native protein undergoing post-
translational modification in the lumen [3,28].

Posttranslational modification

The transformation of the one-dimensional genetic informa-
tion (DNA-RNA) into the three-dimensional protein struc-
tures (protein) depends on the accuracy and efficiency of
the process of protein folding. In addition, the maintenance
of this correct conformation is essential for the protein
functions in a cell. All eukaryotic cells secrete several kinds
of specialized proteins for the plasma membrane and the
secretory proteins via the ER lumen, where posttranlational
modification, folding, oligomerization and assembly of the
protein occur [14,26]. One of the most important functions
of the ER is to provide an intracellular environment to
facilitate the proper folding and assembly of newly synthe-
sized exportable proteins that reside with numerous molec-
ular chaperones, which determine the protein’s final des-
tination [17,32].

The term chaperone has been used in Europe since an-
tiquity. A molecular chaperone in the biological field is a
term used to describe proteins that prevent incorrect inter-
actions between parts of other molecules. However, they
do not impart steric information or form part of the final
functional structures. Classically, a newly synthesized poly-
peptide was thought to attain its functional conformation
with no assistance from other intracellular molecules and
with no further expenditure of bioenergy. Creighton ob-
served that in many cases protein denaturation is not fully
reversible in vitro, especially at physiological temperatures
and at the proper protein concentrations in vivo [6,7]. This
proposal is supported by the growing number of instances
where the proteins do not assemble correctly at the rates
and yields required in vivo unless other preexisting proteins

are present to assist them. These types of pre-existing pro-
teins in the cell are referred to as molecular chaperones.
Ellis defined the molecular chaperone in 1987 as a family
of unrelated classes of proteins that mediate the correct
assembly of other polypeptides in a cell, in the cytosol and
in the ER [10]. A molecular chaperone is defined as any
protein that binds another protein and has no function of
its own and it is not involved in the final bioactive product
[1t,14].

In response to physiological or environmental stress, the
lumen of the ER provides a distinct folding environment
where there is an oxidizing potential, and there is a rel-
atively high concentration of Ca”" [8,33]. This produces a
distinct protein family called ER chaperones, which are
ubiquitous, abundant, and well conserved through evolution
among eukaryotic cells [14]. Two of the major ER chap-
erones are the Bip and GRP94, members of the Hsp70 and
Hsp90 families, which are classified according to their size
and sequence similarity [40]. Another and two are the Ca™'-
binding proteins, calnexin and calreticulin[17,30]. In ER,
chaperones provide two important functions in protein fold-
ing. The first is to catalyze the protein-folding reactions by
the protein disulfide protein (PDI) and cis-trans prolyl iso-
merase [12,13]. The second is to prevent the protein-folding
intermediates from self-aggregating and energetically stabi-
lize unfavorable conformations by Bip and the glucose -
regulated protein family (GRPs) [5,31,44].

BEVS has been used to produce a number of secretory
proteins including a glutamate transporter, protein kinase,
melanotransferrin, Factor X, interleukin 6 and an ion trans-
port peptide [34]. However, insoluble aggregates or improp-
erly posttranslated proteins frequently accumulated in the
ER. This is one of the major limitations in producing
effective heterologous proteins using BEVS in insect cells
[2,23,27]. For effective secretion, processing, and glycosy-
lation of several heterologous proteins in insect cells, the
role of molecular chaperones in the ER needs to be fully
understood. In this paper the results of successfully Im-
proved experiments using chaperones that reside in the ER
are introduced. When a recombinant Bip is coexpressed in
insect cells with IgG, and there is increased solubility and
secreted IgG levels obtained from the insect cells, PDI
overexpression can also increase IgG folding and secretion
from the Insect cell [2,22,25,36,45]. Moreover, calnexin and
calreticulin overexpression can also assist the folding and
assembly of heterologous proteins in insect cells[34,39],
When using the BEVS to produce heterologous proteins,
the biggest problem is oligosaccharide processing in the ER
because glucose trimming enzymes and sugars are different
between insect and human cells [9]. This can lead to dif-
ferences in the structures of the final attached carbohydrates
on the heterologous proteins [4,15]. Wagner et al recently
reported that coexpressed GlcNAc transferase I increased
the level of complete heterologous glycoproteins from insect
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cels [42,43]. The production of siafylated recombinant
gl «coproteins in the BEVS will require metabolic en-
gi eering efforts to extend the native protein giycosylation
pe thways of insect cells [2].

To establish stable/useful heterologous expression in in-
se :t cells using the BEVS, how protein folding occurs in
th: ER associated with ER chaperones, especially how to
perfect glycosylation occurs, needs to be understood. In
ac dition, understanding the subtle mutations in the coding
se Juences of exportable proteins, in conjunction with ER
qv ality control, can lead to defective protein trafficking,
rz sulting in poor production of heterologous proteins. It will
al .o prove essential to address the mechanistic and cell
bilogical questions of the native protein conformations that
a1 : associated with ER chaperones.

BEVS in human cells

It has long been known that even though mammalian cells
cin take up baculoviruses, these viruses eventually fail to
re olicate using a host-cell’s enzymes in a similar way as
w th other mammalian pathogenic viruses [16,38]. However,
1r ost recently, an interesting experiment demonstrated that
re combinant baculovlruses containing a copy of luciferase
re porter gene under the cytomegalovirus (CMV) promoter
cculd be taken up by human hepatocytes and produce
h terologous proteins within these cells [19]. Another study
sl owed that about 25% of enhanced gene expression was
ir Juced using the Rous sarcoma virus promoter. Currently,
tt zre is no actual use for the direct expression of baculo-
v ruses in mammalian cells, although there is some promise
ir using the BEVS in mammalian cells. Therefore, further
s11dy is recommended. The merit of the BEVS in mam-
1 alian cells for somatic gene therapy is that expressing
¢ ogenous proteins using baculoviruses may be safe because
lcw levels of transcription do not have an adverse effect
o 1 the host mammalian cells[35]. Compared to using animal
v ruses, the baculovirus does not use intracellular factors
ttat are unsuitable for direct expression since these are
a opted through a different evolutionary process. Baculovirus
¢ pression in mammalian cells mainly depends on the mod-
it ed baculovirus and associated intercellular factors. The
E EVS in mammalian cells would be quite useful for somatic
g ne therapy in mammalian cells. In addition if a BEVS
i used to induce to efficiently target certain types of mam-
n alian cells, it may be able to induce apoptosis in cancer
¢ 1ls. Because baculovirus expression in mammalian cells
¢ quite limited, it can be used to target a specific organ
w ithout side effects. Therefore, further study is needed to
p oduce stable heterologous proteins using the BEVS in
1 ammalian cells.
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