Biotechnol Lett (2012) 34:1773-1779
DOI 10.1007/s10529-012-0971-y

ORIGINAL RESEARCH PAPER

Establishment of a Bombyx mori nucleopolyhedrovirus
(BmNPYV) hyper-sensitive cell line from the silkworm

e21 strain

Jae Man Lee - Naoya Kawakami + Hiroaki Mon -

Hitoshi Mitsunobu * Kazuhiro Iiyama - Satoshi Ninaki -
Katsumi Maenaka - Enoch Y. Park - Takahiro Kusakabe

Received: 15 March 2012/ Accepted: 22 May 2012/ Published online: 20 June 2012

© Springer Science+Business Media B.V. 2012

Abstract Baculoviral expression systems, including
those of Autographa californica multiple nucleopolyhe-
drovirus Bombyx mori nucleopolyhedrovirus (BmNPV),
are used for recombinant protein production. Four B.
mori-derived (BmN4, Bm5, Bmc140, and Bme21) cell
lines were infected with recombinant BmNPV viruses
expressing firefly luciferase or EGFP as reporters under
the control of a viral polyhedrin promoter. Bme21
exhibited significantly higher (100-fold) luciferase activ-
ity than BmN4 and Bm5. With the EGFP reporter protein,
Bme?21 cells showed a marked increase in the ratio of
EGFP-positive cells, reaching 90 % on day 4 post-
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infection, while Bm5 and BmN4 cells had a slow increase
in the ratio of their EGFP-positive population. The viral
titer in a supernatant of Bme21 cell culture increased
faster than those of Bm5 and BmN4 cells. This suscep-
tibility indicates that the Bme21 cell line is useful for
large-scale protein expression using BmNPV.
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Introduction

The Baculoviridae family is infectious to arthropods,
particularly to insects of the order Lepidoptera,
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Diptera, and Hymenoptera. The nucleopolyhedrovirus
(NPVs), a major subgroup of baculoviruses, are
characterized by enveloped rod-shaped virions con-
taining circular double-stranded DNA (about
130 kbp). Baculoviruses, AcMNPV and BmNPV
infecting Autographa californica and Bombyx mori,
respectively have become popular as efficient vectors
for the high-level expression of foreign proteins
(Maeda 1989). The baculovirus expression vector
system (BEVS) has many advantages over the Esch-
erichia coli expression system, such as the capacity to
insert large DNA fragments, eukaryotic protein mod-
ifications, and a high yield of large proteins (O’Reilly
et al. 1992).

AcMNPV has a wider host range including 39
lepidopteran species (Bonning and Hammock 1992).
In the AcMNPV expression system, however, only a
few cell lines have been commercially available for
use in BEVS. These include Sf21and Sf9 cells derived
from Spodoptera frugiperda (Vaughn et al. 1977) and
BTI-Tn-5B1-4 (Hi-5) cells derived from Trichoplusia
ni (Granados et al. 1994). On the other hand, in
the BmNPV expression system, several silkworm
cell lines established from silkworm embryos (Pand-
haripande 1994; Pan et al. 2007; Imanishi et al. 2012),
and larval and pupal ovaries (Sudeep et al. 2002;
Khurad et al. 2006, 2009) are available, but only a few
of them, such as Bm5 and BmN4, can be used in
BEVS. The production of recombinant BmNPVs in
BmN4 and BmS5 cells is low compared to recombinant
AcMNPYV in Sf9 or Sf21. A BmNPV bacmid system
has been developed (Motohashi et al. 2005) and used
for the production of recombinant protein using
silkworm larvae or pupae (Miao et al. 2006; Kajikawa
et al. 2009). However, B. mori cell lines supporting
high-level expression of recombinant proteins using
BmNPYV have rarely been documented.

In the present study, four B. mori-derived cell lines
were infected with recombinant BmNPVs to evaluate
the efficiency of viral infection, replication, and
recombinant protein expression.

Materials and methods
Cells and media

Spodoptera frugiperda (Sf21) and B. mori (BmN4,
Bm5, Bmc140, and Bme21) cells were maintained in
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IPL-41 medium (GiBCO) supplemented with 10 %
fetal bovine serum (FBS). Drosophila melanogaster
(S2) cells were grown in Schneider’s Drosophila
medium (GiBCO) supplemented with 10 % (v/v) FBS.
All cell lines were grown at 27 °C.

The Bme21 cell line was established from embryos
of a silkworm strain, t91 (previously e21), from the
Institute of Genetic Resources, Graduate School of
Agriculture, Kyushu University, Japan. Morphologi-
cally, Bme21 cells were small and round with clear
cytoplasm measuring about 10-20 pm in diameter.
The population doubling time of Bme2l cells was
48-96 h under optimal conditions. DNA fingerprint-
ing profiles using simple-sequence repeat polymerase
chain reaction (SSR-PCR) with four sets of SSR
primers (Khurad et al. 2009) exhibited clear differ-
ences between the Bme2l cell line and the three
B. mori (BmN4, Bm5, and Bmc140) cell lines (see
supplement Fig. 1).

BmN4 (embryo-derived), Bm5 (embryo-derived),
Bmc140 (pupa-derived), and Bme21 cells were split at
a ratio of 1:2 every 4-5 days. Sf21 and S2 cells were
split at a ratio of 1:5 every 4 days.

Construction of recombinant viruses

The reporter genes (luciferase or EGFP) were inserted
into a multiple cloning site (MCS) of the donor
plasmid pFastBacl (Invitrogen). The resulting con-
structs were named pFBpoh-Luc and pFBpoh-EGFP,
respectively. The recombinant donor plasmids were
transformed into E. coli BmDH10Bac cells to generate
a recombinant BmNPV bacmid (Motohashi et al.
2005). Through Tn7-mediated transposition in the
bacterial cell, the reporter genes were transferred to a
target site of the bacmid DNA. Large recombinant
bacmid DNAs were isolated using the FlexiPrep kit
(Amersham Pharmacia Biotech).

Recombinant bacmid DNA, 200 ng, was isolated
and transfected into Bm5 cells using CellFectin
transfection reagent (Gibco). After incubation for
5 days at 27 °C, the culture medium was harvested
and centrifuged at 2,000xg for 5 min, followed by
collection of the supernatant (P1 viral solution). Filter-
sterilized P1 viral solutions of BmNPV/poh-Luc and
BmNPV/poh-EGFP were stored at 4 °C. P1 viral
stocks were further used to infect Bm5 cells to
generate high-titer P2 stock. Correspondingly, P3
stocks were generated from the P2 stock. Virus stocks
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were maintained and titrated according to standard
protocols (O’Reilly et al. 1992).

Assay of luciferase activity

10° cells of each cell line were infected with
recombinant BmNPV at a multiplicity of infection
(MOI) of 0.5. The infected cells were harvested at 12,
24, 72, and 96 h post-infection (hpi), washed with
phosphate-buffer saline (PBS, pH 7.5), and lysed
using 1 % (v/v) TritonX-100 for 30 min. The lucifer-
ase activity in the resulting solutions was assayed by a
Luminometer (Bio-Orbit) using PicaGene kit (Toyo
Ink). Each infection experiment was carried out in
duplicate and repeated more than two times indepen-
dently. Luciferase activity was quantified as relative
light units (RLU) using the protein, determined by
Lowry’s method according to the procedure described
previously (Wang and Smith 1975).

Fluorescence observations

Fluorescence of EGFP in cultured cells of all the cell
lines was observed with a fluorescence microscope
(TMD 300, Nikon, Japan) at 48, 72, and 96 hpi
respectively.

Results

Expression of luciferase in four B. mori-derived
cell lines infected with recombinant BmNPV

To compare the abilities to support the production
of recombinant protein of all six cell lines, namely,
B. mori-derived cell lines BmN4, BmS5, Bme2l,
Bmc140, the S. frugiperda-derived cell line Sf21 and
the D. melanogaster-derived cell line S2, recombinant
BmNPYV expressing luciferase was generated using the
Bac-to-Bac baculovirus expression system (Invitro-
gen) according to the manufacturer’s protocol. The
Bm5 and BmN4 cell lines were obtained from public
cell banks for replication of BmNPV. As shown in
Fig. 1, luciferase activity was detected in the lysates of
all four B. mori cell lines, whereas no activity was
detected in Sf21 cells or S2 cells. Among the four
B. mori cell lines, Bme21 was the most productive;
this cell line exhibited significantly higher (100-fold)
luciferase activity than BmN4 and BmS5 cells.

Although Bmc140 cells generated luciferase activity,
the level was quite low and slightly above the baseline.
These results suggest that the Bme21 cell line is the
most suitable for BEVS using BmNPV.

EGFP expression in BmNPV-infected B. mori-
derived cell lines

To confirm the remarkable ability of Bme21 in the
production of recombinant protein, another reporter
protein, EGFP, was employed. All six insect cell lines
were infected with BmNPV/polh-EGFP at an MOI of
0.5, and the emission of green fluorescence in the cells
was observed at day 4 post-infection (pi) (Fig. 2a). In
agreement with the results obtained using luciferase-
expressing BmNPV, the green fluorescence in the
Bme21 cell line was also higher than those in BmN4
and Bm5 cells; only a few Bmc140 cells fluoresced.
The other cells, Sf21 and S2, did not fluoresce at all. A
large amount of protein synthesis by recombinant
BmNPV would require rapid replication of viral DNA
and maintenance of gene expression, both of which
promise a steady mass production of protein. There-
fore, we investigated the temporal pattern of green
fluorescence expression in the hyper-sensitive Bme21
cell line, in comparison with those in the Bm5 and
BmN4 cell lines. The cell lines were infected with
BmNPV/polh-EGFP, and the emission of green
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Fig. 1 Expression of luciferase in cell lines infected with
BmNPV/polh-Luc at an MOI of 0.5. Cells were harvested at the
indicated time post-infection and luciferase activity in the cell
lysates was assayed. The average value was calculated from four
data and expressed in relative light units (RLU) per microgram
of total cellular protein with a standard deviation
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Fig. 2 Expression of EGFP in cell lines infected with BmNPV/
polh-EGFP. a B. mori-derived cell lines (BmS5, BmN4, Bme21,
and Bmc140) and the other cell lines (Sf21 and S2) were
infected with BmNPV/polh-EGFP at an MOI of 0.5 and
photographed on day 4 post-infection. b B. mori-driven cell
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lines (BmS, BmN4, and Bme21) were infected with BmNPV/
polh-EGFP at an MOI of 1, and observed at 48, 72, and 96 hpi
after infection. The upper figure in each panel shows the
fluorescent image, and the lower figure, the bright-light image
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Fig. 3 EGFP expression of Bme21 cell infected with BmNPV/
polh-EGFP at different MOIs: a 0.001, b 0.01, ¢ 0.1,d 1, e 10.
Fluorescence of EGFP was observed at 48, 72, and 96 hpi after

fluorescence was observed at 48, 72, and 96 hpi
(Fig. 2b). On day 2 pi, green fluorescence was
observed in all three B. mori cell lines tested. There-
after, the Bme21 cell line showed a marked increase in
the ratio of EGFP-positive cells, reaching 90 % at day
4 pi, while Bm5 and BmN4 cells underwent a very
slow increase in the ratio of the positive population.

EGFP expression in Bme21 cells infected
with BmNPV at different MOlIs

In general, high-MOI infection is preferred for stable
and assured production of recombinant proteins, but it

infection. Upper and lower figures in each panel show the
fluorescent image and bright light-image, respectively

is costly to prepare high-titer virus stocks. As shown in
Fig. 2b, the Bme21 cell line appears to support rapid
replication of viral DNA. If this is indeed the case, then
this feature of Bme21 could be of great advantage for
large-scale protein production. Later on, the Bme21
cells were infected at different MOIs of BmNPV/polh-
EGFP (0.001, 0.01, 0.1, 1, and 10) to determine the
minimum required MOI (Fig. 3). The expression of
EGFP was monitored by fluorescence microscopy at
48, 72, and 96 hpi. At MOIs of 0.1, 1, and 10, cells
showed intense fluorescence within 48 hpi, as
expected, with the fluorescence intensity reaching a
maximum at 72 hpi (Fig. 3, lane c, d, e). Surprisingly,
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even at low MOIs (0.001 and 0.01), expression of
EGFP was first detected at 48 hpi and rapidly
increased with time, reaching a maximum at 96 hpi.
Taken together, all the data indicate that BmNPV can
replicate quickly and efficiently in Bme21 cells.

Discussion

AcMNPYV can infect different types of cells, including
a variety of mammalian cells (Airenne et al. 2011;
Hitchman et al. 2011); however, replication of
AcMNPYV requires host cells established from insect
origin. BmNPV also requires B. mori-derived cell lines
for viral genome replication. BmN4 and BmS5 cells are
available from public cell banks, but the replication of
BmNPV in these cells seems to be less effective when
compared with the combination of AcMNPV and S.
frugiperda-derived cell lines, although silkworm
BEVS may be more beneficial than the AcMNPV-S.
Jfrugiperda system because of the distinctive features of
B. mori (see “Introduction” section).

No host genes are involved in the susceptibility of
silkworm cells and larvae to baculovirus. However,
several viral genes, such as antiapoptotic factor p35
(Schwartz et al. 2002) and iap (Chen et al. 2012), viral
DNA helicase p143 (Yu and Carstens 2012), host cell-
specific factor hef-1 (Wilson et al. 2005) and host
range factor hrf-1 (Ishikawa et al. 2004), have been
identified as host range effectors in certain insect cell
lines or insect larvae. The differences in BmNPV
susceptibility among the silkworm cell lines tested in
this study suggest the existence of host genes involved
in BmNPV replication.

To construct a large-scale industrial protein expres-
sion system, a B. mori cell line that is highly
permissive of recombinant BmNPV replication is
required. In this report, we identified the Bme21 cell
line (derived from embryos of B. mori strain e21) as by
far the most promising candidate when compared to
some of the commonly used B. mori-derived cell lines,
such as BmN4 and BmS5. The rapid amplification of
recombinant viruses from a low-titer stock demon-
strates that Bme21 cells would be very useful in
producing large amounts of high-titer viral stocks for
industrial use.
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