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The most widely studied baculo-
virus, the Autographa californica M nu-
cleopolyhedrovirus (AcMNPV), is a
large, enveloped DNA virus that infects
lepidopteran larvae (8). This virus is
commonly used as a eukaryotic vector
to express heterologous genes in cul-
tured insect cells and insect larvae
(1,3,15). Baculovirus expression sys-
tems offer several advantages over oth-
er expression systems, among which are
the capacity for large DNA insertions,
high levels of recombinant protein syn-
thesis, production of proteins that are
similar in biological activity, stability,
posttranslational modifications (e.g.,
glycosylation, phosphorylation, etc.),
structure and immunological activity, as
compared to naturally occurring pro-
teins (2,7,14,15). In some cases, the re-
combinant proteins are targeted to ap-
propriate cellular compartments (1).

Since the protective protein occlu-
sion matrix (polyhedrin) is nonessential
for AcMNPV propagation in cell cul-
ture, the polyhedrin gene in the bac-
ulovirus expression vector systems is
usually replaced by heterologous genes
that are overexpressed under the tran-
scriptional control of the strong poly-
hedrin promoter, which is activated at
later stages of the viral replication cycle
(10). The early systems relied on sub-
stitution of the polyhedrin gene with
the foreign gene by homologous re-
combination, between wild-type virus
DNA and the heterologous gene con-
struct after co-transfection of these
DNAs into insect cells. In this case, the
number of recombinant plaques is usu-
ally low, requiring sequential plaque as-
says and viral amplification to purify
recombinant virus and obtain sufficient
amount of virus for protein expression
(1,7,9,15). Also, it is difficult even for
experienced researchers to distinguish
occlusion-minus recombinant plaques
from noninfected cells and to monitor
cell-density decreases and cell-size in-
creases in cultures infected with recom-
binant baculovirus (2).

The recently developed BAC-TO-
BAC system (Life Technologies,
Rockville, MD, USA) is based on site-
specific transposition of an expression
cassette from a plasmid (pFAST-BAC)
to a baculovirus shuttle vector (bacmid)
that is propagated in E. coli. The for-
eign gene is expressed after transfec-
tion of the recombinant bacmid DNA
into insect cells, resulting in a recombi-
nant baculovirus that may be used to in-
fect other insect cell cultures (1,5,9,11,
14). This improvement allows a more
rapid production of the recombinant
protein without isolation of viral
plaques. However, since the polyhedrin
gene has been deleted from the bacmid,
only subtle morphological differences
can be detected between infected and
uninfected cells using either parental or
recombinant baculovirus, making it dif-
ficult to confirm productive transfec-
tion or infection. To distinguish be-
tween infected and uninfected cells,
some markers have been proposed such
as β-galactosidase, luciferase and fluo-
rescent proteins (2,15). These markers
are effective, but they rely on specially
constructed vectors and specific assays
that can be cumbersome and time con-
suming.  They also generate fusion pro-
teins, which may not be desirable.

Based on our experience with ani-
mal viruses, we propose two rapid and
practical methods that allow confirma-
tion of productive transfection with
bacmid DNA: (i) subculture of the
transfected Spodoptera frugiperda
(Sf9) cells that leads to a dramatic am-
plification of the cytopathic effect; and
(ii) PCR amplification of the recombi-
nant baculovirus DNA present in cul-
ture supernatants from the first virus
amplification. These methods allow
early detection of any problem in the
bacmid transfection, thus avoiding the
waste of time and reagents involved in
subsequent steps.

Results presented here were ob-
tained using recombinant baculovirus
constructs encoding the complete se-
quence of the glycoprotein C (gC) gene
from bovine herpesvirus 1 (BHV-1).
Two different inserts were separately
subcloned into the pFASTBAC HT vec-
tor (Life Technologies): a 2.4-kb
NcoI/EcoRI fragment containing the
complete sequence of gC, and a 1.3-kb
NcoI/SalI fragment containing a partial

sequence of gC that lacks the trans-
membrane terminal portion (manu-
script in preparation). The resulting
plasmids (pFASTBAC-HT-gC and
pFASTBAC-HT-partial gC) were pre-
pared by alkaline lysis DNA purifica-
tion (12). Recombinant plasmids were
transformed into DH10BAC-compe-
tent bacteria (Life Technologies), and
white colonies (with transposed recom-
binant bacmid) were selected and
grown overnight for recombinant bac-
mid DNA purification, according to the
BAC-TO-BAC baculovirus expression
system instructions. Correct transposi-
tion of gC sequences from pFASTBAC

HT into the bacmid was confirmed by
automated DNA sequencing.

Bacmid DNA isolation and cell
transfection were performed as de-
scribed in the BAC-TO-BAC manual. Re-
combinant bacmid DNA was isolated
from 1.5-mL cultures using the alkaline
lysis protocol. The presence and integri-
ty of bacmid DNA in these preparations
were analyzed by electrophoresis of 4
µL of each miniprep through a 0.8%
agarose gel in 1× TAE (12) and stained
with ethidium bromide. Bacmid DNA
was directly used to transfect Sf9 cells.

Transfection of 9 × 105 Sf9 cells/35-
mm dish was performed using 5 µL re-
combinant bacmid DNA and 6 µL Cell-
FECTIN reagent in 1 mL SF900 II
SFM reagent (both from Life Technolo-
gies) without antibiotics. After 5 h, the
medium was changed to 2 mL TNM-
FH medium (Grace’s insect cell medi-
um supplemented with 4 g/L yeastolate,
3.3 g/L lactoalbumin hydrolysate (Life
Technologies) plus 10% fetal calf serum
(Cultilab, Campinas, Brazil), and cells
were maintained at 28°C. Untransfected
cells and cells transfected with empty
bacmid DNA (without transposed
DNA) were used as transfection con-
trols. At 72 h after transfection, the
medium was recovered, clarified by
centrifugation at 800× g for 5 min and
stored as viral stocks, protected from
light at 4°C.

After collection of transfected Sf9
cell medium, we suggest subculturing
the transfected cells (a blind passage) as
a method to rapidly amplify viral titers
and enhance the cytopathic effect caused
by the recombinant baculovirus generat-
ed during transfection. The cells from
each transfected culture were resuspend-
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ed into fresh TNM-FH medium using a
Pasteur pipet, transferred to a 25-cm2

culture flask and incubated at 28°C for
48 h. Cultures were then observed under
a Nikon Diaphot phase contrast micro-
scope (100× magnification) to evaluate
the baculoviral cytopathic effect gener-
ated from productive transfections. 

Within 48 h of subculturing, the cy-
topathic effect is dramatically enhanced
in cultures containing cells transfected
with recombinant bacmid DNA (Figure
1, C and D). Subcultures of untrans-
fected cells (Figure 1A, negative con-
trol) displayed mostly attached and
spread-out cells, and subcultures of
cells transfected with the empty bacmid
DNA displayed low density of poorly
adhered cells (Figure 1B, positive con-
trol). The positive results presented in
Figure 1, C and D, indicate successful
transfection with titers of 100 plaque-
forming units/mL (pfu/mL) or higher,
suggesting that it is valid to proceed to
further steps for protein expression. On
the other hand, transfection assays per-
formed with damaged bacmid DNA or

with low-viability Sf9 cells yielded
subcultures with no cytopathic effect
(data not shown). The latter could then
be prematurely interrupted, avoiding
the waste of time and reagents.

The transfection supernatants were
used to infect Sf9 cells and to amplify
viral stocks, according to the BAC-TO-
BAC manual. To amplify viral stocks, 1
× 106 Sf9 cells/35-mm dish were grown
overnight with 2 mL TNM-FH medium
at 28°C before viral inoculation. At the
moment of infection, the medium was
removed, and 1 mL TNM-FH medium
containing 10 µL viral stock obtained
upon transfection was added to the Sf9
cells. Infected cultures were incubated
under agitation for 1 h using an orbital
platform. According to the BAC-TO-
BAC manual, viral titers of 2–4 × 107

pfu/mL can be expected in transfection;
therefore, the inoculum for viral ampli-
fication corresponds to a multiplicity of
infection (MOI) equal to or lower than
0.1. Following incubation, an addition-
al volume (1 mL) of medium was
added per dish and cultures were incu-

bated for 48 h. Clarified culture super-
natants were maintained at 4°C and
protected from light.

As a second approach to confirm
productive transfection, we used PCR
analysis of DNA obtained from ampli-
fied baculovirus stocks. To this end, a
simple small-scale procedure is sug-
gested to prepare baculovirus DNA for
PCR. Some care was taken to allow
viral DNA amplification and to avoid
interference of any residual DNA re-
maining from the transfection step.
Baculovirus DNA templates for PCR
amplification were prepared from in-
fected (not transfected) cultures and
sedimented baculovirus particles (not
culture medium). Baculovirus present
in 50 µL culture supernatant were con-
centrated at 12000× g for 10 min in a
microcentrifuge. The supernatant was
carefully aspirated using a fine tip with-
out disturbing the (invisible) viral pel-
let. A volume (25 µL) of proteinase K
buffer [10 mM Tris (pH 7.8), 5 mM
EDTA and 0.5% SDS] containing 50
µg/mL proteinase K (12) was added to
the pellet to digest viral proteins for 1 h
at 56°C and at 95°C for 20 min for in-
activation of the enzyme before PCR.

For PCR amplification (25-µL vol-
ume), BHV-1 gC gene PCR was per-
formed with specific primers (13), in a
PTC-200 Thermal Cycler (MJ Re-
search, Waltham, MA, USA). The reac-
tion mixture contained 10 mM Tris-
HCl (pH 8.3), 10 mM KCl, 1.5 mM
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Figure 1. Photomicrographs, taken under a Nikon Diaphot phase contrast microscope of subcul-
tures generated from Sf9 cells, transfected using the BAC-TO-BAC system. Dramatic differences in
cell density and adhesion to the substrate are visualized after 48 h. Untransfected Sf9 cell subcultures
(A), subcultures from Sf9 cells transfected with empty bacmid DNA (B) and subcultures from Sf9 cells
transfected with recombinant bacmid containing two different constructs of the BHV-1 gC gene: com-
plete gene (C) and partial gene (D) (100× magnification).

Figure 2. Agarose gel electrophoresis of gene-
specific PCR products (173 bp) obtained from
DNA preparations of recombinant bac-
ulovirus stocks. Molecular weight marker 100-
bp ladder (Life Technologies) (lane 1) and PCR
products from: complete and partial gC recombi-
nant bacmid DNA (lanes 2 and 3, respectively,
positive controls), nonproductive transfections of
complete and partial gC recombinant bacmid
DNA (lanes 4 and 5, respectively), productive
transfections of complete and partial gC recombi-
nant bacmid DNA (lanes 6 and 7, respectively),
empty bacmid DNA (lane 8, negative control),
productive transfection of empty bacmid DNA
(lane 9, negative control) and untransfected Sf9
cells (lane 10, negative control).



MgCl2, 0.2 mM each dATP, dTTP,
dGTP and dCTP, 0.2 µM each primer
and 0.5 U Taq DNA polymerase
(Amersham Pharmacia Biotech, Upp-
sala, Sweden). For PCR amplifications,
5 µL each recombinant baculovirus
DNA preparation was used as template.
As positive controls, 1 µL each recom-
binant bacmid DNA was used. Empty
bacmid DNA, Sf9 cells transfected
with empty bacmid DNA and untrans-
fected Sf9 cells were used as negative
controls. The entire volume (25 µL) of
each PCR sample was analyzed by
electrophoresis through a 1% agarose
gel in 1× TAE (12) and stained with
ethidium bromide. PCR products of
173 bp are expected in both constructs
of the BHV-1 gC gene (complete and
partial sequences).

The results indicate the presence of
an intense band, corresponding to the
amplification products, only in samples
originating from productive transfec-
tions (Figure 2, lanes 6 and 7) and posi-
tive controls (Figure 2, lanes 2 and 3).
No or weak amplification coincided
with nonproductive transfections (Fig-
ure 2, lanes 4 and 5) that led to nonde-
tectable recombinant protein expres-
sion in SDS-PAGE or Western blot
(data not shown). Lanes 4 and 5 repre-
sent a negative diagnostic result (non-
productive transfection), and lanes 6
and 7 represent a positive diagnostic re-
sult (productive transfection). All tem-
plates came from Sf9 cells transfected
with the same DNA preparation, used
in lanes 2 and 3 as a positive control for
the presence of primed sequence.

The results of the amplification of
specific small fragments were highly
reproducible in a large (>10) number of
independent experiments. On the other
hand, the use of M13 primers (14) for
full-length insert amplification causes
weak and inconsistent results. A previ-
ously published pair of degenerate
primers, designed to amplify a 575-bp
fragment of different baculoviruses,
could be useful in monitoring the re-
lease of wild-type and genetically engi-
neered baculoviruses (4).

The procedure suggested for the
BAC-TO-BAC expression system (sub-
culture of transfected cells and PCR
from baculovirus DNA) alone cannot
guarantee recombinant protein expres-
sion or its functional activity.  But it can

provide early and direct detection of
baculovirus generated by transfection
at the initial and rate-limiting steps.
Eventual problems occurring at this
early stage could be rapidly detected
and avoid the waste of time and
reagents involved in further experi-
ments. Using this scheme, it was possi-
ble to obtain the first qualitative analy-
sis of recombinant protein expression
by Western analysis within 6–7 days of
recombinant bacmid transfection. 

Using other baculovirus expression
systems based on homologous recombi-
nation, the subculturing of transfected
insect cells as suggested in this work al-
lows the confirmation of productive
transfection by visualization of the cy-
topathic effect. However, because of the
presence of both wild-type and recom-
binant baculovirus in the stock, it is still
necessary to isolate single recombinant
plaques. The baculovirus DNA purifica-
tion and PCR procedures described here
may be useful in subsequent steps to
confirm recombinant viral clones.
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