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TECH REVIEW

B
aculovirus infection of 
insect cells is an established 
method to obtain large 
quantities of biologically 
active recombinant pro-

teins with properties similar to those of 
proteins expressed in mammalian cells. 
Insect cells are capable of most mamma-
lian posttranslational modifications that 
control protein compartmentalization, 
secretion, targeting to nucleus or cell 
surface, N- and O-glycosylation, phos-
phorylation, proteolytic processing, and 
assembly of multi-protein complexes.1-

10  The baculovirus transfer plasmids 
and accessory products utilized for pro-
tein expression in insect cells are cur-
rently available from several commercial 
sources.11  The plasmids often contain 
his-tags to facilitate Ni-NTA purifica-
tion of recombinant proteins, and/or 
signal peptides to promote or enhance 
secretion of the proteins into the medi-
um.  Typically, in most baculovirus 
cloning vectors the coding region of 
the polyhedrin gene has been replaced 
by a polylinker with multiple cloning 
sites for the insertion of the cDNA 
of interest downstream of the strong 
polyhedrin promoter.  Cotransfection 
in insect cells of these transfer plasmids 

with wild-type baculovirus usually 
yields 0.1–1% recombinant viruses 
through homologous recombination 
between the viral and plasmid DNA.  
Alternative cloning systems to gener-
ate high-yield recombinant viruses use 
linearized or mutated viral strains that 
can only replicate after a cDNA has 
been inserted in the polyhedrin locus.  
Several insect cell strains are currently 
available for baculovirus expression of 
proteins; these include Sf9 (ATCC; CRL-
1711), Sf21 (Invitrogen, Carlsbad, CA; 
IPLB-Sf21-AE), ExpresSF+® (Protein 
Sciences Corporation, Meriden, CT), 
High Five™ (Invitrogen; BTI-TN-5B1-
4), and Tni PRO (Expression Systems 
LLC, Woodland, CA).  

Traditionally, insect cells have been 
grown in monolayers in Grace’s insect 
cell medium, supplemented with yeast-
olate, lactalbumin hydrolysate, and fetal 
bovine serum.10  However, most insect 
cell strains are now adapted to grow in 
suspension using commercially avail-
able serum-free media, which reduces 
costs and labor, and has the advan-
tage of achieving high cell density.  
Recombinant-virus infected insect cells 
are distinguished from either noninfect-
ed cells or cells infected with wild-type 
viruses using a standard plaque assay 
method.10  Plaque assays have tradition-
ally been performed using a 2x Grace’s 
supplemented medium (Invitrogen) 
in the presence of fetal bovine serum.  

Four to six days after infection, wild-
type plaques can easily be detected 
using a light microscope because the 
infected cells accumulate large amounts 
of polyhedrin-occluded virus in their 
nuclei and have a black appearance.  In 
contrast, recombinant plaques, lacking 
polyhedrin, have a more translucent 
appearance and, therefore, are difficult 
to distinguish from non-infected cells.10  

Nevertheless, it is advisable to sepa-
rate individual recombinant viral clones 
from contaminating wild-type viruses 
or low-expressing recombinant viruses 
by single-plaque purification.  These 
isolated clones should be independently 
tested for protein expression, because 
levels of recombinant proteins may vary 
greatly among the clones.  In addi-
tion, plaque assays are performed to 
obtain the titer of viral stocks, although 
this is considered an inaccurate meth-
od because of difficulties in identify-
ing and accurately counting recombi-
nant plaques.  The use of serum-free 
medium in plaque assays is desirable 
because currently most insect cell lines 
have been adapted to grow optimally 
in serum-free medium.  In addition, 
the complete absence of serum is pre-
ferred when the viruses are to be used 
for cGMP production of recombinant 
proteins.  Plaque assay methods using 
serum-free media have been described 
or are commercially available (HyQ® 
BEVS PlaKit; Hyclone, Logan, UT), but 
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identification of plaques is optimal only 
after staining with neutral red or other 
dyes.12

Results and Method

We have modified the existing 
plaque-assay method by using regular 
1x serum-free medium instead of 2x 
Grace’s medium or commercially avail-
able serum-free medium concentrates.  
This simple modification unexpectedly 
resulted in a dramatic improvement of 
both wild-type and recombinant plaque 
morphology and visibility (Figure 1 
A and C, respectively).  Recombinant 
plaques could be readily detected with 
an inverted microscope and were even 
visible with the naked eye (Figure 1 
B and D).  We used two widely used 
insect cell lines, Sf9 and ExpresSF+, 
which were adapted to grow in different 
brands of serum-free media (ESF-AF, 
Expression Systems; HyQ SFX-Insect, 
Hyclone).  Insect cells were seeded (1 x 
106 cells/2 ml per well) in 3 cm dishes 
or 6-well plates using the two different 
types of serum-free media and allowed 
to attach to the surface at room tem-
perature or at 27° C for 1–4 hours.  The 
medium was then replaced with 1 ml of 
serially diluted baculovirus stocks (10-

4 to 10-7 in ESF-AF or SFX medium), 
followed by 90 minutes of incubation 
at room temperature or 27° C.  A solu-
tion of SeaPlaque agarose (3% w/v; 
Cambrex Bioscience, Baltimore, MD) 
was prepared in either 1x ESF-AF or 1x 
SFX medium, and dissolved in a micro-
wave oven for 2-3 minutes (several one 
minute intervals). Due to evaporation 
the solution became cloudy but could 
be clarified by adding 2-5 ml of sterile 
water.  The agarose solution was then 
cooled to about 55° C and gently mixed 
in a one-to-one ration with either 1x 
ESF-AF or 1x SFX medium pre-warmed 
at 37° C (final concentrations: 1.5% 
agarose/1x ESF-AF or 1.5% agarose/1x 
SFX).  The virus was aspirated from 
the insect cells, and the cells were care-
fully overlaid with 2 ml agarose/medi-
um solution, after which the agarose 
was allowed to solidify for 10-15 min-
utes.  The dishes were incubated in a 
humidified chamber at 27° C for 6-9 

Figure 1.  Detection of wild-type and recombinant baculovirus plaques. ExpresSF+ insect cells 
were seeded in 3 cm dishes and infected with serial dilutions of wild-type and recombinant 
baculovirus stocks, and subsequently overlaid with serum-free medium/agarose solution using 
either ESF-AF medium (A-D; Expression Systems) or SFX medium (E-H; Hyclone). After a 
seven-day incubation period at 27° C the dishes were examined using an inverted light micro-
scope (A, C, E, and G) and with the unaided eye (B, D, F, and H). Both wild-type plaques (A 
and E) and recombinant plaques (C and G) were easily detected. A, C, E, and G were pho-
tographed using a 40x magnification.  B, D, F, and H were photographed using the Chemidoc 
imaging system (Bio-Rad).
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days.  Plaques normally became visible 
through the microscope after 4-6 days 
(Figure 1 A, C, E, and G), and with the 
unaided eye after 7-9 days (Figure 1 B 
and D), but only when ESF-AF medium 
had been used.  However, the use of 
either Sf9 or ExpresSF+ cells resulted 
in similar plaque size and morphol-
ogy.  Plaques were most easily detect-
ed through an inverted microscope 
using only ambient light.  Noninfected 
cells gave an overall dark background, 
on which plaques appeared as white, 
reflective groups of cells (not shown).  
Alternatively, plaques were viewed using 
bright light and low contrast (without 
phase contrast).  In this case both wild-
type and recombinant plaques appeared 
as dark clustered cells on a lighter back-
ground of noninfected cells (Figure 1 A, 
C, E, and G).  Very large plaques were 
systematically obtained using ESF-AF 
insect cell medium (Figure 1 A and C).  
The use of SFX medium also resulted 
in good plaque morphology, albeit the 
plaques were substantially smaller in 
size (Figure 1 E and G), and either not 
at all or barely visible with the unaided 
eye (Figure 1 F and H).

Discussion

The use of regular serum-free medi-
um in plaque assays results in excellent 
plaque morphology and easy detection 
without the use of specific dyes to stain 
the plaques.  This method results in 
plaques that are easier to identify, and 
is more reliable than the conventional 

method that requires the use of serum, 
or methods that stain plaques using 
serum-free medium concentrates and 
dyes.  The method can be used with 
different brands of serum-free insect 
cell media.  However, the use of ESF-AF 
medium affords larger plaques, inde-
pendent of the use of either Sf9 or 
ExpresSF+ insect cells, and independent 
of the brand of serum-free medium 
the cells are adapted to grow in (not 
shown).  Currently, ESF-AF medium 
is the only completely animal product 
free insect cell medium commercially 
available.  All insect cell strains tested in 
our laboratory (Sf9, ExpresSF+, and Tni 
PRO) grow optimally in this medium, 
reaching cell densities up to 18 x 106 
cell/ml after three or four days culture 
in conventional shaker flasks. We have 
also used this medium for the serum-
free transfection of Sf9 or ExpresSF+ 
insect cells to generate new recombi-
nant viruses (not shown).  Our modi-
fied serum-free transfection and plaque 
assay methods, preferably using ESF-AF 
medium, facilitate a more reliable titra-
tion of viral stocks and the selection of 
recombinant viral clones that, due to the 
absence of serum, may be suitable for 
the production of cGMP grade recom-
binant proteins.
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