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To determine the titer of baculovirus stock accurately based on green fluorescent protein
(GFP) reporter, a recombinant baculovirus encoding FLAG-tagged protein and GFP
reporter as bicistronic messenger was constructed. The bicistronic messenger RNA was
transcribed using polyhedrin promoter and translated in infected Sf21 insect cells. The
GFP reporter gene was expressed incap independent manner utilizing internal ribosome
entry site (IRES) which helped in titration of baculovirus using end point titration method.
The result of this study indicated that recombinant baculovirus expressing GFP reporter as
bicistronic messenger facilitated in titration of baculovirus in stock in rapid and accurate
manner.

Introduction
The baculovirus expression vector system
(BEVS) is one of the most powerful tools for
the production of recombinant proteins on
both laboratory and industrial scales for
various applications such as production of
vaccines and pharmaceutical proteins (O
Reilly et al., 1992; Meghrous et al., 2009;
Cox, 2012). The robustness and efficiency of
the protein production using BEVS depends
on optimization of a series of critical process

parameters, including the ratio of input
baculovirus to number of Sf21 insect cells in
the culture, also referred as the multiplicity of
infection (MOI). In accurate estimation of
baculovirus titers has a profound impact on
the process performance and batch
consistency. Under estimated baculovirus
titers result in higher MOIs than expected
leading to a severe metabolic burden effect
and causing low protein productivity.
Similarly, overestimated titers result in low
production levels due to non-synchronous
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infection (Roldao et al., 2008).Therefore,
accurate measurement of virus titer before
protein production is much essential.
Conventional baculovirus titration methods
include plaque assay and end point dilution
based on cell viability (Lynn, 1992; Mena et
al., 2003; Janakiraman et al., 2006). All these
methods rely on cellular morphological
changes caused by infection such as the
decrease of cell viability and the increase of
cell size. The extent of those phenomena is
dependent on the virus dose and thus can be
correlated with viral titres. The accuracy of the
titer determination is greatly dependent on the
operator’s skill and experience which limit its
widespread applications.
In this study, we report a rapid and
reproducible baculovirus titer method based
on the detection of green fluorescent protein
(GFP) reporter gene expression in baculovirus
infected insect cells for accurate estimation of
baculovirus titer in stock. The GFP reporter
gene expression was detected using
fluorescent microscope and used to determine
virus titer. The proposed GFP reporter based
baculovirus titration method is rapid,
simpleand accurate when compared with gp64
gene based PCR assay.
Materials and Methods
Production of recombinant baculovirus
encoding FLAG-tagged protein and GFP as
bicistronic messenger
The gene encoding FLAG-tagged protein was
amplified using PCR and cloned into
pSMPUW-IRES-GFP expression vector(Cell
Biolabs) between EcoRV and EcoRI
restriction sites. The recombinant pSMPUWIRES-GFP plasmid was digested with EcoRV
and SalI restriction endonucleases and the
EcoRV-SalI DNA fragment containing
FLAG-tagged protein, IRES and GFP was
subcloned into pFastBac-1 baculovirus donor

plasmid (Invitrogen) between StuI-XhoI
restriction sites. The recombinant pFastBac-1
donor plasmid used to construct recombinant
baculovirus
using
Bac-to-bac
system
(Invitrogen)
following
manufacturer’s
instructions. The recombinant baculovirus
encoded FLAG-tagged protein and GFP as
bicistronic messenger under the control of
polyhedrin promoter (Fig. 1A).
Detection of FLAG-tagged protein and
GFP in baculovirus infected Sf21 cells
The expressed GFP and FLAG-tagged
proteins in baculovirus infected Sf21 cells
were detected using fluorescent microscopy
and indirect fluorescent antibody test (IFAT),
respectively. For detection of GFP in infected
Sf21 cells, the Sf21 cells were infected with
recombinant baculovirus and expressed GFP
in cells were analysed on 2 days post-infection
under fluorescent microscope using GFP filter.
For detection of FLAG-tagged protein, the
Sf21
cells-infected
with
recombinant
baculovirus at 2 days post-infection were fixed
with Methanol:Acetone (1:1) for 30 min at 20°C. The Methanol:Acetone fixing denatured
the GFP which resulted in no green
fluorescence in fixed cells. The FLAG-tagged
protein in Sf21 cells were probed with rabbit
anti-FLAG polyclonal antibody diluted in
PBS-T (PBS containing 0.1% Tween-20).
After washing with PBS-T, the bound
antibodies were detected with anti-rabbit
antibody labelled with FITC diluted in PBS-T.
The stained cells were examined under
fluorescent microscope using FITC filter after
counter stained with DAPI nuclear stain. The
non-infected healthy Sf21 cells were included
in the study as control.
End point titration of baculovirus using
GFPas reporter
For determination of baculovirus titer
baculovirus stock prepared from infected Sf21
cell culture supernatant was diluted 10-fold
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from 10-1to 10-10 and used as inoculum.
Approximately 50,000 Sf21 cells in 100 μl
SFM per well were seeded in 96-well plate
and incubated at 27ºC to allow attachment of
cells. After 2 h of incubation, the attached
Sf21 cells were infected with 100 μl of
different dilutions of baculovirus in
quadruplets and incubated further for 7 days.
The plate was examined under the fluorescent
microscope for detection of GFP in each well
indicating presence of baculovirus. The
baculovirus titer in stock was calculated using
the method of Reed and Muench (1938).
Determination of baculovirus titer using
PCR
For determination of baculovirus titer using
PCR, 100 μl of the 10-fold diluted baculovirus
from 10-1to 10-10 was used as inoculum to
infect Sf21 cells. After 7 days post-infection,
the total DNA was isolated from the infected
cells and used as template in PCR to detect
baculovirus gp64 gene. Briefly, total DNA
was isolated from the infected cells in 200 μl
volume using QIAamp DNA mini kit (Qiagen)
following manufacturer’s instructions and
used as template in PCR. The PCR reaction
contained 10 μl of isolated total DNA, 50 μM
each of forward (5’-CACCACACGTGCAAC
AAATC-3’) and reverse (5’-GAATCATACT
CACGCCGTCT C-3’) primers, 200 μM each
dNTPs, 2.5 U Taq DNA polymerase (New
England Biolabs) in 1X reaction buffer in 50
μl reaction volume. The cycling condition was
94°C for 3 min initial denaturation, and then
30 cycles of 94°C for 1 min, 55°C for 30 sec,
and 72°C for 1 min. The reaction mixture was
then incubated at 72°C for 10 min and stored
at 4°C.An aliquot of 10 μl amplified PCR
reaction was run in 1% agarose gel along with
100 bp DNA ladder and gp64 specific 175 bp
PCR product was analysed. A negative control
reaction containing distilled water as template
was included in the assay. The baculovirus
titer was calculated as reciprocal of the

dilution of baculovirus stock as inoculum
which yielded 175 bp PCR product.
Results and Discussion
Production of recombinant baculovirus
expressing FLAG-tagged protein and GFP
using bicistronic messengerRNA
As per the manufacturer’s protocol, the Sf21
cells were transfected with recombinant
bacmid encoding FLAG-tagged and GFP as
bicistronic messenger RNA to produce
recombinant baculovirus expressing FLAGtagged and GFP proteins. The transfected Sf21
cells were incubated at 27°C for 5 days and
cell culture supernatant was harvested as P0
stock. The P0 stock was used as inoculum to
infect healthy Sf21 cells at 0.01 multiplicity of
infection (MOI) to prepare P1 and P2
baculovirus stocks. The baculovirus titer in P2
stock was determined after infecting Sf21
which showed green fluorescence cells at 2
days post-infection (Fig. 1B). This indicated
that GFP was expressed in infected Sf21 cells
utilizing IRES sequences on bicistronic
messenger in a cap-independent manner. To
confirm the expression of FLAG-tagged
protein, the infected Sf21 cells were fixed with
Methanol:Acetone mixture and probed with
anti-FLAG antibody. The green fluorescence
in fixed cells indicated that the FLAG-tagged
protein was expressed from bicistronic
messenger RNA (Fig. 2). There was no
fluorescence observed in control non-infected
Sf21 cells. This confirmed that FLAG-tagged
protein was expressed in infected Sf21 cells
from bicistronic messenger RNA transcribed
using baculovirus polyhedrin promoter in cap
dependent manner.
Determination of baculovirus titer using
GFP as reporter
On 7 days post infection, all four wells of Sf21
cells infected with dilutions from 10-1to 10-5of
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recombinant baculovirus demonstrated GFP
expression. Three out of 4 wells of 10-6
dilution also showed GFP. There was no GFP
expression in Sf21 cells infected with dilutions
from 10-7to 10-10of recombinant baculovirus.
This indicated that the titer of recombinant
baculovirus stock was 10-7.3 TCID50/ml (Table
1).
Determination of baculovirus titer using
gp64 PCR

recombinant baculovirus was used in PCR
using gp64 specific primers, there was
amplification of 175 bp PCR product in total
DNA isolated from Sf21 cells infected with
dilutions from 10-1to 10-6of recombinant
baculovirus. There was no amplification in
total DNA isolated from Sf21 cells infected
with dilutions from 10-7to 10-10 of recombinant
baculovirus as well as in non-template control
(Figure 3). This indicated that the titer of
recombinant baculovirus stock was 10-6/100µl
or 10-7/ml stock.

When total DNA isolated from SF21 cells
infected with 100µl of different dilutions of

Table.1 Titration of baculovirus stock based on GFP as reporter using
Reed and Muench (1938) method
Dilution

No. of
Positive
wells

No. of
negative
wells

Cumulative
positive
wells

Cumulative
Negative
wells

Ratio
(Positive/total)

Ratio%

10-1

4

0

23

0

23/23

100

10-2

4

0

19

0

19/19

100

10-3

4

0

15

0

15/15

100

10-4

4

0

11

0

11/11

100

-5

4

0

7

0

7/7

100

-6

3

1

3

1

3/4

75

-7

0

4

0

5

0/5

0

-8

10

0

4

0

9

0/9

0

10-9

0

4

0

13

0/13

0

10-10

0

4

0

17

0/17

0

10
10
10

Proportionate distance = (75-50)/ (75-0) = 25/75 = 0.3
Thus titre = 10-(6+0.3) = 10-6.3/ 100µl
or 10-7.3/ml stock
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Fig.1 Expression of green fluorescent protein (GFP) reporter gene using bicestronic messenger
in baculovirus infected Sf21 insect cells

A.

B. Schematic representation of bicistronic expression cassette under the control of
baculovirus polyhedrin promoter (Pph). The bicistronic messenger RNA encoding
FLAG-tagged and green fluorescent protein
C. The recombinant baculovirus encoding FLAG-tagged and green fluorescent
protein (GFP) proteins was used to infect Sf21 insect cells. At 2 days post
infection, the GFP as reporter was detected in infected cells.
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Fig.2 Indirect fluorescent antibody test (IFAT) of baculovirus infected Sf21 cells for detection of
FLAG-tagged protein

Baculovirus infected Sf21 cells were probed with rabbit anti-FLAG polyclonal antibody and
bound antibodies were detected using anti-rabbit antibody conjugated with FITC

Fig.3 Detection of baculovirus in total DNA isolated from infected Sf21 cells using PCR.
Total DNA was isolated from Sf21 cell lysate infected with different dilutions of baculovirus and
used in PCR to detect gp64 gene. M: 100 bp plus DNA ladder
-

M

10
7
/m
l

-

10
8
/m
l Control

500 bp
200 bp
100 bp

175bp

1146

Int.J.Curr.Microbiol.App.Sci (2018) 7(12): 1141-1149

In biological research, co-expression of two
or more genes, one being selectable marker
and others as gene of interest is often
desirable. The ability of IRES sequences to
initiate cap independent translation instead of
using two or more promoters facilitates
expression of more than one polypeptide from
single bicistronic/polycistronic expression
vector in single host cell (Roberts et al., 1998;
Han and Zhang, 2006). This becomes
beneficial
especially
for
expressing
multisubunit protein where all the subunits
are translated at same time in single cell and
assemble in its functional quaternary structure
(Berger et al., 2004). For past many years,
bicistronic expression vectors with IRES
sequences have been employed for various
experimental settings from mammalian
culture cells (Kuo et al., 2016) to baculoviral
expression system (Chen et al., 2005) and
transgenic animals (Trichas et al.,2008).
In present study, we used baculovirus
expression vector system (BEVS) to
demonstrate that bicistronic expression of
GFP reporter gene utilizing IRES sequence
can facilitate accurate titration of baculovirus
in stocks. The advantage of BEVS is better
yield of desired product as compared to its
mammalian counterpart. The yield of desired
protein depends on various critical factors
such asMOI of infection, time of harvest and
temperature (Metz et al., 2011) etc. Therefore
before use, titration of baculoviral stock is
important to avoid batch to batch variation
and maintenance of repeatability of a
protocol. Now a days, various methods have
been developed for titration, including
immunostaining with monoclonal antibodies
against baculovirus proteins major coat
protein VP39 (Wang et al., 2013)and surface
glycoprotein 64 (gp64) (Mulvaniaet al.,
2004), direct staining of virus particles using
SYBR Green I followed by flow cytometry
(FCM) (Shen et al., 2002), cell viability assay
with Alamar Blue (Pouliquen et al., 2006),

measurement of cell-diameter change of
infected cells using a cell counter
(Janakiraman et al., 2006) and titration assay
based on viable cell side scatter (Qi et al.,
2015). Nevertheless, these methods have
several drawbacks which limit their
widespread applications. For example,
immunological staining methods need
antibodies of high quality which are very
expensive or are not commercially available.
AlamarBlue monitors the cell growth
cessation induced by baculovirus infection,
but the procedure is complex and the
fluorescence dye is also expensive. Using cell
size method, the diameter of infected cells
only increased by 10-40%, leading to limited
accuracy and sensitivity when the alteration is
not obvious. This method further becomes of
limited use when working with Sf21 cells
which unlike Sf9 cells are normally irregular
in size. Viable cell side scatter based titration
assay is comparatively faster method but it
only measures granulation in the infected
cells which cannot differentiate between
infection of wild-type or recombinant
baculovirus.
In present study, we expressed FLAG-tagged
protein under control of polyhedrin promoter
in conjunction with cap independent
expression of GFP reporter gene downstream
to 616bp long IRES sequence. Expression of
GFP helped in confirming production of
recombinant baculovirus and tracing the
infected cells. The GFP expression was
utilized for titration of recombinant
baculovirus as a simplified method compared
to the conventional way of neutral red stain
mixed overlay technique of viral plaques for
baculoviral titration. The estimated titer using
GFP based method was further confirmed by
PCR amplification of gp64 gene amplification
of baculovirus. PCR based titration validated
the GFP based titration method as comparable
baculovirus titer was estimated using both
techniques.
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This system of polycistronic expression in
BEVs and reporter gene based titration
methods thus can be used in future for
development of multisubunit proteins and
virus like particles comprising more than one
protein. It helped in tracing production of
recombinant baculovirus for using appropriate
MOI for amplification of baculovirus or
protein expression work and optimising the
time to harvest supernatant for maximum
product yield. The IRES based reporter gene
expression also avoids incorporation of
unwanted reporter protein into the desired
protein thus avoiding change in the
conformation or subsequent loss of function
of the protein. The titration based on
bicistronic expression of GFP utilizing IRES
is rapid technique for titration, which do not
require any labelling or washing steps of
antibody and fluorescence dye and
simultaneously can differentiate between
recombinant and wild type baculovirus. The
result of this study indicated that recombinant
baculovirus expressing GFP reporter as
bicistronic messenger facilitated in titration of
baculovirus in stock in rapid, simple and
accurate manner.
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