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Abstract
Bluetongue (BT) is non-contagious, vector-borne viral disease of domestic and wild ruminants, transmitted by midges (Culi-
coides spp.) and is caused by Bluetongue virus (BTV). BTV is the type species of the Orbivirus genus within the Reoviridae 
family and possesses a genome consisting of 10 double-stranded RNA segments encoding 7 structural and 4 nonstructural 
proteins. Viral Protein 7 (VP7) is the major sera group-specific protein and is a good antigen candidate for immunoenzymatic 
assays for the BT diagnosis. In our work, BTV-2 recombinant VP7 (BTV-2 recVP7), expressed in Spodoptera frugiperda 
(Sf9) cells using a baculovirus system, was produced and purified by affinity chromatography from the supernatant of infected 
cell culture. The use of the supernatant allowed us to obtain a high quantity of recombinant protein with high purity level 
by an easy one-step procedure, rather than the multistep purification from the pellet. RecVP7-BTV2 was detected using a 
MAb anti-BTV in Western blot and it was used to develop an immunoenzymatic assay.

Keywords BTV · Recombinant VP7 · Baculovirus · Supernatant · Affinity chromatography · ELISA

Introduction

Bluetongue virus (BTV) is a member of the Orbivirus genus 
of the family Reoviridae [1, 2] and infects sheep, cattle and 
wild ruminants. BT has evolved in the past ten years from 
an exotic disease, restricted to warm Sub-Saharian climates, 

to a more widespread disease, with the potential of becom-
ing endemic in new areas with temperate climates [3, 4], 
causing high economic impact on the international live-
stock industry. BTV has a double stranded RNA (dsRNA) 
genome formed by 10 segments encoding 7 structural and 
4 non-structural proteins [5–8]. The BTV virion consists of 
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a triple-layered icosahedral protein capsid [7, 9], that gives 
the name to the species. The outer capsid layer of the virion 
is formed by VP2 and VP5 that together elicit virus neutral-
izing antibodies [10]. To date, at least 27 serotypes have 
been identified worldwide [11–14]. The viral internal core 
is composed of two layers, constituted by VP3 (sub core) 
and VP7 (core surface layer) [6, 7] the latter identifies the 
BTV serogroup [15, 16]. BTV core also contains the three 
minor enzymatic core proteins, VP1 (RNA-dependent RNA 
polymerase), VP4 (capping enzyme and transmethylase), 
and VP6 (RNA-dependent ATPase and helicase). VP7, a 
~ 40 kDa protein arranged as trimers to form the BTV core 
surface [5–8], is conserved within all the different BTV 
serotypes and is used for serodiagnostic purpose to detect 
infected animals [15, 16]. A variety of recombinant DNA 
methods have been used to express BTV VP7 protein [9, 
17–21] and among these the baculovirus expression system 
has been successfully used to reach a high yield production 
of the biologically active recombinant VP7 protein [9, 18]. 
This method is preferred because it is able to overcome the 
protein solubility problems that usually occur when prokary-
otic expression systems are used [19, 20, 22]. In this work, 
we describe a recombinant BTV VP7 production method 
using a baculovirus expression system and a subsequent 
purification method of the protein by immobilized metal 
affinity chromatography (IMAC). As reported in literature 
[18, 23–25], recombinant VP7 Orbiviruses proteins, such 
as BTV and EHDV, were usually purified from infected 
cell pellet or they were directly used for the development of 
immunoassays from infected cell culture supernatant-pellet 
without further purification [26, 27]. We used both superna-
tant and pellet of infected Sf9 cells as biological sources of 
BTV recVP7, that were purified with different experimen-
tal conditions, in order to assess the most suitable method. 
Recombinant VP7, purified from both supernatant and pel-
let, was further evaluated with a c-ELISA using in house 
developed specific monoclonal antibody.

Materials and Methods

Viruses and Cells

Bluetongue Virus serotype 2 (BTV-2) was selected from 
a panel of BTV field strains isolated during an outbreak 
in Italy in 2000 (Genebank accession number JN255862) 
and it was used to infect VERO cells (ATCC® CCL-81). 
VERO cells were grown in MEM with Earle’s Salts and 
l-Glutamine (Biowest) and 10% Fetal Bovine Serum (FBS) 
(Sigma-Aldrich) at 37 °C, 5%  CO2. Virus particles were 
purified from infected cells supernatant using methods 
already described in literature [28].

Propagation of recombinant baculovirus and expression 
of BTV-2 recVP7 was performed in Sf9 cells (ECACC 
05011001), maintained in suspension cultures using Sf-
900II SFM medium (Gibco) in vent cap Erlenmeyer shaker 
flasks (Corning) at 27 °C and 110 rpm speed. Sf9 Easy 
Titer cells, gently provided from Ralph F. Hopkins, Pro-
tein Expression Laboratory, Advance Technology Program, 
SAIC-Frederick, National Cancer Institute at Frederick, 
MD, USA, were cultured and used according to the method 
described in Hopkins and Esposito [29].

Generation of Recombinant Plasmid and Transfer 
Vector

Total RNA was extracted from the infected cell monolayer 
using the High Pure Viral Nucleic Acid Kit (Roche). The 
full-length cDNA of Seg-7, coding VP7 protein, was 
obtained by retrotranscription with Superscript II RTase 
(Invitrogen) using random primers and amplified using 
Pfu turbo polymerase (Stratagene). Primer used for cDNA 
amplification were designed from reference sequence of 
BTV serotype 2 (Genbank accession number JN255868.1), 
including restriction site sequences specific for KpnI and 
XhoI (Roche):

FwKpnIvp7_2_5′-ATAT GGT ACC ACG ACA CTA TCG 
CGG CAA GAG-3′.

RwXhoIvp7_2_5′-ACAC CTC GAG TTA CTA CAC ATA 
AGC GGC GC-3′.

The Seg-7 cDNA was cloned into pCR-XL-TOPO (Invit-
rogen) and sub-cloned into pENTR1A Dual Selection (Inv-
itrogen) according manufacturer instructions. We obtained 
the pENTR1A-BTV2-VP7 that was verified by restriction 
analysis and sequenced using the BigDye X Terminator kit 
and ABI PRISM 3100 sequencer (Applied Biosystems). 
pENTR1A BTV-2-VP7 was subsequently used to perform 
homologous recombination reaction to transfer the gene of 
interest into the N-terminal BaculoDirect™ Vector (Invit-
rogen), obtaining the recombinant Autographa californica 
multiple nucleopolyhedrovirus (rAcMNPV_BTV-2_VP7) 
containing V5 and His tag in N-terminal on BTV-2 VP7, 
according manufacturer instructions.

Recombinant Baculovirus Production

Sf9 cells were transfected using Cellfectin® II Reagent 
(Invitrogen, USA) with the recombinant baculovirus rAc-
MNPV_BTV-2_VP7 vector described above, according to 
the manufacturer instructions (BaculoDirect™ Baculovirus 
Expression System, ThermoFisher, USA). Briefly, 72 h post-
transfection the supernatant, viral stock P1, was collected 
and stored at − 80 °C. Aliquots of both infected crude Sf9 
cell lysate and unpurified infected Sf9 cell culture super-
natant, from here on defined “pellet “ and “supernatant” 
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respectively, were tested in Western blot using anti-V5 HRP 
antibody. The viral stock P1 was propagated in Sf9 cells in 
125 mL shaker flasks at 1.5 × 106 cells/mL to generate viral 
stocks P2 and P3, using Multiplicity of Infection (MOI) of 
0.1. P2 and P3 were collected 72 h post-infection (p.i.) and 
titrated with a novel cell line, Sf9 Easy Titer cells [29] using 
end-point dilution method. Sf9 Easy Titer cells were stably 
tranfected with plasmid DNA containing the enhanced green 
fluorescent protein (eGFP) gene under the control of the 
baculovirus polyhedrin promoter and they turn green when 
are infected whit baculovirus due to activation of the poly-
hedrin promoter/eGFP complex. Briefly, 100 µL per well of 
a suspension of Sf9 Easy Titer cells (8 × 105 cells/mL) were 
added to a 96-well microtiter plate. Then, serial dilutions 
of a virus stock was prepared and inoculated onto Sf9 Easy 
Titer cell culture. After five days, the number of cells that 
were infected is then determined for each virus dilution and 
this is assessed using a fluorescence microscope by scoring 
GFP-positive wells. The viral titer value was calculated with 
Reed e Müench method. The result was obtained in  TCID50/
mL (median tissue culture infectious dose) that multiplied 
for the conversion factor 0.7 gives us the corresponding 
value in PFU/mL.

Expression and Isolation of BTV‑2 recVP7

The optimal MOI and Time of Harvest (TOH), to maximize 
the recombinant protein expression, were defined through a 
small-scale experiment. Briefly, 50 mL of Sf9 cell suspen-
sion with a density of 3.5 × 106 ± 0.1 cells/mL, were infected 
with rAcMNPV BTV-2_VP7_P3 at 0.001, 0.01, 0.1 and 1 
MOI. The infected cells were collected at 0, 24, 48, 72, 96 
and 120 h p.i. and were evaluated for cell density, cell viabil-
ity and cell diameter by CountessTM automated cell counter 
(Invitrogen, USA), in order to evaluate cellular changes as a 
result of a baculovirus infection.

Viral titration was performed on all the samples as 
described above. VP7 expression was assessed by SDS-
PAGE and Western blot using an anti-V5 HRP antibody 
(Invitrogen). Production of the BTV-2 recVP7 was scaled-
up to 1.5 L of Sf9 cell culture.

Infected cells were harvested by centrifugation at 3500×g 
for 10 min at 4 °C. The cell pellet was rinsed with phos-
phate-buffered saline pH 7.5 (PBS) and stored at − 80 °C 
until purification. The supernatant was sterile-filtered and 
stored at 4 °C until the chromatographic purification.

BTV‑2 recVP7 Ammonium Sulphate Precipitation

BTV-2 recVP7 was precipitated from the pellet obtained as 
previously described according to the protocol of Luo and 
Sabara (2008), with minor modifications. Briefly, Sf9 cell 
culture pellet was thawed and washed with PBS, lysed in 

10 mM Tris–HCl (pH 7.5) containing 0.5% NP40, protease 
inhibitors cocktail (Roche), 3.3 M l-Arginine hydrochloride 
[30–33] and incubated for 3 h on ice.

Cell debris and nucleic DNA were removed by centrifu-
gation at 3500×g for 10 min. A saturated solution of ammo-
nium sulphate, prepared in 100 mM Tris–HCl pH 7.5, was 
added to the cytoplasmic cell extract to a final saturation 
of 20% (v/v) and incubated with gentle agitation overnight 
(O.N.) at 4 °C. The precipitated proteins were collected by 
centrifugation at 16,000×g for 10 min and resuspended in 
10 mM Tris–HCl solution, pH 7.5.

A sample was collected for further analyses using West-
ern blot and the remaining extracted BTV-2 recVP7 pro-
tein was stored at 4 °C until the next purification step using 
IMAC.

BTV‑2 recVP7 Purification by IMAC

L-Arginine hydrochloride 0.2 M was added to the super-
natant [30–33] and incubated with gentle agitation at room 
temperature (R.T.) for 1 h. Supernatant and pellet containing 
BTV-2 recVP7 were loaded separately on a HisTrap excel 
column (GE Healthcare), in a fully automated manner using 
an AKTAPurifier 100 instrument (GE Healthcare). Purifica-
tion was conducted according to manufacturer instructions. 
Briefly, the column was equilibrated with 20 mM sodium 
phosphate, 500 mM sodium chloride and 0.2 M l-Arginine 
hydrochloride. The column was washed with 20 mM imida-
zole before the elution step performed with buffer containing 
20 mM sodium phosphate, 500 mM sodium chloride, 0.2 M 
l-Arginine hydrochloride and 250 mM imidazole.

BTV-2 recVP7 purified from both pellet and superna-
tant were incubated at 4 °C O.N. and centrifuged at 4000×g 
using Amicon Ultra-15 centrifugal Filter Units MWCO 10 
KDa. The concentrated BTV-2 recVP7 was recovered and 
diluted with the same volume of PBS 1×, pH 7.5 containing 
0.5% Sarkosyl NL (Sigma-Aldrich), for both samples. The 
protein concentration was assessed by the Bradford assay 
and finally, the purity, antigenicity and identity of the BTV-2 
recVP7 derived from the cell pellet (pVP7) and the super-
natant (sVP7) was checked in SDS-PAGE and Western blot.

SDS, Semi‑native PAGE and Western Blot

All the samples of BTV-2 recVP7 were analyzed by SDS-
PAGE. The protein was denatured at 70° with NuPAGE LDS 
sample buffer and NuPAGE sample reducing agent (Invit-
rogen) for 10 min and then separated on NuPAGE Novex 
4–12% Bis–Tris Gel (Invitrogen). The gel was stained with 
Bio-safe Coomassie G-250 Stain (Bio-Rad). The P1 and 
P2 unpurified viral stocks, unpurified recVP7 produced at 
small-scale and purified recVP7 produced at large scale were 
analyzed in denaturing conditions; moreover, the samples of 
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recVP7 purified from pellet and supernatant derived from 
1.5 L of Sf9 cell culture, were also analyzed in semi-native 
PAGE thus loaded on NuPAGE gels without prior denatura-
tion treatment.

BTV-2 recVP7 separated by electrophoresis was blotted 
onto nitrocellulose membranes. Blocking was performed 
with 5% (w/v) skim milk in PBS containing 0.05% Tween 
20 (PBST) at R.T. for 2 h, followed by an incubation with 
HRP-conjugated MAb anti-BTV [28] and anti-V5 HRP anti-
body at 1:50,000 and 1:10,000 dilution respectively (Invitro-
gen) at 4 °C O.N. BTV-2 recVP7 purified from both infected 
Sf9 pellet and supernatant was also tested with positive sera 
derived from an experimentally BTV-1 infected bovine and 
detected with anti-bovine IgG peroxidase antibody (Sigma-
Aldrich).The specificity of reaction between MAb anti-BTV 
[28] and BTV-2 recVP7 from supernatant was evaluated by 
Western blot using recombinant AHSV-VP7, (IZSAM data 
not published) and recombinant EHDV-VP7 (purchased 
from GenScript®).

Novex Sharp Pre-stained Protein Standard was used for 
molecular weight estimation in SDS-PAGE. Amersham ECL 
Select Western blotting Detection Reagent (GE Healthcare) 
and Chemidoc MP Imager (Bio-Rad) were used to acquire 
images.

Competitive ELISA

c-ELISA was performed to test the BTV-2 recVP7 puri-
fied from pellet and supernatant. 96-well polystyrene plates 
(Costar) were coated with antigen (100 µL/well), concen-
trated 1 mg/mL at five different dilutions (1:1000, 1:1500, 
1:2000, 1:2500, and 1:3000) in 0.05 M carbonate-bicarbo-
nate buffer (pH 9.6) and incubated at 22 °C O.N. After wash-
ing with PBST and blocking with 5% skim milk (Biolife) in 
PBST at R.T. for 1 h, the plates were washed again and posi-
tive serum diluted from 1:32 to 1:128 was added. Undiluted 
positive and negative sera were used as positive and negative 
controls respectively.

After incubation at R.T. for 3 h, the plates were washed 
and different dilutions (1:250,000, 1:300,000 and 1:350,000) 
of MAb anti-BTV HRP-conjugated [28], concentrated at 
8 mg/mL, were added and incubated at R.T. for 1 h. After 
washing, the plates were developed with 3,3′,5,5′-tetrame-
thyl benzidine substrate (TMB, Surmodics) according to the 
manufacturer’s instructions and incubated at R.T. for 30 min. 
The reaction was stopped by adding 0.5 N  H2SO4, and opti-
cal density (O.D.) was measured at 450 nm.

c-ELISA was also used to verify any cross-reactivity, 
testing the AHSV and EHDV sera with BTV-2 recVP7 at 
5 ng/mL (1:2000 dilution) purified from supernatant. The 
test was performed using MAb anti-BTV HRP-conjugated 
at 1:300,000 dilution.

The same protocol and dilutions of recombinant antigen 
purified from supernatant and MAb anti-BTV HRP-conju-
gated (1:2000 and 1:300,000 respectively) were used to test 
a panel of bovine and ovine sera 20 positive and 20 negative, 
previously characterized by virus-neutralization from OIE 
Reference Laboratory for Bluetongue, IZSAM. The sero-
types tested are two of the serotypes mostly diffused in Italy, 
in particular the serotypes 1 and 4.

Results

Recombinant Baculovirus Generation and BTV‑2 
recVP7 Expression

Recombinant baculovirus rAcMNPV_BTV2_VP7 was suc-
cessfully generated and used to transfect Sf9 cells, in order 
to obtain P1 viral stock. Pellet and supernatant from P1 were 
checked for reactivity with anti-V5 HRP antibody (Fig. 1a), 
that recognized the monomeric and dimeric forms of BTV-2 
recVP7 only in the pellet sample.

A different result was obtained analyzing P2 viral stock 
in Western blot where the BTV-2 recVP7 was present in 
both pellet and supernatant samples, in form of predominant 
bands at ~ 40 and ~ 80 kDa in the pellet sample, and a single 
band at 40 kDa in the supernatant (Fig. 1b).

P2 and P3 were titrated used Sf9 Easy Titer cells as 
described in Materials and Methods and showed a titer of 
1 × 108.48 Plaque Forming Unit (PFU)/mL and 1 × 107.82 
PFU/mL respectively. Virus preparations, used for the inoc-
ula, were also titrated and titers are indicated for time zero 
(Fig. 2a). The highest viral titers were obtained with MOI 1 
harvesting 48 h p.i. and with MOI 0.1 and 72 h p.i., reaching 
 107,95 PFU/mL and  107,82 PFU/mL respectively.

Fig. 1  a, b Western blot detection using anti-V5 antibody of recVP7 
from recombinant Baculovirus viral stocks P1 (a) and P2 (b). PC+ 
and sC+ were the kit positive control (pENTR/CAT plasmid, 30 
kDa); pC− and sC− were the kit negative control (pENTR1A/baculo-
virus vector); pVP7 and sVP7 were pellet and supernatant samples of 
rAcMNPV_BTV2_VP7 transfected Sf9 cells
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Moreover, the same samples were used to measure the 
cells number and diameter, showing different trends for 
both cell parameters (Fig. 2b, c) and they were also assayed 
with Western blot on both supernatant and pellet of the Sf9 
infected culture.

A strong reaction with anti-V5 antibody, consisting of a 
band at ~ 40 kDa, corresponding to the molecular weight of 
the monomeric form of BTV VP7, was revealed on super-
natant samples at 48, 72, 96 h (Fig. 3). Results showed that 
the highest BTV-2 recVP7 expression was obtained at 72 h 
with MOI 1 and a similar result was obtained at 72 h with 
MOI 0.1 and at 48 h with MOI 0.01. Western blot on cell 
pellet was not evaluable (data not shown).

Combining cell viability and BTV-2 recVP7 expression 
results, for large scale production we chose to infect Sf9 cell 
culture with viral MOI 0.1, harvesting the infected culture 
at 72 h p.i. for subsequent protein purification. In particular, 
we infected 1.5 × 106 Sf9 cells/mL in 1.5 L growth medium 
with MOI 0.1 of viral stock and then we harvested at 72 h 
p.i. the infected cell pellet, not discarding the supernatant, 
rather storing it at 4 °C for subsequent IMAC.

Purification of BTV‑2 recVP7 by Affinity 
Chromatography

BTV-2 recVP7 was produced at large scale and it was puri-
fied from both infected Sf9 cell pellet and supernatant.

As shown in chromatograms resulting from IMAC, the 
recVP7 that was first purified from the pellet by ammonium 
sulphate precipitation, had an extremely low absorbance at 
280 nm, expressed in mAu value, almost near to 0, as shown 
in the peak 2, fractions A7-A9 (Fig. 4a). On the other hand, 
the recVP7 purified from the supernatant only by the one-
step IMAC, was represented by peak 4, fractions A7–A11, 
and had a higher absorbance, reaching near to 250 mAu 
(Fig. 4b). The other peaks, mostly present in the supernatant 
sample (peaks 1–3, Fig. 4b), were considered weakly bound 
contaminants and were washed away with 20 mM imidazole.

Bradford assay confirmed that the purification of recVP7 
from pellet and supernatant samples gave different yields: 
total protein concentration obtained from pellet was approxi-
mately 1 mg, whilst from supernatant reached 15 mg. The 
recVP7 derived from both pellet and supernatant, purified by 
IMAC, was then checked in SDS-PAGE and Western blot, 
and results are described in the next section.

SDS, Semi‑native PAGE and Western Blot

BTV-2 recVP7 recovered from infected Sf9 pellet immedi-
ately after the ammonium sulphate precipitation, was tested 
with SDS-PAGE and Western blot under denaturing condi-
tions, using both anti-V5 HRP antibody and MAb anti-BTV. 
Results showed the presence in SDS-PAGE of a few bands of 

0
1
2
3
4
5
6
7
8
9

10

0 24 48 72 96 120

Ti
te

r L
og

 1
0

Time (h)

1MOI 0.1MOI 0.01MOI 0.001MOI

0

2

4

6

8

10

12

14

0 24 48 72 96 120

M
ili

on
 c

el
ls

/m
l

Time (h)

milion cells/ml CTR milion cells/ml 1 MOI
milion cells/ml 0.1 MOI milion cells/ml 0.01 MOI
milion cells/ml 0.001 MOI

0

2

4

6

8

10

12

14

16

0 24 48 72 96 120

C
el

ls
 d

ia
m

et
er

 n
m

Time (h)
 CTR 1 MOI 0.1 MOI 0.01 MOI 0.001 MOI

a

b

c

Fig. 2  a The graph shows the trend over time (0 h, 24 h, 48 h,72 h, 
96 h and 120 h) of the viral titer after infection of the Sf9 cells with 

 0.001 MOI,  0.01 MOI,  0.1 MOI,  1 MOI, of 
recombinant baculovirus. Titer is expressed in TCID50/mL. b The 
graph shows the trend of cells viability (cells/mL) checked over time 
(0 h, 24 h, 48 h, 72 h, 96 h and 120 h), after infection of the Sf9 cells 
with the same MOI of recombinant baculovirus tested in (a). c The 
graph shows the Sf9 cells diameter (nm), checked at different time-
points (0 h, 24 h, 48 h, 72 h, 96 h and 120 h), to measure the infection 
rate of Sf9 by recombinant baculovirus at different MOI
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Fig. 3  Western blot detection of recVP7 using anti-V5 antibody. Sf9 
cells were infected with recombinant baculovirus at different MOI 
(0.001, 0.01, 0.1, 1) and after harvesting them by centrifugation at 
24, 48, 72, 96 and 120 h, the samples of supernatant were checked 

in WB. Supernatant of uninfected cells was negative control and it is 
indicated as C−. The assay was performed denaturing the samples at 
70 °C for 10′. M molecular weight marker, fragment sizes are meas-
ured in kDa 

Fig.4  a–d Chromatograms of recVP7 purified by IMAC from 
infected Sf9 cell pellet (a) and infected Sf9 culture supernatant (b) 
and Coomassie staining of SDS-PAGE of all the eluted fractions from 
IMAC performed on the infected Sf9 cell pellet, after the ammonium 
sulphate precipitation (c) and on the infected Sf9 cell supernatant (d). 
a, b All the eluted fractions of the loaded samples are represented on 
x axis, and their respective absorbance values, measured at 280  nm 
(mAU), are reported on the y axis. a Peak 1 corresponds to the wash 
step to remove unknown contaminating proteins; peak 2 corresponds 
to elution step of the specific protein recVP7. b Peaks 1–3 correspond 

to the wash step of unknown contaminating proteins; peak 4 corre-
sponds to elution step of the specific protein recVP7. c Lane 1 repre-
sents peak 1, fractions A2–A5 (a), that is the wash step with 20 mM 
imidazole, lane 2 represents peak 2, fractions A7-A9 (a), correspond-
ing to the elution step with 250  mM imidazole, and containing the 
recVP7. d Lanes 1, 2 and 3 represent respectively peak 1, 2 and 3 
of fractions A2–A6 (b), that is the wash step with 20 mM imidazole, 
lane 4 represents peak 4, fractions A7-A11 (b), corresponding to the 
elution step with 250 mM imidazole, and containing the recVP7. M 
molecular weight marker, fragment sizes are measured in kDa
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different non-specific molecular weight and the absence of 
specific reaction with MAb anti-BTV and anti-V5 antibody 
in Western blot (data not shown). As the level of BTV-2 
recVP7 from pellet after the lonely ammonium sulphate pre-
cipitation were below visualization, maybe due to a dilution 
of the sample which was too high and to a poor grade of 
purification, we further purified the protein by IMAC and 
checked it again by SDS-PAGE. The recVP7 purified from 
infected Sf9 pellet, using firstly ammonium sulphate precipi-
tation and then using IMAC, corresponds to elution peak 2 
and fractions A7-A9 (Fig. 4a) as described in the previous 
results, and showed in its electrophoresis profile in Fig. 4c 
(lane 2). The peak 1, corresponding to the wash purification 
step, was also analized in SDS-PAGE (Fig. 4c, lane 1). The 
recVP7 purified from the pellet, peak 2 of the Fig. 4a had a 
high purity level with a major band of ~ 40 kDa, correspond-
ing to the molecular weight of BTV-2 recVP7 monomeric 
form. On the same gel we loaded the BTV-2 recVP7 purified 
from the supernatant (Fig. 4b, d) and we identified (Fig. 4d, 
lane 4) a predominant band at ~ 40 kDa, corresponding to 
the molecular weight of the monomeric VP7, one minor 
band at ~ 80 kDa, corresponding to the molecular weight 
of the dimeric VP7. The sample of the lane 4 represents the 
elution peak 4 (Fig. 4b), fractions A7–A11.

The peaks 1, 2 and 3 are the eluted fractions of the wash 
step (Fig. 4b) and they were analyzed in SDS-PAGE, lanes 
1, 2 and 3 (Fig. 4d) showing many no specific bands.

We compared the recVP7 purified from pellet and super-
natant using both the SDS-PAGE and the semi-native PAGE 
(Fig. 5a, b) and the molecular weight observed in the sample 
of purified protein (Fig. 4c, d lanes 2 and 4 respectively) 
were confirmed (Fig. 5a).

The semi-native PAGE revealed the presence of bands 
ranging from ~ 110 to 60 kDa in the pellet sample, while 
the supernatant sample was represented by a major band 

at ~ 110 kDa, close to the molecular weight of the trim-
eric form of VP7, followed by one band at ~ 80 kDa, one 
band at ~ 40 kDa, corresponding to the molecular weight 
of dimeric and monomeric form of VP7 respectively, and 
some other bands of different molecular weight (Fig. 5b).

To test the affinity of BTV-2 recVP7 produced at large 
scale with in house produced MAb anti-BTV [28] and to 
confirm the identity of our protein with the MAb anti-V5, 
we performed Western blot (Fig. 6a). The results show 
that BTV-2 recVP7 purified from the pellet binds to the 
MAb anti-BTV, generating 4 bands ranging from ~ 60 to 
110 kDa. The BTV-2 recVP7 purified from the superna-
tant showed a band’s pattern similar to the pellet but with 
a different proportion amounts between the different oli-
gomeric forms. In both samples, the MAb anti-BTV was 
unable to recognize the VP7 monomeric form predicted 
at ~ 40 kDa, in contrast to the anti-V5 antibody that rec-
ognized not only a predominant band at ~ 40 kDa, but also 
two bands of minor intensity at 70 and 110 kDa, in the 
pellet sample. Results regarding affinity of BTV-2 recVP7 
with anti-V5 antibody confirm the previous Western blot 
results of unpurified BTV-2 recVP7, taken from pellet/
supernatant of P1/P2 infected cells (Fig. 1).

We tested an experimentally infected BTV positive 
bovine serum in Western blot (Fig. 6b), under denaturing 
conditions, and we identified weak bands at ~ 60–80 kDa 
in recVP7 purified from the pellet, in contrast to the strong 
reaction with recVP7 purified from the supernatant, whose 
bands were visible at ~ 80–110 kDa. Moreover, the bovine 
positive serum was also able to detect a smear between 30 
and 40 kDa, that could be a degraded form of recVP7 or a 
faint aspecific reaction.

The MAb anti-BTV showed elevate specificity, recog-
nizing only BTV-2 recVP7 and showing no cross-reactiv-
ity with the recVP7 of AHSV and EHDV (Fig. 7).

Fig. 5  a, b Coomassie staining 
of SDS-PAGE (a) and semi-
native PAGE (b) of recVP7 
purified from the pellet (P) 
and from the supernatant (S) 
of infected Sf9 cells. a The 
recVP7 purified from P and S 
was denatured at 70 °C for 10′ 
before loading onto the gel. b 
The same samples of recVP7 
purified by IMAC from P and 
S, previously checked by SDS-
PAGE, as described in (a), were 
loaded onto the gel without heat 
treatment. M molecular weight 
marker, fragment sizes are 
measured in kDa



47Molecular Biotechnology (2021) 63:40–52 

1 3

Competitive‑ELISA

For the analysis of the results, we considered the O.D. 
obtained using MAb at 1:300,000 dilution. In all c-ELISA 
performed, the positive control showed the O.D. values 
below 0.1. The O.D. values of negative control ranged from 
2.12 to 1.57 and from 2.57 to 1.86 at the different dilutions 
of pVP7 and sVP7 respectively (Fig. 8a, b). Moreover, test-
ing different dilutions of BTV positive serum, at all dilu-
tions of pVP7 and sVP7 antigens the O.D. values showed 
the same trend for pellet and supernatant with lower values 
in the pellet sample.

When using pVP7 and sVP7 diluted 1:2000, the lowest 
variability of the O.D. values was observed between the two 
antigens, (Fig. 8a, b), independently of the BTV positive 
serum dilutions.

Immunoenzymatic assay was performed in order to verify 
the specificity of interaction of BTV-2 recVP7 with BTV 
positive sera, testing undiluted positive sera of AHSV and 
EHDV on a plate activated with sVP7 diluted 1:2000. The 
results showed that the O.D. values were higher than 1.00 for 
both AHSV and EHDV sera, in contrast to values obtained 
with BTV positive control, that was below 0.1 (Fig. 8c).

C-ELISA performed on 20 positive and 20 negative sera, 
showed a difference between the BTV positive and nega-
tive samples (Fig. 9). All the negative sera had O.D. values 
ranging from 1.00 to 1.2. The BTV positive sera had O.D. 
values below 0.2, except that 3 out of 20 that had values 
corresponding to 0.77, 0.64 and 0.69.

Discussion

VP7 protein is the preferred choice for developing group-
specific serological assays for BTV diagnosis, due to its 
highly conserved sequence and antigenicity between differ-
ent strains [19]. In this study, we used a baculovirus system 
for the expression of recombinant VP7 of BTV-2, to be fur-
ther evaluated as diagnostic reagent in c-ELISA.

Recombinant VP7 was successfully obtained and it was 
first produced at small-scale in order to assess the best 
conditions for its expression. BTV-2 recVP7 expression 
level was checked at different TOH of Sf9 cells infected 
with recombinant baculovirus at different MOI. The titra-
tion of the recombinant baculovirus was performed using 

Fig. 6  a, b Western blot detection of recVP7 purified from pellet (P) 
and from supernatant (S) of infected Sf9 cells. All the samples were 
analyzed under denaturing conditions, i.e. after performing a dena-
turation at 70  °C for 10′ before loading the samples onto the gel. a 
The bands show the reaction between the anti-BTV MAb, anti-V5 

antibody, both conjugated with HRP, and the recVP7. b The recVP7 
purified from both P and S was also checked for reaction with a posi-
tive bovine serum, detected using anti-bovine IgG secondary anti-
body. M molecular weight marker, fragment sizes are measured in 
kDa

Fig. 7  Analysis of the anti-BTV MAb cross-reactivity using West-
ern blot. Samples of recombinant VP7 from BTV, AHSV and EHDV 
were tested for reaction with HRP-conjugated anti-BTV MAb. M 
molecular weight marker, fragment sizes are measured in kDa
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the Sf9 Easy Titer cells [29], that allowed us to do a rapid 
and accurate titration, unlike the plaque assay [34, 35] that 
is well known to be a time consuming and labor intensive 
technique [36].

The highest viral titer was present at 48 h with MOI 
1 (Fig. 2a), but cell viability was clearly lower than cell 
viability present at 72 h and MOI 0.1 (Fig. 2b).

The use of MOI 0.1 and 72 h as TOH in BTV-2 recVP7 
production protocol, helped us to minimize the risk of pro-
tease action on BTV-2 recVP7. The influence that cellular 
proteases can have on recombinant protein expression as 
already been object of investigation [37, 38]. In particular, 
it was observed that host cell proteases may influence the 
final yield of the recombinant protein, especially after 72 h 
p.i., the moment when a substantial decline in product 
yield has been observed in many reports [39, 40]. It was 
also reported a correlation between the used MOI and the 
proteases, suggesting that a high MOI is related to strong 
protease activity. It was not excluded a role of cell lysis, 
then cell viability, in the process of degradation of the 
recombinant protein [37].

In our experiments, we used protease inhibitors only 
when manipulating the infected Sf9 cell lysate, immedi-
ately before the ammonium sulphate precipitation. We did 
use protease inhibitors neither in the cell culture nor in the 
supernatant, after harvesting the cells, because of the quan-
tity of protease inhibitors to be used in 1.5 L of cell culture, 
according the manufacturer instructions (Roche), it would 
be too expensive, since the choice of the correct MOI and 
TOH lead us to have no product loss and/or degradation. 
The expression of recVP7 at the different MOI and TOH, as 
shown in Fig. 3, is represented by a weak band at 48 h and 
MOI 1, despite the high titer, thus confirming that low cell 
viability (Fig. 2b) affects the expression of the recVP7. We 
can also observe a progressive decrease in recVP7 expres-
sion with the increasing time post infection, so TOH.
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Furthermore, we can observe that the recVP7 expression 
at 48 h and 0.01 MOI was quite similar to the expression at 
72 h, 0.1 and 1 MOI (Fig. 3), even if the viral titer and cell 
diameter were lower at 48 h and 0.01 MOI (Fig. 2a–c).

Finally, MOI 0.1 and 72 h as TOH were chosen for the 
large scale production of BTV-2 recVP7, because of these 
values correspond to the best viral and cellular parameters, 
i.e. viral titer, good cell viability and cell diameter used as 
infection indicator (Fig. 2a–c).

Once defined optimal conditions for the expression of 
recVP7, its production was scaled-up, to obtain high yield of 
recombinant protein purified by IMAC. The IMAC used to 
purify the recombinant protein from the supernatant, offered 
several advantages as the automatization of the process 
which allows to speed the process and improve its standardi-
zation [23, 41–43]. While high yield of recVP7 was obtained 
from a single-step purification of the supernatant by IMAC, 
the purification of recVP7 from the pellet, by ammonium 
sulphate precipitation and subsequently by IMAC, did not 
provide similar results, confirming that the BTV-2 recVP7 
was mostly released from the transfected cells as previously 
described [26, 44]. In addition to these last scientific reports 
that describe the opportunity of VP7 isolation from cell cul-
ture supernatant, the most part of reported experiments are 
based on the isolation of recombinant VP7 from infected 
Sf9 cell lysate [9, 18, 25]. In some cases, the recombinant 
protein was not even purified [26, 27, 40] and the yield of 
recombinant protein obtained at the end of the production 
process was not always mentioned, as well as the method 
of protein quantification [23–25]. Some authors reported 
the yield obtained, that was characterized, from one author 
to the other, by an extreme variability [9, 20, 40, 44, 45]. 
Since we preferred to optimize the recVP7 production from 
supernatant of infected Sf9, because of its easy, rapid and 
costless production, we can not compare the yield of our 
recVP7 with the other ones previously published, these last 
being mostly related to recombinant proteins isolated from 
cell lysates.

In our study, when analyzing the recVP7 isolated from 
infected Sf9 pellet and from supernatant, we highlighted the 
difference in terms of yield: the recVP7 purified from the 
pellet of 1.5 L of infected Sf9 culture gave us only about 
1 mg, while we were able to obtain almost 15 mg of recom-
binant recVP7 from the supernatant.

The purity, the positive reaction with the MAb anti-BTV 
and the performance in c-ELISA, were other factors that we 
had to consider, in addition to the yield, in order to produce 
the recVP7. After performing IMAC, we obtained a highly 
purified recVP7, from both pellet and supernatant, with the 
difference that the supernatant was subjected to only one-
step purification procedure, when compared to the pellet 
one. Moreover, the 6xHis-tag in N-terminal, while necessary 
for the purification process, did not interfere in the reaction 

between the recVP7 and the MAb anti-BTV, as showed by 
the immunoassays that have been performed to characterize 
the protein [23]. The recVP7 purified from both pellet and 
supernatant was tested with the MAb anti-BTV produced in 
house [28] in Western blot and in c-ELISA. When analyz-
ing the Western blot results, we can observe that the bind-
ing between the MAb anti-BTV and the recVP7 was not 
represented by a single band, such as the expected single 
band at 40 kDa of the monomeric VP7, but it was observed 
the presence of bands of different molecular weight, mainly 
ranging from 60 to 110 kDa.

This finding can be explained by the temperature that we 
used for the denaturation step before loading the samples 
onto the NuPAGE gels. In particular, we denatured the sam-
ples at 70 °C, as suggested by the manufacturer instructions 
(Invitrogen), and we also tried to denature samples at 95 °C 
(data not shown). The recVP7 was visible in SDS-PAGE 
when denatured at both temperatures as a 40 kDa band and, 
specifically when denatured at 70 °C some other bands at 
higher molecular weight, thus suggesting that the protein can 
be present at this temperature in different conformational 
states due to an incomplete denaturation, as already reported 
in literature [25, 46–48].

While in SDS-PAGE we were able to visualize the 
recVP7 using both denaturation temperature (70 °C and 
95 °C), the reaction between the recVP7 and the MAb was 
visible using only 70 °C as denaturation temperature, con-
firming that denaturation of recVP7 at this temperature is 
incomplete, the our MAb anti-BTV recognize only oligo-
meric forms of the recVP7 and that the MAb anti-BTV 
binds to a conformational epitope of recVP7. On the same 
samples, we performed semi-native PAGE (Fig. 5b), and 
we observed that, even without any heat denaturation, there 
was no band present at exactly 120 kDa, but rather there is 
a major band at 110 kDa and other bands of different lower 
molecular weight. Similar results were already reported in 
literature [25, 46], where recombinant VP7 was analyzed by 
trimerization assays, using 37–100 °C and R.T.–100 °C as 
denaturation temperatures [25, 46].

The presence of bands at different molecular weight in 
semi-native PAGE in our study (Fig. 5b) and also in Monas-
tyrskaya et al. and Limn et al. [25, 46], suggests that a mini-
mal denaturation of the samples occurs, probably due to the 
action of the reducing agent of the sample loading buffer and 
of the SDS contained inside the gel. We demonstrated the 
specificity of reaction between the recVP7 and MAb anti-
BTV checking the cross-reactivity with other Orbiviruses 
recombinant VP7, using Western blot and the results (Fig. 7) 
showed the bands only in the BTV2 recVP7 sample.

We analyzed the recVP7 purified from both pellet and 
supernatant in Western blot using also a BTV positive serum 
(Fig. 6b), and the results showed a bands pattern similar to 
the MAb one, even if, using the positive serum, the band 
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intensity of the recVP7 purified from the supernatant was 
much higher than the intensity related to the recVP7 from 
the pellet. This result was of critical importance, because, 
in c-ELISA, antibodies of BTV positive sera go in competi-
tion with the MAb anti-BTV for the binding to the recVP7.

After performing Western blot, we tested the recVP7 
in c-ELISA, in order to evaluate the recombinant protein 
object of this study as a useful reagent for diagnostic pur-
pose. The results of c-ELISA, showed just a little difference 
in O.D. values between the recVP7 purified from the pellet 
(pVP7) and from the supernatant (sVP7), probably due to 
the slightly higher purity grade of pVP7.

Highly purified protein has a key role for production and 
validation of diagnostic assays [49, 50], but, on the other 
hand, the recVP7 isolated from the infected Sf9 pellet had 
to be subjected to the several manipulations during purifica-
tion, thus going consequently to the detriment of recombi-
nant protein yield. Even if the pVP7 had a higher purity, the 
sVP7 reached the same performance of pVP7, in particular 
at 1:2000 antigen dilution (Fig. 8a, b).

BTV-2 recVP7 purified from supernatant was then used 
to check any cross-reactivity with antibodies of related 
Orbiviruses, such as EHDV and AHSV, and a high degree of 
specificity was demonstrated (Fig. 8c). Finally, the recVP7 
purified from supernatant was successfully used to discrimi-
nate BTV positive bovine sera from negative ones (Fig. 9).

In order to develop an immunoenzymatic assay for diag-
nostic purpose, we considered different critical elements, i.e. 
the purity and yield of the recombinant protein, performance 
in c-ELISA and, not less important, the time spent and the 
costs for purification method.

The choice of producing a purified recombinant protein 
allowed us to overcome problems derived from the use 
of whole virions as antigen [28, 49–51], used in previous 
ELISA assays.

The use of unpurified viral antigen is usually related to 
less stable protein preparation, due to the presence of extra-
neous proteins with enzymatic activity or to the character-
istic of viral proteins to assemble into virus-like structures, 
leading to uncontrolled aggregation with extraneous proteins 
or to self-aggregation [18, 23].

The use of the infected Sf9 supernatant allowed us to 
produce a high quantity of recombinant protein with high 
purity level, obtained by an easy one-step procedure, i.e. the 
lonely IMAC purification, rather than the multistep purifica-
tion from the pellet.

Looking at the c-ELISA experiments, these last showed 
similar results using the same concentration of recVP7 puri-
fied from both pellet and supernatant, therefore we decided 
to use the recVP7 protein purified from supernatant, not 
only in the single last experiment for discriminating the 
BTV positive from negative sera, but also in a final view 
of large-scale production, where the recVP7 purified from 

supernatant fits better in terms of yield, costs and ease of 
production. In fact, the high quantity of recVP7 that we 
obtained, using the supernatant as source of recombinant 
protein, would allow to produce a high number of diagnostic 
kits that could be marketed and used to detect the presence 
of anti-BTV antibodies in animal sera.

In order to obtain the results showed in this study, we 
produced in our laboratories different lots of recVP7 purified 
from supernatant and the yield and the degree of purity were 
always confirmed. These preliminary data lay the founda-
tions for the conduction of further extensive studies, aimed 
to test the reproducibility and reliability of the methods here 
described for production and purification of BTV-2 recVP7 
from cell culture supernatant and to assess the recVP7 stabil-
ity over time. The development and validation of c-ELISA 
for BTV diagnosis, using recVP7 purified from supernatant 
represents the final goal of this study.

Acknowledgements We would like to thank Dr. Ralph F. Hopkins of 
Protein expression Laboratory, Advanced Technology Program, SAIC-
Frederick, National Cancer Institute at Frederick, Frederick, MD, USA 
that gently provided Sf-9 Easy Titer (Sf-9ET) cell line.

Funding This work was funded from the Italian Ministry of Health 
with Grant No. MSRCTE0807.

Compliance with Ethical Standards 

Conflict of interest None of the authors disclosed any relevant finan-
cial relationships.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. Campbell, C. H., & Grubman, M. J. (1985). Current knowledge 
on the biochemistry and immunology of bluetongue. Prog. Vet. 
Microbiol. Immunol., 1, 58–79.

 2. Spence, R. P., Moore, N. F., & Nuttall, P. A. (1984). The biochem-
istry of orbiviruses. Brief review. Archives of Virology, 82(1–2), 
1–18.

 3. Maclachlan, N. J. (2010). Global implications of the recent emer-
gence of bluetongue virus in Europe. Veterinary Clinics of North 
America Food Animal Practice., 26(1), 163–71.

http://creativecommons.org/licenses/by/4.0/


51Molecular Biotechnology (2021) 63:40–52 

1 3

 4. Maclachlan, N. J., & Guthrie, A. J. (2010). Re-emergence of 
bluetongue, African horse sickness, and other orbivirus diseases. 
Veterinary Research, 41(6), 35.

 5. Basak, A. K., Stuart, D. I., & Roy, P. (1992). Preliminary crystal-
lographic study of bluetongue virus capsid protein, VP7. Journal 
of Molecular Biology, 228, 687–689.

 6. Grimes, J. M., Jakana, J., Ghosh, M., Basak, A. K., Roy, P., Chiu, 
W., et al. (1997). An atomic model of the outer layer of the blue-
tongue virus core derived from X-ray crystallography and electron 
cryomicroscopy. Structure, 5(7), 885–93.

 7. Grimes, J. M., Burroughs, J. N., Gouet, P., Diprose, J. M., Malby, 
R., Ziéntara, S., et al. (1998). The atomic structure of the blue-
tongue virus core. Nature, 395(6701), 470–478.

 8. Roy, P. (2017). Bluetongue virus structure and assembly. Current 
Opinion in Virology, 24, 115–123. https ://doi.org/10.1016/j.covir 
o.2017.05.003

 9. French, T. J., & Roy, P. (1990). Synthesis of bluetongue virus 
(BTV) corelike particles by a recombinant baculovirus expressing 
the two major structural core proteins of BTV. Journal of Virol-
ogy, 64(4), 1530–1536.

 10. Huismans, H., Van Der Walt, N. T., Cloete, M., & Erasmus, B. 
J. (1987). Isolation of Capsid Protein of Bluetongue Virus that 
induces a protective immune response in sheep. Virology, 157, 
172–179. https ://doi.org/10.1016/0042-6822(87)90326 -6

 11. Belbis, G., Zientara, S., Bréard, E., Sailleau, C., Caignard, G., 
Vitour, D., & Attoui, H. (2017). Bluetongue virus: From BTV-1 
to BTV-27. Advances in Virus Research, 99, 161–197. https ://doi.
org/10.1016/bs.aivir .2017.08.003

 12. Maan, S., Maan, N. S., Belaganahalli, M. N., Potgieter, A. C., 
Kumar, V., Batra, K., et al. (2016). Development and evaluation 
of real time RT-PCR assays for detection and typing of bluetongue 
virus. PLoS ONE, 11(9), e0163014. https ://doi.org/10.1371/journ 
al.pone.01630 14

 13. Savini, G., Puggioni, G., Meloni, G., Marcacci, M., Di Domenico, 
M., Rocchigiani, A. M., et al. (2017). Novel putative Bluetongue 
virus in healthy goats from Sardinia, Italy. Infection, Genetics 
and Evolution, 51, 108–117. https ://doi.org/10.1016/j.meegi 
d.2017.03.021

 14. Sun, E. C., Huang, L. P., Xu, Q. Y., Wang, H. X., Xue, X. M., Lu, 
P., et al. (2014). Emergence of a novel bluetongue virus serotype, 
China. Transboundary and Emerging Diseases, 63(6), 585–589. 
https ://doi.org/10.1111/tbed.12560 

 15. Gumm, I. D., & Newman, J. F. (1982). The preparation of purified 
bluetongue virus group antigen for use as a diagnostic reagent. 
Archives of Virology, 72(1–2), 83–93.

 16. Huismans, H., & Erasmus, B. J. (1981). Identification of the 
serotype-specific and group-specific antigens of bluetongue virus. 
Onderstepoort Journal of Veterinary Research, 48(2), 51–58.

 17. Martyn, J. C., Gould, A. R., & Eaton, B. T. (1991). High level 
expression of the major core protein VP7 and the non-structural 
protein NS3 of bluetongue virus in yeast: use of expressed VP7 as 
a diagnostic, group-reactive antigen in a blocking ELISA. Virus 
Research, 18(2–3), 165–178.

 18. Oldfield, S., Adachi, A., Urakawa, T., Hirasawa, T., & Roy, P. 
(1990). Purification and characterization of the major group-
specific core antigen VP7 of bluetongue virus synthesized by a 
recombinant baculovirus. Journal of General Virology, 71(Pt 11), 
2649–2656.

 19. Pathak, K. B., Biswas, S. K., Tembhurne, P. A., Hosamani, M., 
Bhanuprakash, V., Prasad, G., et al. (2008). Prokaryotic expres-
sion of truncated VP7 of bluetongue virus (BTV) and reactivity of 
the purified recombinant protein with all BTV type-specific sera. 
Journal of Virological Methods, 152(1–2), 6–12.

 20. Russell, B. L., & Gildenhuys, S. (2018). Solubilisation and purifi-
cation of recombinant bluetongue virus VP7 expressed in a bacte-
rial system. Protein Expression and Purification, 147, 85–93.

 21. Van Zyl, A. R., Meyers, A. E., & Rybicki, E. P. (2015). Transient 
Bluetongue virus serotype 8 capsid protein expression in Nico-
tiana benthamiana. Biotechnology Reports (Amst), 9, 15–24. https 
://doi.org/10.1016/j.btre.2015.12.001

 22. Mohanty, N. N., Shivachandra, S. B., Biswas, S. K., Nagaraj, V., 
Basheer, T. J., Narendra, B. D., et al. (2019). An efficient produc-
tion of hybrid recombinant protein comprising non-structural pro-
teins (NS 1 & NS 3) of bluetongue virus in prokaryotic expression 
system. Protein Expression and Purification, 155, 15–20.

 23. Luo, L., & Sabara, M. I. (2005). Production of a recombinant 
major inner capsid protein for serological detection of epizootic 
hemorrhagic disease virus. Clinical and Diagnostic Laboratory 
Immunology, 12(8), 904–909.

 24. Luo, L., & Sabara, M. I. (2008). Production, characterization and 
assay application of a purified, baculovirus-expressed, serogroup 
specific bluetongue virus antigen. Transboundary and Emerging 
Diseases, 55(3–4), 175–182.

 25. Monastyrskaya, K., Staeuber, N., Sutton, G., & Roy, P. (1997). 
Effects of domain-switching and site-directed mutagenesis on the 
properties and functions of the VP7 proteins of two orbiviruses. 
Virology, 237(2), 217–227.

 26. Mecham, J. O., & Wilson, W. C. (2004). Antigen capture com-
petitive enzyme-linked immunosorbent assays using baculovirus-
expressed antigens for diagnosis of bluetongue virus and epizo-
otic hemorrhagic disease virus. Journal of Clinical Microbiology, 
42(2), 518–523.

 27. Forzan, M., Pizzurro, F., Zaccaria, G., Mazzei, M., Spedicato, M., 
Carmine, I., et al. (2017). Competitive enzyme-linked immuno-
sorbent assay using baculovirus-expressed VP7 for detection of 
epizootic haemorrhagic disease virus (EHDV) antibodies. Journal 
of Virological Methods, 248, 212–216. https ://doi.org/10.1016/j.
jviro met.2017.07.015

 28. Lelli, R., Portanti, O., Langella, V., Luciani, M., Di Emidio, B., 
& Conte, A. M. (2003). Produzione di un kit ELISA competitiva 
per la diagnosi sierologica della Bluetongue. Veterinaria Italiana, 
47, 5–13.

 29. Hopkins, R., & Esposito, D. (2009). A rapid method for titrating 
baculovirus stocks using the Sf-9 Easy Titer cell line. BioTech-
niques, 47(3), 785–788. https ://doi.org/10.2144/00011 3238

 30. Arakawa, T., Tsumoto, K., Nagase, K., & Ejima, D. (2007). The 
effects of arginine on protein binding and elution in hydrophobic 
interaction and ion-exchange chromatography. Protein Expression 
and Purification, 54(1), 110–116.

 31. Arakawa, T., Ejima, D., Tsumoto, K., Obeyama, N., Tanaka, Y., 
Kita, Y., & Timasheff, S. N. (2007). Suppression of protein inter-
actions by arginine: A proposed mechanism of the arginine effects. 
Biophysical Chemistry, 127(1–2), 1–8.

 32. Lebendiker, M., & Danieli, T. (2014). Production of prone-to-
aggregate proteins. FEBS Letters, 588(2), 236–246. https ://doi.
org/10.1016/j.febsl et.2013.10.044

 33. Shiraki, K., Hirano, A., Kita, Y., Koyama, A. H., & Arakawa, T. 
(2010). Potential application of arginine in interaction analysis. 
Drug Discoveries & Therapeutics, 4(5), 326–333.

 34. Janakiraman, V., Forrest, W. F., Chow, B., & Seshagiri, S. (2006). 
A rapid method for estimation of baculovirus titer based on viable 
cell size. Journal of Virological Methods, 132, 48–58. https ://doi.
org/10.1016/j.jviro met.2005.08.021

 35. Lynn, D. E. (1992). Improved efficiency in determining the titer 
of the Autographa californica baculovirus nonoccluded virus. 
Biothechniques, 13, 282–285.

 36. Roldao, A., Oliveira, R., Carrondo, M. J. T., & Alves, P. M. 
(2009). Error assessment in recombinant bacuolovirus titration: 

https://doi.org/10.1016/j.coviro.2017.05.003
https://doi.org/10.1016/j.coviro.2017.05.003
https://doi.org/10.1016/0042-6822(87)90326-6
https://doi.org/10.1016/bs.aivir.2017.08.003
https://doi.org/10.1016/bs.aivir.2017.08.003
https://doi.org/10.1371/journal.pone.0163014
https://doi.org/10.1371/journal.pone.0163014
https://doi.org/10.1016/j.meegid.2017.03.021
https://doi.org/10.1016/j.meegid.2017.03.021
https://doi.org/10.1111/tbed.12560
https://doi.org/10.1016/j.btre.2015.12.001
https://doi.org/10.1016/j.btre.2015.12.001
https://doi.org/10.1016/j.jviromet.2017.07.015
https://doi.org/10.1016/j.jviromet.2017.07.015
https://doi.org/10.2144/000113238
https://doi.org/10.1016/j.febslet.2013.10.044
https://doi.org/10.1016/j.febslet.2013.10.044
https://doi.org/10.1016/j.jviromet.2005.08.021
https://doi.org/10.1016/j.jviromet.2005.08.021


52 Molecular Biotechnology (2021) 63:40–52

1 3

Evaluation of different Methods. Journal of Virological Methods, 
159, 69–80. https ://doi.org/10.1016/j.jviro met.2009.03.007

 37. Wang, M. Y., Bentley, W. E., & Vakharia, V. (1994). Purification 
of a recombinant protein produced in a baculovirus expression 
system by immobilized metal affinity chromatography. Biotech-
nology B., 43(5), 349–356. https ://doi.org/10.1002/bit.26043 0502

 38. Licari, P., & Bailey, J. E. (1991). Factors influencing recombi-
nant protein yields in an insect cell-baculovirus expression sys-
tem: Multiplicity of infection and intracellular protein degrada-
tion. Biotechnology B., 37(3), 238–246. https ://doi.org/10.1002/
bit.26037 0306

 39. Naggie, S., & Bentley, W. E. (1998). Appearance of protease 
activities coincides with p10 and polyhedrin-driven protein pro-
duction in the baculovirus expression system: Effects on yield. 
Biotechnology, 14, 227–232. https ://doi.org/10.1021/bp980 002b

 40. Hu, Y. C., & Bentley, W. E. (1999). Enhancing yield of infectious 
bursal disease virus structural proteins in baculovirus expression 
systems: Focus on media, protease inhibitors, and dissolved oxy-
gen. Biotechnology, 15, 1065–1071. https ://doi.org/10.1021/bp990 
094k

 41. Owczarek, B., Gerszberg, A., & Hnatuszko-Konka, K. (2019). A 
brief reminder of system of production and chromatography-based 
recovery of recombinant protein biopharmaceuticals. Biomed 
Research International. https ://doi.org/10.1155/2019/42160 60

 42. Cheung, R. C., Wong, J. H., & Ng, T. B. (2012). Immobilized 
metal ion affinity chromatography: A review on its applications. 
Applied Microbiology and Biotechnology, 96, 1411–1420. https 
://doi.org/10.1007/s0025 3-012-4507-0

 43. Porath, J. (1992). Immobilized metal ion affinity chromatography. 
Protein Expression and Purification, 3, 263–281.

 44. Sabara, M., Parker, M., Aha, P., Cosco, C., Gibbons, E., Parsons, 
S., & Babiuk, L. A. (1991). Assembly of double-shelled rotavirus-
like particles by simultaneous expression of recombinant VP6 and 
VP7 proteins. Journal of Virology, 65(12), 6994–6997.

 45. Hosamani, M., Shimizu, S., Hirota, J., Kokuho, T., Kubota, T., 
Watanabe, S., et al. (2011). Expression and characterization of 

bluetongue virus serotype 21 VP7 antigen: C-terminal truncated 
protein has significantly reduced antigenicity. Journal of Veteri-
nary Medical Science, 73(5), 609–613. https ://doi.org/10.1292/
jvms.10-0213

 46. Limn, C. K., Staeuber, N., Monastyrskaya, K., Gouet, P., & Roy, 
P. (2000). Functional dissection of the major structural protein of 
bluetongue virus: Identification of key residues within VP7 essen-
tial for capsid assembly. Journal of Virology, 74(18), 8658–8669.

 47. Seelig, J., & Schönfeld, H. (2016). Thermal protein unfolding 
by differential scanning calorimetry and circular dichroism spec-
troscopy Two-state model versus sequential unfolding. Quarterly 
Reviews of Biophysics, 49, e9. https ://doi.org/10.1017/S0033 
58351 60000 44

 48. Nelson, D. L., & Cox, M. M. (2002). The three-dimensional struc-
ture of proteins in Lehninger principles of biochemistry (Zani-
chelli, p. 184). Bologna: Italy.

 49. Spencer, K. A., Osorio, F. A., & Hiscox, J. A. (2007). Recombi-
nant viral proteins for use in diagnostic ELISAs to detect virus 
infection. Vaccine, 25, 5653–5659.

 50. Chen, H., Coote, B., Attree, S., & Hiscox, J. A. (2003). Evaluation 
of a nucleoprotein-based enzyme-linked immunosorbent assay 
for the detection of antibodies against infectious bronchitis virus. 
Avian Pathology, 32(5), 519–526. https ://doi.org/10.1080/03079 
45031 00015 4125

 51. Khan, M., Dhanwani, R., Kumar, J. S., Rao, P. V., & Parida, M. 
(2014). Comparative evaluation of the diagnostic potential of 
recombinant envelope proteins and native cell culture purified 
viral antigens of chikungunya virus. Journal of Medical Virol-
ogy, 86(7), 1169–1175.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.jviromet.2009.03.007
https://doi.org/10.1002/bit.260430502
https://doi.org/10.1002/bit.260370306
https://doi.org/10.1002/bit.260370306
https://doi.org/10.1021/bp980002b
https://doi.org/10.1021/bp990094k
https://doi.org/10.1021/bp990094k
https://doi.org/10.1155/2019/4216060
https://doi.org/10.1007/s00253-012-4507-0
https://doi.org/10.1007/s00253-012-4507-0
https://doi.org/10.1292/jvms.10-0213
https://doi.org/10.1292/jvms.10-0213
https://doi.org/10.1017/S0033583516000044
https://doi.org/10.1017/S0033583516000044
https://doi.org/10.1080/0307945031000154125
https://doi.org/10.1080/0307945031000154125

	Production and Easy One-Step Purification of Bluetongue Recombinant VP7 from Infected Sf9 Supernatant for an Immunoenzymatic Assay (ELISA)
	Abstract
	Introduction
	Materials and Methods
	Viruses and Cells
	Generation of Recombinant Plasmid and Transfer Vector
	Recombinant Baculovirus Production
	Expression and Isolation of BTV-2 recVP7
	BTV-2 recVP7 Ammonium Sulphate Precipitation
	BTV-2 recVP7 Purification by IMAC
	SDS, Semi-native PAGE and Western Blot
	Competitive ELISA

	Results
	Recombinant Baculovirus Generation and BTV-2 recVP7 Expression
	Purification of BTV-2 recVP7 by Affinity Chromatography
	SDS, Semi-native PAGE and Western Blot
	Competitive-ELISA

	Discussion
	Acknowledgements 
	References




