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Abstract

Porcine reproductive and respiratory syndrome virus (PRRSV) is an important swine pathogen,
causing huge economic losses each year worldwide. Immunization with vaccines containing the
glycoprotein 5 (GP5) of PRRSV is the main measure to induce neutralizing antibodies and control
the disease. Here, we developed a GP5 protein-based ELISA for detecting antibodies against
PRRSV. The overall yield of purified GP5 in E. coli flask culture was more than 45 mg/L cell culture.
Western blot and IFA indicated that the GP5 protein was highly immunogenic. After optimization
and validation with IDEXX PRRS using 566 clinical sera, the DSN, DSP, and accuracy of
GP5-ELISA were 81.39%, 75.96%, and 80.39%, respectively. Besides, GP5-ELISA is highly specific,
showing no cross-reactions with sera against other important swine pathogens. Hence, GP5 is a good
diagnostic antigen and the GP5 protein-based ELISA has the potential to be used in the field.
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Introduction

Porcine reproductive and respiratory syndrome
(PRRS) was first reported in America in 1987, and
has become one of the most economically important
swine diseases worldwide (Keffaber 1989, Collins et
al. 1992). The disease is characterized by severe repro-
ductive failure in sows and a high rate of respiratory
diseases and mortality in young pigs (Kimman et al.
2009). Its causative agent, PRRSV, was first isolated
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in the Netherlands in 1991 (Lelystad virus, LV) and
one year later in North America (ATCC-VR-2332)
(Wensvoort et al. 1991, Collins et al. 1992). In China,
a PRRS outbreak occurred at the end of 1995 and the
disease has been one of the most significant problems
for swine production, resulting in great economic
losses each year (Gao et al. 2004). At present, most
identified PRRSV Chinese isolates belong to the
NA-type (Ren et al. 2010).
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PRRSV belongs to the family Arteriviridae, con-
sisting of lactate dehydrogenase-elevating virus
(LDV), equine arteritis virus (EAV) and simian hem-
orrhagic fever virus (SHFV) (Meulenberg et al. 1993).
The primary structural proteins of PRRSV are the
nucleocapsid (N) protein, the membrane/matrix (M)
protein and the primary envelope glycoprotein GP5
(Plagemann et al. 2006). Early antibodies mounted by
PRRSV infection are mainly directed to the N-pro-
tein and, to a lesser extent, to the M-protein and are
non-neutralizing (Nelson et al. 1994, Gonin et al.
1999, Dea et al. 2000). Neutralizing antibodies are
mainly directed against GP5, and the primary neutral-
ization epitope of PRRSV strain VR-2332 is located
in the middle of the GP5 ectodomain (amino acids
36-52) (Pirzadeh and Dea 1997, Gonin, et al. 1999,
Plagemann et al. 2002, Ferrin et al. 2004). Hence, the
development of an ELISA based on GP5 protein is
essential for evaluating PRRSV vaccine efficacy and
indicating the presence of neutralizing antibodies in
vivo.

Serological testing to determine viral infection
status of swine herds and individual animals is often
included in management strategies for disease surveil-
lance and control (Ferrin et al. 2004, Pejsak et al.
2014, Wernicki et al. 2015). Various serological tests
have been developed for the detection of
PRRSV-specific antibodies in swine sera. The im-
munoperoxidase monolayer assay (IPMA) (Wen-
svoort et al. 1991) and the indirect immunofluores-
cence assay (IFA) (Yoon et al. 1992) are based on the
specific binding of antibodies to viral antigens culti-
vated in porcine alveolar macrophages or MARC-145
cells. Yet both tests are laborious and not suitable for
routine testing on a large scale with the disadvantages
of the need of a replicating virus (Dea et al. 2000).
Indirect or competitive enzyme-linked immunosor-
bent assays (ELISAs) have been reported by several
groups of investigators (Albina et al. 1993, Cho et al.
1996, Dea et al. 2000, Nowicka et al. 2014). These
ELISA procedures are simple, quick, sensitive, and
specific. Besides, ELISA has the advantage for
high-throughput testing of serum samples, which fa-
cilitates its use in the field. The IDEXX HerdChek
PRRS ELISA is primarily used and considered as the
gold standard for the diagnosis of PRRSV infection of
pigs in the swine industry (Plagemann et al. 2006, Foti
et al. 2008).

In this paper, we constructed a prokaryotic ex-
pression plasmid pET28a-GP5 containing the extra-
and intra-cellular sequences of GP5 protein fused to-
gether with a linker sequence for GGGGS. Over-ex-
pression of the GP5 protein was achieved in E. coli.
After evaluation of the immunogenicity of the pro-
tein, a GP5-based ELISA for the detection of PRRSV

antibodies was established and validated with IDEXX
HerdChek 2XR ELISA.

Materials and Methods

Plasmids and bacterial strains

The prokaryotic plasmid pET28a-GP5 contains
the ectodomain sequence of GP5 (32-63 aa), a linker
sequence for GGGGS, and the endodomain sequence
of GP5 protein (130-200 aa). The construct was
ligated together with splice overlap-extension PCR as
described in (Wang et al. 2011). E. coli strain Rosetta
(DE3) competent cells were purchased from
Novagen, USA.

Virus and sera

MARC-145 cell line was maintained in Dulbecco’s
modified Eagle’s medium (DMEM, Sigma) supple-
mented with 10% fetal bovine serum (FBS, Invitro-
gen). PRRSV strain HN07-1 was isolated in Henan
province of China in 2007 and propagated in
MARC-145 cells. PRRSV negative and positive sera
were obtained from the SPF and HN07-1 immunized
pigs, respectively. Positive sera for Porcine circovirus
type 2 (PCV2), Classical swine fever virus (CSFV),
Japanese encephalitis virus (JEV), Pseudorabies virus
(PRV) and Porcine parvovirus (PPV) were purchased
from the Chinese Institute of Veterinary Drug Con-
trol. A total of 566 clinical swine sera were collected
in different regions of Henan, China.

Antigen preparation

Recombinant E. coli Rosetta (DE3) cells bearing
GP5 gene were cultured in LB liquid medium and
induced by a final concentration of 1.0 mM isop-
ropyl-β-D-thiogalactoside (IPTG) for 6 h at 37oC.
Then, the cells were pelleted and resuspended in
phosphate buffered saline (PBS), and then lysed by
ultra-sonication on ice. After centrifugation at 6,000
g for 20 min at 4oC, the pellets were collected and
solubilized in 50 mM Tris-HCl (pH 8.0) containing
8 M urea, 0.5 M NaCl, 5 mM 2-mercaptoethanol
(β-ME) and 5 mM imidazole overnight at 4oC. Fol-
lowing centrifugation at 12,000 g for 15 min, the
supernatant was filtered through a 0.22 μm filter (Mil-
lipore, Billerica, MA, USA) to remove remaining par-
ticles and loaded onto Ni-chelate affinity column for
purification and then refolded by gradual dialysis
against decreasing concentrations of urea (8
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M – 6 M – 4 M- 2 M – 1 M – 0.5 M – 0 M). The purity
and immunogenicity of GP5 protein was examined by
SDS-PAGE and Western blot, respectively. The re-
folding yield was calculated as a percentage of the
content of soluble protein after refolding against the
content of total protein of inclusion bodies before re-
folding. Purified GP5 protein was stored at -80oC and
the concentration was determined with a BCA Pro-
tein Assay Kit.

Indirect immunofluorescence assay (IFA)

Monolayers of MARC-145 cells grown in 96-well
plates were incubated with PRRSV at 37oC in 5%
CO2 atmosphere for 48 h, xed in cold methanol for 15
minutes, blocked with 5% skimmed milk, and stored
at -20oC until used. Positive swine sera against
PRRSV and mouse polyclonal antibodies were re-
spectively employed as primary antibodies for incuba-
tion with the prepared plates. Upon washing 3 times
with PBST, 50 μl of rabbit anti-swine IgG-FITC and
goat anti-mouse IgG-FITC were added to the corre-
sponding wells as secondary antibodies. After 3 wash-
ings, the plates were examined under a fluorescence
microscope. Mock-infected MARC-145 cells were
used as negative controls.

ELISA procedure

96-well microtiter plates manufactured from
polyvinyl chloride were coated with 50 μl GP5 pro-
tein in carbonate buffered saline (CBS, pH 9.6) and
incubated overnight at 4oC. After three washes in
PBS containing 0.05% Tween 20 (PBST), the plates
were incubated with blocking buffer (5% skimmed
milk) for 1 h at 37oC and with 50 μl serum samples
diluted in PBS containing 5% E. coli lysate for 30
min at 37oC, with each sample in duplicate. After
washing six times with PBST, the plates were incu-
bated with 50 μl HRP-conjugated goat anti pig IgG
for 30 min at 37oC. Then, the plates were washed
again and finally incubated with 3,3’,5,5’-tet-
ramethylbenzidine (TMB, Sigma) for color develop-
ment. After 10 min of incubation at room tempera-
ture, the enzymatic reaction was stopped with
2 M H2SO4 and the horseradish peroxidase product
was quantified at A450 (OD450) with an automatic
plate reader (Bio-Tek Instruments, Inc., Winooski,
VT, USA). All data were measured in triplicate, and
the mean value of OD450 values and standard devi-
ation for each sample were calculated.

Optimization of ELISA working conditions

According to the procedure described above, the
optimal antigen coating concentration and serum dilu-
tion were determined by checkerboard titration (Crow-
ther 2000). Briefly, GP5 protein was immobilized onto
96-well microtiter plates in serial twofold dilutions from
5.00 μg/mL to 0.15 μg/mL. Correspondingly, PRRSV
positive and negative swine sera were also diluted in
serial twofold dilutions from 1:100 to 1:3200 for optimiz-
ation. Following determination of the optimal antigen
concentration and antiserum dilution, the optimal con-
jugate dilution was also defined. The HRP-conjugated
goat anti pig IgG were added onto the plates at dilutions
of 1:500, 1:1000, 1:2000, 1:4000, 1:8000 and 1:16000. The
conditions giving the highest OD450 ratio between posi-
tive and negative serum (P/N value) with the OD450

value of the positive serum close to 1.0 were scored as
the optimal working conditions in ELISA.

After the conditions mentioned above were fixed,
the coating buffer in ELISA was optimized from 0.1
M NaOH solution at pH 13 (NaOH), 0.1 M HCL
solution at pH 3.0 (HCL), 0.05 M Tris-HCL buffer at
pH 8.5 (TBS), double distilled water at pH 6.7
(DDW), 0.05 M phosphate-buffered saline at pH 7.4
(PBS) to 0.05 M carbonate-bicarbonate buffer at pH
9.6 (CBS). Subsequently, to determine the optimal re-
action time for serum samples and the conjugate, the
reaction was stopped by washing with PBST after in-
cubating for 10 min, 20 min, 30 min, 45 min, 60 min
and 90 min, respectively.

Validation of GP5-ELISA

To determine the cut-off value for this assay, 50
PRRSV-negative sera were tested by GP5-ELISA,
and the cut-off value was determined as the mean
OD450 of the negative sera (X) plus three times of the
standard deviation (X+3SD). GP5-ELISA was then
validated with IDEXX ELISA using 566 field serum
samples. The IDEXX PRRS Herchek ELISA
(IDEXX Laboratories, USA) was performed accord-
ing to the manufacturer’s instructions with a S/P
cut-off value of 0.4. The diagnostic sensitivity (DSN),
diagnostic specificity (DSP), and accuracy of
GP5-ELISA were calculated according to the for-
mula: DSN = TP/(TP + FN) \ 100; DSP = TN/(TN
+ FP) \ 100, and Accuracy = (TP + TN)/total numb-
er of serum samples tested × 100, where TP, FN, TN,
and FP indicated true-positive, false-positive,
true-negative and false-negative, respectively. To de-
tect the specificity of the GP5-ELISA, positive sera
against PCV2, CSFV, JEV, PRV and PPV were tes-
ted according to the GP5-ELISA procedure.
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Fig. 1. Identification of purified GP5 by SDS-PAGE (A) and Western blot (B). (A) Lane M, Mid-range protein molecular weight
marker (kDa); lanes 1-3, purified GP5 in collected tubes 1-3. (B) Purified GP5 reacted specifically with anti-PRRSV swine
polyclonal antibodies.

Fig. 2. Immunofluorescence assay (IFA). (A) reaction between PRRSV-positive swine serum and PRRSV-infected MARC-145
cells; (B) reaction between GP5-immunized mouse polyclonal serum and PRRSV-infected MARC-145 cells; (C) reaction
between PRRSV-positive swine serum and mock-infected MARC-145 cells; (D) reaction between GP5-immunized mouse
polyclonal serum and mock-infected MARC-145 cells.
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Results

Immunogenicity of GP5 protein

GP5 protein with the expected molecular weight
of 16.6 kDa was expressed as inclusion body and puri-
fied by Ni-chelating affinity chromatography. De-
natured GP5 was refolded by gradual dialysis against
decreasing concentrations of urea. The refolding yield
was approximately 50% confirmed with the BCA Pro-
tein Assay Kit. The overall yield of immunogenic GP5
protein was over 45 mg/L cell culture. SDS-PAGE
showed the purity of GP5 protein was up to 90%, and
western blot revealed that the expressed GP5 could
react with swine sera against PRRSV (Fig. 1). IFA
showed mouse polyclonal antibodies against GP5 pro-
tein bound specifically with PRRSV-infected
MARC-145 cells (Fig. 2).

Optimization of GP5 ELISA procedure

In checkerboard ELISAs, the optimal antigen
concentration and serum sample dilution were deter-
mined at 2.5 μg/mL and 1:800 (Fig. 3a and 3b). The
optimal dilution of the conjugate was set at 1:4000
(Fig. 3c). After determination of the above-mentioned
conditions, it was found that 0.05 M CBS at pH 9.6
was the best coating buffer (Fig. 3d).

Validation of GP5 ELISA

The cut-off value of GP5-ELISA was determined
as 0.35 after test 50 PRRSV-negative serum samples.
Samples with OD450 value equal to or greater than
0.35 were regarded as positive. Samples were con-
sidered as negative with OD450 value less than 0.35.
Compared with IDEXX-ELISA, the DSN, DSP, and
accuracy of GP5-ELISA were 81.39%, 75.96%, and
80.39%, respectively (Table 1). No cross-reactions of
GP5-ELISA were found with positive sera against
other important swine pathogens including PCV2,
CSFV, JEV, PRV and PPV (Table 2).

Table 1. Comparison of GP5 ELISA with IDEXX ELISA
using 566 field serum samples.

IDEXX

positive negative totalGP5-ELISA

Positve 376 25 401
Negative 86 79 165

Total 462 104 566

Table 2. Specificity of GP5-ELISA. The OD450 values from
the reaction between GP5 and other positive sera against
important swine pathogens were less than 0.35, indicating
there was no cross-reaction.

Antisera OD450 Value (Mean ± SD)

PCV2 0.097 ± 0.029
CSFV 0.121 ± 0.085
JEV 0.204 ± 0.012
PRV 0.227 ± 0.009
PPV 0.220 ± 0.009

PRRSV(+) 2.166 ± 0.141
PRRSV(-) 0.176 ± 0.006

Discussion

Nowadays, PRRSV infection continues to be
a great threat to the swine industry, causing huge
economic losses worldwide each year. Vaccination is
the main strategy to control PRRS. Current PRRS
vaccines include live attenuated, inactivated, and
subunit vaccines. These vaccines provide protection
primarily through humoral immunity. GP5 is the pri-
mary structural protein of PRRSV and a promising
vaccine candidate. GP5-binding Abs of pigs seem to
be the primary PRRSV neutralizing Abs, since the
well-timed appearance in sera of all VR-2332-infected
pigs of GP5 peptide binding Abs correlated 100%
with the appearance of neutralizing Abs (Plagemann
et al. 2002). Additionally, among the proteins (M,
GP2a, GP3, GP4 and GP5) that have been reported
to be capable of inducing neutralizing antibodies, GP5
seems to induce neutralizing antibodies that appear to
be the most relevant for protection (Kimman et al.
2009). Thus, GP5 protein can be used as a diagnostic
antigen for screening PRRSV infections and evaluat-
ing vaccine efficacy.

GP5 is a typical type I glycoprotein and is com-
posed of 200 amino acids, containing a signal peptide
(residues 1-31), an ectodomain, three trans-mem-
brane regions (residues 64-82, 87-99, and 107-129)
and an endodomain. For the large scale production of
foreign proteins, the Esherichia coli expression system
is optimal, although many other expression systems
exist, including mammalian cells, transgenic plants,
and the yeasts. Previously we demonstrated that
full-length GP5 protein could not be expressed in E.
coli Rosetta(DE3), which might be caused by the
strong hydrophobicity of the trans-membranes re-
gions. In this study, a GP5 protein containing the
extra- and intra-cellular domain was used as the diag-
nostic antigen in the development of an indirect
ELISA to help swine practitioners monitor and con-
trol PRRSV infections. GP5 protein was successfully
overexpressed as inclusion bodies in E. coli and
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Fig. 3. Optimization of ELISA working conditions. The optimal antigen concentrations (a) and serum sample dilutions (b),
dilutions of the conjugate (c), and the coating buffers (d) were determined through checkerboard titration.

purified under denatured conditions by Ni-chelating
affinity chromatography. The active GP5 was re-
covered efficiently from inclusion bodies with a re-
folding yield of approximate 50%, and the overall
yield of GP5 in E. coli flask culture was more than 45
mg/L. Western blot and IFA showed that GP5 protein
possessed high immunogenicity by reacting specifi-
cally with PRRSV-positive serum. These results in-
dicated that large amount of highly immunogenic
GP5 protein was obtained, which facilitaed the devel-
opment of the GP5 protein-based ELISA. After opti-
mization of the main reagents and the determination
of a cut-off value, 566 clinical sera were tested by
GP5-ELISA and IDEXX ELISA, the DSN, DSP, and
accuracy of GP5-ELISA were 81.39%, 75.96%, and
80.39%, respectively. Besides, GP5-ELISA is highly
specific, showing no cross-reactions with sera against
other important swine pathogens. Hence, GP5 is
a good diagnostic antigen and the GP5 protein-based
ELISA has the potential to be used in the field.
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