Article

Chinese Science Bulletin

Virology

September 2011  Vol.56 No.26: 2785-2793
doi: 10.1007/s11434-011-4631-8

An infectious clone of the highly pathogenic porcine reproductive
and respiratory syndrome virus: Topology of glycoprotein 3 (GP3)
addressing the intrachain disulfide bonds

FENG ChunYanl’z, LIU YueHuan3, YANJ ingHua1 & George F. Gao'*¥

' CAS Key Laboratory of Pathogenic Microbiology and Immunology (CASPMI), Institute of Microbiology, Chinese Academy of Sciences, Beijing

100101, China;

% Graduate University of Chinese Academy of Sciences, Beijing 100049, China;

? Institute of Animal Husbandry and Veterinary Medicine, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China;

* Beijing Institutes of Life Science, Chinese Academy of Sciences, Beijing 100101, China

Received April 26, 2011; accepted June 9, 2011

The highly pathogenic porcine reproductive and respiratory virus (hpPRRSV) with discontinuous 30 amino acid (aa) deletion as a
gene marker has caused great economic loss in pig industry and since 2007 has become the dominant strain prevalent in China
and Vietnam since 2007. Reverse genetics method is a powerful tool urgently needed to be used on the hpPRRSV to study the
intriguing molecular mechanism of transcription, replication and the virulence determinant factors. In our study, we successfully
constructed a full- length infectious clone, prBJSYO07, based on hpPRRSYV isolate, BISY07. The rescued virus, viBJSYO07, showed
similar growth characters to those of the parental virus, BJSY07. We also found that a rescued virus vBJISYO7 generated from
pBJSYO07 was viable but displayed decreased and delayed reproductive capacity, which might be caused by two amino acids mu-
tations, S83C and S117C in glycoprotein 3 (GP3), acquired during the preparation of the infectious clone. The topology of the
wild type GP3 and the mutant were further analyzed by bioinformatics and revealed that the mutated GP3 possessed slightly al-
tered structure, most likely by forming a new disulfide bond between the two new cysteine residues. As GP3 is a cysteine-rich
glycoprotein, common for viral glycoproteins, our results show that GP3 can accommodate even more cysteine mutations. Based

on this, a topological model of GP3 is proposed by addressing the intrachain disulfides.
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Porcine reproductive and respiratory syndrome virus
(PRRSV) causes reproductive failure and respiratory dis-
tress in pigs and results in tremendous economic losses in
the pig industry worldwide [1-3]. The PRRSV is a member
of Arteriviridae family of viruses, which are positively-
stranded RNA viruses that include equine arteritis virus
(EAV), lactate dehydrogenase-elevation virus (LDV), and
simian hemorrhagic fever virus (SHFV) [4]. Like other
members of this family, the genome of PRRSV consists of a
linear, single RNA molecule approximately 15 kb in size
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and encodes nine open reading frames (ORFs) flanked by
untranslated regions (UTRs) at the 5'- and 3'-terminal [5,6].
ORFla and ORF1b are located directly downstream of
the 5’ leader and occupy more than two-thirds of the entire
genome. These genes encode two non-structural polypro-
teins which can be further autoproteolytically cleaved into
13 smaller non-structural proteins involved in viral replica-
tion and transcription [7]. ORFs 2-7 are translated from a
nested set of subgenomic RNA (sgRNA) encoding the
structural proteins [8], including 5 envelope glycoproteins
named GP2a (ORF2a), GP2b (ORF2b), GP3 (ORF3), GP4
(ORF4), and GP5 (ORFS5), as well as nonglycosylated
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membrane protein M (ORF6), and the nucleocapsid protein
N (ORF7) [1]. Based on the protein quantities in mature
virions, these structural proteins are divided into 2 groups,
major proteins and minor proteins. The former group in-
cludes M, N, and GP5 proteins, while the later includes the
GP2a, GP2b, GP3 and GP4 [9].

In the summer of 2006, a highly pathogenic PRRSV
(hpPRRSV) emerged and swept over half of the provinces
of China, causing enormous economic losses. As reported
previously, this virus is different from the typical PRRSV,
with the clinical symptoms characterized by prolonged high
fever >41°C, anorexia, red discoloration of the ears and
body, desiccated excrement in the early period, and loose
bowels in the later periods [10,11]. Further studies suggest
that hpPRRSV possesses a discontinuous deletion of 30 aa
in the non-structural protein 2 (NSP2) as a gene marker
[12]. However, the molecular determinant of virulence or
the function of each virus protein is still poorly understood.
Further studies are urgently needed to explore the underly-
ing molecular mechanism of pathogenesis and to develop a
new generation vaccine.

In recent years, reverse genetic techniques have been ex-
tensively applied in the molecular genetic manipulation of
RNA viruses, including hepatitis C virus [13], dengue virus
[14], and enterovirus 6 [15]. This method is very powerful
for the analysis of gene expression [16], replication [17],
function of viral proteins [18], recombination of RNA vi-
ruses, and pathogenesis by mutating individual amino acids
[19], deleting coding regions [17], inserting foreign se-
quences [20], and generating chimeric virions [21]. It can
also potentially be used to develop new genetically-modi-
fied vaccines [22]. Thus, establishing an infectious viral
genomic clone would be extremely useful to investigate the
biology of hpPRRSV. Although two similar infectious
clones of the hpPRRSV isolates have been constructed and
characterized recently, and the 30 discontinuous amino acid
deletion was ruled out as being responsible for the high vir-
ulence [23,24], there are still many important scientific
questions remaining to be answered. Therefore, the estab-
lishment of hpPRRSV infectious clones derived from dif-
ferent strains will provide some new tools for future patho-
genesis studies.

In our study, BISYO7 (an hpPRRSV strain isolated from
Beijing) was sequenced and chosen as a parental virus to
construct two full-length infectious clones, pBJSY07 and
prBISYO07. Reverse transcription polymerase chain reaction
(RT-PCR) and immunofluorescence assays confirmed that
two viruses named vBJSY07 and viBJSYO7 were rescued
from the plasmid, respectively. In vrBJSYO07, the cDNA
sequence was the same as the wild-type virus, BJSYO07,
while in vBJSYO07, two mutations, S83C and S117C, were
found in the GP3 protein. Growth kinetics of the two res-
cued viruses suggested that vBJSYO07 displayed decreased
replicative ability than vrBJSYO7. Further bioinformatics
analysis of the topologies in the wild-type GP3 and mutated
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GP3 revealed that two disulfide bonds might be mismatched
and an extra disulfide bond was formed in mutated GP3.
The slight topological alteration might be responsible for
vBJSYO07 having decreased reproducibility and also indi-
cates that the virus could survive with extra disulfide muta-
tion in GP3. Our study not only offers a successful reverse
genetic platform for hpPRRSV, but also provided some
clues for the molecular function of a virus structural protein,
GP3.

1 Materials and methods

1.1 Viruses and cells

The PRRSV strain, BJSYO07, isolated in 2007 from the
Shunyi District of Beijing, China, was used as the parental
virus in our study. Passage 7 of this strain was used to per-
form full-length genome sequencing. The complete ge-
nomic sequence was submitted to the GenBank database
(GenBank accession: HMO011104). Virus titers (expressed
as 50% tissue culture infective dose [TCIDs] per milliliter)
were determined on Marc-145 cells by end-point dilution,
as described previously [25]. Marc-145 and 293T cells were
cultured at 37°C with 5% CO, in DMEM medium (Invitro-
gen, Auckland, NY, USA) supplemented with 10% fetal
bovine serum (HyClone Laboratories., South Logan, UT,
USA).

1.2 RNA isolation, RT-PCR, and sequence analysis

Viral RNA was isolated from Marc-145 cells culture super-
natant using Viral RNA Mini Kit (QIAGEN, USA). RT-
PCR was performed to amplify the full-length cDNA using
sets of specific primers for hpPRRSV, as described previ-
ously [26]. The full-length genome was divided into 18
overlapping cDNA segments. Subsequently, the T-vector
strategy was used to generate 18 recombinant plasmids for
sequencing. This method was also used for confirmation of
the rescued virus, vBJSYO07, and the successful reverse mu-
tation of vrBJSYO07.

1.3 Construction of full-length c¢cDNA clones from
BJSY07

The full-length cDNA clone BJSY07 was constructed using
the low copy number plasmid, pWSK29, by several sub-
cloning steps, using the restriction sites present in the virus
genome. The 5' primer contained T7 RNA polymerase
promoter and a Cla I restriction enzyme site, the 3" primer
contained a 40 nucleotide (nt) poly(A) and an extra Not 1
enzyme site (Table 1). To distinguish the rescued virus from
its parental sequence, a unique restriction enzyme site Sca I
was introduced into the ORFIa coding region with a silent
mutation, using PCR-based mutagenesis (Table 1). As a
result, a substitution mutation (C to T) was created at
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Table 1 The primers used in the development of full-length cDNA clone construction

Primer Sequence (5'—3") Position Use
S'primer AGGGCCATCGATTAATACGACTCACTATAGATGACGTATAGGTGTTGGCT 1-20 Amplification
3'primer  GAATGCGGCCGCTy 15344-15352  Amplification
1881F TGCCTAGCAGTACTATCCC 1867-1886 Engineered restriction sites
1881R GGGATAGTACTGCTAGGCA 1867-1886 Engineered restriction sites

nucleotides position 1881. In this way, two full-length
cDNA clones, named prBJSY07 (with the same sequence as
wild-type virus) and pBJSYO7 were obtained during the
preparation of the infectious clones.

1.4 Invitro transcription and transfection

The plasmids, prBJSYO7 and pBJSYO07, were amplified by
transformation to Escherichia coli DH5a and grown at 28°C,
in the presence of 15 ng/mL of ampicillin to keep their cop-
ies as low as possible. The two plasmids were isolated using
a QIAprep Spin Miniprep kit (QIAGEN) and linearized
with the Not I restriction enzyme. Approximately 5 pg of
the purified linearized pBJSY07 was used as a template for
in vitro transcription, using a T7 mMessage Machine Kit
(Ambion, USA) according to the manufacturer’s protocol
[27]. The RNA was dissolved in nuclease-free water and
purified with NucleoSpin RNAII kit (Macherey-Nagel,
Germany). Subconfluent 293T cells were transfected with 2
png RNA per well using the DMRIE-C reagent (Invitrogen)
in six-well culture dishes. The medium was harvested 36 h
after transfection and transferred to Marc-145 to rescue in-
fectious virus. Cells were monitored daily for cytopathic
effect (CPE).

1.5 Immunofluorescence assay

Marc-145 cells were grown in 24-well micro-plates with
slides inside, as previously described [28], and were infect-
ed with 100 pL, 10> TCIDsymL BJSY07, vBISY07, and
viBJSYO07, respectively. Uninfected Marc-145 cells were
used as a control. After 24 or 48 h, monoclonal antibodies
(MAbs) directed against the N proteins were added to virus
infected cells for staining. After incubation at room temper-
ature for 2 h, slides were washed three times with phos-
phate-buffered saline with 0.5% tween-20 (PBST), and flu-
orescein isothiocyanate (FITC)-conjugated anti-mouse IgG
was added (1:1000 dilution). After 1 h of incubation, slides
were washed three times, and observed under fluorescence
microscope at 20x magnification.

1.6 Growth curves of the viruses

Marc-145 cells were seeded in 12-well plastic plates and
inoculated at a multiplicity of infection (M.O.I.) of 1. The
culture supernatant from infected cells were collected at the
indicated time points (24, 48, 72, 96, and 120 h post-

infection), and stored at —70°C. Virus titration was per-
formed by calculation of TCIDs, and the titer was calculated
according to the method of Reed and Muench [29]. To con-
firm these results, each experiment was repeated at least
three times.

1.7 Statistical analysis

Data were expressed as means + standard deviations. Dif-
ferences between repeats were compared with the use of the
unpaired Student’s #-test. All reported P-values were two-
sided and P <0.05 were considered statistically significant.

2 Results

2.1 Construction and confirmation of the rescued virus
vrBJSYO07 and vBJSYO07

Using a multi-step cloning strategy, the full-length cDNA
clone prBJSY07 was constructed as summarized in Figure
1(a), using specified restriction enzymes of the virus. Full-
length sequencing revealed that prBJSYO07 had an identical
sequence to wild-type virus BJSY07. Another infectious
clone, pBJSY07, with two mutations S83C and S117C in
GP3 was also obtained by chance during the preparation of
prBISY07. To rescue infectious viruses vrBJSYO7 and
vBISYO07, 293T cells were transfected with the in vitro-
transcribed RNA. We chose 293T cells to assemble the first
passage virions for their high efficiency of RNA transfec-
tion; higher than BHK21 cells which had been successfully
used in previous reports [22,27,30]. The harvested cell me-
dium containing the rescued virus vrBJSYO07 and vBJSYO07
particles were then each transferred to PRRSV permissible
cells.

To confirm the recovery of vrBJSY07 and vBJSYO07, a
specific 1.2-kb fragment containing the engineered Sca I
site was amplified from cell culture supernatants by RT-
PCR (Figure 1(b)). Digestion with Sca I of this fragment
and the chromatogram of the sequencing reaction revealed
that the rescued viruses, viBJSY07 and vBJSYO07, contained
the engineered Sca 1 site (Figure 1(b) and (c)). Therefore,
we were able to exclude the possibility that the rescued vi-
ruses were contaminated with wild-type virus. Furthermore,
the synthesis of hpPRRSV viral nucleoprotein was detected
in Marc-145 cells 24 h post-infection (hpi) and 48 hpi by
immunofluorescence assay using PRRSV-specific nucleo-
protein monoclonal antibodies (Figures 2 and 3). Consistent
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Figure 1 Schematic illustration of the construction strategy of genome-length cDNA clone and the identification of the engineered gene marker of rescued
viruses. (a) The genome organization of BJSY07 is shown at the top of the figure and the colored boxes represent the different ORFs. Corresponding re-
striction sites used in the construction strategy are indicated. The full-length virus cDNA was finally cloned into a low-copy plasmid pWSK29 with Cla I at
5’ proximal and Not T at 3" proximal, downstream of poly(A). (b) Restriction endonuclease analysis of RT-PCR products from BJSY07, vBJSYO07, and
viBJSYO7. The results show that the engineered Sca I was detected in the vBISY07 and vrBJSYOQ7, but not detected in wild type BISY07. (c¢) Chromato-
grams of the fragments containing the engineered Sca 1 site. The top shows the wild type BJSY07 which did not contain the enzyme site. The bottom shows
the progeny virus which contained an engineered Sca I site. The sequences of the parental and progeny viruses marked by red boxes indicate substitution
from C to T.

Uninfected Marc-145 BJSYOT vBJSYOT vrBJSYOT7

24 hpi

24hlJ-- --

Figure 2 The detection of parental and rescued viruses by immunofluorescence assay at 24 hpi. Inmunostaining was performed using a monoclonal anti-
body against nucleoprotein and photographs were taken under white and fluorescent light at 20x magnification. Bar scale =200 pum.
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vBJSYO7 vrBJSYO07

Figure 3 The observation of parental and rescued viruses by immunofluorescence assay at 48 hpi. Immunostaining was performed using a monoclonal
antibody against nucleoprotein and photographs were collected under white and fluorescent light at 20x magnification. Bar scale =200 um.

with the RT-PCR results, nucleoprotein could be detected at
24 hpi and 48 hpi in Marc-145 cells infected with BISYO07,
viBJSYO7 or vBJSYO7. These results suggested that
vrBJSYO07 and vBJSYO07 could replicate in Marc-145 cells
at the similar levels as its parent, BJSY07.

2.2 Comparison of the growth properties of different
viruses

The growth curves of BJSY07, vrBJSY07, and vBJSY07
were further determined. As shown in Figure 4, the peak of
BJSYO07 in growth curves was appeared at 72 hpi and the
peak titer almost reached to 10" TCIDsy/mL. The growth
property of vrBJSYO07 was indicated that the peak of growth
curves appeared at 72 hpi and the titer reached 10°
TCIDsy/mL (Figure 4). However, the peak of vBJSYO07 ap-
peared at 96 hpi and the peak titer was just 10° TCIDsy/mL
(Figure 4).

By comparing the growth curves of BJISYO07, vBISYO07,
and vrBJSYO07, we found that vrBJSYO07 had similar growth

8+
7 4

—o— BJSY07
6 —e— vrBJSYO07

- VvBJSYO07

LogTCIDg, (mL)
S

0 24 48 72 96 124 140
Hours post infection (h)

Figure 4 Comparison of the growth curves of wild-type virus (BISY07)
and rescued viruses (vBJSYO07 and vrBJSY07). The x-axis indicates hours
post infection (hpi) and the y-axis indicates the titer of the virus.

curves to wild-type virus BJSY07, but was more efficiently
reproduced than vBJSYO07. As shown in Figure 4, the peak
titer of vBJSYO7 was much lower than vrBJSYO07. In addi-
tion, the peak of vBISY07 appeared at 96 hpi, showing an
obvious delay not seen for BJSY07 and viBJSY07, in which
the first peak appeared at 72 hpi. Taken together, these re-
sults suggested that BJSY07 and vBJSY07 showed different
growth kinetics. These results were also consistent with
immunofluorescence against NP showed at 48 hpi, which
the immunofluorescence indirectly reflected that the wild-
type virus, BJSY07, has obviously more rapidly produced
virus particles than vBJSYO07 (Figures 2 and 3). The frag-
ment containing the mutation sites was also amplified from
vBJSYO07 and vrBJSY07 by RT-PCR, and the sequencing
results indicated that the mutations (S83C and S117C) ex-
isted in pBJSYO07 could also be detected in vBJSYO07, but
were not found in vrBJSYO07 (Figure 5). These results indi-
cated that S83C and S117C mutations in GP3 might impair
the virus particle production.

2.3 Topological analysis of wild type GP3 and mutated
GP3

To analyze the influence of the mutations on the topology of
GP3, the secondary structure and disulfide bonds were pre-
dicted using the SCRATCH protein predictor (http://www.
ics.uci.edu/~baldig/scratch/). Transmembrane regions were
also predicted using the TMHMM server (http://www.cbs.
dtu.dk/servicess TMHMMY/), and two transmembrane regions
were identified on the basis of our prediction results and
previous report [31]. Models to reveal the interaction be-
tween the structural proteins were constructed based on re-
ports [31,32] and our findings (Figure 6(a)) and the topo-
logical alteration of GP3 was constructed as shown in Fig-
ure 6(b) and (c). For wild type GP3, the secondary structure
prediction showed that 106 aa out of 254 aa in GP3 formed
coils in the structure, which indicated that GP3 might be
very flexible especially in ectodomain of the protein. As a
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Figure 5 Confirmation of the mutations in viBJSY07 and vBJSYO07. (a) RT-PCR products from 12599 to 13717 nt of genome were amplified from
vBJISYO07 and viBJSYO07 indicated in the chromatograms Marc-145 cells were used as a control. The 1147-bp length fragments containing the mutation sites
were then subcloned into the pGEM-T vector for sequencing. (b) The partial chromatogram of the RT-PCR fragment sequence from vrBJSY07. The muta-
tion site A was marked by red star. (c) The partial chromatogram of the RT-PCR fragment sequence from vBJSY07. The mutated T was marked by red star,
which resulted in S83C. (d) The partial chromatogram of the RT-PCR fragment from vrBJSY07. The mutation site A was marked by red star. (¢) The partial
chromatogram of the RT-PCR fragment from vBJISY07. The T mutation was marked by red star, which resulted in S117C. The numbers in the chromato-

gram were used to indicate the nucleotide positions in the genome.

cysteine rich protein, GP3 had 10 cysteine residues in the
full-length protein. The positions of cysteine residues were
CS5 (cysteine in position 5), C14, C21, C22, C33, C54, C57,
C75, C82 and C143. Eight cysteine residues were predicted
to form four disulfide bonds, including disulfide bonds be-
tween C5 and C22, C14 and C33, C57 and C75, and C82
and C145. However, 5 cysteine residues including C54, C57,
C75, C82, and C143 were predicted to be located in the
ectodomain of GP3 and the remainder were predicted to be
either located in the predicted transmembrane region or in
the short intracellular region. Thus, the disulfide bonds be-
tween C5 and C22, C14 and C33 might not exist for the
reason that they are located in the transmembrane domain.
Only two disulfide bonds were probably formed between
C57 and C75, C82 and C145 (Figure 1(b)). The C54 in wild
type GP3 acted as a free cysteine. The prediction of mutated
GP3 showed that the cysteine residues generated in position
83 and 117 formed an intrachain disulfide bond. More

interestingly, the disulfide bonds between C57 and C75,
C82, and C145 were predicted to be mismatched where they
switched into the disulfide bonds between C54 and C75,
C57 and C82 (Figure 6(c)); C145 instead of C54 in the mu-
tated GP3 acted as a free cysteine. Thus, the prediction
showed the mutations might slightly alter the topology of
GP3 but would not affect the virus survival.

3 Discussion

With the rapid evolving capacity of RNA viruses, the
hpPRRSV that emerged in China in 2006 shows significant
differences from the previous viruses in the aspects of clin-
ical symptoms and molecular characters [10,12]. Particu-
larly, numerous adult pigs and some pregnant sows have
died as a result of infection, while in the previous occur-
rences of PRRSV infection, most of the fatal cases had
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Figure 6 The interaction model for structural proteins in the surface-protein complex and the topology prediction of GP3. (a) The preliminary model of
GP3 interacted with other structural proteins summarized according to references [31,32]. For the sake of simplicity and convenience, the GPs were depicted
as globular structures with the same colored lines spanning the viral membrane. (b) The topology prediction of wild-type GP3, addressing its disulfide bonds.
The secondary structure of the GP3 was indicated by curves, strands and helix. The black dashed line indicates the disulfide bond. The cysteine residues
involved in the disulfide bonds are indicated by blue balls. Two disulfide bonds were predicted between C57 and C75, C82 and C145. The free cysteine C54
is indicated by a green ball. (c) The topology prediction of mutated GP3 with S83C and S117C. The cysteine residues involved in the disulfide bonds are
indicated by blue balls, and the disulfide bonds are predicted to form between C54 and C75, C57, and C82. The mutated C83 and C117 are indicated by cyan

balls. The free cysteine, C145, is indicated by a green ball.

occurred in nursery piglets. A reverse genetic platform
based on hpPRRSV strain was urgently needed for the de-
tailed molecular characterization of hpPRRSV and for the
exploration of the new generation of vaccines.

In recent years, several PRRSV stains have been used as
parental viruses to construct full-length infectious clones,
including FL12, VR2332, P129, CH-1a, Lelystad virus, and
the hpPRRSV JXwn06 and JX143 [18,23,24,27,28,30].
Although JXwn06 and JX143 as hpPRRSV were used to
construct the infectious clones, the construction of a reverse
genetic platform based on the hpPRRSV was still needed in
a different strategy for easier screening and testing of new
antiviral drugs in future studies. Thus, in our study, we

constructed an infectious clone based on the other strain of
hpPRRSV named BJSYO7. During our construction, the
infectious clone was based on 18 overlapping segments
covering the full-length genome, so that further manipula-
tion would be easier. Besides, 293T cells instead of BHK21
were used to guarantee the transfection efficiency of full-
length infectious RNA. Finally, the platform of the infec-
tious clone was completed and two rescued viruses,
vrBJSYO07 and vBJSYO07 were successfully rescued, con-
firmed by RT-PCR and immunofluorescence assays (Fig-
ures 1(b), 2, 3, and 5).

As a result, viBJSYO07 possessed similar growth proper-
ties to the wild-type virus, BJSYO7 (Figure 4). Only minor
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biological differences were found between the two strains.
The titer at the peak of BJSYO7 replication was slightly
higher than that of vrBJSYO07. The same situation was also
found in other reports, where the cloned virus was qualita-
tively similar but quantitatively slightly different from pa-
rental virus [30].

Of particular interest to us, vBJISY07 showed obviously
decreased and delayed reproduction compared with
viBJSYO07 (Figure 4). Two mutations in GP3, S83C and
S117C in GP3 were demonstrated to be account for the de-
crease and delay in our study. Such kinds of decrease and
delay also have been observed in the partly deletion of nsp2
in PRRSV, which could be explained by the deletion in
nsp2 interfering the function of nsp2 [17,33].

Until now, little is known yet about the functions of the
minor glycoproteins GP3, except that it is required for gen-
eration of infectious virions [34]. As reported, GP3 might
function collectively by interacting with GP2a and GP4 in
virion as multimeric complex [29,33,34]. It also has been
reported in EAV, GP3-GP2b/GP4 complex is disulfide
linked when the virions leave the cells [34,35]. A model
was constructed to reflect the interaction between the struc-
tural proteins according to previous reports, with our new
observations (Figure 6(a)). However, no direct structural
information of GP3 is yet available. The secondary structure
prediction of GP3 in our study indicated that GP3 was very
flexible in ectodomain, which might contribute to its multi-
function in interaction with different structural proteins.
Further disulfide bonds prediction indicated that the muta-
tions resulted in an emergence of a potential intrachain-
disulfide linkage, between C83 and C117 (Figure 6(c)),
which would interfere with the original disulphide bonds in
the wild type virus, resulting in the mismatch of the other
two disulfide bonds. The disulfide bonds between C57 and
C75, C82 and C145 were switched into the disulfide bonds
between C53 and C75, C57 and C82. C143 instead of C54
was released as a free cysteine. Thus, the mutations might
alter the topology of GP3, which influence the interaction
with other structural protein in the multi-protein complex,
and this influence was further resulted in the growth differ-
ence between vrBJSY07 and vBJSYO7. Thus, the multipro-
tein complex of minor structural protein might play an im-
portant role in virus particle production. However, the over-
all topology might not be influenced by the mutation, which
explained the viability but not lethality to vBISY07. At this
point, we could conclude that as a cysteine-rich protein,
GP3 could accommodate more cysteine residues in its
structure, which was unusual for a surface glycoprotein.
This might also indicate that GP3 is very flexible and can
accommodate different conformations in the surface-protein
complex.

In conclusion, the emergence of hpPRRSV in China in
2006 has resulted in great economic losses. It is imperative
to obtain reagents to uncover the intriguing molecular
mechanism of these viruses. In our study, a reverse genetic
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platform was successfully constructed based on BJISY07, a
representative isolate of hpPRRSV. Two progeny viruses
named vrBJSYO7 and vBJSYO7 were been rescued and
viBJSY07 was shown to be genetically identical and
showed similar growth kinetics with the wild-type virus
BJSYO07. By contrast, vBJSY07 showed decreased and de-
layed growth kinetics compared with viBJSYOQ7. The two
mutations, S83C and S117C, in GP3 might form a new di-
sulfide bond and resulted in mismatched disulfide bonds
that might influence the topology of GP3 and resulted in the
decreased reproductive capacity of vBJSYO7. Taken to-
gether, based on our reverse genetic platform, further ex-
ploration of the functional research of virus proteins is
available. This might in turn allow the production of a new
generation of genetically engineered PRRSV vaccines.
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