
Xu et al. Virology Journal 2012, 9:141
http://www.virologyj.com/content/9/1/141
SHORT REPORT Open Access
Identification of nonessential regions of the
nsp2 protein of an attenuated vaccine strain
(HuN4-F112) of highly pathogenic porcine
reproductive and respiratory syndrome virus for
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Abstract

Background: The regions in the middle of nonstructural protein 2 (nsp2) of porcine reproductive and respiratory
syndrome virus (PRRSV) have been shown to be nonessential for PRRSV replication, and these nonessential regions
are different in various viral strains.

Finding: In this study, the nonessential regions of the nsp2 of an attenuated vaccine strain (HuN4-F112) of highly
pathogenic porcine reproductive and respiratory syndrome virus were identified based on an infectious cDNA
clone of HuN4-F112. The results demonstrated that the segments of nsp2 [amino acids (aa) 480 to 667] tolerated
deletions. Characterization of the mutants demonstrated that those with small deletions did not affect the viral
growth on Marc-145 cells, but deletion of these regions led to earlier PRRSV replication increased (before 36 h after
infectious in vitro).

Conclusion: The functional roles of nsp2 variable middle region for PRRSV HuN4-F112 replication have been
identified. Our results also suggested that none-essential region might be an ideal insertion region to express
foreign gene in PRRSV genome.
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Finding
Porcine reproductive and respiratory syndrome virus
(PRRSV) is an enveloped, positive-stranded RNA virus
belonging to the family Arteriviridae [1]. Based on a dif-
ference in nucleotide sequence, two PRRSV genotypes
have been identified including European genotype (type
1) and North American genotype (type 2) represented
by prototype viruses Lelystad and VR-2332, respectively
[2-5]. The genome of PRRSV is approximately 15 kb in
size, and it contains ten open reading frames (ORF),
designated as ORF1a, ORF1b, ORF2a, ORF2b, and ORF
* Correspondence: gztong@shvri.ac.cn
Division of Swine Infectious Diseases, Shanghai Veterinary Research Institute,
Chinese Academy of Agricultural Sciences, No.518, Ziyue Road, Minhang
District, Shanghai 200241, China

© 2012 Xu et al.; licensee BioMed Central Ltd.
Commons Attribution License (http://creativec
reproduction in any medium, provided the or
3 to ORF5, ORF5a, ORF6 and ORF7 [3,6-10]. ORF1a
and ORF1b encode viral nonstructural proteins which
are directly translated upon viral entry. Then the poly-
proteins are cleaved into 14 nonstructural protein (nsp)
(nsp1α, nsp1β, nsp2 to nsp6, nsp7α, nsp7β, and nsp8 to
nsp12) that participate viral replication and transcrip-
tion. Among the 14 nonstructural proteins, the nsp2
protein is the largest PRRSV replicative protein
[2,11,12]. Through the alignment of arterivirus nsp2 pro-
teins, nsp2 could be recognized containing three major
domains: a N-terminal cysteine proteinase domain
(PL2), a middle region, and a hydrophobic transmem-
brane (TM) region close to the C terminus [11,13-15].
Nsp2 has been shown to be highly heterogeneous and
variable, and become a key factor in distinguishing
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between PRRSV type 1 and type 2 strains due to their
length difference and less than 40% similarity of their
amino acid sequences [2,4,16].
It was reported that natural mutations, insertions, or

deletions always occurred in the middle region or near
to the N-terminal region of the nsp2, while the putative
PL2 domain and TM domain remains well conserved
[2,4,13,17-22]. In 2006, a highly pathogenic porcine re-
productive and respiratory syndrome virus (HP-PRRSV)
(a virulent form of PRRSV, i.e., HP-PRRSV HuN4) was
identified in China [21,23,24]. HuN4-F112 was an atte-
nuated strain by passaging the HP-PRRSV HuN4 on
Marc-145 cell in our laboratory [25]. One character of
the virulent PRRSV strain was two discontinuous dele-
tions of 1 aa and 29 aa at positions 482 and 534–562, re-
spectively, relative VR-2332 [21,26]. So in our study, we
wanted to explore the genetic flexibility of the virulent
form of PRRSV nsp2 protein and identified the nones-
sential regions in the middle of nsp2 of HP-PRRSV
Strain HuN4-F112.
Full-length cDNA clone of HuN4-F112 was con-

structed as shown in Figure 1 as according to Zhang
et al. [27]. The cDNA clone (pSK-F112) contains the
SP6 RNA polymerase promoter at the 5′-end of PRRSV
genome, the 3′-end sequence flanked the 32 poly (A),
and a MluI restriction enzyme site at nt 14667 which
was a genetic marker to differentiate the rescued viruses
and parental virus (HuN4-F112).
Figure 1 Assembly of the full-length cDNA clone of PRRSV strain HuN
Each of these fragments was cloned to pSK vector with unique restriction
into pSK, respectively. Finally, the full-length clone was assembled from pSK
and genetic marker (MluI enzyme cleavage sites at 14667nt) were added b
PRRSV strain HuN4-F112.
The nsp2 deletion strains were generated by the Quick
Change Multi site-directed mutagenesis kit (Stratagene)
according to the manufacturer’s recommendations. The
deletion regions of nsp2 were showed in Figure 2.
Sequences of deletion primers were listed in Table 1.
The construction of the deletion full-length cDNA clone
was performed in two steps. First, the deletion fragments
ABC (named pSK-ABC-Δ) were created by mutagenesis
kit. Then, the deletion full-length infectious clones were
assembled by ligating fragments DEF with pSK-ABC-Δ
as shown on Figure 1.
To rescue these infectious cDNA clones in vitro, tran-

scription and transfection of the full length viral cDNA
clones were performed according to the manufacturer’s
instructions. Briefly, the full-length cDNA clone was lin-
earized by cleavage with restriction enzyme SwaI, which
cuts downstream of the poly (A) tail. Then, the capped
RNA transcripts from cDNA were performed using the
mMESSAGE MACHINE SP6 kit (Ambion, USA). Subse-
quently, the in vitro transcribed RNA was transfected
into BHK-21 cells using DMRIE-C reagent (Invitrogen,
USA). To rescue the virus, cell culture supernatant
obtained 24 h post-transfection was serially passaged on
Marc-145 cells. The infected Marc-145 cells were moni-
tored daily for the formation of CPE (cytopathic effect).
The successfully recovered recombinant viruses were

tested as below. The nsp2 mutant regions of the recom-
binant viruses were examined by RT-PCR (Reverse
4-F112. The total genome was amplified in six fragments (A to E).
enzyme cleavage site, respectively. Then, A-B-C and D-E-F were linked
-ABC and pSK-DEF with PacI and ClaI . A SP6 polymerase promoter
y PCR. Arrowheads and numbers indicate enzyme cleavage sites in



Figure 2 Construction of PRRSV strain HuN4-F112 nsp2 mutants. Mutagenesis PCR was used to delete and insert fragment in the nsp2
region. The deleted amino acids are shown as thin dashed lines, thick dashed lines indicate the sequence naturally deleted as compared with the
North American genotype representative virus VR-2332. The putative enzyme domain (PL2) and TM region are indicated in the figure. The
viability for each mutant constructed is shown on the right: +, viable; -, nonviable.
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Transcriptase Polymerase Chain Reaction) after 3 pas-
sages in Marc-145 cells. Two pairs of primers were used
to identify each mutant virus: one (F2436/R3442) target-
ing the deletion region, and the other (F14320/R14752)
Table 1 Oligonucleotide primers used in this study

primer

FΔ480-532

RΔ480-532

FΔ508-532

RΔ508-532

FΔ480-620

RΔ480-620

FΔ480-667

RΔ480-667

FΔ444-667

RΔ444-667

FΔ420-532

RΔ420-532

FΔ400-532

RΔ400-532

FΔ400-700

RΔ400-700

F2436

R3442

F14320

R14752
targeting the mutant MluI restriction enzyme site. As
shown in Figure 3A, all the successfully recovered mu-
tant viruses maintained the respective engineered dele-
tion with the expected size. The mutant MluI restriction
Sequence

5′- TCCCTAACGGTTCGGAAGAAACAACGCTGACGCACCAGGA -3′

5′- TCCTGGTGCGTCAGCGTTGTTTCTTCCGAACCGTTAGGGA -3′

5′- AGCCCGTACTTATGCCCGCGACAACGCTGACGCACCAGGA -3′

5′- TCCTGGTGCGTCAGCGTTGTCGCGGGCATAAGTACGGGCT -3′

5′-TCCCTAACGGTTCGGAAGAAGTGTCATCAAGCAGCCCCCT-3

5′-AGGGGGCTGCTTGATGACACTTCTTCCGAACCGTTAGGGA-3

5′-TCCCTAACGGTTCGGAAGAATGTGATGCGTCCAAGCTTGG-3′

5′-CCAAGCTTGGACGCATCACATTCTTCCGAACCGTTAGGGA-3′

5′-CTCGAAGAACAAAGTCTGTCTGTGATGCGTCCAAGCTTGG-3′

5′-CCAAGCTTGGACGCATCACAGACAGACTTTGTTCTTCGAG-3′

5′-AGCAGGTCAATTTAAAAGCTACAACGCTGACGCACCAGGA-3′

5′-TCCTGGTGCGTCAGCGTTGTAGCTTTTAAATTGACCTGCT-3′

5′-AGGATCTGCTAAAACTAGCCACAACGCTGACGCACCAGGA-3′

5′-TCCTGGTGCGTCAGCGTTGTGGCTAGTTTTAGCAGATCCT-3′

5′-AGGATCTGCTAAAACTAGCCCAGGCGTTTCGCATCTTAAG-3′

5′-CTTAAGATGCGAAACGCCTGGGCTAGTTTTAGCAGATCCT-3′

5′-ATATGGGCTCATGTCCACTG- 3′

5′-GTAACATCACAAACCCGCAC- 3′

5′- CACAGCTCCACAGAAGGTGC-3′

5′- TAACAGCTTTTCTGCCACCC-3′



Figure 3 Identification of the rescued viruses by RT-PCR. One pair of primers (F2436/R3442) amplifying deletion region of the nsp2 was used
to confirm the presence of deletions (A). Another pair of primers (R14320/F14752) amplifying part of PRRSV was used to identify the recombinant
viruses containing a MluI enzyme site as gene marker, The results of RT-PCR products digested by MluI indicated that the recombinant viruses
were rescued from cDNA clones (B).
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enzyme site of the successfully recovered viruses were
tested (Figure 3B), and these regions were also
sequenced (at least 10 clones) (data not shown). Subse-
quently, the successfully recovered viruses were test by
immunofluorescence assay (IFA). Marc-145 cells grown
on 6-well plates and infected with virus were fixed in
80% cold ethanol at 4°C for 30 min. The cells were incu-
bated for 60 min with PRRSV nucleocapsid protein
monoclone antibody and nsp4 protein monoclone anti-
body, respectively, and then stained with lexa FluorW568
goat anti-mouse lg G (H+L) (Invitrogen, USA) and
examined by fluorescence microscopy. The images were
collected under an Olympus IX-70 inverted microscope
(Figure 4). The results showed that all the successfully
recovered viruses could be detected by antibody of the
nsp4 and N protein of PRRSV.
Figure 4 Identification of the deletion or insertion viruses by IFA test
rHuN4-F112-Δ 480-532, rHuN4-F112-Δ 508-532, rHuN4-F112-Δ 480-620 rHuN
after infection, cells were processed for indirect immunofluorescence after
protein (Anti-nsp4 Ab). As expected, the Ab specific for NP protein and nsp
To determine the effect of the nsp2 deletions on
PRRSV growth, the ability to form plaques was exam-
ined. Confluent monolayers of Marc-145 cells cultured
in a 6-well plate were infected with 10-fold serially
diluted viruses (10 to 0.001 TCID50). After 1 h incuba-
tion, the excessive inoculum was removed and an agar
overlay was applied onto the monolayer. Plaques were
stained at 37 °C with crystal violet 5 days post infection.
The results showed that the plaque sizes of the deletion
viruses had no significant difference in comparison to
that of parental virus HuN4-F112 (Figure 5).
Viral growth assays was finished as the papers

reported. The titers of PRRSV were all expressed as
TCID50. Marc-145 cell monolayer in T-25 flasks was
infected with either parental or mutant viruses at
100TCID50. After 1 h of attachment at 37°C in 5% CO2
. Marc-145 cells were infected with the five passages deletion viruses,
4-F112-Δ 480-667 and parental virus rHuN4-F112. Approximately 24 h
incubation with Abs specific for PRRSV NP protein (Anti-NP Ab), nsp4
4 protein could react with all these 5 recovery viruses.



Figure 5 Plaque assays for parental HuN4-F112, rHuN4-F112, rHuN4-F112-Δ480-532, rHuN4-F112-Δ508-532, rHuN4-F112-Δ480-620,
and rHuN4-F112-Δ480-667 were completed in parallel. MARC-145 cells were infected with viruses, and monolayer was stained with crystal
violet at 5 days post infection.

Figure 6 Viral growth curve analysis. Marc-145 cells in T-25
flasks were infected with PRRSV nsp2 small deletion mutants
and parental virus at 100TCID50. The cell supernatants were
collected for titration analysis by the method of Reed-Muench at
every 12 h hpi. The virus was titrated on Marc-145 cells.
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with gentle mixing every 15 minutes, the inocula were
removed and the monolayer was washed three times
with serum-free DMEM. After washing, 5 ml 2% FBS
DMEM was added and the flasks were then incubated
for up to 4 days at 37°C in 5% CO2. Samples were col-
lected from the medium at every 12 hours post infection
(hpi) and titrated by the method of Reed-Muench on
Marc-145 cells in 96-well plates. The results of the viral
growth curve analysis (Figure 6) showed that nsp2 with
small deletions did not affect the viral growth on Marc-
145 cells, but the titers of the deletion virus were higher
than the parental virus during the early stage of infection
(before 36 h). The titers of the rHuN4-F112-Δ480-532,
rHuN4-F112-Δ508-532, and rHuN4- F112-Δ480-667 be-
fore 36 h were about 1000-fold higher than that of the
parental virus HuN4-F112, and the titers of the rHuN4-
F112-Δ480-620 before 36 h were about 100-fold higher
than that of the parental virus HuN4-F112.
In this study, eight deletion constructs were pro-

duced as shown in Figure 2: rHuN4-F112-Δ480-532,
rHuN4-F112-Δ508-532, rHuN4-F112-Δ480-620, rHuN4-
F112-Δ480-667, rHuN4-F112-Δ420-532, rHuN4-F112-
Δ400-532, rHuN4-F112- Δ444-667, and rHuN4-F112-
Δ400-700. The transfection results suggested that four
mutants (rHuN4-F112-Δ480-532, rHuN4-F112-Δ508-
532, rHuN4-F112-Δ480-620, and rHuN4-F112-Δ480-
667) resulted in viable viruses. All others produced
nonreplicating PRRSV genomes, and the deletion cDNA
clones appeared to be lethal to the virus, which have
been rescued at least five clones. Recently, Han J et al.
reported that deletion aa 324 to 746 of nsp2 of PRRSV
VR-2332 strain did not affect the viral replication, and
they also found that the mutant virus displayed
decreased cytolytic activity on Marc-145 cell and did
not develop visible plaques [15]. The combined data
showed that HuN4-F112 nsp2 harbors smaller nones-
sential region for viral replication than VR-2332 strain
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in cell culture. Nsp2 between the HuN4-F112 and VR-
2332 have different length and share less than 70%
similarity of their amino acid, and this may be the rea-
son why the nonessential regions is different among the
different PRRSV strains.
Although deletions of the segments of nsp2 [amino

acids (aa) 480 to 667] did not affect the viral growth on
Marc-145 cells, deletion of these regions led to earlier
PRRSV replication increased (before 36 h after infectious
in vitro), which suggested that the sequences of the non-
essential regions of nsp2 might play an important role in
regulating the viral replication through an unknown
mechanism. Recently, nsp1, nsp2, nsp4 and nsp11 were
found to have strong ability to moderate inhibitory
effects on beta interferon (IFN-β) promoter activation to
regulate host innate immune response, but the roles of
the nsp4 were not clear [28]. Therefore, the function of
these nonessential sequences of nsp2 should be under
investigated.
PRRSV as a potential viral vector has been investigated

previously. Most of the concern was focused on the region
between the ORFs and the 3′ end of the genome [29-31],
while recently some researchers were interested in using
nsp2 to express foreign gene since the nonessential regions
of nsp2 for replication had been identified [15,32-34].
When viral structural proteins were used to express the for-
eign genes, the size of the insertion was limited to less than
10 amino acids [29]. Inserting the fragment into the in-
ternal ORFs would affect the PRRSV replication. Therefore,
the nonessential region of PRRSV nsp2 suggested the likeli-
hood of expressing a large foreign gene as a fusion protein
in the viral replicase region. Therefore, these identified non-
essential regions suggested they might be the potential
inserted sites to express the foreign gene in PRRSV
genome.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
YZX and GZT conceived the study and wrote the paper. YZX, YJZ, SRZ, WT,
LL, and YFJ performed the experiments. YZX analyzed the data. All authors
have read and approved the final manuscript.

Acknowledgements
The study was supported by grants from National High Tech Plan (863 Plan)
(2011AA10A208), the Ministry of Agriculture of China (No. 2009ZX08010-
022B), NSFC-Guangdong Joint Foundation (U0931003), International Sci &
Tech Cooperation Program (2010DFB33920), National Nonprofit Institute
Research Grant of CATAS-ITBB (2011JB03) and the Excellent Scientist Program
of Shanghai (09XD1405400).

Received: 7 November 2011 Accepted: 25 July 2012
Published: 2 August 2012

References
1. Cavanagh D: Nidovirales: a new order comprising Coronaviridae and

Arteriviridae. Arch Virol 1997, 142:629–633.
2. Allende R, Lewis TL, Lu Z, Rock DL, Kutish GF, Ali A, Doster AR, Osorio FA: North

American and European porcine reproductive and respiratory syndrome
viruses differ in non-structural protein coding regions. J Gen Virol 1999,
80(Pt 2):307–315.

3. Meulenberg JJ, Hulst MM, de Meijer EJ, Moonen PL, den Besten A, de
Kluyver EP, Wensvoort G, Moormann RJ: Lelystad virus, the causative
agent of porcine epidemic abortion and respiratory syndrome (PEARS),
is related to LDV and EAV. Virology 1993, 192:62–72.

4. Nelsen CJ, Murtaugh MP, Faaberg KS: Porcine reproductive and respiratory
syndrome virus comparison: divergent evolution on two continents.
J Virol 1999, 73:270–280.

5. Murtaugh MP, Stadejek T, Abrahante JE, Lam TT, Leung FC: The ever-
expanding diversity of porcine reproductive and respiratory syndrome
virus. Virus Res 2010, 154:18–30.

6. Dea S, Gagnon CA, Mardassi H, Pirzadeh B, Rogan D: Current knowledge
on the structural proteins of porcine reproductive and respiratory
syndrome (PRRS) virus: comparison of the North American and
European isolates. Arch Virol 2000, 145:659–688.

7. Lunney JK, Benfield DA, Rowland RR: Porcine reproductive and respiratory
syndrome virus: an update on an emerging and re-emerging viral
disease of swine. Virus Res 2010, 154:1–6.

8. Van Breedam W, Van Gorp H, Zhang JQ, Crocker PR, Delputte PL, Nauwynck
HJ: The M/GP(5) glycoprotein complex of porcine reproductive and
respiratory syndrome virus binds the sialoadhesin receptor in a sialic
acid-dependent manner. PLoS Pathog 2010, 6:e1000730.

9. Johnson CR, Griggs TF, Gnanandarajah J, Murtaugh MP: Novel structural
protein in porcine reproductive and respiratory syndrome virus encoded
by an alternative ORF5 present in all arteriviruses. J Gen Virol 2011,
92:1107–1116.

10. Firth AE, Zevenhoven-Dobbe JC, Wills NM, Go YY, Balasuriya UB, Atkins JF,
Snijder EJ, Posthuma CC: Discovery of a small arterivirus gene that
overlaps the GP5 coding sequence and is important for virus
production. J Gen Virol 2011, 92:1097–1106.

11. Ziebuhr J, Snijder EJ, Gorbalenya AE: Virus-encoded proteinases and
proteolytic processing in the Nidovirales. J Gen Virol 2000, 81:853–879.

12. Fang Y, Snijder EJ: The PRRSV replicase: exploring the multifunctionality
of an intriguing set of nonstructural proteins. Virus Res 2010,
154:61–76.

13. Han J, Wang Y, Faaberg KS: Complete genome analysis of RFLP 184
isolates of porcine reproductive and respiratory syndrome virus. Virus Res
2006, 122:175–182.

14. Snijder EJ, Wassenaar AL, Spaan WJ, Gorbalenya AE: The arterivirus Nsp2
protease. An unusual cysteine protease with primary structure
similarities to both papain-like and chymotrypsin-like proteases. J Biol
Chem 1995, 270:16671–16676.

15. Han J, Liu G, Wang Y, Faaberg KS: Identification of nonessential regions of
the nsp2 replicase protein of porcine reproductive and respiratory
syndrome virus strain VR-2332 for replication in cell culture. J Virol 2007,
81:9878–9890.

16. Darwich L, Gimeno M, Sibila M, Diaz I, de la Torre E, Dotti S, Kuzemtseva L,
Martin M, Pujols J, Mateu E: Genetic and immunobiological diversities of
porcine reproductive and respiratory syndrome genotype I strains.
Vet Microbiol 2011, 150:49–62.

17. Shen S, Kwang J, Liu W, Liu DX: Determination of the complete
nucleotide sequence of a vaccine strain of porcine reproductive and
respiratory syndrome virus and identification of the Nsp2 gene with a
unique insertion. Arch Virol 2000, 145:871–883.

18. Fang Y, Kim DY, Ropp S, Steen P, Christopher-Hennings J, Nelson EA,
Rowland RR: Heterogeneity in Nsp2 of European-like porcine
reproductive and respiratory syndrome viruses isolated in the United
States. Virus Res 2004, 100:229–235.

19. Gao ZQ, Guo X, Yang HC: Genomic characterization of two Chinese
isolates of porcine respiratory and reproductive syndrome virus.
Arch Virol 2004, 149:1341–1351.

20. Ropp SL, Wees CE, Fang Y, Nelson EA, Rossow KD, Bien M, Arndt B, Preszler
S, Steen P, Christopher-Hennings J, et al: Characterization of emerging
European-like porcine reproductive and respiratory syndrome virus
isolates in the United States. J Virol 2004, 78:3684–3703.

21. Tong GZ, Zhou YJ, Hao XF, Tian ZJ, An TQ, Qiu HJ: Highly pathogenic
porcine reproductive and respiratory syndrome, China. Emerg Infect Dis
2007, 13:1434–1436.

22. Zhou Z, Ni J, Cao Z, Han X, Xia Y, Zi Z, Ning K, Liu Q, Cai L, Qiu P, et al: The
epidemic status and genetic diversity of 14 highly pathogenic porcine



Xu et al. Virology Journal 2012, 9:141 Page 7 of 7
http://www.virologyj.com/content/9/1/141
reproductive and respiratory syndrome virus (HP-PRRSV) isolates from
China in 2009. Vet Microbiol 2011, 150:257–269.

23. Tian K, Yu X, Zhao T, Feng Y, Cao Z, Wang C, Hu Y, Chen X, Hu D, Tian
X, et al: Emergence of fatal PRRSV variants: unparalleled outbreaks of
atypical PRRS in China and molecular dissection of the unique
hallmark. PLoS One 2007, 2:e526.

24. Li Y, Wang X, Bo K, Tang B, Yang B, Jiang W, Jiang P: Emergence of a
highly pathogenic porcine reproductive and respiratory syndrome virus
in the Mid-Eastern region of China. Vet J 2007, 174:577–584.

25. Tian ZJ, An TQ, Zhou YJ, Peng JM, Hu SP, Wei TC, Jiang YF, Xiao Y, Tong GZ:
An attenuated live vaccine based on highly pathogenic porcine
reproductive and respiratory syndrome virus (HP-PRRSV) protects piglets
against HP-PRRS. Vet Microbiol 2009, 138:34–40.

26. Zhou YJ, Hao XF, Tian ZJ, Tong GZ, Yoo D, An TQ, Zhou T, Li GX, Qiu HJ,
Wei TC, Yuan XF: Highly virulent porcine reproductive and respiratory
syndrome virus emerged in China. Transbound Emerg Dis 2008,
55:152–164.

27. Zhang S, Zhou Y, Jiang Y, Li G, Yan L, Yu H, Tong G: Generation of an
infectious clone of HuN4-F112, an attenuated live vaccine strain of
porcine reproductive and respiratory syndrome virus. Virol J 2011, 8:410.

28. Beura LK, Sarkar SN, Kwon B, Subramaniam S, Jones C, Pattnaik AK, Osorio
FA: Porcine reproductive and respiratory syndrome virus nonstructural
protein 1beta modulates host innate immune response by antagonizing
IRF3 activation. J Virol 2010, 84:1574–1584.

29. Groot Bramel-Verheije MH, Rottier PJ, Meulenberg JJ: Expression of a
foreign epitope by porcine reproductive and respiratory syndrome virus.
Virology 2000, 278:380–389.

30. Zheng H, Sun Z, Zhu XQ, Long J, Lu J, Lv J, Yuan S: Recombinant PRRSV
expressing porcine circovirus sequence reveals novel aspect of
transcriptional control of porcine arterivirus. Virus Res 2010, 148:8–16.

31. Pei Y, Hodgins DC, Wu J, Welch SK, Calvert JG, Li G, Du Y, Song C, Yoo D:
Porcine reproductive and respiratory syndrome virus as a vector:
immunogenicity of green fluorescent protein and porcine circovirus
type 2 capsid expressed from dedicated subgenomic RNAs. Virology
2009, 389:91–99.

32. Kim DY, Calvert JG, Chang KO, Horlen K, Kerrigan M, Rowland RR:
Expression and stability of foreign tags inserted into nsp2 of porcine
reproductive and respiratory syndrome virus (PRRSV). Virus Res 2007,
128:106–114.

33. Fang Y, Rowland RR, Roof M, Lunney JK, Christopher-Hennings J, Nelson EA:
A full-length cDNA infectious clone of North American type 1 porcine
reproductive and respiratory syndrome virus: expression of green
fluorescent protein in the Nsp2 region. J Virol 2006, 80:11447–11455.

34. Fang Y, Christopher-Hennings J, Brown E, Liu H, Chen Z, Lawson SR, Breen
R, Clement T, Gao X, Bao J, et al: Development of genetic markers in the
non-structural protein 2 region of a US type 1 porcine reproductive and
respiratory syndrome virus: implications for future recombinant marker
vaccine development. J Gen Virol 2008, 89:3086–3096.

doi:10.1186/1743-422X-9-141
Cite this article as: Xu et al.: Identification of nonessential regions of the
nsp2 protein of an attenuated vaccine strain (HuN4-F112) of highly
pathogenic porcine reproductive and respiratory syndrome virus for
replication in marc-145 cell. Virology Journal 2012 9:141.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Finding
	Conclusion

	Finding
	link_Fig1
	link_Fig2
	link_Tab1
	link_Fig3
	link_Fig4
	link_Fig5
	link_Fig6
	Competing interests
	Authors´ contributions
	Acknowledgements
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32
	link_CR33
	link_CR34

