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The major structural proteins of porcine reproductive and respiratory syndrome virus (PRRSV) 
are derived from ORFs 4, 5, and 6. They have been considered very important to arouse the 
humoral and cellular immune responses against PRRSV infection and proposed to be the 
excellent candidate proteins in the design of PRRS bioengineering vaccine. However, the 
PRRSV structural proteins are produced in low levels in the infected cells because it forms 
insoluble protein and possesses several transmembrane regions. To overcome this problem, 
we fused the ORF4, ORF5, and ORF6 with SUMO (small ubiquitin-related modifier). The 
resulting fusion protein SUMO-ORF4, -ORF5, and -ORF6 were highly expressed in Bm5 
cells. The level of protein expression using the Bombyx mori larvae was higher than that 
using Bm5 cells. In addition, fusion to SUMOstar, which is not processed by native SUMO 
proteases, significantly enhanced protein expression levels compared to SUMO fusion. This 
study demonstrated that SUMO or SUMOstar, when fused with PRRSV structural proteins, 
was able to promote its soluble expression. This may be a better method to produce PRRSV 
structural proteins for vaccine development.
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Introduction

Porcine reproductive and respiratory syndrome virus (PRRSV) 
is the causative agent of the most important infectious disease 
affecting the porcine herds worldwide. It is an enveloped virus 
with a single-stranded positive sense linear RNA genome of ap-
proximately 15 kb. PRRSV belongs to the family Arteriviridae, 
genus Arterivirus, together with three other viruses; equine ar-
teritis virus, lactate dehydrogenase elevating virus, and simian 
haemorrhagic fever virus (Conzelmann et al., 1993). There are 
three major structural proteins in PRRSV, glycoprotein 4 (GP4), 

glycoprotein 5 (GP5), and matrix protein (M), which are encod-
ed by ORF4, 5, and 6, respectively. The predominant arteriviral 
envelope proteins are major glycoprotein GP5 and the ungly-
cosylated M; the other membrane proteins occur only in minor 
quantities in the viral envelope. The 25-27 kDa GP5 protein is 
the most abundant envelope glycoprotein and a major inducer 
for neutralizing antibodies. The 18-19 kDa M protein is a mem-
brane protein without N-terminal signal sequence and has been 
considered associating with the development of strong cellular 
immunity (Bautista and Molitor, 1997). Monoclonal antibodies 
specific for GP4 with in vitro neutralizing capacity have been 
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The CA strain (KCTC 11131BP) was isolated from the sera 
of field pigs at the acute stage of PRRSV infection in 2006. 
The virus was passaged twice on sub-confluent monolayers of 
MARC-145 cells in minimum essential medium supplemented 
with 10% fetal bovine serum (Gibco BRL, Paisley, UK), 
nonessential amino acids, sodium pyruvate, and antibiotics in 
5% CO2 at 37oC. The virus was collected when 70% of the cells 
showed cytopathology. The supernatant was stored at -80°C as 
the viral stock. Bm5 cells were cultured at 27°C in TC-100 insect 
medium (WelGENE, Daegu, Korea) supplemented with 5% fetal 
bovine serum.

Animals

The larvae of the silkworm, B. mori, were F1 hybrid 
Baekok-Jam supplied by the Department of Agricultural 
Biology, National Institute of Agricultural Science and 
Technology, Korea. Silkworms were reared on an artificial 
diet at 25°C, 65±5% relative humidity, and a 16 h light: 8 h 
dark photoperiod.

RT-PCR

Viral RNA was extracted from infected cell cultures with 
Viral Gene-spin

TM
 kit (iNtRON Biotechnology, Seoul, Korea) 

as recommended by the manufacturer. The viral RNA was used 
as a template for cDNA synthesis using RNA LA PCR Kit 
(TaKaRa, Shiga, Japan). Primers were based on the sequence 
of our previously sequenced PRRSV CA strain(Koo et al., 
2008)  PCR amplification was performed using AccuPower PCR 
Premix (Bioneer Co., Daejeon, Korea). The PCR products were 
isolated in 1% agarose gel and purified with a gel extraction kit 
(CosmoGenetech, Seoul, Korea).

Construction of transfer vector

The purified RT-PCR products were cloned into the T&A 
cloning vector (RBC Bioscience, Taiwan), and the plasmids were 
named pTRSV-ORF4, -ORF5, and -ORF6, respectively. They 
were digested with Sac I and Pst I, and cloned into pBmKSK4 
(Koo et al., 2014), to get the recombinant transfer plasmid 
pBmRSV-ORFs 4 to 6. For construction of transfer vector with 
fusion tags, the SUMO fragment containing a Bgl II site at the 
5’ end and a Sac I site at the 3’ end was amplified by PCR from 

described (Muller et al., 2001). 
SUMO (small ubiquitin-related modifier) is an ubiquitin-

related protein that functions by covalent attachment to other 
proteins. SUMO and its associated enzymes are present in all eu-
karyotes and are highly conserved from yeast to humans (Jentsch 
and Pyrowolakis, 2000; Melchior, 2000; Muller et al., 2001). 
Sumoylation as a reversible post-translational modification pro-
cess has been shown to be involved in many cellular processes 
including nuclear-cytosolic transport, apoptosis, protein activa-
tion, protein stability, stress response, and cell cycle progression 
(Johnson, 2004; Zhou et al., 2005). In recent years, SUMO has 
become an effective biotechnological tool as a fusion system to 
enhance soluble expression of proteins and decrease proteolytic 
degradation, which could not be achieved by traditional expres-
sion systems (Butt et al., 2005; Sun et al., 2008). SUMO is then 
post-translationally and enzymatically cleaved from the desired 
protein by SUMO C-terminal hydrolases-isopeptidases (Butt 
et al., 2005). SUMO proteases remove SUMO from proteins 
by cleaving the C-termini of SUMO (-GGATY) in yeast to the 
mature form (-GG) or deconjugating it from lysine side chains 
(Li and Hochstrasser, 1999; 2000). Proteins such as SARS virus 
protein (Zuo et al., 2005), MMP13 (Marblestone et al., 2006), 
EGF (Su et al., 2006), metallothionein (Huang et al., 2009), and 
KGF2 (Wu et al., 2009) have been successfully expressed and 
purified using this fusion strategy. Recently, Liu et al. (2008) 
have created an R64T, R71E double mutant of yeast SUMO 
(smt3), termed SUMOstar, which is not recognized by native 
desumoylases (Liu et al., 2008). Fusion to SUMOstar enhanced 
protein expression levels at least 4-fold compared to either the 
native or 6xHis-tagged proteins.

Because the PRRSV structural proteins are produced in low 
levels in the infected cells, a recombinant baculovirus has been 
often used to express these proteins. Recently, we expressed CA 
(Korean PRRSV strain) structural proteins using bApGOZA 
system in Sf21 cells; however, the expression level was very low 
(Koo et al., 2008). In the present study, we report the high-level 
expression of PRRSV structural protein by synergistic effect of 
SUMO fusion and baculovirus expression system in Bm5 cells 
and Bombyx mori larvae. 

Materials and Methods

Cells and viruses
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PBS, and then used to prepare SDS-PAGE sample. Individual 
silkworm larvae on the first day of the 5th instar were injected 
with 1×10

5
 pfu of wild type BmNPV or recombinant virus. At 

3 to 5 d post-injection, the hemolymph and fat body were col-
lected by cutting a caudal leg and dissection, respectively. A few 
crystals of phenylthiourea were added to the tubes to prevent 
melanization. The fat body was homogenized in 10 volumes of 
lysis buffer (20 mM Tris-HCl pH 7.5, 50 mM NaCl, 5% Glyc-
erol, 0.1% Triton X-100 containing protein inhibitor cocktail 
(Sigma-Aldrich, USA)) for 3 min and incubated in an ice bath 
for 30 min. The homogenate was centrifuged at 13,000 rpm for 
10 min. The supernatant contained the total protein extract. The 
hemolymph was centrifuged at 10,000×g for 10 min to remove 
hemocytes and cell debris, and the supernatant was stored at 
-70°C until further use.

Purification of 6xHis-tagged proteins 

Lysis buffer was added to the fat body of B. mori larvae and 
homogenized in a sonicator. Purifications were performed using 
Ni-NTA spin columns (Qiagen, Chatsworth, CA) according to 
the manufacturer's instructions. Ni-NTA eluates were trichloro-
acetic acid-precipitated, resuspended in Laemmli loading buffer, 
and analyzed by SDS-PAGE.

SDS-PAGE and western blot analysis

The prepared protein samples from cells and larvae were 
mixed with sample buffer, boiled for 5 min, and subjected to 
12% SDS-PAGE gel. For Coomassie stains, gels were washed 
with deionized water and stained with BioSafe Coomassie. 
For Western blot analysis, the proteins were transferred to a 
nitrocellulose membrane (Pall Corp., NY, USA). After blot-
ting, the membrane was blocked by incubation in 5% (w/
v) non-fat dry milk in TBST buffer (20 mM Tris-HCl pH 
7.5, 150 mM NaCl, 0.05% Tween 20) for 1 h with gentle 
agitation. The blot was incubated with 6xHis tag (1:1000) or 
porcine anti-PRRSV (1:100) antibodies (Choongang Vaccine 
Lab., Daejeon, Korea) in TBST for 1 h and washed. Subse-
quently, the membrane was incubated with anti-mouse and 
anti-pig IgG horseradish peroxidase conjugate for 30 min at 
room temperature. After repeated washing, the immunoreac-
tive bands were visualized using the ECL Western Blotting 
Detection System (Elpis Biotech, Daejeon, Korea).

the pHismax-SUMO1 (kindly provided to us by Prof. Chung, 
Seoul National University). The amplified fragment was ligated 
into the pBmRSV-ORFs 4 to 6 digested with Bgl II and Sac I 
to create the new expression vector, pBmRSV-ORFs 4S to 6S. 
Using pI-SUMOstar (plasmid containing SUMOstar fragment) 
(LifeSensors Inc., PA, USA) as template, the SUMOstar frag-
ment containing restriction enzyme site was generated. The plas-
mids were named pBmRSV-ORF5S*. The PCR primers used 
were 5’-GAAGATCTATGGGGGGTTCTCATCATCATC-3’ 
and 5’-CGAGCTCACCCCCCGTTTGTTCCTGATAA-3’ for 
SUMO, and 5’-GGAATTCATGGGTCATCACCATCATCAT-
CAC-3’ and 5’-CGAGCTCACCTCCAATCTGTTCTCTGT-
GAG-3’ for SUMOstar. Authenticity of the inserted fragment 
was confirmed by restriction enzyme analysis and automated 
DNA sequencing.

Generation of recombinant baculoviruses

Bm5 cells were co-transfected with a mixture of purified trans-
fer vector each containing a PRRSV gene, bBpGOZA DNA (Je 
et al., 2001), and Cellfectin (Invitrogen, CA, USA), according 
to the manufacturer’s instruction. Briefly, 100 ng of bBpGOZA 
DNA and 500 ng of transfer vector DNA were mixed in a 
polystrene tube. Five microliters of Cellfectin was gently mixed 
with the DNA solution, and the mixture was incubated at room 
temperature for 1 h. The Cellfectin-DNA complex mixture was 
added dropwise to the medium covering the cells while the dish 
was gently swirled. After incubating at 27°C for 4 h, media were 
removed, and the cells were washed twice with fresh medium. 
Five days after adding the Cellfectin-DNA complex mixture to 
the cells, the medium containing viruses released by the trans-
fected cells was transferred to a sterile container and stored at 
4°C. A standard plaque assay procedure was used to obtain ti-
ters of the recombinant viruses. The purified recombinant virus 
was propagated in Bm5 cells. The titer was expressed as plaque 
forming units (pfu) per milliliter according to standard methods 
(O’Reilly et al., 1992).

Preparation of samples

Bm5 cells were infected with wild type BmNPV or recombi-
nant virus in a 60-mm diameter dish (2×10

6
 cells) at a multiplic-

ity of infection (MOI) of 5. At 3 d after inoculation, the culture 
supernatant was harvested and the infected cells washed with 
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difficult on SDS-PAGE analysis, but was sufficient to produce 
detectable signals on Western blot analysis with 6xHis tag or 
porcine anti-PRRSV antibodies (Fig. 1B). For GP4, several 
bands were observed that would correspond to non-glycosylated 
and glycosylated and different glycosylated forms, respectively. 
A possible explanation for the various patterns of PRRSV 
proteins expression might be due to incomplete glycosylation 
in insect cells. However, we could not detect any GP5 (ORF5) 
signal, even under Western blot analysis. This result could be 
explained by the high hydrophobicity of this protein, which 
contains several transmembrane domains (Indik et al., 2000).

Enhanced expression of the PRRSV structural 
proteins by SUMO fusion in Bm5 cells 

In order to enhance the protein expression, we constructed a 

Results and Discussion

Expression of the PRRSV structural proteins in 
Bm5 cells 

To generate the recombinant baculoviruses, Bm5 cells were 
co-transfected with a mixture of bBpGOZA and pBmRSV-ORFs 
4 to 6 as described in Materials and methods. The recombinant 
viruses were called rBmRSV-ORF4, rBmRSV-ORF5, and 
rBmRSV-ORF6 (Fig. 1A). Bm5 cells were infected at a MOI 
of 5 with each recombinant baculovirus and incubated at 27°C 
until harvesting of the cultures. Expression of the recombinant 
protein in Bm5 cells was analyzed by SDS-PAGE and Western 
blotting. A negative control consisting of Bm5 cells infected 
with wild-type BmNPV did not show any reactivity, as expected. 
The detection of GP4 (ORF4) and M (ORF6) protein band was 

Fig. 1. Construction of the recombinant viruses (A) and expression of the PRRSV structural protein in Bm5 cells (B). The cells were infected 
at an MOI of 5 pfu per cell with the wild type BmNPV or rBmRSV-ORF4, rBmRSV-ORF5, and rBmRSV-ORF6 and harvested at 3 d post-
infection. Proteins were separated on a 12% SDS-PAGE (a), transferred to nitrocellulose membranes for Western blot analysis and reacted 
with anti-6xHis tag (b) and porcine anti-PRRSV antibodies (c). M, protein size marker; Mock, mock-infected cells and BmNPV, wild type 
BmNPV. The recombinant proteins are indicated with arrows.
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by Western blotting using porcine anti-PRRSV antibody. This 
observation suggests that the fusion protein is rapidly cleaved 
by the endogenous SUMO proteases in insect cells. The tertiary 
structure of the SUMO protein is specifically recognized and 
cleaved by SUMO protease. In addition, the glycosylation 
of expressed GP4 and GP5 in Bm5 cells was shown by the 
treatment of tunicamycin, an N-glycosylation inhibitor (Fig. 2B 
(b) and 2B (c)). M protein is unglycosylated membrane protein 
(Meulenberg et al., 1997).

Expression and purification of the PRRSV 
structural proteins in B. mori larvae 

Insect cells infected with recombinant baculovirus have 
been used for the high-level expression of various eukaryotic 
gene products (Hummel et al., 1992; Kato et al., 2004; Kost 
et al., 2005; Lesley, 2001) because these insect cells are 
capable of a similar posttranslational modification to that 
occurring in mammalian cells. An alternative baculovirus 
expression system involves the use of silkworms and enables 
the production of recombinant proteins in silkworm larvae 

plasmid for the expression of ORF4, ORF5, and ORF6 fused 
to SUMO, respectively (Fig. 2A). There was a sequence of 
6xHis tag for detection and purification fused upstream of the 
SUMO-ORF4, -ORF5, and -ORF6. The new viruses were 
called rBmRSV-ORF4S, rBmRSV-ORF5S, and rBmRSV-
ORF6S. As shown in Fig. 2B (a), the detection of three major 
protein bands was also difficult on SDS-PAGE analysis; 
however, ORF5 enhanced the level of expression dramatically, 
as compared to the un-fused control (Fig. 2B and 1B). Previous 
reports demonstrated that SUMO fusions may increase the 
expression of recombinant proteins and enhance the solubility 
of partially insoluble proteins (Malakhov et al., 2004). However, 
expression efficiency may be affected by molecular weight, 
amino acid constitution, and the function of proteins, etc. Our 
results are consistent with the previous finding for SUMO 
function. A predominant protein at 45 kDa, 37 kDa, and 34 kDa, 
corresponding to the expected molecular size of SUMO-ORF4, 
-ORF5, and -ORF6, was observed respectively. Must be point 
out that SUMO is about 10 kDa but runs on an SDS-PAGE gel as 
20 kDa. Cleaved SUMO was detected by Western blotting using 
anti-6xHis tag antibody, and each native protein was detected 

Fig. 2. Construction of the expression plasmid with SUMO fusion (A) and expression of the PRRSV structural protein in Bm5 cells (B). 
The cells were infected in the absence or presence of 5 µg/mL of tunicamycin with the wild type BmNPV or rBmRSV-ORF4S, rBmRSV-
ORF5S, and rBmRSV-ORF6S and harvested at 3 d post-infection. Proteins were separated on a 12% SDS-PAGE (a), transferred to nitrocel-
lulose membranes for Western blot analysis and reacted with 6xHis tag (b) and porcine anti-PRRSV antibodies (c). M, protein size marker 
and BmNPV, wild type BmNPV. The recombinant proteins and the cleaved SUMO proteins are indicated with arrows.
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however, only a small amount of recombinant protein was 
detected in the hemolymph. These results indicated that the 
PRRSV structural protein may be associated with fat body 
cells rather than being secreted into the hemolymph and this 
is supported by the presence of transmembrane domain within 
each protein. Fig. 4 shows detection of the fusion proteins 
under denaturing conditions using the Ni-NTA column.

Expression of GP5 by SUMOstar fusion in B. 
mori larvae 

A fusion tag that is not only a tool for detection and 
purification, but also enhances expression and/or solubility would 
greatly facilitate both structure/function studies and therapeutic 
protein production. In eukaryotic expression systems, however, 
the SUMO tag could be cleaved by endogenous desumoylase. 
In order to prevent SUMO cleavage and to obtain one band of 
target protein, we adapted an alternative SUMO-derived tag, 
designated SUMOstar, which is not processed by native SUMO 
proteases (Liu et al., 2008). First, we tried to fuse the SUMOstar 
and ORF5 of three major structural proteins because ORF5 is 
the most immunogenic proteins of the PRRSV. Surprisingly, 
as shown in Fig. 5A, SUMOstar-ORF5 fusion protein was 
first detected by SDS-PAGE. The results show that SUMOstar 
system makes significant impact in difficult-to-express proteins 
as previously reported. 

In recent years, silkworm has become an ideal multicellular 
eukaryotic model system for basic research and practical 

or pupae. Expression of the fusion protein in the fat body of 
rBmRSV-ORF4S, rBmRSV-ORF5S, and rBmRSV-ORF6S-
injected B. mori larvae was detected via Western blot (Fig. 
3). The molecular weight of each recombinant protein band 
was consistent with results obtained from Bm5 cells. No band 
was observed from wild type BmNPV-injected B. mori larvae. 
The fusion proteins were mostly expressed in fat body, but 
were few detected in the hemolymph of B. mori larvae (data 
not shown). The fat body is a very important organ for protein 
synthesis in the silkworm; the fat body is also the major 
site for virus proliferation. In most cases of expression of 
heterologous proteins in silkworm larvae, the foreign proteins 
are secreted into the hemolymph, and this facilitates the rapid 
extraction of proteins (Wu et al., 2001). In our experiment, 

Fig. 3. Expression of the SUMO fusion protein in the fat body of B. 
mori larvae. Individual silkworm larvae on the first day of the 5th in-
star were injected with the wild type BmNPV or rBmRSV-ORF4S, 
rBmRSV-ORF5S, and rBmRSV-ORF6S. At 3 to 5 d post-injection, 
the fat bodies were collected by dissection and homogenized in lysis 
buffer. Proteins were separated on a 12% SDS-PAGE (A), trans-
ferred to nitrocellulose membranes for Western blot analysis and re-
acted with 6xHis tag (B) and porcine anti-PRRSV antibodies (C). M, 
protein size marker; Mock, mock-infected cells and BmNPV, wild 
type BmNPV. The recombinant proteins are indicated with arrows.

Fig. 4. Purification of the SUMO fusion protein in the fat body 
of B. mori larvae. 6xHis-tagged fusion protein was purified from 
rBmRSV-ORF4S, rBmRSV-ORF5S, and rBmRSV-ORF6S-
injected B. mori larvae using the Ni-NTA spin kit under denaturing 
conditions. Proteins were separated on a 12% SDS-PAGE (A), 
transferred to nitrocellulose membranes for Western blot analysis 
and reacted with 6xHis tag (B). M, protein size marker. The 
recombinant proteins are indicated with arrows.
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purpose. Silkworm, as a “biofactory” for producing targeted 
recombinant protein, has advantages such as low feeding cost, 
high production, easy purification, and high safety for biohazard. 
The SUMO or SUMOstar fusion system using silkworm would 
be very attractive for future expression of target proteins.
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