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Mapping of the regions involved in self-interaction of rice stripe 
virus P3 protein
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Summary. – Rice stripe virus (RSV) protein P3 is a suppressor of RNA silencing in plants. P3 has been shown 
by biomolecular fl uorescence complementation assay to self-interact in planta but the regions responsible for 
homotypic interaction have not been determined. Here we analyzed the domains for the self-interaction of P3 
by using yeast two-hybrid, co-immunoprecipitation and fl uorescence experiments. Th e results showed that P3 
was also able to interact with itself in yeast and insect cells. Th e domain responsible for P3-P3 interaction was 
mapped to amino acids 15–30 at the N-terminal region of P3. Furthermore, subcellular localization suggested 
that the homo-oligomerization was the prerequisite for P3 to form larger protein aggregates in the nucleus of 
insect cell.
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Rice stripe virus (RSV), the prototype species of the genus 
Tenuivirus, causes a destructive disease of rice in East Asia 
(Wei et al., 2009). RSV is transmitted mainly by the small 
brown planthopper (SBPH), Laodelphax striatellus Falle´n, 
in a persistent, circulative-propagative manner (Deng et al., 
2013). Th e genome of RSV consists of four single-stranded 
RNA segments (RNA1~4) containing seven open reading 
frames (Falk and Tsai, 1998). Th e complementary sense 
strand of RNA1 contains one ORF that encodes a putative 
viral RNA-dependent RNA polymerase (Toriyama et al., 
1994). RNAs 2, 3 and 4 are ambisense and each contains 
two ORFs. One ORF is located in the 5' end of the viral 
sense RNA, while the other is in the 5' end of the viral com-
plementary sense RNA (Falk and Tsai, 1998). Protein P3 
encoded by the sense strand of RNA3 is a viral RNA silenc-
ing suppressor in plants (Xiong et al., 2009). P3 aggregates 
and forms inclusion bodies in Spodoptera frugiperda cells 
(Sf9) and RSV-infected plant tissues (Takahashi et al., 2003). 
A bimolecular fl uorescence complementation (BiFC) assay 

has demonstrated that P3 could interact with itself in plants 
(Lian et al., 2014). But the important regions required for 
interaction have not been determined. Th erefore, here we 
aim to determine the regions involved in self-interaction of 
P3 using yeast two-hybrid (Y2H), co-immunoprecipitation 
(co-IP) and fl uorescence experiments.

To investigate whether P3 can interact with itself in yeast 
and insect cells, we fi rst examined P3-P3 interaction using 
Y2H system in yeast cells and co-IP assay in Sf9 cells. In 
Y2H assay, the coding region of RSV P3 was cloned into 
pGADT7 in frame with the GAL4 activation domain and 
pGBKT7 in frame with the GAL4 DNA binding domain to 
generate prey plasmid pAD-P3 and bait plasmid pBD-P3, 
respectively. Saccharomyces cerevisiae AH109 cells were co-
transformed with pAD-P3 and pBD-P3 and then plated on 
SD/-leu/-trp and SD/-leu/-trp/-his/-ade/X-α-gal medium. 
Yeast cells co-transformed with the plasmids pADT7-T and 
pGBKT7-Lam, pAD-P3 and pGBKT7, pADT7 and pBD-P3 
were used as the negative controls, whereas yeast cells co-
transformed with the plasmids pADT7-T and pGBKT7-53 
were used as a positive control. All of these transformed yeast 
cells could grow on SD/-leu/-trp, indicating that they contain 
the respective bait and prey plasmids (Fig. 1a). Moreover, the 
respective protein expression could be detected by western 
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blot using anti-HA or anti-Myc monoclonal antibody (data 
not shown). Yeast cells co-transformed with pAD-P3 and 
pBD-P3 could grow on SD/-leu/-trp/-his/-ade/X-α-gal 
plate and turn blue as the positive control (pADT7-T and 
pGBKT7-53) (Fig. 1a). In contrast, no growth was observed 
on SD/-leu/-trp/-his/-ade/X-α-gal plate when the yeast cells 
were co-transformed with pAD-P3 and the empty bait vector 
pGBKT7, pBD-P3 and the empty prey vector pADT7, or the 
negative control (pADT7-T and pGBKT7-Lam) (Fig. 1a). 
Th ese results indicated that P3 was able to interact with itself 
in yeast cells. In co-IP assay, Sf9 cells were co-infected with 
two recombinant baculoviruses expressing P3 fused with 
HA-tag (HA-P3) and P3 fused with Myc-tag (Myc-P3). At 
72 hr post infection, the cells were lysed and subjected to 
immunoprecipitation with anti-HA or anti-Myc antibody 
(Beyotime). Lysates from cells infected with either one 
baculovirus were used as controls. Western blot revealed that 
HA-P3 and Myc-P3 were successfully expressed (Fig. 1b). 
Western blot of the precipitated proteins revealed that HA-P3 
and Myc-P3 specifi cally co-immunoprecipitated (Fig. 1b), 
while no Myc-P3 was precipitated with anti-HA antibody 
and no HA-P3 was precipitated with anti-Myc antibody from 

Fig. 1

Self-interaction of RSV P3 as demonstrated by Y2H and co-IP assays
(a) P3-P3 interaction in yeast two hybrid system. Yeast cells were co-transformed with each pair of prey and bait plasmids indicated above and plated 
on SD/-leu/-trp (upper panel) and SD/-leu/-trp/-his/-ade/X-α-gal medium (lower panel), respectively. (b) Co-immunoprecipitation analysis of P3-P3 
interaction. Sf9 cells were infected with recombinant baculoviruses expressing HA-tagged P3 (lane1), Myc-tagged P3 (lane 2), or both (lane 3). At 72 hr 
post infection, the cell lysates were directly subjected to western blot (lower panels) or co-immunoprecipitation analysis (upper panels). 

control lysates (Fig. 1b). Th e co-IP results confi rmed that 
P3 had the ability to self-interact in insect cells. Th erefore, 
the data provided in this study and previous report (Lian et 
al., 2014) demonstrated that P3 could interact with itself in 
yeast, insect and plant cells. 

Coiled coils are well-known protein-interacting modules 
and have been found to mediate the interactions of many 
proteins (Moller et al., 2005; DiCarlo et al., 2007; Alminaite 
et al., 2008). According to the coiled coils prediction pro-
gram (Lupas et al., 1991), one coiled-coil (15~30 aa) was 
predicted with a probability of 0.5 using the window size 14 
residues (Fig. 2a). Secondary structure predictions using 
Distill 2.0 (Pollastri et al., 2007) showed that the N-terminal 
50 amino acids of P3 folds into two alpha-helices: the fi rst 
helix includes residues 15 to 20, and the second one includes 
residues 37 to 48 (Fig. 2b). Based on the predictions, we 
generated six deleted mutants of P3 (Fig. 3a) and examined 
their interactions with wild-type P3 by using Y2H and co-
IP. As shown in Fig. 3b, the N-terminally deleted mutant 
AD-P3-ΔN14 activated the expression of the reporter genes 
when co-expressed with the wild-type BD-P3, indicating that 
P3-ΔN14 was capable of interacting with P3. In contrast, no 
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Fig. 2 

Bioinformatic analysis of RSV P3 protein
(a) Coiled-coil prediction of P3. (b) Th e secondary structure prediction of P3.

growth on SD/-leu/-trp/-his/-ade/X-α-gal plate demonstrat-
ed that neither the N-terminally deleted mutant P3-ΔN30 
nor P3-ΔN50 was able to interact with P3 (Fig. 3b). All the 
C-terminally deleted mutants, AD-P3-ΔC10, AD-P3-ΔC30 
and AD-P3-ΔC80 could activate the reporter gene expression 
when co-expressed with BD-P3, demonstrating that the C-
terminal 80 amino acids were not essential for P3-P3 inter-
action (Fig. 3b). Th ese results indicated that the N-terminal 
region of 15–30 aa was essential for the P3-P3 interaction. 
To confi rm the results obtained with Y2H analysis, we then 
examined the interaction between P3 and its deleted mutants 
by co-IP. Recombinant baculoviruses encoding each of the 
P3 mutants fused with Myc-tag were co-infected with the 
HA-P3-expressing baculovirus. Western blot analysis of the 
cell lysates using either anti-HA or anti-Myc antibody con-
fi rmed that all the mutants were expressed correctly (Fig. 3c). 
Additional aliquots of the cell extracts were incubated with 
anti-HA or anti-Myc antibody, and the precipitated proteins 
were analyzed by immunoblotting using anti-Myc or anti-
HA antibody. As shown in Fig. 3c, the mutants P3-ΔN14, 
P3-ΔC10, P3-ΔC30 and P3-ΔC80 co-immunoprecipitated 
with HA-P3, while the mutants P3-ΔN30 and P3-ΔN50 could 
not co-immunoprecipitate with HA-P3, indicating that the 
region 15–30 aa of P3 was required for P3-P3 interaction. 
Th us the results obtained with the co-IP were in agreement 
with those of the Y2H assay: the N- terminal 15–30 aa was 
essential for the P3-P3 interactions.

To study the intracellular localization and whether there 
are diff erences in the staining pattern in insect cells, we 
fused the enhanced green fl uorescence protein (eGFP) to 
the C-terminus of each intact and truncated P3 protein, 

expressed in Sf9 cells using baculovirus expression system, 
and examined by the confocal microscopy. Th e nuclei were 
counterstained with 4', 6-diamidino-2-phenylindole (DAPI). 
Intact P3 protein was localized predominately in the nucleus 
and formed larger aggregates (Fig. 4). Of the N-terminal 
truncations, P3-ΔN14 did not have a major eff ect on the 
appearance of the stained protein aggregates. However, the 
staining pattern of P3-ΔN30 or P3-ΔN50 diff ered from that 
of intact P3 remarkably: nearly no large protein aggregates 
were observed in Sf9 cells expressing P3-ΔN30 or P3-ΔN50 
(Fig. 4). Of the C-terminal truncations, the staining pattern 
of P3-ΔC10 resembled that of intact P3. P3-ΔC30 and P3-
ΔC80 were also able to form larger aggregates, although their 
aggregations were slightly aff ected: the size of aggregates 
was smaller than that formed by intact P3. Th ese results 
indicated that P3 was targeted to the nucleus and deletion 
of N-terminal 15–30 aa of P3 impaired the formation of 
protein aggregates in cells.

In a previous report, RSV P3 was shown to accumulate 
predominantly in nuclei of plant cells through transient 
expression assay (Xiong et al., 2009). Further analysis using 
immunocytochemistry and electron microscopy found that 
P3 proteins were localized in both nucleus and electron-
dense amorphous inclusion bodies (AIB) in the cytoplasm of 
RSV-infected rice cells. In another report, P3 were detected 
as punctate inclusions and co-localized with ribonucleopro-
tein particles in AIB in RSV-infected SBPH (a cell line from 
the small brown planthopper) cells (Ma et al., 2013). Here, 
our localization studies showed that RSV P3 formed larger 
aggregate in the nucleus when expressed independently in 
Sf9 cells. So, it was apparent that P3 was mainly localized in 
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Fig. 3

Mapping the regions involved in RSV P3 self-interaction
(a) Schematic representation of P3 and its mutants. Th e amino acids (aa) of P3 included in each protein are shown on the right. (b) Homologous interac-
tion between intact P3 and P3 deletions in yeast two hybrid system. Yeast cells were co-transformed with the bait plasmid pBD-P3 along with each of 
the prey plasmids as shown above and plated on SD/-leu/-trp (upper panel) and SD/-leu/-trp/-his/-ade/X-α-gal (lower panel) medium, respectively. (c) 
Co-immunoprecipitation of each P3 truncations with intact P3. HA-tagged P3 was co-expressed with Myc-tagged P3 deletion mutants in Sf9 cells. Cell 
extracts were subjected to western blot analysis with anti-Myc or anti-HA antibody directly (lower lanes) or aft er (upper lanes) being immunoprecipitated 
with anti-HA or anti-Myc antibody.

the nucleus when it was expressed solely in plant or insect 
cells, whereas it mainly localized in AIB in the cytoplasm 
of RSV-infected cells when other RSV-encoded proteins 
were present. Th erefore, we speculate that the subcellular 
localization of P3 is possibly aff ected by other proteins 
encoded by RSV. 

Homo-oligomerization was oft en found in viral structural 
proteins, which played important roles in viral replication, 
encapsidation and virus particle assembly (Moller et al., 
2005; Zhang et al., 2008; Paul et al., 2011). In addition to viral 

structural proteins, homo-oligomerization was also found in 
viral nonstructural proteins that aggregate to become func-
tional in vivo such as some viral silencing suppressors. Th e 
crystallographic data suggest that Tombusviral P19 protein 
forms a head-to-tail homodimer to sequester siRNA duplex 
and prevents siRNA duplex loading into RISC (Ye et al., 
2003), fl ock house virus B2 protein forms a four-helix bundle 
homodimer to prevent siRNA duplex formation as well as 
siRNA duplex loading into RISC (Lingel et al., 2005), and 
tomato aspermy virus 2b forms a pair of hook-like dimers 
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Fig. 4

Distribution of P3 and P3 truncations in Sf9 cells
Intact P3 and P3 deletion mutants were fused with eGFP at the C-teminus and expressed in Sf9 cells. Th e fl uorescence was examined using confocal 
microscopy. Th e nuclei were counterstained with 4', 6-diamidino-2-phenylindole (DAPI).

to recognize the siRNA duplex in a sequence-independent 
manner (Chen et al., 2008). Recently, studies on cucumber 
mosaic virus 2b protein demonstrated that self-interaction 
of 2b protein was crucial to its ability to suppress silencing 
and induce a symptom-like phenotype (Xu et al., 2013). 
RSV P3 was identifi ed as a viral silencing suppressor and it 
could suppress RNA silencing possibly through sequester-
ing siRNA molecules. It is unknown whether RSV P3 also 
requires self-interaction to become a functional suppressor 
of silencing. Th e relevance of suppressor activity to self-
interaction needs further study.

In summary, RSV P3 is able to self-interact in vivo and 
form large aggregates in the nucleus of insect cells. Th e pre-
dicted N-terminal coiled coil domain is responsible for the 
homotypic interaction of P3. Th e deletion mutants without 
this domain lose the ability to interact with wild type P3 as 
revealed by Y2H and co-IP experiments. Subcellular locali-
zation showed that deletion of self-interaction region did 
not aff ect the nuclear localization of P3 but compromised 
its capability of aggregation.
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