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1. INTRODUCTION 

The nucleocapsid (N) protein of PRRSV is a small basic protein of 15-
kDa, constituting 20-40% of the protein content of virion (Casal et al., 1998; 
Snijder and Meulenberg, 1998). It is 123 amino acids in length and 
approximately 20% of the residues are basic (Snijder and Meulenberg, 
1998). The stretches of basic amino acid regions in the PRRSV N protein are 
conserved and these regions have been identified as nucleolar localization 
signals. The related coronavirus mouse hepatitis virus (MHV) protein 
interacts with RNA sequences in the leader RNA, the intergenic regions, and 
encapsidation signal, and this interaction is suggested to be important for 
transcription and encapsidation (Lai and Cavanagh, 1997). 

The regions of the PRRSV RNA genome and the domains of the PRRSV 
N protein important for replication and RNA binding have not been defined. 
In this study, we constructed deletion mutants of PRRSV N protein and 
studied their interaction with the 5N leader and 3N NTR RNA of PRRSV 
genome by a northwestern blot assay. We identified a domain of N protein 
(residues 34 to 53) that interacts with specific domains ofPRRSV RNA, and 
also defined the minimal binding regions ofRNAs as the first 91 nt of 5N(+) 
leader RNA, and to the first 78 nt of 3N (+) NTR RNA. 
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2. MATERIALS AND METHODS 

Full-length PRRSV N cDNA was synthesized from PRRS viral RNA by 
reverse transcription using primer N7 and was amplified by PCR using 
primer pair Nl and N7. The ORF 7 was sub cloned into the pQE-30 
expression vector. This resulting pQE-30-N was used as the parent plasmid 
to generate carboxy and amino terminal deletion mutants. All the 
recombinant proteins were expressed and purified according to the 
manufacturer's instructions (Qiagen Inc. Valencia, CA). The templates of 
different sizes for in vitro synthesis of 5N and 3N RNAs were generated by 
PCR from cDNAs using the specific primers. Purified recombinant mutant 
PRRSV N proteins were separated on a 16.5% T, 6% C Tricine-SDS-PAGE 
gel 8 and transferred to nitrocellulose membranes by electroblotting. Blots 
were hybridized with 1 X 105 cpm of [a32PJ UTP-radiolabeled RNA in 
binding buffer (50mM NaC!, 10mM Tris, ImM EDTA, 0.02% bovine serum 
albumin, 0.02% Ficoll, and 0.02% polyvinyl pyrrrolidone, pH 7.0) for 6 h 
with gentle agitation. Unbound probe was removed by washing with binding 
buffer. Blots were dried, and bound RNA was visualized by 
autoradiography. 
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Figure 1. Deletion constructs of N protein. Deleted regions are indicated as dashed lines. Wt 
is the full length N protein. Length of each construct is indicated at the end as no. of amino 
acid residues. RNA binding is indicated as +/-. 

3. RESULTS 

3.1 Identification of the RNA-binding domain of PRRSV 
N protein and protein binding domains of 5' and 3' 
NTRRNAs 

To identify the RNA-binding domain, different mutants of PRRSV N 
protein were constructed as described above. Each deletion mutant differed 
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by approximately 20 amino acid residues. To determine the amino acid 
residues of N protein involved in RNA-binding, we did northwestern blot 
assay with deletion mutants of N protein. The blots were probed with 32p_ 
labeled positive sense 5' leader (170 nt) and 3'(150 nt) NTR RNAs. All the 
N mutants except N5 mutant reacted similarly, with both the 5' leader and 3' 
NTR RNAs (Fig 2a and 2b). Quantification of radioactivity by scintillation 
counting from excised bands indicated that the interaction between N4 
mutant and the PRRSV 5' leader and 3' NTR was greater than that between 
full length protein (Wt) and NTR RNAs. These observations indicated that, 
the RNA binding domain of PRRSV N protein is located between amino 
acid residues 34 and 53. 

To identify the protein binding regions on the PRRSV 5' (+) leader 168 
and 3' (+) 149 RNAs, different deletion constructs ofNTRs were generated 
by peR using specific primers to synthesize different RNA probes. 5' leader 
(+) 91 and 3' NTR (+) 78 RNAs interacted with N mutants in similar manner 
as full length RNAs. Thus, we have defined the minimal binding regions to 
first 91 nt of 5' leader and to first 78 nt of3' NTR RNA. 

A). Wt 1 N2 N3 N4 N5 B). Wt Nt N2 N3 4 NS 

Figure 2. Northwestern blot analysis of recombinant deletion mutants of PRRSV N protein. 
The blots was probed with 5' (+) 91leader RNA (A) and 3' (+)78 NTR RNA (B). Lane 1,Wt 
N protein; lanes 2 to 6, PRRSV N deletion mutants Nl, N2, N3, N4, N5, respectively. 

3.2 Specificity of RNA-Protein Interactions 

To confirm the above results, the PRRSV N construct lacking the RNA
binding domain (N6) (Fig 1) was constructed and checked for RNA binding. 
Along with N6 mutant, non specific mouse dihydro folate reductase (DHFR) 
and Bev N proteins having histidine tag were also checked for interaction 
with PRRSV 5' leader and 3' NTR RNAs. The PRRSV RNAs interacted 
only with N4 mutant but not with DHFR and BeV N, thus establishing the 
specificity of interaction. We also examined the binding of N protein in 
presence of unlabeled specific and nonspecific RNAs. Yeast t-RNA was 
used as nonspecific competitor. Blots were first incubated with unlabeled in 
vitro transcripts and then treated with labeled NTR RNAs. Results confirmed 
that the 5' and 3' NTR RNAs interact specifically with N protein. 
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Figure 3. Northwestern blot analysis confirming the specificity of PRRSV RNA-Protein 
interaction. The blots were probed with 5' (+) 168 leader RNA (A), and with 3' (+) 149 NTR 
RNA (B). Lane 1, BeV N protein; lanes 2 and 3 are PRRSN N mutants N6 and N5, 
respectively. Lane 4 is the DHFR protein. 

4. DISCUSSION 

This is the first report demonstrating the interaction of the PRRSV 
nucleocapsid protein with 5N leader and 3N NTR RNAs in arteriviruses. In 
this study, we studied interactions of PRRSV N protein with 5N and 3N 
NTR RNAs by northwestern blot assay. The reaction of recombinant N 
fusion protein with NTR RNAs was similar to that of N protein from the 
purified virus. Therefore, we used prokaryotic system expr:~ssed fusion 
proteins for our mapping studies. The results presented here show that there 
is a specific interaction between N protein and NTR RNAs. We mapped the 
RNA-binding of PRRSV N protein to amino acid residues 34 to 53 
(N4:NQSRGKGPGKKNKKKNPDKP) and also characterized the protein 
binding domain of NTR RNAs at the first 91 nt of 5Nleader and to first 78 nt 
of 3N NTR respectively. 

The RNA-binding domain of the N protein has been characterized in 
many positive stranded RNA viruses (Nelson et al., 2000). Recently in 
mouse hepatitis virus (MHV), a prototype member of Coronaviruses, the 
RNA-binding domain of N protein has been mapped to a 55 amino acids 
peptide containing residues 177-231 (Nelson et al., 2000). The majority of 
amino acids residues involved in RNA-binding in all these RNA viruses 
were similar to those involved in our identified domain for PRRSV N 
protein. This RNA binding domain is rich in basic amino acids and is 
conserved among different isolates of PRRSV, however there is no 
homology with other arteriviruses. The predicted amino acid sequence of 
PRRSV N protein suggests, that the interactions between PRRSV N protein 
and RNAs is not only due to the high density of basic residues in this region. 
This was evident by our results in which other regions of N protein rich in 
basic amino acids did not bind to the RNA. The N4 mutant of PRRSV N 
protein has higher RNA-binding affinity compared with that of intact protein 
and, the N6 mutant lacking this region did not bind to RNA (Fig 3). This 
observation demonstrates that this region (34 to 53) alone imparts stronger 
RNA binding activity. This domain is the most immunoreactive region of 
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PRRSV N protein 10 and posses a unique epitope recognized by a 
monoclonal antibody SDOW (Wooton et al., 1998). Our identified domain 
corresponds to a recently identified second nucleolar localization signal 
(NoLS) sequence of PRRSV N protein (Rowland et al., 1999). These 
observations further demonstrate the importance and role of this domain of 
N protein in replication and encapsidation. 

In arteriviruses regions of the RNA genome interacting with N protein 
have not been characterized. We have made an effort to study the regions of 
PRRSV RNA genome involved in interactions with N protein. In MHV, a 
sequence (AAUCYAAAC) present in 5' ends ofmRNAs has been identified 
as the potential minimum specific ligand interacting with N protein (Nelson 
et al., 2000). In our study we found that both 5N leader and 3N NTR RNAs 
interact similarly with PRRSV N. In 5N leader sequence of PRRSV, a 12 
nucleotide stretch has been identified to fonn a potential RNA binding motif 
(Oleksiewicz et al., 1999). This motif contains a CACCC site, which is 
present in both American and European 5N leader RNAs . This motif was 
present in our identified protein-binding domain of 5N leader RNA, but was 
not present in 3N NTR RNA. These observations indicate that CACCC 
motif alone might not responsible for binding with N protein. There was no 
sequence similarity between these RNAs. On comparison of predicted 
secondary structures of minimum binding regions of 5N leader and 3N NTR 
RNAs there was no similarity. Unlike in bovine coronavirus (BCV) in which 
the N protein of BCV interacts with the packaging signal of MHV (Cologna 
and Hogue, 2000), the PRRSV N protein did not bind to BCV 3N UTR 
RNA. We found that the denatured RNA probes reacted similarly as the non
denatured probes in northwestern blot assay (data not shown). These 
observations lead us to believe that binding of the PRRSV N protein to RNA 
might be sequence specific and further studies need to be done to identify the 
minimal aptamers interacting with PRRSV N protein. The interaction studies 
involving other regions of PRRSV RNA genome would help in identifying 
packaging signal of PRRSV. We are now constructing phage display 
libraries to study the role of each amino acid residue in this domain and are 
also studying ligand-protein interaction using multi-dimensional NMR 
spectroscopy to identify the secondary and tertiary structures of PRRS N 
protein involved in RNA binding. 
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