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1. INTRODUCTION 

The PRRSV has a (+) sense RNA genome 15 kb in size, with 5' and 3' 
untranslated regions (UTR) of 156-220 and 59-117 nucleotides flanking the 
viral genome (Snijder and Meulenberg, 1998). Virus grows in MARC, 
CL2621 and MA-I04 cell lines. BHK.-21 cells when transfected with 
PRRSV RNA, produced new infectious virus (Meulenberg et ai., 1998). 
PRRSV enters cells by standard endocytosis route and low pH in these 
vesicles is required for the viral entry (Kreutz and Ackermann, 1996). 

Replication of PRRSV proceeds by discontinuous transcription forming a 
3'-cotermina1 nested set ofmonocistronic mRNAs (Snijder and Meulenberg, 
1998). The leader sequences and body of RNA are reported to have cis and 
trans interaction in mouse hepatitis virus (MHV) (Zhang et ai., 1994). The 
3'UTR ofMHV is shown to be essential for the transcription of the genome 
(Lin et ai., 1996). The 3'UTR may interact with the upstream regulatory 
sequences during replication either by sequence complementarity or through 
the regulatory proteins. But there is very limited sequence complementarity 
between the 3'UTR and upstream regulatory sequences. So the main 
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mechanism may be mediated through RNA-protein interactions. The 
proteins involved are may be viral or cellular proteins. 

Previous studies in our laboratory have identified 11 MARC cell proteins 
that bind to the 3'UTR of PRRSV (Fahad and Kapil, unpublished data). In 
the present study, we used RNA ligand screening of a MARC cell 
expression library to identify those cellular proteins that bind to 3'UTR of 
PRRSV. Here we also report for the first time the RNA binding property of a 
tetraspanin molecule, CD 151. This molecule also renders BHK-21 cells 
susceptible to PRRSV infection. 

2. MATERIALS AND METHODS 

The 3'UTR was cloned into pCR II vector by RT-PCR amplification of 
the PRRSV RNA by TA cloning [Forward primer, 5'-CCCCATTTTCCT
CTAGCGACTG-3' and Reverse primer, 5'-CGGCCGCATGGTTCTCGC
CAAT-3'], The Radiolabelled ([a_32P]UTP) 3'UTR RNA was prepared by in 
vitro transcription using T7 RNA transcription kit, Riboscribe™ (Epic entre 
Technologies, Madison,WI). The MARC cell line cDNA library was 
prepared in the A ZAP Express vector using a ZAP Express cDNA synthesis 
kit (Stratagene, La Jolla, CA). The cDNA library was screened by 
northwestern blotting using 3'UTR PRRSV C2P-UTP) RNA probe as 
described previously (Sagesser et al., 1997). The insert in the pBK-CMV 
vector was sequenced with T7 and T3 primers using sequitherm EXCEL II 
DNA sequencing kit (Epicentre Technologies, Madison WI). 
The BHK-21 and MARC cell lines were transfected with plasmid DNA 
using Lipofectamine reagent (Life Technologies, Inc., Gaithersburg, MD). 
For stable transfection G418 (lmg/ml for BHK-21 cells and 0.7 mg/ml for 
MARC cells) was used, half the selection dose was used for CD 151 
expression. Immunoprecipitation was carried out with CD 151 (clone 
14A2.H1, Pharmingen International, San Diego, CA.) and ~-galactosidase 
monoclonal antibodies (Mab). Northwestern blot on immunoprecipitate was 
carried out as described previously (Sagesser et al., 1997). 

Stable transfected MARC cells were infected with PRRSV at MOl of 0.1 
at 37°C for 1 hr. The amount of virus in the supernatant was titrated by 
plaque assay using parent MARC cells. To test the susceptibility of stable 
transfected BHK-21 cells to PRRSV infection, cells were infected at MOl of 
0.01. Infectivity was checked by immunohistochemistry 24-hrs post 
infection by using PRRSV nucleoprotein SR 30 Mab (Rural technologies, 
Brookings, SD.). The anti-mouse IgG biotiny1ated antibody (Vector Labs, 
Burlingame, CA) was used as secondary antibody. The DAB substrate was 
used for detection and examined by light microscopy. 
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3. RESULTS 

The single reacting clone was obtained by repeated plaque purification 
and rescreening five times. On sequencing and BLAST search, the insert 
matched with the CD 151, a tetraspanin molecule. Multiple sequence 
analysis showed very high homology (93%) with platelet endothelial 
tetraspanin antigen-3 (PET A -3) which is a human protein. The CD 151 was 
obtained after three independent screenings of the library. This proves that 
CD 151 binds to 3' UTR ofPRRSV with high affinity and avidity. The RNA 
binding activity of CD 151 checked by immunoprecipitation followed by 
northwestern blotting and is shown in (Fig 1). 
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Figure 1. North-westemblot of the expressed protein. Lane I MARC lysate. Lanes 2-5 
northwestern blot after immunoprecipitation with CD lSI Mab 2;MARC transfected, 3; 
BHK-21 transfected, 4; MARC untransfected, 5; BHK-21 transfected. 

Northwestern blot of the immunoprecipitated protein was also probed 
with to 3' VTR alone without portion of nucleoprotein (data not shown). 
This proves that CD 151 also binds 3' UTR. 

3.1 Presence of CD 151 in different cell lines 

To determine the possible relation between the CD 151 and susceptibility 
of cell lines to PRRSV infection RT-PCR was done using CD 151 specific 
primers. The CD 151 is present in MA 104, MARC, vero and COS-7 cell 
lines while it is absent in BHK-21 and HRT cell lines (Fig 2). The CD 151 is 
present in the susceptible cell lines like MARC, MA 104 and CL2621 while 
it is absent in BHK -21 cell line. This tells us that CD 151 is one of the 
factors in determining the susceptibility to PRRSV infection with 
involvement of other factors. 
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Figure 2. RT-PCR result showing the amplification of CD 151 of 105 bp. M; 123 bp ladder, 
I; -ve control, 2; MARC, 3; MA-104, 4; CL 2621,5; VERO, 6; BHK-21, 7;ST, 8; MDBK, 9; 
ST-K, 10; COS, II; BHK-21 (stable transfected). 

3.2 Effect of CD 151 level on PRRSV infection level 

Virus amplification assay was done to check the effect of levels of CD 
151 on the PRRSV replication. After infecting MARC cells (both parent and 
overexpressing CD 151) with plaque purified PRRSV. The amplification of 
PRRSV was measured by plaque assay using parent MARC cells. There was 
atleast laO-fold increase in the amount of virus in MARC cells 
overexpressing CD 151 as compared to parent MARC cells. This indicates 
that CD 151 might have increased the levels of PRRSV infection either by 
promoting viral entry or replication. 

To further test the influence of CD 151 on PRRSV, the stable 
transfected BHK-21 cells were used in the study. The BHK-21 cells lack CD 
151 (Fig 3) and don't permit the entry of the PRRSV but upon transfection 
of viral RNA, they do produce the infectious progeny. The stable transfected 
BHK-21 cells expressing CD 151 become susceptible to PRRSV infection as 
tested by immunohistochemistry. The stable transfected cells were positive 
for both CD 151 and PRRSV, while the transfected cells were negative for 
both (Data not shown). This proves that CD 151 might have facilitated the 
PRRSV infection in BHK-21 cells. 

4. DISCUSSION 

Here we report the identification of a novel host cell protein, CD 151 
binding to 3'UTR ofPRRSV. The CD 151 is a transmembrane glycoprotein, 
belonging to the tetraspanin or transmembrane 4 superfamily of cellular 
proteins. These have four highly conserved hydrophobic domains spanning 
the lipid bilayer, two extracellular domains between them. Nand C terminals 
are found in the cytoplasm (Fitter et al., 1995). The CD 151 shares 98% 
homology with PETA-3. This protein is a 27 kD glycoprotein present in 
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endothelial cell membranes (Fitter et al., 1995), and also in epithelium, lung, 
muscle, kidney in glomeruli and mainly in platelets and megakaryocytes 
(Sincock et al., 1997). The same protein (SF A-I) has been identified to be 
upregulated by the human T cell leukemia virus type 1 in SF-HT cells 
(Hasegawa et al., 1996). The CD 151 has been shown to play a role in 
endothelial cell motility and bring about platelet aggregation and mediator 
release (Ashman et al., 1991). These properties of the CD 151 may account 
for the vascular lesions seen in the PRRSV infection. The 66% of the protein 
is in intracellular compartments localized to perinuclear vesicles (Sincock et 
al., 1999). Arteriviruses form double membrane vesicles (DMV) at 3-6 hrs 
post-infection (Snijder and Meulenberg, 1998). These DMVs are predicted 
to provide a suitable micro-environment for viral RNA synthesis or may 
facilitate the recruitment of host cell proteins for viral replication and 
transcription. In equine arteritis virus several replicase subunits are anchored 
to the intracellular membranes (Pedersen et al., 1999). So we propose that 
the CD 151 with its well established role in protein-protein interactions, 
might be involved in the PRRSV replication through the interaction with 
3'UTR and might recruit other cellular and viral proteins to DMV. 

PRRSV is reported to replicate in MARC, MA 104, CL 2621, and 
primary cell cultures of alveolar macrophages. Not all strains grow in all 
these cell types. This could be due to differences in intrinsic factors. The 
BHK-21 cells are not susceptible to PRRSV infection while the transfection 
of either the viral RNA or the infectious cDNA clone produces the infectious 
viral progeny (Meulenberg et al., 1998). In our study, we have shown that 
BHK-21 cells lack CD 151 by RT-PCR and Immunohistochemistry. But the 
stable transfected BHK-21 cells expressing the CD 151 become permissive 
to PRRSV. We speculate that CD 151 might have some kind of RNA 
transporter role. It is known that the PRRSV entry is mediated by 
endocytosis, and that the decrease of pH in internal components of the cells 
is essential for the viral entry (Kreutz and Ackermann, 1996). Here we 
propose that the CD 151 through the interaction with the RNA of 3'UTR 
PRRSV might act as the viral RNA transporter molecule into the cell. 
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