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Positive-strand RNA (+RNA) viruses comprise the largest group of viruses and contain several 
human pathogens such as poliovirus, hepatitis C virus and SARS-coronavirus (SARS-CoV). One 
characteristic of +RNA viruses is that their replication takes place in the cytoplasm. An essential 
element in this replication is the transformation of cellular membranes into specialized structures 
that support the synthesis of new viral RNA, also termed replication structures. 
The process of appropriating host cellular membranes is driven by viral non-structural proteins 
(nsps), several of which are predicted to interact with host membranes. For equine arteritis virus 
(EAV), a member of the order Nidovirales, nsp2, nsp3 and nsp5 contain predicted trans-
membrane domains and are therefore candidates to be directly responsible for the formation of 
the replication structures. Indeed, it was shown that the co-expression of nsp2 and nsp3 is not 
only essential for the formation of these structures, but also sufficient to induce structures that 
resembled those found in infected cells [1, 2]. These EAV-induced membrane modifications had 
been characterized at the time as double-membrane vesicles (DMVs) [3]. However, electron 
tomography (ET) in combination with improved ultrastructural preservation methods revealed 
that these membrane structures are not isolated DMVs, but are in fact part of a larger network 
comprising interconnected DMVs that are continuous with the endoplasmatic reticulum (ER) [4], 
an architecture similar to that found for the distantly-related nidovirus SARS-CoV [5]. This 
raises the question of whether nsp2 and 3 are capable of generating membrane modifications 
with this complex architecture.  

In order to answer this question we used an expression system to induce the production of a GFP-
tagged nsp2-3 polyprotein that cleaves itself to form the active proteins. The fluorescence data 
shows that in the nsp2-3-GFP expression system nsp2 distribution (figure 1A) is similar to the 
perinuclear pattern typically seen in infected cells [6]. High-pressure freezing and freeze-
substitution was used in order to retain excellent ultrastructural preservation. We used ET for the 
three-dimensional imaging of the nsp2-3 induced membrane modifications. Our preliminary 3D 
data confirms the ability of these two nsps to induce DMVs but, strikingly, also reveals 
structures that resemble possible intermediate structures. So far little is known about the origin of 
these membrane modifications as intermediate structures are never detected in wild-type 
infection, presumably as these are rapid and transient stages. Two mechanisms have been 
proposed for the formation of DMVs from ER: enwrapping and double-budding [3]. The results 
so far seem to favor the enwrapping mechanism as openings of the DMV to the cytosol are 
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