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As protein folding is an imperfect 
process, the endoplasmic reticu-

lum (ER) contains folding as well as 
ER-associated degradation (ERAD) 
machineries. In order to prevent pre-
mature interruption of folding, ERAD 
regulators and effectors such as EDEM1 
and OS-9 are selectively cleared from the 
ER in so-called EDEMosomes to down-
regulate the degradative activity. The 
mechanism by which EDEM1 and OS-9 
are subjected to rapid turnover, also 
known as ERAD tuning, shows simi-
larities with, but is clearly distinct from, 
macroautophagy. Positive strand RNA 
coronaviruses (CoVs) such as the severe 
acute respiratory syndrome (SARS)-
CoV and mouse hepatitis virus (MHV), 
induce in infected cells the formation of 
autophagosome-like, double-membrane 
vesicles (DMVs) to which their replica-
tion and transcription complexes are 
anchored. While it seems clear that CoVs 
hijack ER-derived host cell membranes 
for replication, the mechanism by which 
these DMVs are assembled has remained 
completely mysterious.

In a recent collaboration between our lab-
oratories, we have shown that while MHV 
replication is autophagy-independent, the 
autophagy marker protein LC3/Atg8 is 
associated with the CoV-induced DMVs. 
Yet, whereas autophagosomes contain 
the lipidated form of LC3, i.e., LC3-II, 
the DMVs induced upon infection with 
MHV are exclusively decorated with non-
lipidated LC3, i.e., LC3-I. These obser-
vations resembled those reported for the 
ERAD tuning process, whereby a select 
population of ER chaperones is discarded 
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by the autophagy-independent formation 
of ER-derived vesicles, which are also 
decorated with LC3-I. Hence, we stud-
ied the relationship between ERAD tun-
ing and MHV replication in more detail. 
MHV infection interferes with ERAD 
tuning and results in the accumulation of 
the ERAD tuning substrates EDEM1 and 
OS-9 in the CoV-induced DMVs. EDEM1 
and OS-9 themselves are, however, not 
required for MHV replication, in contrast 
to LC3, depletion of which blocked repli-
cation. The data lead us to postulate that 
CoVs hijack, in an autophagy-independent 
way, the LC3-I-positive EDEMosomes for 
the generation of DMVs that provide the 
membranous support for the coronaviral 
replication and transcription complexes.

These findings also unveiled a new 
autophagy- and lipidation-independent 
function of LC3 in vesicular trafficking. 
Yet, the role of LC3-I in the formation 
of both EDEMosomes and CoV-induced 
DMVs remains completely unknown. 
One speculative idea is that LC3-I acts as a 
vesicle coat protein as was already hypoth-
esized for LC3-II. In such a scenario and 
similar to other vesicular transport path-
ways, a still elusive EDEMosome cargo 
receptor would bind EDEM1 and OS-9, 
segregate these lumenal chaperones in spe-
cialized ER regions and recruit cytosolic 
LC3-I (Fig. 1A). This latter step will be 
the key event required for the coat-driven 
formation of a carrier vesicle that removes 
EDEM1 and OS-9 from the ER. Thus, 
one possible way for CoVs to exploit the 
ERAD tuning machinery for generating 
its replicative DMVs would be to hijack 
the EDEMosome cargo receptor, perhaps 
by using one or more of its transmembrane 
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sequester EDEM1 and OS-9 into their 
DMVs in order to weaken the ERAD 
capacity of the host cell. At the peak of 
its replication, CoVs induce ER stress due 
to a sustained high production of viral 
components, including the three integral 

OS-9 end up in the DMVs through their 
association with the EDEMosome cargo 
receptor, the second does not explain the 
peculiar distribution of these two chap-
erones during MHV infection. A cap-
tivating possibility is that CoVs actively 

nonstructural proteins (nsps, e.g., nsp3, 
nsp4 and/or nsp6, Fig. 1A, model 1). 
Alternatively, these nsps act more directly 
by recruiting LC3-I and other vesicle coat-
ing factors (Fig. 1A, model 2). While the 
first model contemplates that EDEM1 and 

Figure 1. ERAD tuning and MHV-induced DMV biogenesis. (A) Early events in the biogenesis of EDEMosomes and of DMVs. EDEMosomes (left) and 
DMV precursors (right) are proposed to bud from the ER. Our models suggest a role of LC3-I as a vesicle coat protein. The cytosolic tail of an elusive 
EDEMosome cargo receptor (left and model 1) or viral nonstructural protein(s) (model 2) could recruit cytosolic LC3-I as a triggering event for forma-
tion of both EDEMosomes and/or DMV precursors. (B) DMV generation from the ER. Infection of cells leads to the formation of numerous intercon-
nected DMVs (modified from the figure published in PLoS Biol by Knoops and coworkers) (model 1). Significantly, DMVs do not contain conventional 
ER markers but contain rapidly turned over chaperones such as EDEM1 and OS9 1. Based on the fact that DMVs often have an inward budding profile, 
DMVs could form by invagination and pinching off of the limiting lipid bilayer of a single-membrane vesicle through a process mediated by the viral 
proteins (model 2).
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membranes (CMs) and numerous inter-
connected DMVs (Fig. 1B, model 1). The 
mechanism underlying this model is, how-
ever, not clear. While performing an ultra-
structural time-course analysis of MHV 
infection we could not observe particular 
budding profiles or connections between 
CMs and DMVs. Based on these data and 
on the observation that DMVs often have 
an inward budding profile in certain cell 
lines, we hypothesize that CoV-induced 
DMVs are formed by invagination and 
pinching off of the limiting lipid bilayer of 
a single-membrane vesicle through a pro-
cess mediated by the viral proteins (Fig. 
1B, model 2). In this scenario, the RVN, 
which becomes more prominent at the 
later stages of a CoV infection, might rep-
resent a side product caused by a massive 
production of viral components and/or by 
depletion of host cell factors required for 
the production of DMVs. Clearly, in this 
respect, it will be important to pinpoint 
the exact location of CoV RNA synthesis, 
being either the DMVs, CMs or both in 
cells infected with different CoVs.

membrane nsps and the three structural 
membrane proteins that are initially 
inserted in the ER lipid bilayer. One of the 
normal consequences of the induction of 
ER stress is the enhancement of ERAD. 
As this would hamper CoV replication 
by degrading part of the viral products, 
sequestering EDEM1 and OS-9, two posi-
tive regulators of the ERAD, could limit 
this deleterious cellular response.

Conventional budding of coated ves-
icles from donor organelles leads to the 
formation of single-membrane carriers. 
While it is still controversial whether 
EDEMosomes are single- or double-
membrane vesicles, CoV-induced DMVs 
are undoubtedly composed of two con-
centric lipid bilayers. How are DMVs 
then generated from the ER? Based on 
electron tomography analyses of SARS-
CoV-infected cells, it has recently been 
proposed that the reorganization of the 
membranes of this organelle, triggered by 
coronaviral proteins, leads to the forma-
tion of a reticulovesicular network (RVN) 
of modified ER that integrates convoluted 

Obviously the models presented here 
are still entirely hypothetical and the bio-
genesis of CoV-induced DMVs remains 
to be fully elucidated. In addition, LC3-I 
could have a different function in ERAD 
tuning and CoV replication than acting as 
a coat protein. Future studies on these two 
processes will shed light on the molecular 
role of LC3-I but also on the interrelation-
ship between the ERAD tuning and CoV 
machineries.
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