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Even under normal conditions, both 
newly synthesized polypeptides and 
polypeptides that have already achieved 
a native conformation can misfold and 
thus be exposed to the risk of aggrega-
tion. Misfolded proteins can be toxic to 
cells, since they may be prone to spuri-
ous interactions or be endowed with 
undesirable biological activities. The 
list of possible causes that may lead to 
the production of a misfolded protein is 
rather long but includes genetic muta-
tions, error in transcription and transla-
tion, and cellular alterations, such as 
heat shock or oxidative stress. Cells are 
therefore equipped with efficient sys-
tems devoted to the identification, the 
refolding and, if this fails, the destruc-
tion of such aberrant polypeptides. A 
large fraction of the proteins synthesized 
in eukaryotic cells is initially targeted to 
the endoplasmic reticulum (ER). From 
the ER these proteins then traffic along 
the secretory pathway to be secreted 
or delivered to vacuoles or lysosomes, 
or to the different membranes of the 
endomembrane system. The ER is 
therefore equipped with a refined sys-
tem, called ER protein quality control 
(ERQC), dedicated to the selective 
retention and elimination of misfolded 
polypeptides. Under stress conditions 

that cause increased accumulation of 
misfolded proteins, this system may be 
unable to guarantee ER homeostasis, 
and the avoidance of the accumulation 
of such aberrant polypeptides. When 
this happens, the so called unfolded 
protein response (UPR) is activated, 
and this leads to increased synthesis of 
many components of the ER folding and 
degradation machineries [1].

While it was initially thought that 
resident proteases may be responsible 
for the degradation of proteins that 
misfold in the ER, it became clear later 
that structurally defective proteins were 
retrotranslocated to the cytosol, ubiquit-
inated and degraded by the proteasome 
in a process called ER-associated deg-
radation (ERAD). This process includes 
i) a recognition step, that allows the cell 
to discriminate unfolded proteins from 
native ones; ii) a translocation step, 
where the condemned polypeptide is 
transported, probably through a protein-
aceous channel, to the cytosol; and iii) 
a degradation step. A variety of soluble 
and membrane proteins, including gly-
can processing enzymes, chaperones 
and oxidoreductases, have been impli-
cated in the processing of structurally 
corrupt molecules within the ER, but 
membrane-bound complexes containing 
a ubiquitin ligase play a central role in 
the recognition, retrotranslocation and 
ubiquitination of misfolded polypep-
tides. In yeast, two ubiquitin ligases 
mediate the degradation of most ERAD 

substrates. These are the Doa10 ligase, 
which mainly takes care of proteins with 
structural defects in their cytoplasmic 
parts, and the Hrd1 ligase, which is 
involved in the degradation of soluble 
proteins and of membrane proteins bear-
ing defects in their transmembrane or 
ER luminal domains. The Hrd1 ligase 
acts in concert with a set of factors to 
build up a membrane-associated ligase 
complex (Figure 1). 

Several lines of evidence indicate 
that an intact ERQC machinery is im-
portant for plant response to environ-
mental stress [2]. Components of the ER 
folding machinery have been shown to 
be involved in biotic [3] and abiotic [4] 
stress resistance. Similarly, components 
of the UPR transduction pathway have 
been shown to be implicated in resis-
tance to salt or heat stress [5-7]. The data 
presented by Liu et al. [8] now show that 
integral ERAD machinery is required 
for salt tolerance, thus highlighting the 
role of one further facet of the ERQC 
system in abiotic stress resistance.

To study the relationship between 
ERAD and salt stress, Liu et al. have 
performed a functional characterization 
of the Arabidopsis thaliana homologue 
of yeast Hrd3, an ERAD substrate re-
cruitment factor that has been shown to 
be part of the membrane bound Hrd1-
containing ligase complex [9] (Figure 
1). The Arabidopsis genome contains 
two HRD3 homologues, HRD3A and 
HRD3B, but Liu et al. found that the 
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latter is probably non-functional, giving 
rise to an aberrant mRNA in which the 
second intron has not been removed. 
A HRD3A-GFP fusion protein local-
ized to the ER and three known ERAD 
substrates accumulated at much higher 
level in cells lacking HRD3A. In a 
parallel study, Su et al. have recently 
identified the same protein as an im-
portant component of plant ERAD, 
and shown that it can complement  the 
ERAD defect of a yeast ∆hrd3 mutant 
[10]. Crucially, Liu et al. found that 
plants with a defective HRD3A gene 
are more sensitive to salt. While further 
investigating the effects of HRD3A gene 
disruption, Liu et al. also found that 
hrd3a mutants accumulate higher levels 
of hydrogen peroxide under both normal 
and salt-stress conditions and are more 
sensitive to paraquat, an inducer of 
oxidative stress. 

But why should ERAD be relevant 
to the salt stress response? Salinity has 
been shown to enhance the production 
of reactive oxygen species (ROS) [11], 

toxic molecules that can cause oxidative 
damage to DNA, lipids and proteins, 
and that can also lead to protein misfold-
ing. Indeed, Liu et al. found that UPR is 
induced in salt-stressed wild-type plants 
and that induction is stronger and more 
prolonged in plants bearing a disrupted 
HRD3A gene. They also found that UPR 
induction can be blocked by an inhibitor 
of calcium release from intracellular 
stores. They propose that sustained 
UPR would lead to inhibition of plant 
growth, possibly through an effect on 
protein synthesis. 

In addition, an inefficient ERAD 
could contribute to ROS-associated 
injury during salt stress since accumula-
tion of misfolded proteins in the ER has 
been shown to be associated with ROS 
production [12] and overexpression of 
the ER chaperone BiP has been shown 
to abolish the drought-induced increase 
in superoxide dismutase activity, an 
enzyme induced by oxidative stress [4]. 
Misfolded proteins accumulating in the 
ER may generate ROS via several pos-

sible mechanisms [12]. Repeated cycles 
of disulfide bond formation and reduc-
tion would consume reduced glutathi-
one (diminishing the ability of the cell 
to eliminate ROS) and would generate 
hydrogen peroxide, which is produced 
as a consequence of the transport of 
electrons from thiol groups in protein 
substrates to molecular oxygen via the 
protein disulfide isomerase/Ero1 chain 
[13]. Further work will be required to 
define the relative contribution of the 
ER and of other subcellular compart-
ments to ROS production during salt 
stress, but the data presented by Liu et 
al. clearly indicate that, in addition to 
the ER folding and signal transduction 
machineries, the ERAD pathway should 
also be considered an important player 
in plant response to environmental 
stress. 

In yeast, the role of ERAD is not 
limited to waste disposal, and indeed 
the HRD3 gene was initially isolated 
in a screening for mutants that were 
deficient in the regulated degradation 
of 3-hydroxy-3-methylglutaryl-CoA re-
ductase, a key enzyme of sterol synthe-
sis [14]. Similarly, in plants, ERAD has 
been implicated in the post-translational 
regulation of plant omega-3 fatty-acid 
desaturases [15]. The ERAD mutant 
described by Liu et al. will therefore 
be a valuable tool not only to study 
the turnover of misfolded proteins in 
plant cells but also to examine the role 
of ERAD in the regulation of plant 
metabolism.
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