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ERADication of EDEM1 occurs by selective autophagy
and requires deglycosylation by cytoplasmic peptide N-glycanase
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Abstract ER degradation-enhancing a-mannosidase-like
1 protein (EDEM1) is involved in the routing of misfolded
glycoproteins for degradation in the cytoplasm. Previously,
we reported that EDEM1 leaves the endoplasmic reticu-
lum via non-COPII vesicles (Zuber et al. in Proc Natl Acad
Sci USA 104:4407-4412, 2007) and becomes degraded
by basal autophagy (Le Fourn et al. in Cell Mol Life Sci
66:1434-1445, 2009). However, it is unknown which type
of autophagy is involved. Likewise, how EDEM1 is targeted
to autophagosomes remains elusive. We now show that
EDEMI1 is degraded by selective autophagy. It colocalizes
with the selective autophagy cargo receptors p62/SQSTMI,
neighbor of BRCAl gene 1 (NBRI1) and autophagy-
linked FYVE (Alfy) protein, and becomes engulfed by
autophagic isolation membranes. The interaction with
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p62/SQSTMI1 and NBRI is required for routing of EDEM1
to autophagosomes since it can be blocked by short inhibi-
tory RNA knockdown of the cargo receptors. Further-
more, p62/SQSTMI interacts only with deglycosylated
EDEMI that is also ubiquitinated. The deglycosylation
of EDEMI occurs by the cytosolic peptide N-glycanase
and is a prerequisite for interaction and aggregate forma-
tion with p62/SQSTM1 as demonstrated by the effect of
peptide N-glycanase inhibitors on the formation of protein
aggregates. Conversely, aggregation of p62/SQSTMI1 and
EDEMI1 occurs independent of cytoplasmic histone deacet-
ylase. These data provide novel insight into the mechanism
of autophagic degradation of the ER-associated protein deg-
radation (ERAD) component EDEM1 and disclose hitherto
unknown parallels with the clearance of cytoplasmic aggre-
gates of misfolded proteins by selective autophagy.
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Abbreviations
Alfy Autophagy-linked FYVE
protein

Chloroacetamidyl chitobiose
coupled to 4,4-difluoro-5,7-di-
methyl-4-bora-3a,4a-diaza-
s-indacene-3-propionic acid

BODY-(GIcNAc),-CIAc

PNGase Cytoplasmic peptide
N-glycanase

EDEM1 ER degradation-enhancing
a-mannosidase-like 1 protein

ER Endoplasmic reticulum

ERAD ER-associated protein
degradation
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LC3 Microtubule-associated protein
I light chain 3 beta

man Mannose

GlcNAc N-Acetylglucosamine

NBRI1 Neighbor of BRCA1 gene 1

p62/SQSTM1 Sequestosome 1

siRNA Short inhibitory RNA

Z-VAD(OMe)-fmk Carbobenzyloxy-Val-Ala-Asp-

a-fluoromethylketone

Introduction

Cellular homeostasis relies on the proper function and
cooperation of various networks including protein N-gly-
cosylation, protein quality control in the endoplasmic
reticulum (ER), ER-associated degradation (ERAD) of
glycoproteins, the ubiquitin—proteasome system as well as
macroautophagy (referred to here as autophagy) (Araki and
Nagata 2012; Eisele et al. 2010; Helenius and Aebi 2004;
Mizushima and Komatsu 2011; Roth et al. 2010; Wolf
2011; Wong and Cuervo 2012). Autophagy is an essential,
constitutively occurring process through which part of the
cytoplasm and organelles are delivered to lysosomes for
degradation (Mizushima and Komatsu 2011; Mizushima
et al. 2008; Wang and Klionsky 2011). Both at a basal rate
and after stimulation by various forms of stress, autophagy
is crucial for preserving cellular homeostasis and to pre-
vent cell and tissue damage due to accumulation of protein
aggregates or damaged organelles. Likewise, ER protein
quality control and ERAD are of fundamental importance
for cellular homeostasis by freeing the ER from misfolded
glycoproteins or incompletely assembled multisubunit pro-
teins, thereby preventing ER stress, which may lead to cell
damage and apoptosis (Araki and Nagata 2012; Braakman
and Bulleid 2011; Hutt et al. 2009; Roth et al. 2010; Zuber
and Roth 2009).

A functional link exists between protein N-glycosyla-
tion, ER protein quality control and ERAD since mannose
trimming of glycoproteins in the ER has been shown to be
fate-determining for misfolded glycoproteins (Helenius and
Aebi 2004; Jakob et al. 1998; Roth et al. 2010). The finding
that a specific MangGlcNAc, oligosaccharide is involved in
targeting misfolded glycoproteins for ERAD (Jakob et al.
1998) led to the discovery of ER degradation-enhancing
a-mannosidase-like protein 1 (EDEMI1) (Hosokawa et al.
2001; Jakob et al. 2001; Nakatsukasa et al. 2001) and
subsequently of OS-9, another ERAD-enhancing protein
(Bhamidipati et al. 2005; Buschhorn et al. 2004; Kim et al.
2005; Szathmary et al. 2005). EDEMI1 is a al,2 mannosi-
dase, which trims the MangGlcNAc, oligosaccharides to
Man,GlcNAc, oligosaccharides (Clerc et al. 2009; Gauss
et al. 2011; Hosokawa et al. 2010; Olivari et al. 2006; Quan
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et al. 2008) that are recognized by OS-9 (Bhamidipati et al.
2005; Hosokawa et al. 2009; Kim et al. 2005; Quan et al.
2008; Szathmary et al. 2005). Hence, the concerted action
of EDEMI1 and OS-9 is important for the routing of mis-
folded glycoproteins to the dislocation complex of the ER
membrane (Cormier et al. 2009; Denic et al. 2006; Gauss
et al. 2006; Quan et al. 2008).

The ERAD machinery component EDEM1 exists as
a membrane-bound and a soluble, heterogeneously gly-
cosylated protein (Tamura et al. 2011; Zuber et al. 2007).
In contrast to the wide-spread presence in the ER of other
ERAD components such as glucosidase II (Lucocq et al.
1986) and UDP-glucose: glycoprotein glucosyltransferase
(Zuber et al. 2001), endogenous EDEM1 has a very lim-
ited occurrence in the ER as demonstrated by immunocy-
tochemistry and density gradient analysis (Le Fourn et al.
2009; Zuber et al. 2007). By immunogold electron micros-
copy, most EDEM1 was found in >150 nm non-COPII
vesicles originating at simple ER cisternae (Zuber et al.
2007) outside the canonical transitional ER exit sites where
COPII-coated carriers for ER-to-Golgi transport are formed
(Bannykh et al. 1996; Palade 1975). Upon induction of the
Irelo/Xbpl ER stress response pathway by overexpression
of misfolded proteins, EDEM1 and other ERAD compo-
nents are upregulated to increase the capacity of ERAD
(Hosokawa et al. 2001; Olivari et al. 2005). However,
when solely overexpressed, EDEMI is incorrectly present
throughout the ER and evokes cytotoxic effects presum-
ably by indiscriminately interacting with mannose-trimmed
glycoproteins (Le Fourn et al. 2009). Thus, its limited
presence in the ER (Zuber et al. 2007), cytotoxicity when
overexpressed (Le Fourn et al. 2009) and adaptive upregu-
lation following an increase in ERAD substrates (Bernas-
coni et al. 2012; Hosokawa et al. 2001; Olivari et al. 2005)
are all indicators of a well-regulated expression of EDEMI,
which is important for ERAD tuning (Cali et al. 2008).

We and others previously demonstrated that endogenous
EDEMI is constitutively degraded by autophagy (Cali
et al. 2008; Le Fourn et al. 2009) and not by proteasomes
(Le Fourn et al. 2009). Furthermore, we observed that
the deglycosylated EDEMI1 preferentially exists as Triton
X-100 insoluble aggregates that are removed by autophagy
(Le Fourn et al. 2009). However, the molecular mechanism
involved in targeting EDEM1 for autophagy and the type of
autophagy implicated, either non-selective or selective, are
currently not known.

In the present study, we show that autophagy of
EDEMI in HepG2 cells depends on its interaction with
selective autophagy cargo receptors since knockdown of
p62/SQSTM1 and NBR1 blocked routing of EDEMI1 to
autophagosomes. Furthermore, we found that deglyco-
sylation of EDEM1 by the cytosolic peptide N-glycanase
(PNGase) is required for the interaction with the cargo
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receptor p62/SQSTMI1 and is a prerequisite for aggregate
formation with p62/SQSTMI. Notably, the deglycosylated
EDEMLI, but not its glycosylated form, appears to be ubig-
uitinated, providing a basis for binding of cargo receptors.
Thus, our findings provide new insight into the degradation
pathway of the ERAD component EDEMI1 by selective
autophagy.

Materials and methods
Reagents

BODY-(GIcNAc),-CIAc (chloroacetamidyl chitobi-
ose coupled to 4,4-difluoro-5,7-dimethyl-4-bora-3a,4a-
diaza-s-indacene-3-propionic acid ) was synthesized as
described (Hagihara et al. 2007) and Z-VAD(OMe)-fmk
(carbobenzyloxy-Val-Ala-Asp-a-fluoromethylketone) was
purchased from Bachem (N-1560). Diaminobenzidine tet-
rahydrochloride (D5905, DAB), wortmannin (w1628), tri-
chostatin A (T8552-1MG), sodium deoxycholate (D6750)
and saponin (S4521) were from Sigma-Aldrich (St. Louis,
MO, USA), glutaraldehyde (354400) and osmium tetroxide
(0X0260) from EMD (Gibbstown, NJ, USA), paraformal-
dehyde from Merck (Basel, Switzerland, 818715), protease
inhibitor cocktail from Roche Applied Science (Basel,
Switzerland, 78430) and Epon-Araldite kits from Fluka
(Buchs, Switzerland, 45345). All other chemicals were of
p-a. grade and from Sigma-Aldrich.

The following anti-EDEM1 antibodies were used: affin-
ity-purified rabbit polyclonal antibodies against C terminal
15 amino acids of human EDEMI1 (Zuber et al. 2007) and
against a C-terminal 50 amino acid peptide (Aviva Sys-
tems Biology, San Diego, CA, USA, ARP47054-P050,),
affinity-purified rabbit polyclonal anti-peptide antibody
(Sigma, E8406) and goat antibody against a C-terminal
peptide (Santa Cruz Biotechnology, Santa Cruz, CA, USA,
sc-27391, C-19). Mouse monoclonal antibodies against
LC3 (152-3) were from MBL International, mouse mono-
clonal anti-NBR1 (H00004077) and rabbit polyclonal
anti-Alfy (NBP1-06006) were from Novus Biologicals
(Littletown, CO, USA) and guinea pig polyclonal antibod-
ies against a C-terminal peptide of human p62/SQSTM1
(GP62-C) from PROGEN (Heidelberg, Germany). Mouse
monoclonal anti-mono- and polyubiquitin antibody was
from Enzo Life Sciences (Dong In Biotech Co., Ltd., Seoul,
BML-PW8810) and rabbit anti-B-actin antibody from Cell
Signaling Technology, Inc. (Danvers, MA, USA; 4967S).

Horseradish peroxidase-conjugated (Fab), goat anti-
rabbit IgG antibodies (111-005-006) were purchased from
Jackson Immunoresearch Laboratories, Inc. (West Grove,
PA, USA) and horseradish peroxidase-conjugated goat
anti-mouse IgG (sc-3738), goat anti-rabbit IgG (sc-3739),

donkey anti-goat IgG (sc-3743) and goat anti-guinea
pig IgG (sc-3732) were from Santa Cruz Biotechnology.
DyLight488-conjugated affinity-purified F(ab), fragments
of donkey anti-goat IgG (705-546-147), rhodamine Red-
X-conjugated affinity-purified donkey anti-rabbit IgG
(711-296-152), Cy2-conjugated affinity-purified donkey
anti-guinea pig IgG (706-225-148), Cy2-conjugated affin-
ity-purified F(ab), fragments of donkey anti-mouse IgG
(715-226-020), and AMCA-conjugated affinity-purified
F(ab), fragments of donkey anti-guinea pig IgG (706-156-
148) as well as 12-nm gold-labeled affinity-pure donkey
anti-rabbit IgG (711-205-152) and donkey anti-goat IgG
(703-205-155) and 6-nm gold-labeled affinity-pure donkey
anti-guinea pig IgG (706-195-148), donkey anti-mouse IgG
(715-195-150) and donkey anti-rabbit IgG (711-195-152)
were from Jackson Immunoresearch Laboratories, Inc. and
Alexa 488 donkey anti-rabbit IgG from Molecular Probes-
Invitrogen (Carlsbad, CA, USA, A-21206). Protein A-gold
complexes were prepared according to standard protocol
(Roth 1982; Roth et al. 1978).

Cell culture

Human HepG2 cells were obtained from ATCC (Manas-
sas, VA, USA) and cultured in complete culture medium
(Gibco, Auckland, NZ, 11095-072) supplemented with
10 % fetal bovine serum (Gibco, 10082-139) and 1.0 mM
sodium pyruvate. Cell cultures were replenished with fresh
medium 16 h before experiments or processing for micros-
copy. In starvation experiments, cells were grown in serum-
free medium for 1.5 h.

Inhibitor treatment

To inhibit PNGase, HepG2 cells were treated either with
BODY-(GIcNAc),-CIAc (20 uM, 2 h) or Z-VAD(OMe)-
fmk (50 wM, 3 h). For Western blot, cells were lysed in
SDS-PAGE sample buffer and processed as detailed below.
For immunofluorescence, cells grown on coverslips were
treated either with BODY-(GIcNAc),-CIAc alone or in
combination with wortmannin (50 nM, 4 h) and processed
for immunofluorescence (see below). For inhibition of
autophagy, cells were treated with wortmannin (50 nM)
and for inhibition of histone deacetylases with trichostatin
A (10 mM) alone and in combination with wortmannin.

siRNA

p62/SQSTMI1 siRNA was purchased from Santa Cruz
Biotechnology (human, sc-29679). For NBR1 knock-
down, sense 5'-GAG AAC AAG UGG UUA ACG A-3/
and antisense 5'-UCG UUA ACC ACU UGU UCU C-3/
were used (Larsen et al. 2010). As control, MISSION®
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siRNA universal negative control #1 (Sigma, SICO01) was
used. HepG2 cells at about 40 % confluence were trans-
fected using Lipofectamine® RNAiMAX (Invitrogen,
13778-075) following the supplier’s instructions. Cells
were analyzed by immunofluorescence and Western blot-
ting after 48 h.

Confocal immunofluorescence microscopy

Cells were grown on precision coverslips (0.17 £ 0.01 mm
thickness; Glaswarenfabrik Karl Hecht GmbH & Co KG,
Sondheim, Germany) and fixed in 3 % formaldehyde
(freshly prepared from paraformaldehyde) in PBS for
30 min at 37 °C. Free aldehyde groups were quenched
with 50 mM NH,CI 30 min on ice (Roth et al. 1989), and
cells were permeabilized with saponin (0.3 %, 10 min) as
described (Zuber et al. 2000, 2007).

For single and double immunofluorescence, rabbit or
goat anti-human EDEMI1 antibodies (1:100), guinea pig
anti-human p62/SQSTMI1 antibodies (1:100), mouse mon-
oclonal anti-NBR1 antibodies (1:50), rabbit polyclonal
anti-Alfy antibodies (1:100) and mouse monoclonal anti-
LC3 antibodies (1:100) were applied for 2 h followed by
rinses (2 x 5 min) in PBS containing 1 % bovine serum
albumin and incubation with appropriate fluorescent sec-
ondary antibodies for 1 h. DAPI was used for staining of
nuclei. After rinses, coverslips were mounted on glass
slides with Mowiol.

Immunofluorescence was recorded with a Zeiss LSM
510 confocal microscope (Zeiss, Jena, Germany) using
a Plan-Apochromat 100 x objective (1.4 N.A.), and top-
to-bottom Z-stacks of optical sections (nominal thickness
200 nm) were generated. In multiple immunofluorescence
overlays, effects of z-axis pixel shifts were corrected.
Colocalization channels were calculated using Meta Imag-
ing Series® MetaMorph software (Meta Series Software
7.7.0; Molecular Devices) and appear in white in all fig-
ures. Quantification of single immunofluorescence and of
colocalization channels of z-stacks was performed using
Meta Imaging Series® MetaMorph software. At least 50
cells from at least three independent experiments were ana-
lyzed, and the results are given as the mean £ SE. Illustra-
tions were generated using Photoshop CS3 (version 10.0.1,
Adobe Systems, Inc.). When used, linear adjustment of
contrast and brightness was applied to the entire composite
pictures equally.

Immunoelectron microscopy
HepG2 cells grown to near confluence were fixed in a
mixture of 2 % formaldehyde (freshly prepared from par-

aformaldehyde) and 0.1 % glutaraldehyde (vacuum-dis-
tilled) in 0.1 M cacodylate buffer (pH 7.2) for 30 min at
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initially 37 °C, rinsed with buffer, enclosed in 15 % gela-
tin, infiltrated stepwise with 0.6, 1.2 and 2.3 M sucrose
and frozen in liquid nitrogen. Frozen ultrathin sections
were prepared at —110 °C according to Tokuyasu (1989).
Before antibody incubations, sections attached to nickel
grids were incubated with 2 % gelatine in PBS at 40 °C for
20 min, rinsed with PBS followed by amidation of alde-
hyde groups with 50 mM NH,CI for 30 min on ice (Roth
et al. 1989). Ultrathin frozen sections were incubated with
rabbit anti-EDEM1 antibodies (1:50) diluted in PBS con-
taining 1 % BSA and 0.01 % Tween 20 for 2 h followed
by several rinses in PBS and 8-nm protein A-gold (Roth
1989; Roth et al. 1978) diluted to an absorbance of 0.1 at
520 nm in PBS containing 1 % bovine serum albumin (or
0.2 % skimmed milk) and 0.01 % Tween 20 for 1 h. After
rinses in PBS and finally one rinse in distilled water, sec-
tions were postfixed with 1 % glutaraldehyde for 5 min and
embedded in 2 % methylcellulose containing 0.3 % uranyl
acetate.

For double immunogold labeling, ultrathin frozen sec-
tions were simultaneously incubated with either rabbit or
goat anti-EDEMI antibodies and antibodies against p62
(1:25), NBR1 (1:5) or Alfy (1:5) for 2 h, washed with
buffer and incubated simultaneously with 12-nm gold-
labeled goat anti-rabbit IgG or donkey anti-goat IgG
(diluted to an absorbance of 0.1 at 520 nm) and either
6-nm gold-labeled goat anti-guinea pig IgG, goat anti-
mouse IgG and donkey anti-rabbit IgG (each diluted to an
absorbance of 0.065 at 520 nm) for 1 h followed by rinses,
postfixation and methylcellulose/uranyl acetate embedding
as described above. Specificity of immunogold labeling
was assessed as described (Le Fourn et al. 2009; Zuber
et al. 2007).

For preembedding immunoperoxidase labeling, cells
were grown on coverslips, fixed in situ with 3 % for-
maldehyde (see above) and permeabilized with 0.05 %
saponin followed by incubation with EDEM1 antibodies.
After rinses with PBS and incubation with horseradish
peroxidase-conjugated (Fab), goatanti-rabbit IgG (4 pg/
ml in 1 % BSA-PBS), a modified diaminobenzidine reac-
tion was performed as described (Zuber et al. 2007). In
controls, EDEMI1 antibody was replaced by unrelated
antibody (anti-pancreatic amylase) or incubation was per-
formed only with secondary antibody. Serial ultrathin sec-
tions from Epon-Araldite-embedded cells were prepared
in the plane of the cell monolayer. Sections were observed
in a Zeiss 912AB or a Hitachi H-7650 electron micro-
scope at 80 kV, and pictures were taken with 70-mm film
sheets or an 11-megapixel CCD XR611-M digital camera
(Advanced Microscopy Techniques, Woburn, MA, USA).
Pictures were generated using Photoshop CS3 (Adobe
Systems, Inc.), and linear adjustment of contrast and
brightness was applied.
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Immunoprecipitation and Western blot

HepG2 cells were washed twice in cold PBS, mechani-
cally removed and lysed in PBS containing 1 % Triton
X-100 and protease inhibitor cocktail. After 30 min incuba-
tion on ice, cells were centrifuged at 10,000x g for 10 min.
The supernatant containing Triton X-100 soluble proteins
and the pellet containing Triton X-100 insoluble proteins
were washed in cold PBS. The pellet was dissolved by
sonication in Laemmli buffer containing 8 M urea, and the
urea was diluted out immediately before the start of the
immunoprecipitation.

For immunoprecipitation of EDEM1, samples from the
Triton X-100 soluble and insoluble materials were sequen-
tially incubated overnight at 4 °C with protein A-Dynal
magnetic beads (Invitrogen, Dynal AS, Oslo, Norway)
coated with goat anti-EDEM1 followed by beads coated
with rabbit anti-EDEMI1. Likewise, immunoprecipitates
were prepared with beads coated with guinea pig p62 anti-
bodies. Afterward, immunocomplexes were washed four
times in PBS containing 1 % Triton X-100, boiled for
8 min and electrophoretically resolved in 8 % polyacryla-
mide gels and transferred to nitrocellulose. Nitrocellulose
membranes were conditioned for 45 min in 5 % skimmed
milk in TBS-Tween (20 mM Tris-HCI, pH 7.4, 0.5 M
NaCl, 0.1 % Tween 20), incubated overnight at 4 °C with
EDEMI, p62 or ubiquitin antibodies, rinsed and incubated
for 1 h with the appropriate horseradish peroxidase-conju-
gated secondary antibodies. Immunoreactive bands were
visualized by ECL system (GE Healthcare) and quantified
using ImageQuant TL software (GE Healthcare, Bio-Sci-
ence). B-actin was used for calibration.

For Western blot, cells were harvested and lysed in PBS
containing 1 % Triton X-100 and protease inhibitor cock-
tail. After 30 min incubation on ice, cells were centrifuged
at 10,000xg for 10 min. The supernatant containing Tri-
ton X-100 soluble proteins and the pellet containing Triton
X-100 insoluble proteins were washed in cold PBS. The
pellet was dissolved by sonication in Laemmli buffer con-
taining 8 M urea. Samples were boiled for 8 min, loaded
and resolved by SDS-PAGE and transferred to nitrocellu-
lose membranes, which were incubated with EDEM1 anti-
bodies as described above.

Results

EDEM1 is targeted by selective autophagy cargo receptors
and routed to autophagosomes

Previous work with autophagy-defective mouse embryonic
fibroblasts (Cali et al. 2008) and human hepatoma HepG2
cells (Le Fourn et al. 2009) has shown the involvement

of autophagy in the constitutive degradation of EDEMI.
As revealed by confocal immunofluorescence micros-
copy, EDEM1 puncta in resting HepG2 cells range in
size from 0.027 to 0.4 pm? (Fig. 1a). When their relation
with the autophagosome marker LC3 (Kabeya et al. 2000)
was analyzed, EDEMI puncta of 0.13-0.4 pm? size were
colocalized with LC3 puncta, whereas smaller EDEM1
puncta (between 0.027 and 0.13 pm?) were not (Fig. la—c).
The smaller EDEM1 puncta probably correspond to the
EDEMI1 vesicles previously identified by immunoelectron
microscopy (Zuber et al. 2007). It is well established that
autophagy can be stimulated by starvation (Mizushima
et al. 2011). Starvation of HepG2 cells greatly increased the
number of LC3 puncta (Fig. 1e). The number of EDEMI1
puncta was also increased (Fig. 1d) since EDEM1 is upreg-
ulated by various forms of cellular stress (Hosokawa et al.
2001; Olivari et al. 2005). As in resting cells, in starved
cells, large puncta (between 0.13 and 0.4 pum?) of EDEM1
and LC3 colocalized, but not the smaller (between 0.027
and 0.13 pm? EDEM1 puncta (Fig. 1d-f). This obser-
vation provides additional evidence for the presence of
EDEMI in autophagosomes.

Autophagy can either be a non-selective or a selective
process (Johansen and Lamark 2011), but it is unknown
which one operates in the degradation of EDEM1. Selec-
tive autophagy involves various cargo receptors such as
p62/SQSTM1 (Bjorkoy et al. 2005), neighbor of BRCA1
gene 1 (NBR1) (Kirkin et al. 2009) and autophagy-linked
FYVE protein (Alfy) (Filimonenko et al. 2010; Simonsen
et al. 2004). Given this well-established pathway, we first
analyzed the relation of EDEMI1 with selective autophagy
cargo receptors by immunocytochemistry. In resting
HepG?2 cells, 48.29 % of EDEM1 puncta were colocalized
with p62/SQSTMI puncta (Fig. 1g-i). Previously, we have
applied siRNA knockdown of Atg’s (Le Fourn et al. 2009)
to biochemically demonstrate that EDEM1 is degraded by
autophagy. In order to uniformly inhibit autophagy in the
cultured cells, we used wortmannin, a selective and potent
inhibitor of phosphatidylinositol 3-kinase that inhibits
formation of autophagosomes at nanomolar concentra-
tions (Mizushima et al. 2010; Petiot et al. 2000; Powis
et al. 1994; Wipf and Halter 2005; Wu et al. 2010). When
HepG?2 cells were treated with 50 nM wortmannin for 4 h,
the total number of EDEMI1 puncta increased 5.5-fold
(Fig. 1g, j, m) and that of large size (>0.13 jum?) puncta
8.8-fold (Fig. 1n). The number of p62/SQSTMI1 puncta
was also increased (Fig. 1h, k). Total colocalized EDEM 1—
p62/SQSTMI1 puncta were increased 5.2-fold (Fig. 1i, I,
0) and colocalized large size (>0.13 wm?) puncta a strik-
ing 10.3-fold (Fig. 1p). By double immunogold labeling,
cytoplasmic single and double labeling for EDEM1 and
p62/SQSTMI1 was detected in resting (Fig. 2a—c) and wort-
mannin-treated cells (Fig. 2d—f). As we previously reported
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Fig. 1 EDEMI colocalizes with autophagosomes and the selective
autophagy cargo receptor p62/SQSTMI1. Confocal analysis of endog-
enous EDEM1 (a) and endogenous LC3 (b) demonstrates colocaliza-
tion of large EDEM1 puncta with autophagosomes (arrows in a, c).
Small EDEM1 puncta do not colocalize with LC3 puncta. Colocaliza-
tion channels appear as white puncta. Starvation increases puncta of
EDEMI1 (d) and LC3 (e) and colocalization of EDEMI1 and LC3 in
large puncta (f). Confocal analysis of endogenous EDEM1 (g, j) and

(Le Fourn et al. 2009), EDEM1 becomes engulfed by isola-
tion membranes as shown by immunoperoxidase electron
microscopy (Fig. 2g).

Next, we analyzed the relation between EDEM1 and the
cargo receptors NBR1 and Alfy. By double confocal immu-
nofluorescence, 27.25 % of EDEM1 puncta were colocalized
with NBR1 puncta (Fig. 3a—c). Following wortmannin treat-
ment, EDEM1 and NBR1 puncta were increased 2.38- and
2.46-fold, respectively (Fig. 3d—g). Colocalized EDEM1
and NBRI1 puncta were increased 6.15-fold (Fig. 3f, g).
Colocalization of EDEM1 and NBR1 was directly demon-
strated by high-resolution double-label immunogold electron
microscopy (Fig. 4). Similar observations were made for the
colocalization of EDEM1 and Alfy in resting (Fig. Sa—c)
and in wortmannin-treated cells (Fig. 5d—f). Colocalization
of EDEM1 and Alfy was directly shown by double-label
immunogold electron microscopy (Fig. 5g, h). Furthermore,
clusters immunoreactive for both EDEM1 and Alfy engulfed
by double-membrane structures were observed, which rep-
resent bona fide isolation membranes (Fig. 5i). Together,
these observations indicate that EDEM1 and the selective
autophagy cargo receptors p62/SQSTM1, NBRI1 and Alfy
are present together in cytoplasmic clusters.
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endogenous p62/SQSTM1 (h, k) shows their colocalization in control
(i) and wortmannin (wort)-treated cells (I). Confocal top-to-bottom
z-stacks. Bars 10 pm. Quantification of all and of large (>0.13 pm?)
EDEMI1 puncta in control and wortmannin (wort)-treated cells (m,
n). Quantification of all and of large EDEM1 (>0.13 pm?) puncta
colocalized with p62/SQSTMI1 puncta in control and wortmannin
(wort)-treated cells (o, p). **p < 0.01; ***p < 0.005

To obtain information about a possible role of
p62/SQSTMI1 and NBR1 in routing EDEM1 to autophago-
somes, siRNA interference was applied. As verified by
Western blotting and confocal immunofluorescence,
p62/SQSTM1 (Fig. 6a-h) and NBR1 (Fig. 3h-1) could
be efficiently knocked down. Although the cargo receptor
knockdown resulted in a significantly increased amount
of EDEMI1 (Figs. 3h, 6i), colocalization of EDEMI1 and
p62/SQSTM1 (Fig. 6b-h) or NBR1 (Fig. 3i-1) was sig-
nificantly decreased. Of note, the siRNA knockdown
of p62/SQSTM1 and NBR1 had no significant influ-
ence on the number of LC3 puncta (Figs. 3n, q, s, 6k, n,
p), an established marker for autophagosomes (Kabeya
et al. 2000). However, and strikingly, the siRNA-mediated
knockdown of p62/SQSTMI1 and NBR1 resulted in a sig-
nificant reduction in colocalization of EDEM1 and LC3
(Figs. 30, 1, s, 61, 0, p). Together, this indicates a require-
ment of p62/SQSTMI1 and NBR1 for routing of EDEM1 to
autophagosomes.

The codistribution of EDEMI1 with p62/SQSTMI,
NBR1 and Alfy is unanticipated since the selective
autophagy cargo receptors are cytosolic proteins. We have
previously shown by immunoelectron microscopy and
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Fig. 2 EDEM1 and p62/SQSTMI colocalize in the cytoplasm.
Double immunogold labeling of ultrathin frozen sections of control
(a—c) and wortmannin (wort)-treated (d—f) HepG2 cells demonstrates
colocalization of EDEM1 (12-nm gold particles) and p62/SQSTM1
(6-nm gold particles) in clusters lacking a membrane (arrows in a—e).
White arrowheads: single EDEM1 labeling, black arrowheads: single

serial thin section analysis that EDEM1 exits the ER in
>150 nm non-COPII-coated vesicles (Zuber et al. 2007).
However, as shown here by immunogold labeling, EDEM 1

p62/SQSTMI labeling. p62/SQSTMI is also detected in the nucleus
(double arrowheads in a, d) since it contains NLS and NES (Pankiv
et al. 2010). EDEM1 is engulfed by an isolation membrane (IM in g),
preembedding immunoperoxidase labeling. N nucleus, ER endoplas-
mic reticulum. Bars 200 nm (a—d), 250 nm (e), 100 nm (f), S00 nm

(®
additionally exists in non-membrane-limited clusters

with p62/SQSTM1 (Fig. 2a—f), NBR1 (Fig. 4a—e) or Alfy
(Fig. 5g—i).
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Fig. 3 EDEMI colocalizes with selective autophagy cargo recep-
tor NBR1, and knockdown of NBR1 impedes the colocalization of
EDEMI1 and LC3. Confocal fop-to-bottom z-stacks illustrating the
distribution of endogenous EDEM1 (a) and endogenous NBRI1 (b)
and their colocalization (c¢). Bar 10 wm. Confocal top-to-bottom
z-stacks demonstrating the effect of autophagy inhibition by wort-
mannin (wort) on endogenous EDEM1 (d) NBR1 (e) and their colo-
calization (f). Bar 10 pm. g Quantification of EDEM1 puncta (left
panel), NBR1 puncta (middle panel) and their colocalization (right
panel) in control and wortmannin (wort)-treated cells. h Western
blot showing the effect of siRNA silencing on NBR1 (left panel)
and on EDEMI1 protein levels (right panel). i-k Confocal fop-to-
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bottom z-stacks illustrating the effect of NBR1 siRNA knockdown on
EDEMI1 puncta (i), NBR1 puncta (j) and colocalized EDEM1-NBR1
puncta (k). Bar 10 pm. 1 Quantification of NBR1 siRNA knockdown
effect on EDEMI puncta (left panel) NBR1 puncta (middle panel)
and their colocalization (right panel). m—r Confocal top-to-bottom
z-stacks depicting the effect of NBR1 siRNA knockdown on EDEM1
(m, p) and LC3 (n, q) puncta and their colocalization (o, r). Bar 10
pm. s Quantification of EDEMI puncta (left panel), LC3 puncta
(middle panel) and colocalized EDEM1 and LC3 puncta (right
panel) following NBR1 siRNA knockdown. *p < 0.05; **p < 0.01;
**%p < 0.005
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Fig. 4 EDEMI1 and NBRI1 colocalize in the cytoplasm and become
engulfed by isolation membranes. Double immunogold labeling
of ultrathin frozen sections for EDEM1 (12-nm gold particles) and
NBRI1 (6-nm gold particles) in control (a—c) and wortmannin (wort)-
treated cells (d, e). Arrows clusters of EDEM1-NBR1 double labe-

Inhibition of histone deacetylase does not prevent
clustering of EDEM1-p62/SQSTM1 complexes

The large puncta containing EDEM1 and p62/SQSTMI,
NBRI1 or Alfy in control and wortmannin-treated cells
are scattered throughout the cytoplasm (Figs. 1c, i, 1, 3c,
f, Sc, f). This is in contrast to the pericentrosomal loca-
tion of aggresomes and other types of cytoplasmic inclu-
sion bodies composed of ubiquitinated misfolded proteins
and p62/SQSTMI1 (Hirano et al. 2009; Johnston et al.
1998; Zatloukal et al. 2002). The formation of aggresomes
(Kawaguchi et al. 2003) and their clearance by autophagy
(Iwata et al. 2005; Lee et al. 2010) depends on microtubules
and the histone deacetylase-6-dynein transport system.
When HepG2 cells were treated with wortmannin to
enhance formation of EDEMI1-p62/SQSTMI1 clusters
through inhibition of autophagy, and simultaneously with
trichostatin A, a broad-spectrum inhibitor of histone dea-
cetylases (Furumai et al. 2001), there was no effect on the
formation of wortmannin-induced large puncta contain-
ing EDEMI1 and p62/SQSTM1 (Fig. 7). This indicates a
stochastic process in the formation of this type of protein
aggregate. Previous immunofluorescence results (Bjorkoy

ling; white arrowheads: single EDEM1 labeling; black arrowheads:
single NBR1 labeling. ¢ A cytoplasmic EDEM1-NBR1 cluster is
partially encircled by an isolation membrane (arrowheads). ER endo-
plasmic reticulum. Bars 200 nm (a, d, e); 100 nm (b, c, inset of a)

et al. 2005; Pankiv et al. 2007), and the results of the pre-
sent immunogold electron microscopy analysis also show
that p62/SQSTM1 bodies (Fig. 2) as well as aggregates of
EDEMI1 with NBR1 (Fig. 4) and Alfy (Fig. 5g—i) are dis-
tinct from aggresomes. They not only differ in size and
subcellular distribution, but also by the absence of a cage of
intermediate filaments, which surrounds aggresomes. Nota-
bly, p62/SQSTMI1 bodies not only exist in stressed cells
(Clausen et al. 2010; Pankiv et al. 2007; Szeto et al. 2006)
but as shown here also in resting cells where they can rep-
resent an intermediate in the constitutive degradation of
EDEMI1 by selective autophagy. In more general terms,
this shows that in mammalian cells, as in yeast (Chen et al.
2012; Kaganovich et al. 2008), different types of cytoplas-
mic protein aggregates exist, which are targeted either by
autophagy or by proteasomes.

Deglycosylation of EDEM1 by cytosolic peptide
N-glycanase is important for its interaction

with p62/SQSTM1

Our previous work on HepG2 cells has shown that EDEM1
exists mainly as an Endo H-sensitive and Triton X-100
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EDEM1 & Alfy:-

Fig. 5 EDEMI colocalizes with the selective autophagy cargo recep-
tor Alfy and becomes engulfed by isolation membranes. a—c Confo-
cal top-to-bottom z-stacks showing the distribution of endogenous
EDEMI1 (a) and endogenous Alfy (b) and their colocalization (c). d—f
Wortmannin (wort) treatment to inhibit autophagy increases EDEM1
puncta (d) and Alfy puncta (e) and their colocalization (f). Bars
10 pm. g—i Double immunogold labeling of ultrathin frozen sections

soluble form and in much lesser amounts in a deglycosylated
form (Zuber et al. 2007). Further analysis revealed that the
deglycosylated EDEMI1 is present almost exclusively in
the Triton X-100 insoluble fraction (Le Fourn et al. 2009).
By combined immunoprecipitation—Western blot analysis,
we find evidence that deglycosylated EDEM1 in the Triton
X-100 insoluble fraction is in complex with p62/SQSTM1
(Fig. 8a, b). In contrast, no evidence was obtained that the
Triton X-100 soluble, glycosylated EDEM1 was associated
with p62/SQSTMI1. p62/SQSTMI interacts with its ubiq-
uitin-binding domain with ubiquitinated proteins (Bjorkoy
et al. 2005; Kirkin et al. 2009; Vadlamudi et al. 1996; Wata-
nabe and Tanaka 2011) to form cytoplasmic p62/SQSTM1
bodies (Johansen and Lamark 2011). In addition, it interacts
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for EDEM1 (12-nm gold particles) and Alfy (6-nm gold particles) in
control HepG2 cells shows their colocalization in not membrane-lim-
ited clusters in the cytoplasm and engulfment by isolation membrane
(IM in i). Arrowheads in g indicate single Alfy labeling. ER endoplas-
mic reticulum, PM plasma membrane, cv coated vesicle. Bars 200 nm
(g-)

with LC3-II of autophagy isolation membranes via an LC3-
interacting region motif (Ichimura et al. 2008; Kirkin et al.
2009; Pankiv et al. 2007). By combined immunoprecipita-
tion and Western blotting, we found that deglycosylated
but not glycosylated EDEM1 was modified by ubiquitin
(Fig. 8c). Although not proven, we assume that deglyco-
sylated EDEMI is polyubiquitinated based on its migration
behavior in SDS-PAGE analysis.

Next, we aimed to elucidate the mechanism by which
EDEMI1 becomes deglycosylated and hypothesized that
the cytoplasmic PNGase is involved (Kitajima et al. 1995;
Suzuki et al. 1993). To test this, we applied the PNGase
inhibitors BODY-(GIcNAc),-CIAc (Hagihara et al. 2007)
and Z-VAD(OMe)-fmk (Misaghi et al. 2004). With both
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Fig. 6 siRNA silencing of p62/SQSTMI impedes the colocalization
of EDEMI and LC3. a Western blot showing the siRNA knock down
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inhibitors, a significant increase in the amount of glyco-
sylated EDEM1 was observed (Fig. 9a). Since Z-VAD
(OMe)-fmk is also a broad-spectrum caspase inhibitor
(Garcia-Calvo et al. 1998; Misaghi et al. 2004, 2006), we
used the specific inhibitor BODY-(GlcNAc),-CIAc (Hagi-
hara et al. 2007; Miyazaki et al. 2009) in the further experi-
ments. Strikingly, inhibition of PNGase prevented the wort-
mannin-induced increase in number and size of EDEM1
puncta (Fig. 9h, k, n, 0). However, the number and size of
p62/SQSTMI1 puncta was not influenced (Fig. 9i, 1). Most
intriguingly, inhibition of PNGase significantly inhibited
the wortmannin-induced colocalization of EDEMI1 and
p62/SQSTMI1 and inhibited the formation of large-size
colocalized puncta (Fig. 9j, m, p, q). Together, these results
indicate that EDEM1 is a substrate for PNGase and that its
deglycosylation by PNGase is required for association with
p62/SQSTMI1 and subsequent selective autophagy.
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puncta (middle panel) and their colocalization (right panel). i-n Con-
focal top-to-bottom z-stacks depicting the effect of p62/SQSTMI1
siRNA knockdown on EDEMI (i, 1) and LC3 (j, m) puncta and
their colocalization (k, n). Bars 10 pm. o Quantification of EDEM1
puncta (left panel), LC3 puncta (middle panel) and colocalized
EDEMI1 and LC3 puncta (right panel) following p62/SQSTMI
siRNA knockdown. *p < 0.05; ***p < 0.005

Discussion

The ERAD component EDEMI is a short-lived protein,
and its regulated expression in the ER has been shown to be
of importance for proper functioning of ERAD (Cali et al.
2008; Le Fourn et al. 2009). A role of basal autophagy in
the degradation of EDEM1 was previously documented
(Cali et al. 2008; Le Fourn et al. 2009). By combined
microscopic and biochemical analysis and Atg siRNA
knockdown, endogenous EDEMI1 in resting HepG2 cells
was unequivocally detected in autophagosomes (Le Fourn
et al. 2009). Our present investigation has unraveled novel
aspects of the autophagic degradation of EDEM1 (Fig. 10).
We show that it exists in the cytoplasm together with the
selective cargo receptors p62/SQSTMI1, NBR1 and Alfy.
Moreover, EDEM1 in complex with p62/SQSTMI, and
probably also with NBR1 and Alfy, is deglycosylated
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p62
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Fig. 7 Aggregation of EDEMI1 with p62/SQSTMI1 occurs inde-
pendent of histone deacetylase. a—¢ Confocal top-to-bottom z-stacks
illustrating the wortmannin (wort)-induced increased size of EDEM1
puncta (a) and p62/SQSTMI1 puncta (b) and their colocalization (c).
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Fig. 8 EDEMI1 exists in complex with p62/SQSTM1 and is ubiqui-
tinated. a, b Combined immunoprecipitation—Western blot analysis
of Triton X-100 soluble (Tx-sol) and Triton X-100 insoluble (Tx-
insol) fractions shows interaction between p62/SQSTMI1 and degly-
cosylated EDEM1 (left panels in a and b). Western blot of input
for p62/SQSTMI (right panel in a) and EDEMI1 (right panel in b).
Asterisk heavy chain of Ig. Arrowhead glycosylated EDEM1, arrow
deglycosylated EDEMI1. ¢ Combined ubiquitin immunoprecipitation
and EDEM1 Western blot analysis indicates ubiquitination of Triton
X-100 insoluble EDEM1. Molecular mass is indicated in kilodaltons

and ubiquitinated, and the complexes are detergent-insol-
uble. By computer prediction (www.ubpred.org), K610
of EDEM1 was scored with high confidence as an ubiq-
uitination site and K616 as well as K116 with medium
confidence. We provide evidence that deglycosylation of
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d—f Inhibition of histone deacetylase by trichostatin A (tric) does
not prevent wortmannin (wort)-induced formation of large EDEM1—
p62/SQSTMI clusters. Bars 10 pum

EDEMI occurs by the cytosolic PNGase (Park et al. 2001;
Suzuki 2007; Suzuki et al. 1993), which appears to be
required for its interaction with p62/SQSTMI1 and prob-
ably the other studied cargo receptors. The interaction with
p62/SQSTMI1 and NBRI is a prerequisite for routing of
EDEM1 to autophagosomes since it is inhibited by siRNA
knockdown of the cargo receptors. Taken together, this
indicates that EDEM1 is degraded by selective autophagy.
Although it was proposed that EDEM1 vesicles would fuse
with endosomes/lysosomes under steady state conditions
(Bernasconi et al. 2012), we were unable to detect EDEM1
in endosomes or classical lysosomes by immunogold elec-
tron microscopy.

By high-resolution double-label light and electron
microscopy, direct evidence could be obtained for the
existence of cytoplasmic complexes composed of the
selective autophagy cargo receptors NBR1, p62/SQSTM1
as well as Alfy and EDEMI, and this was furthermore
confirmed for p62/SQSTMI1 and EDEMI1 by combined
immunoprecipitation and Western blotting. The impor-
tance of cargo receptors for autophagy of EDEMI1 was
demonstrated by siRNA-mediated knockdown. We
observed that a reduction in p62/SQSTMI1 and NBRI1
protein resulted in a significant reduction in colocalized
EDEMI1 puncta and LC3 puncta. In contrast, siRNA-
mediated knockdown of SEL1 had no effect (unpublished
data). Together, this indicates that interaction of EDEM1
with p62/SQSTMI1 and NBRI1 is a prerequisite for its
subsequent association with LC3-positive autophagoso-
mal structures. Indeed, by double-immunogold electron
microscopy, we observed that clusters of EDEMI1 and
NBRI1, p62/SQSTMI1 or Alfy were engulfed by isola-
tion membranes extending our previous findings (Le
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Fig. 9 Deglycosylation of EDEMI1 by cytoplasmic PNGase is
required for aggregation with p62/SQSTMI1. a Western blot for
EDEMI1 of control (Ctl) and PNGase inhibitor-treated (BO-G:
BODY-(GIcNAc),-CIAc for 2 h; Z-VAD: Z-VAD(OMe)-fmk for
3 h) HepG2 cells. The lower panel shows the results of quantitative
band densitometry. *p < 0.05. Confocal top-to-bottom z-stacks show
EDEMI1 and p62/SQSTMI and their colocalization in control cells
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(b—d), after treatment with PNGase inhibitor BODY-(GlcNAc),-CIAc
(Bo-G) (e—g), combined PNGase inhibitor and wortmannin treatment
(h—j) and only wortmannin treatment (k—-m). Bars 10 pwm. Quantifi-
cation of total (n) and large size (0.13-0.4 um?) EDEMI puncta (o),
and of total (p) and large size (0.13-0.4 um?) colocalized EDEM1—
p62/SQSTM1 puncta (q) under control and different experimental
conditions. *p < 0.05; **p < 0.01; ***p < 0.005
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Fig. 10 A schematic presentation summarizing the degradation of
EDEM1 by selective autophagy. EDEM1 exits the ER by a vesicular
pathway as shown earlier (Zuber et al. 2007). After vesicle membrane
dissolution by a not yet defined mechanism, EDEM1 becomes cyto-
plasmic, is deglycosylated by PNGase and forms detergent-insoluble
aggregates. Subsequent to deglycosylation and ubiquitination, inter-
action with cargo receptors NBR1, p62/SQSTM1 and Alfy occurs
that is followed by selective autophagy

Fourn et al. 2009). Complexes of EDEM1 and the cargo
receptors are detergent-insoluble and >200 nm in size by
immunogold labeling. Obviously, aggregates of this size
are too large for proteasomal degradation and as demon-
strated for other types of cytoplasmic protein aggregates
(Bjorkoy et al. 2005; Filimonenko et al. 2010; Metcalf
et al. 2012) become degraded by autophagy. Since we
have previously shown that EDEM1 exits the ER in non-
COPII vesicles (Zuber et al. 2007), it was unanticipated
to find it in complex with the cytoplasmic cargo receptors
(Johansen and Lamark 2011). Recently, we have made
similar observations for the degradation of surplus fibrin-
ogen Aa-y assembly intermediates in HepG2 cells (Le
Fourn et al. 2013). Such fibrinogen assembly intermedi-
ates are large, disulfide bridge-linked protein complexes
(Mosesson et al. 2001) that cannot be dislocated from the
ER lumen to the cytoplasm by the dislocation complex
alike small luminal misfolded proteins such as the Hong
Kong variant of al-antitrypsin or misfolded carboxypepti-
dase Y (Carvalho et al. 2010; Sato et al. 2009). Rather,
like EDEM1, they were exported from the ER in vesicles,
formed detergent-insoluble aggregates with p62/SQSTM1
and NBR1 and were degraded by selective autophagy (Le
Fourn et al. 2013). The present findings imply that the
membrane of the EDEM1-containing vesicles becomes
permeabilized or dissolved. This seems to involve a spe-
cific enzymatic mechanism (manuscript in preparation).
Deglycosylation of EDEM1 and its autophagic deg-
radation are interrelated though the underlying mecha-
nism remained elusive (Le Fourn et al. 2009). Previously,
EDEMI1 was detected as heterogeneously glycosylated
forms and as a single deglycosylated form (Le Fourn
et al. 2009). Of note, the deglycosylated EDEM1 existed
preferentially as detergent-insoluble aggregates (Le Fourn
et al. 2009). Furthermore, glycosylated and deglyco-
sylated EDEM1 were cleared at different rates indicating
that deglycosylation occured before degradation (Le Fourn

@ Springer

et al. 2009). In fact, only deglycosylated EDEM1 was
detected in immunopurified autophagosomes (Le Fourn
et al. 2009). As shown here, deglycosylation of EDEM1
occurs by the cytoplasmic PNGase (Suzuki 2007). The
importance of the mammalian PNGase in ERAD-mediated
protein degradation in yeast and mammalian cells has been
recognized for some time. It involves the deglycosylation
of misfolded glycoproteins as well as a misfolded ricin
toxin A-chain in order that their proteasomal degrada-
tion can occur (Hirsch et al. 2003; Joshi et al. 2005; Kim
et al. 2006; Suzuki et al. 2001). For this, PNGase acts in
complex with Rad23, an ubiquitin-binding protein that
escorts proteins to proteasomes (Elsasser and Finley 2005;
Madura 2004). Therefore, the PNGase—-Rad23 complex
links protein deglycosylation with proteasomal degrada-
tion (Kim et al. 2006). As we report here, deglycosylated,
ubiquitinated EDEM1 is degraded by selective autophagy
and not by proteasomes [see also (Le Fourn et al. 2009)]. It
remains to be determined whether the cargo receptors form
a complex with PNGase of similar function, but different
from the “glycoprotein degradation complex” identified for
proteasomal degradation of ERAD substrates (Kim et al.
2006; Suzuki 2007). Regardless, our present results add
EDEMI to the limited number of glycoprotein substrates
for PNGase (Blom et al. 2004; Kim et al. 2006; Misaghi
et al. 2004). Moreover, they suggest an additional function
of PNGase in glycoprotein ERAD and selective autophagy
in mammalian cells.

In conclusion, our results provide novel insight into the
mechanism of the degradation of the ERAD component
EDEMI1, which occurs by an unanticipated process that
leads to its degradation by selective autophagy. Therefore,
EDEMI1 degradation occurs by a route differing from that
followed by ERAD substrates and has parallels with the
clearance of cytoplasmic aggregates of misfolded proteins
by selective autophagy.
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