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Autophagosomal membranes assemble at ER-plasma membrane contact sites
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ABSTRACT
The biogenesis of autophagosome, the double membrane bound organelle related to macro-autophagy, is
a complex event requiring numerous key-proteins and membrane remodeling events. Our recent findings
identify the extended synaptotagmins, crucial tethers of Endoplasmic Reticulum-plasma membrane
contact sites, as key-regulators of this molecular sequence.

Autophagy (or macro-autophagy) is a conserved and highly
regulated intracellular process necessary for homeostasis
maintenance and characterized by the formation of a double
membrane-bound organelle called autophagosome.1 Auto-
phagosome biogenesis is initiated by the de novo formation
of a cup-shaped structure, the phagophore, which emanates,
totally or partially, from a specialized domain of the Endo-
plasmic Reticulum (ER), enriched in Phosphatidyl-inositol-
3-phosphate (PI3P), called omegasome.2 It is clearly estab-
lished that the ER membrane contributes to phagophore
growing, but other membrane compartments participate as
well to the process, such as Golgi apparatus, ERGIC (ER-to
Golgi intermediate compartment) vesicles, endosomes and
plasma membrane.3 ER forms a huge and dynamic mem-
branous network and extends throughout the cell, allowing
local signaling and membrane dynamics events. ER has
been also demonstrated to establish contact sites between
virtually all other endomembranes, via the specific mobiliza-
tion of tethering complexes.4 Interestingly, such contact site
domains involved at the ER-mitochondria interface, have
been shown to participate directly in autophagosome bio-
genesis regulation.5 A comprehensive understanding of
molecular mechanisms that regulate ER subdomains impli-
cation in autophagy is thus required to better draw the
global picture of how and where autophagosome(s) can be
formed. Accordingly, the plethora of specific membranous
junctions made by the ER in eukaryotes point out other
ER-driven contacts as potential sites of autophagosome
biogenesis.

Based on this hypothesis, we investigated the putative
involvement of ER-plasma membrane contact sites in auto-
phagy. We first observed that nutrients removal, which is
known to induce autophagy, was as well responsible for a con-
siderable increase in the ER to plasma membrane tethering, as
observed and quantified by electron microscopy. Interestingly,
key-proteins of ER-plasma membrane contacts, called
Extended Synaptotagmins (E-Syt1, E-Syt2 and E-Syt3),6 were

shown to be upregulated in the same experimental conditions,
suggesting that nutritional stress stabilizes these contacts.
Accordingly, we detected the presence of autophagosomal
structures at the immediate vicinity of plasma membrane: these
vesicles, shown to be positive for autophagic markers such as
LC3 and ATG16L1, were often associated with the ER facing
the plasma membrane, suggesting that a subset of autophago-
somes is formed at ER-plasma membrane contact sites.

This was further confirmed by STED microscopy, show-
ing presence of LC3 at ER subdomains positive for E-Syt2
and E-Syt3. Moreover, the detection of the omegasome
marker DFCP1 (also known as ZFYVE1) at these E-Syts-
positive domains indicates that autophagosome biogenesis
occurs at ER-plasma membrane contact sites. Therefore, we
next analyzed the effects of modulation of these tethering
factors on autophagy activity. Overexpression of E-Syt2 (or
E-Syt3) was previously demonstrated to artificially increase
the ER-plasma membrane contact site density:6 in this situ-
ation we noticed as well an increased number of newly
formed autophagosomes, while the triple knock down of E-
Syts (by silencing each of these proteins), leads to a partial
abolition of the autophagy process. Interestingly, as we ana-
lyzed the levels of key proteins involved in autophagosome
biogenesis, we noticed that the E-Syts triple knock down
had no effect on proteins of the ULK1 complex7 such as
ATG13 or ULK1 itself, while several regulators of the class
III PI3Kinase (PI3KCIII), responsible for local PI3P synthe-
sis and autophagosome biogenesis initiation, were affected.
We indeed observed a decrease in the levels of some of its
components, such as Beclin1, ATG14L and – to a lesser
extent – of ATG16L1 and ATG5-ATG12 complex, both
required for local lipidation of LC3 protein.

These findings led us to investigate the relationship that may
exist between E-Syts platforms at the ER membrane and the
synthesis of PI3P, which is considered as a molecular signature
for nascent autophagosomal membrane identification.8,9 While
the destabilization of ER-plasma membrane contact sites did
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not affect the lipidic enzymatic activity of the PI3KCIII mem-
ber VPS34, we noticed, by a specific fluorescence-based
technique, a decrease of the autophagy-associated PI3P only,
while the endosomal PI3P pool was not affected. This suggests
a role for E-Syts in the stabilization and/or targeting of the
autophagy-specific PI3KCIII complex. Among the autophagy-
related proteins which were found to be diminished by E-Syts
triple knock-down there was VMP1 (vacuolar membrane pro-
tein 1),10 an ER-associated protein known to interact with
Beclin1 and suggested to participate in PI3KCIII complex stabi-
lization at the ER membrane during autophagosome biogenesis
initiation. Interestingly, a recent study identifies VMP1 as a
protein that could localize also to ER-driven contact sites in
mammalian cells. We found indeed that VMP1 was highly co-
localized with Beclin1 and E-Syts at the vicinity of the plasma
membrane during the first steps of autophagy response, sug-
gesting a dedicated role of VMP1 in the specific autophago-
some assembly at ER-plasma membrane contact sites. This was
finally demonstrated by co-immunoprecipitation of E-Syt2
with VMP1 and Beclin1.

Altogether, our data show that VMP1 works as a molecular
link between the autophagy machinery (i.e. the Beclin1/
ATG14L/VPS34-containing PI3KCIII complex) and the tether-
ing proteins of ER-plasma membrane contact sites (i.e. the E-
Syts), to ensure a local PI3P synthesis and, as a consequence,
the biogenesis of a subset of autophagosomes at this particular
zone of the cell (Fig. 1).
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Figure 1. Autophagosome formation at ER-plasma membrane contact sites. Proposed scheme of action for E-Syts (extended synaptotagmins, regulators of Endoplasmic
Reticulum (ER) – plasma membrane contact sites) and VMP1 (vacuolar membrane protein 1) in the recruitment of the autophagy machinery at ER-plasma membrane con-
tact sites. The tethering protein E�Syt2 forms a complex with VMP1 and Beclin1, two regulators of PI3KCIII (class III PI3kinase) complex activity, to initiate local PI3P (phos-
phatidylinositol-3-phosphate) synthesis and autophagosome biogenesis.
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