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hagophores engulf cytoplasmic mate-

rial and give rise to autophagosomes,
double-membrane vesicles mediating
cargo transport to lysosomes for degrada-
tion. The regulation of autophagosome
fusion with endosomes and lysosomes
during autophagy has remained poorly
characterized. Two recent papers con-
clude that STX17/syntaxin 17 (Syx17 in
Drosophila) has an evolutionarily con-
served role in autophagosome fusion with
endosomes and lysosomes, acting in one
SNARE complex with SNAP29 (ubis-
nap in Drosophila) and the endosomal/
lysosomal VAMP8 (CG1599/Vamp7 in
Drosophila). Surprisingly, a third report
suggests that STX17 might also con-
tribute to proper phagophore assembly.
Although several experiments presented
in the two human cell culture studies
yielded controversial results, the essential
role of STX17 in autophagic flux is now
firmly established, both in cultured cells
and in an animal model. Based on these
data, we propose that genetic inhibition
of STX17/Syx17 may be a more specific
tool in autophagic flux experiments than
currently used drug treatments, which
impair all lysosomal degradation routes
and also inactivate MTOR (mechanis-
tic target of rapamycin), a major nega-
tive regulator of autophagy. Finally, the
neuronal dysfunction and locomotion
defects observed in Syx17 mutant ani-
mals point to the possible contribution
of defective autophagosome clearance to
various human diseases.

During autophagy, phagophores cap-
ture cytoplasmic cargo and form
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double-membrane autophagosomes,
which are transport vesicles required
for degradation of sequestered material
in lysosomes; fusion with the degrada-
tive organelle is followed by recycling of
the breakdown products. Autophagy is
clearly becoming one of the hottest topics
in biomedical research. Our understand-
ing of the molecular machinery underly-
ing autophagy made tremendous advances
during the past 20 years, thanks to the
discovery of autophagy-related (Atg)
gene products in yeast. These evolution-
arily conserved proteins are required for
efficient autophagosome formation in
all metazoan cells."* Functional analyses
of ATG genes revealed that autophagy
has important roles in various develop-
mental, physiological, and pathological
processes.! Nevertheless, significant gaps
have remained in our knowledge regard-
ing autophagy. Among these are the pro-
cess of autophagosome maturation, and
the mechanisms that ensure timely and
specific fusion with late endosomes and
lysosomes.

SNAREs [soluble N-ethylmaleimide-
sensitive factor (NSF) attachment pro-
tein receptor] are likely to be involved in
autophagosome-lysosome fusion because
the majority of vesicle fusion events are
usually mediated by the action of these
proteins. R SNARE:s contribute an argi-
nine (R) residue to the zero ionic layer
of the assembled core complex, while Q
SNAREs have a glutamine (Q) in the
same position.’ A trans-SNARE complex
is formed by the binding of an R SNARE
(associated with the first vesicle) to two
or three proteins (located on the second
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VIEWS AND COMMENTARIES

Figure 1. Ultrastructural images of wild-
type and Syx17 mutant Drosophila cells from
early L3 stage larvae starved for 3 h. (A) Both
autophagosomes (AP) and electron-dense
autolysosomes (AL) can be observed in vari-
ous tissues of starved control larvae, such
as the fat body shown here. M, mitochon-
drion. (B) Typical double-membrane auto-
phagosomes accumulate in large numbers
in starved Syx17 mutant larvae, illustrated
by a Malpighian tubule cell in this image. (C)
This panel shows a rarely observed phago-
phore in a Syx17 mutant cell, which appears
as a curved, nonbranching membrane cistern
with a characteristic cleft between the two
membranes after standard glutaraldehyde
fixation. While the empty-looking space is an
artifact, it greatly facilitates the identification
of early autophagic structures. Arrowheads
point to the edges of the phagophore, where
the transitions of prospective outer and inner
membrane layers are clearly visible.

compartment) that altogether supply three
Q SNARE domains. After membrane
fusion is accomplished, all four SNARE
domains are bound to the same mem-
brane and are referred to as a cis-SNARE
complex. The approximately 30 SNARE
proteins found in different organisms
assemble in a combinatorial fashion, and
the same protein is often incorporated in
functionally distinct complexes, compli-
cating mechanistic studies.’> Clear loss-
of-function phenotypes (ideally obtained
with the use of null mutants and genetic
rescue experiments), together with interac-
tion and localization data for endogenous
proteins, are key for proving the direct role
of a given SNARE in autophagy.

In yeast cells, autophagosomes can
directly fuse with the vacuole, the func-
tional counterpart of lysosomes. In con-
trast, delivery of autophagosomal contents
to lysosomes in metazoan cells appears to
depend on late endosomes.** Furthermore,
the SNAREs Vam3 and Vam?7 that are
required for  autophagosome-vacuole
fusion in yeast do not have clear homologs
in animals, and no autophagosome-asso-
ciated SNARE protein has been identified
in metazoan cells until recently.®”® Two
papers now reveal how the specificity of
autophagosome fusion with endosomes
and lysosomes is achieved.*® In one of
these papers, we presented the results of
a systematic screen for SNARE proteins
involved in starvation-induced auto-
phagy, using genetic mosaics of Drosophila
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larvae.” RNAi depletion of SyxI7, ubis-
nap [the fly homolog of SNAP29 (syn-
aptosomal-associated protein, 29 kDa)],
and CGI599 [Vamp7 (vesicle-associated
membrane protein 7)] leads to a simi-
lar, very characteristic phenotype: auto-
phagosomes positive for Atg8a accumulate
in the perinuclear region of fat body cells
(the fly equivalent of hepatocytes and
adipocytes). Autophagic degradation is
completely blocked in these cells, as no
LysoTracker-positive acidic autolysosomes
form, no autophagy-dependent lysosomal
quenching of GFP-Atg8a fluorescence is
observed, and selective autophagic degra-
dation of ref(2)P (mammalian SQSTM1/
p62) aggregates is impaired. More rigor-
ous genetic tests of Syx/7 and CGI599/
Vamp7 mutants show large-scale accumu-
lation of autophagosomes in larval and
adult tissues, based on commonly used
transgenic reporters, immunofluorescent
staining, western blot and ultrastructural
analyses. Figure 1. shows the morphol-
ogy of typical double-membrane auto-
phagosomes that abound in Syx/7 mutant
larval tissues, and also illustrates a phago-
phore, which is a rarely observed structure
likely to be shortlived both in control
and mutant cells. Importantly, these auto-
phagy defects could be rescued by trans-
genic expression of the wild-type protein
in SyxI7 mutant backgrounds. In line
with the results of our screen, Syx17 forms
a complex with ubisnap and CG1599, the
closest fly homolog of the mammalian
VAMP7 and VAMPS proteins. Finally, we
showed that endogenous Syx17 is present
in Atg8a-positive autophagosomes, based
on immunofluorescence microscopy and
immuno-electron microscopy (EM), but
not in phagophores [marked by endog-
enous Atg5, or by Atg8a in Arg2 mutants
that accumulate stalled phagophore
assembly sites (PASs)].

In the other study, siRNA silencing
of STX17 in cultured human cells was
also found to result in the accumulation
of autophagosomes positive for LC3 (a
human homolog of Atg8), and this pheno-
type could be rescued by co-transfection
with an RNAi-resistant transgene.® This
paper also identified a SNARE complex of
STX17 (Qa), SNAP29 that contains two
SNARE domains (Qbc), but no mem-
brane anchor, and lysosomal/endosomal
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VAMPS (R). As expected from the inter-
action data, silencing of either SNAP29 or
VAMPS phenocopied the loss of STX17.
Moreover, GFP-Syntaxin 17 could be
detected in LC3-positive autophagosomes,
but not in phagophores, and immuno-
electron microscopy suggested that it is
located in the outer membrane of double-
membrane autophagosomes. These data
support the following model for fusion:
STX17 is first loaded onto the outer bor-
dering membrane of autophagosomes
and recruits SNAP29, which is followed
by binding to VAMP8 (CG1599/Vamp7
in flies) located in endosomes and lyso-
somes. After fusion is completed, the
cis-SNARE complex is presumably disas-
sembled and recycled from the lysosomal
membrane through the actions of NSF
(N-ethylmaleimide-sensitive factor) and
NAPA (NSF attachment protein, a, also
known as a-SNAP), as usual.?

These two recent papers shed some
light onto how autophagosomes gain
competence for fusion with endosomes
and lysosomes, as phagophores never par-
ticipate in such events. A new question
immediately arises: how is STX17/Syx17
transported to the outer membrane of
autophagosomes? Itakura et al. found that
a free cytoplasmic pool of STX17 exists,
which is likely to be the result of its atypi-
cal structure.”® Unique among SNARE
proteins, it contains two transmembrane
domains. These glycine-rich motifs were
suggested to form a glycine zipper, medi-
ating close packing of the two domains.
Interestingly, replacement of selected
glycines with leucines greatly reduces the
autophagosomal localization of this pro-
tein without affecting its presence in the
ER and mitochondria. The specific mech-
anism responsible for loading STX17 into
the outer autophagosomal membrane only
after sealing of the phagophore is not yet
known. Future studies should provide
further insights into this process, such
as by proteomic identification of STX17
binding partners, or through the analy-
sis of new hits from genetic screens that
result in autophagosome accumulation
by preventing STX17 recruitment to
autophagosomes.

The number and size of autophagic
structures at a given time point depends on
two processes: the rate of autophagosome
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formation (incoming material), and deg-
radation of sequestered cargo in lysosomes
(outgoing material). Thus, experiments
aimed at measuring autophagic flux have
become an essential part of autophagy
analyses. The most common test for this
purpose is the application of bafilomycin,
chloroquine, or similar drugs that block
lysosomal breakdown." Unfortunately,
these treatments also impair degrada-
tion of endosomal cargo and interfere
with lysosome-dependent activation of
MTOR, a major regulator of cell growth
and autophagy.'*" In addition, the use
of bafilomycin is limited to cultured cells
due to toxicity in complex multicellular
organisms. Although a role of STX17 in
endocytosis has not been excluded yet, we
propose that mutation or RNAi knock-
down of this gene may eventually turn
out to be more specific than bafilomycin
treatment in autophagic flux experiments.
Importantly, it can also be used to deter-
mine autophagic flux in whole animals in
addition to cultured cells.

A third recent study suggested that
autophagosomes may often form in the
vicinity of both the ER and mitochon-
dria, and implicated a role for STX17
in phagophore closure based on lim-
ited analysis." Many aspects of the two
human cell culture reports match: STX17
was found on both mitochondria and
the ER, LC3-positive dots accumulate in
microscopy images of STX17-depleted
cells, and the levels of lipidated LC3 and
the selective autophagy cargo SQSTMI
increased in western blots of siRNA cell
lysates.!”" It is important to highlight that
these tests do not distinguish between
accumulation of phagophores or auto-
Unfortunately,

phagosomes. multiple

experiments performed in these different
labs produced contradicting results.'*"
First, Itakura et al. found no colocaliza-
tion of STX17 with numerous markers
of the PAS including ATG14, ATGIG6LI,
ZFYVEL/DFCP1, ULK1 or WIPII,
whereas Hamasaki et al. reported its par-
tial colocalization with ATG14, but they
did not test other PAS markers. Second,
Itakura et al. detected about half of the
endogenous (or GFP-tagged) STX17 pool
in the cytosolic fraction after ultracentri-
fugation, whereas Hamasaki et al. showed
that endogenous STX17 is almost entirely
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membrane-associated, and it is hardly
detectable in the cytosol in fractionation
experiments. Transmission EM is still one
of the most informative autophagy tests,
and helps to interpret results obtained by
other methods. The prerequisite of reli-
able support by transmission EM is the
exact and rigorous identification of the
various autophagic structures. Itakura
et al. detected and quantified the accu-
mulation of typical double-membrane
autophagosomes in S7X17 siRNA cells.
In the ultrastructural images selected by
Hamasaki et al., the identity of phagoph-
ores and autophagosomes is uncertain in
many cases even in enlarged images due
to low resolution, tangentional sectioning
and discontinuity of the membranes at
certain places.

Nevertheless, these studies are not
entirely incompatible with each other.
It could be possible that STX17 is also
involved in autophagosome formation,
although it is not clear why unsealed
phagophores with a size of regular auto-
phagosomes would accumulate if the
allegedly critical membrane trafficking
from ER and mitochondria was blocked
with S7X17 siRNA. One may argue that
the siRNA treatments by Hamasaki et al.
were more potent than those of Irakura et
al., and perhaps revealed an earlier func-
tion. Careful biochemical and cell biology
analysis of chromosomally deleted alleles
(knockouts) of STX17 in mouse embry-
onic fibroblasts and in mice will be very
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autophagosomes in neurons of adult flies.”
These mutants perform very poorly in a
climbing assay, a standard test for neuro-
nal dysfunction, and all die within 4 d of
eclosing from the pupal case, in contrast
with normal flies that live for months.
Since genetic suppression of cell death in
neurons does not improve these mutant
phenotypes, unlike transgenic expression
of wild-type Syx17, it is likely the accu-
mulation of autophagosomes that renders
these neurons unable to perform their
normal tasks.” The first animal model
of genetically impaired autophagosome
fusion clearly shows that in addition to the
initial sequestration of cytoplasmic cargo,
the final lysosomal breakdown is also
essential. Numerous diseases are char-
acterized by the accumulation of auto-
phagosomes and autophagic vesicles, such
as neurons in Alzheimer disease and mus-
cles in vacuolar myopathy patients, respec-
tively.! Therefore, it will be exciting to see
whether future studies can link genetic
defects of the STXI17-dependent fusion

machinery to certain human diseases.
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