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Introduction

In eukaryotic cells, macroautophagy (hereafter autophagy) is 
a conserved catabolic process by which some organelles, long-
lived proteins and other cytoplasm molecules are degraded.1 
Autophagosomes are formed by the elongation and fusion of a 
flat membrane sac, called phagophore which engulfs cytoplasmic 
components in a double-membrane vacuole. Several compart-
ments appear to contribute molecules (proteins and lipids) to 
form the autophagosome,2 including the endoplasmic reticulum, 
Golgi, mitochondria and plasma membrane.3-10 The amphisome, 
an hybrid organelle, is generated by interaction between autopha-
gosomes with components of the endocytic pathway.11,12 Finally, 
this structure can degrade the incorporated material by fusion 
with lysosomes, generating the autolysosome. Several signals can 
trigger autophagy in mammalian cells such as nutrient starva-
tion, stress, or treatment with hormones.

Transport, docking, and fusion of vesicles with its proper tar-
get organelle requires conserved molecular machinery. SNARE 
proteins have a highly conserved domain (SNARE domain) 
which is responsible for the formation of the SNARE complex.13 
The current model claims that in neuronal exocytic events 
the interaction between v-SNARE and t-SNARE molecules is 
required. Numerous biochemical, structural, and genetic studies 
have shown that folding of this bundle would drive membranes 
to the fusion event.14

Autophagy is a normal degradative pathway that involves the sequestration of cytoplasmic components and organelles 
in a vacuole called autophagosome. sNARes proteins are key molecules of the vesicle fusion machinery. Our results 
indicate that in a mammalian tumor cell line a subset of VAMP7 (V-sNARe)-positive vacuoles colocalize with Lc3 at the 
cell periphery (focal adhesions) upon starvation. The re-distribution of VAMP7 positive structures is a microtubule-
dependent event, with the participation of the motor protein KiF5 and the RAB7 effector RiLP. interestingly, most of the 
VAMP7 labeled vesicles were loaded with ATP. Moreover, in cells subjected to starvation, these structures fuse with the 
plasma membrane to release the nucleotide to the extracellular medium. summarizing, our results show the molecular 
components involved in the release of ATP to extracellular space, which is recognized as an important autocrine/
paracrine signal molecule that participates in the regulation of several cellular functions such as immunogenicity of 
cancer cell death or inflammation.

ATP is released from autophagic vesicles  
to the extracellular space in a VAMP7-dependent 

manner
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The VAMP tetanus toxin-insensitive, designated as TI-VAMP15 
or VAMP716 has a long N-terminal extension, called the Longin 
domain. Interestingly, this N-terminal extension plays an impor-
tant role in both the localization and function of VAMP7. 
Indeed, the Longin domain produces an inhibitory effect on the 
SNARE complex formation. Previous publications have demon-
strated the function of VAMP7 in endosomal vesicle trafficking 
to lysosomes.16,17 The role of this SNARE in constitutive exocy-
tosis and its participation in the fusion of MVBs (multivesicular 
bodies) with the plasma membrane to release exosomes into the 
extracellular medium was also demonstrated.18,19 Furthermore, 
we have also demonstrated that the fusion between amphisomes 
with the lysosome requires VAMP7, allowing the completion of 
the autophagic pathway. In addition, a recent publication indi-
cates that the homotypic fusion of ATG16L1 precursors, to form 
mature autophagosomes, also depends on VAMP7.20

In the present report we provide evidence that VAMP7 is nec-
essary to deliver autophagosomes/amphisomes to focal adhesions 
upon autophagy induction by starvation. In addition we have 
shown that two endosomal trafficking proteins, KIF5 and RILP, 
are involved in the transport of the autophagic vacuoles to the 
cell periphery or toward the perinuclear region, respectively. Of 
note, these VAMP7-labeled vesicles are loaded with ATP and the 
starvation stimulus caused the delivery of the ATP-containing 
amphisomes toward the cell tips to fuse with the plasma mem-
brane, releasing the ATP to the extracellular space.
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a representative autophagic marker24 which localizes 
to autophagosomes. To investigate the possible role of 
VAMP7 (Fig. 1A) and VTI1A (Fig. 1B), a SNARE 
partner of VAMP7, in the autophagic pathway we 
analyzed the distribution of the endogenous proteins 
upon autophagy induction. VAMP7, VTI1A and 
LC3 were detected by indirect immunofluorescence 
(IF). HeLa cells were incubated in complete media 
(control, Ctr) or starvation media (Stv). As shown in 
Figure 1A, a–c, a fraction of LC3-positive structures 
were labeled with VAMP7 in full nutrient conditions, 
whereas no colocalization between LC3 and VTI1A 
was observed (Fig. 1A, a–c). Interestingly, upon 
induction of autophagy by starvation a population of 
VAMP7 structures, also labeled by LC3, localized at 
the tips of the cell (Fig. 1A, d–f). Similarly, a redis-
tribution of VTI1A-vesicles also colabeled with LC3 
was observed (Fig. 1B, a–c). The percentage of cells 
with VAMP7 and LC3 or VTI1A and LC3-positive 
structures at the cell periphery upon starvation condi-
tions was quantified as indicated in Figure 1C. These 
results suggest that in HeLa cells starvation causes a 
redistribution of VAMP7-labeled autophagosomes to 
the cell periphery.

In order to assess whether other autophagic inducers 
(i.e., canonical and noncanonical)25-27 were able to cause 
a similar effect, we analyzed the distribution of VAMP7 
in cells treated with different compounds. HeLa cells 
overexpressing GFP-LC3 were incubated in starvation 
media (Stv) or in complete media in absence (Ctr) or 
presence of rapamycin (Rapa), resveratrol (Resv) or 
spermidine (Spd). Cells were subjected to IF to detect 
endogenous VAMP7. Similar to the results obtained 
with starvation all the others autophagic stimulators 
tested caused a redistribution of a fraction of VAMP7 
structures, also labeled by LC3, toward the tips of the 
cell (Fig. 2A). The percentage of cells with VAMP7- 
and LC3-positive structures at the cell periphery was 
quantified as indicated in Figure 2B with resvera-
trol one of the most potent. A similar redistribution 
was observed in MDA MB-231 (breast cancer cell), 
HT-1080 (fibrosarcoma) (Fig. S1A and S1B) and MIO-
M1 cells (Muller stem cells) (Fig. S2A and S2B). MDA 
MB-231 cells presented the higher number of VAMP7-
autophagosomes at the cell periphery in autophagy 
inducing conditions. As expected, the VAMP7-positive 
structures localized at the cell periphery upon starva-
tion were not observed in cells incubated in the pres-

ence of wortmannin, a well known autophagy inhibitor (Fig. S1A 
and S1B). In addition, the processing of LC3 in cells incubated 
with the different autophagy inducerss was assessed by western 
blot (Fig. 2C) and the ratio of LC3 II and tubulin was deter-
mined (Fig. 2D). As expected, all the autophagy inducers tested 
caused an increase in the LC3-II levels.

Taken together, these results suggest that in HeLa as well 
as in other cell types, autophagy inducers, such as starvation, 

Results

Autophagy induction causes redistribution of VAMP7-
labeled autophagosomes to the cell periphery. VAMP7 has 
been involved in multiple vesicular transport events.17,19,21-23 In a 
recent publication we presented evidence that VAMP7 partici-
pates in the fusion of MVBs with the plasma membrane and 
also in autophagosome-lysosome fusion.18 The protein LC3 is 

Figure 1. VAMP7- but not VTi1A-positive autophagosomes are redistributed to 
the cell periphery upon starvation. heLa cells were incubated for 4 h in amino acid 
and serum-free media (stv, d–f) or in full nutrient media (ctr, a–c). cells were fixed 
and Lc3, VAMP7 (A) or VTi1A (B) proteins were detected by indirect immunofluo-
rescence. images were obtained by confocal microscopy. scale bars: 5 μm. Mean 
of the Pearson’s coefficient for (A) ctr: 0.32, stv:0.69 (B) ctr: 0.25, stv:0.39. (c) The 
percentage of cells with VAMP7 and Lc3 (right panel) or VTi1A and Lc3 (left panel) 
positive structures at the cell periphery in starvation conditions was quantified 
from images as the ones displayed in (A and B) and represent the mean ± seM of 
three independent experiments. At least 100 cells were counted in each condition.
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VAMP7 with two structural proteins PXN/paxillin and VCL/
vinculin, commonly used as markers of cell matrix adhesion 
complexes. HeLa cells overexpressing GFP-PXN (Fig. 3A) and 
GFP-VCL (Fig. 3B) were incubated in complete media (control, 
Ctr) or in starvation media to activate autophagy (Stv). Cells 
were subjected to IF to detect endogenous VAMP7. Interestingly, 
no colocalization was observed between the focal adhesion mark-
ers and VAMP7 in control conditions (Fig. 3B, upper panels). 
In contrast, a population of VAMP7-labeled structures clearly 

rapamycin, resveratrol or spermidine, cause a re-distribution of 
VAMP7-labeled autophagosomes to the cell periphery.

VAMP7-labeled structures localize in focal adhesions upon 
starvation. Cell-matrix interactions are involved in several 
physiological and pathological processes. These interactions are 
mainly dependent on cell surface integrins which are clustered 
in isolated areas of the membrane known as focal adhesions.28 
To address whether VAMP7-labeled structures distributed to 
focal adhesions we examined the co-localization of endogenous 

Figure 2. Autophagic inductors cause a redistribution of VAMP7-positive autophagosomes to the cell periphery. (A) heLa cells overexpressing GFP-
Lc3 were incubated for 4 h in starvation media (stv) or 3 h in complete media in the absence (ctr) or presence of rapamycin (Rapa), resveratrol (Resv) 
or spermidine (spd). cells were fixed and VAMP7 was detected by indirect immunofluorescence. images were obtained by confocal microscopy. 
scale bars: 5 μm. Mean of the Pearson’s coefficient are ctr: 0.23, stv:0.8, Rapa: 0.76, Resv:0.83, spd:0.79. (B) The percentage of cells with VAMP7 and 
Lc3-positive structures at the cell periphery was quantified from images as those displayed in (A) and represent the mean ± seM of two independent 
experiments. ** significantly different from the control, p < 0.005. (c) heLa cells incubated for 4 h in starvation media (stv) or 3 h in complete media 
(ctr) in the absence or presence of rapamycin (Rapa), resveratrol (Resv), spermidine (spd) or resveratrol + spermidine (Resv + spd) were lysed with 1% 
Triton X100 in PBs. samples were subjected to sDs-PAGe and transferred onto a nitrocellulose membrane as described in Materials and Methods. The 
membrane was incubated with a rabbit anti-Lc3, a mouse anti-VAMP7 and the corresponding hRP-labeled secondary antibodies, and subsequently 
developed with an enhanced chemiluminescence detection kit. (D) The Lc3-ii/tubulin ratio was measured from images as those displayed in (c). im-
ages are representative of two independent experiments.
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cell, were determined (Fig. 3C, right 
panel). These results suggest that 
starvation leads to an increase of 
VAMP7-positive structures colocal-
izing at focal adhesions.

The VAMP7-labeled autopha-
gic structures localized at the cell 
tips have amphisome characteris-
tics. To characterize the VAMP7 
structures at the focal adhesions we 
analyzed the colocalization with dif-
ferent endosomal markers in HeLa 
cells incubated in starvation or in 
complete media. A subset of cells 
was incubated with the lysosomal 
marker LysoTracker red and then 
endogenous VAMP7 was detected. 
As shown in Figure 4A, only very 
few VAMP7 structures, localized at 
focal adhesions, were labeled with 
LysoTracker red (Fig. 4A, d–f), sug-
gesting that these vesicles do not 
have lysosomal features. The per-
centage of cells with VAMP7 and 
LysoTracker positive structures at 
the cell periphery was determined 
(Fig. 4A, right panel). We also ana-
lyzed HeLa cells overexpressing 
GFP-LAMP1 (lysosomal marker) 
incubated in complete media or 
starvation media, and endogenous 
CTSD/cathepsin D and VAMP7 
were detected by IF. As expected, in 
cells incubated in complete medium, 
a population of lysosomes close to 
the perinuclear region was decorated 
by VAMP7 (Fig. 4B, a–d). In con-
trast, in cells incubated under star-
vation conditions VAMP7-decorated 
vesicles were present at focal adhe-
sions but no major colocalization 
with LAMP1 or CTSD was observed 
(e–h and Figure 4B, right panel).

To study the possibility that the 
VAMP7-labeled structures present 
at the focal adhesions contain early 
endosome markers we analyzed 
HeLa cells overexpressing GFP-
RAB5 and endogenous CTSD and 
VAMP7 were detected by IF. As 
expected, there was no colocalization 
between VAMP7 or CTSD with 

RAB5 in control conditions (Fig. 4C, a–d). In cells incubated 
under starvation conditions RAB5-positive structures changed 
its distribution to a peripheral localization but no colocalization 
with VAMP7 or CTSD structures was observed (Fig. 4C, e–h). 

colocalized with GFP-PXN (Fig. 3A, lower panels) or GFP-
VCL (Fig. 3B, lower panels). The percentage of colocalization 
between VAMP7 and PXN or VCL (Fig. 3C, left panel), as well 
as the number of VAMP7/focal adhesion-positive structures per 

Figure 3. VAMP7-labeled vesicles are localized at the focal adhesions in starvation conditions. Trans-
fected heLa cells overexpressing peGFP-PXN (A) or pGFP-VcL (B) were incubated for 4 h in amino acid 
and serum-free media (stv) or in full nutrient media (ctr). cells were fixed and VAMP7 (red) protein was 
detected by indirect immunofluorescence. images were obtained by confocal microscopy. scale bars: 5 
μm. Mean of the Pearson’s coefficient for (A) ctr:0.22, stv:0.81 (B) ctr:0.25, stv:0.8. (c) The percentage of 
cells with VAMP7 and PXN or VcL positive structures (left panel) as well as the number of VAMP7/focal 
adhesions positive structures per cell (right panel) was determined from images as those displayed in (A 
and B) and represent the mean ± seM of two independent experiments. At least 50 cells were counted 
in each condition.
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proteins VAMP7 and M6PR were detected. As shown in the 
Figure 5A, there was a marked increase in the colocalization 
between VAMP7 and M6PR near the cell edge (focal adhesions) 
in cells incubated under starvation conditions (Fig. 5A, d–f and 
right panel).

Since we have previously shown that RAB7 is recruited to 
the autophagosomal membrane and is required for autophago-
some maturation29,30 we were interested in addressing whether 
this RAB protein also labels the LC3/VAMP7-positive vacuoles 
recruited to focal adhesions. For this purpose, HeLa cells were 
transiently cotransfected with GFP-RAB7, incubated in complete 

The percentage of cells with VAMP7, RAB5 and CTSD posi-
tive structures at the cell periphery was quantified (Fig. 4C, right 
panel). In addition, cells cotransfected with GFP-RAB5 and 
RFP-LC3 were analyzed and as shown in Figure S3, both RAB5 
and LC3-labeled structures changed their distribution in starva-
tion conditions but no colocalization was observed. This result 
confirms that the LC3 structures present at focal adhesions (i.e., 
autophagosomes) are not labeled with early endosomal markers.

We next analyzed the distribution of the late endosomal 
marker manose-6-phosphate receptor (M6PR). Cells were incu-
bated in the conditions mentioned above and the endogenous 

Figure 4. VAMP7 structures redistributed by starvation are only partially labeled with lysosomal markers. heLa cells were incubated in starvation 
media (d–f) or in complete media (a–c). (A) cells were incubated with LysoTracker red and then endogenous VAMP7 (green) was detected by indirect 
immunofluorescence. Mean of the Pearson’s coefficient ctr:0.29, stv:0.27. (B) heLa cells overexpressing GFP-LAMP1 (lysosomal marker) were incubated 
in complete media or starvation media. endogenous cTsD (blue) and VAMP7 (red) were detected by indirect immunofluorescence (iF). Mean of the 
Pearson’s coefficient ctr:0.26, stv:0.21. (c) heLa cells overexpressing GFP- RAB5 were incubated in complete media or starvation media. endogenous 
cTsD (blue) and VAMP7 (red) were detected by indirect iF. Mean of Pearson’s coefficient ctr:0.21, stv:0.21. images were obtained by confocal micros-
copy. scale bars: 5 μm.
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focal adhesions after starvation-induced autophagy. The percent-
age of cells with VAMP7 and LC3 positive structures at the cell 
periphery was determined (Fig. 5C, right panel). Taken together, 
these data suggest that autophagosomes with late characteristics 
(i.e., amphisomes) are recruited to focal adhesions in cell incu-
bated in amino acid and serum free media.

VAMP7 is required for the redistribution of amphisomes 
toward the cell periphery. To address whether the unexpected 
distribution of LC3 was dependent on VAMP7, a subset of HeLa 
cells was cotransfected with a RFP-LC3 plasmid and a scrambled 

or starvation media and then VAMP7 was detected by indirect 
IF. Interestingly, a high level of colocalization of RAB7 and 
VAMP7 at the cell periphery was observed in starvation condi-
tions (Fig. 5B, see quantification in right panel), confirming the 
late endosomal characteristics of the VAMP7-labeled structures 
localized at focal adhesions. In addition, we analyzed whether 
these RAB7-positive structures were also labeled with LC3. Cells 
were transiently cotransfected with RFP-LC3 and GFP-RAB7 
and autophagy was induced by starvation media. As shown in 
Figure 5C, RAB7-positive autophagosomes were localized at 

Figure 5. Late endosomal markers colocalize with VAMP7 at the cell tips upon starvation conditions. (A) endogenous VAMP7 (red) and M6PR (green) 
were detected by indirect immunofluorescence (iF). Mean of Pearson’s coefficient ctr:0.41, stv:0.82. images were obtained by confocal microscopy. (B) 
heLa cells overexpressing GFP- RAB7 were incubated in complete media or starvation media. endogenous VAMP7 (red) was detected by indirect iF. 
Mean of Pearson’s coefficient ctr:0.34, stv:0.76. images were obtained by confocal microscopy. (c) Transiently cotransfected heLa cells overexpressing 
GFP-RAB7 and RFP-Lc3 were incubated in complete media or starvation media. Mean of Pearson’s coefficient ctr:0.21, stv:0.77. cells were mounted on 
coverslips and immediately analyzed by confocal microscopy. scale bars: 5 μm.
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determined (Fig. 7B). White and black bars indicate transfected 
and untransfected cells respectively in each conditions studied.

We next analyzed the distribution of VAMP7 in MEF 
ATG5wt and MEF ATG5 knockdown cells incubated in the 
presence of autophagic stimulators. MEF cells were incubated in 
starvation media (Stv) or in complete media in the absence (Ctr) 
or presence of resveratrol (Resv). Endogenous VAMP7 and LC3 
were detected by indirect IF. As expected, in MEF ATG5wt cells 
incubated in starvation media or with resveratrol, a fraction of 
LC3 and VAMP7-labeled vesicles redistributed at the cell edge. 
In contrast, in MEF ATG5-/- cells incubated in the same condi-
tions mentioned above there were no VAMP7-labeled vesicles at 
the cell tips (Fig. S5A and S5B).

Taken together, these results indicate that two key proteins 
of the autophagy pathway (i.e., ATG5 and BECN1) are neces-
sary for the autophagy induced redistribution of VAMP7-positive 
structures toward the cell periphery.

Transport of VAMP7 structures to focal adhesions is micro-
tubule dependent. In order to analyze if microtubule-disrupting 
agents or compounds that inhibit actin polymerization are able 
to impair the delivery of VAMP7 to the cell periphery upon 
starvation-induced autophagy we incubated cells in the pres-
ence of different inhibitors. HeLa cells were incubated in com-
plete media or in starvation media in the absence or the presence 
of the microtubule depolymerizing agents vinblastin (Vb) or 
nocodazole (Noc) or with the actin filaments inhibitor latruncu-
lin B (Lat). Subsequently, endogenous VAMP7 was detected by 
IF. As shown in Figure 8A, both Vb and Noc hampered the re-
distribution of VAMP7 to the cell periphery. In cells incubated in 
the presence of Lat, VAMP7 presented a perinuclear distribution, 
probably because this inhibitor caused cell detachment, gener-
ating rounded cells. To further analyze the effect of Vb in the 
transport of VAMP7 to the cell periphery, a population of cells 
was incubated with LysoTracker red to label the lysosomes and 
then endogenous VAMP7 was detected (Fig. 8B). Endogenous 
M6PR and VAMP7 were also detected in another subset of cells. 
As shown in Figure 8B, cells incubated in the presence of Vb 
presented a marked decrease in LysoTracker red labeled vesicles. 
Furthermore, an increased number of late endosomes labeled 
with VAMP7 and M6PR close to the perinuclear region was 
observed in cells treated with Vb.

We next assessed the effect of these agents on the transport 
of autophagosomes to focal adhesions. Endogenous LC3 and 
VAMP7 proteins were detected in HeLa cells incubated in 
complete media or in starvation media in the presence of Vb. 
As shown in Figure 8C, the microtubule depolymerizing agent 
hampered the transport of autophagosomes to the cell periphery. 
Taken together, these results suggest that microtubules are neces-
sary for VAMP7-autophagosomes transport to the cell tips.

Proteins involved in microtubule-mediated trafficking par-
ticipate in the transport of the VAMP7-vesicles. It has been 
shown that the RAB7 effector RILP (Rab interacting lysosomal 
protein) may coordinate the biogenesis of late endosomes via 
dynein-mediated motility.31 To investigate the possible role of 
this effector in the transport of the VAMP7-labeled vesicles to 
the cell periphery, cells overexpressing GFP-RILP were incubated 

siRNA or a siRNA against VAMP7. Endogenous VAMP7 was 
detected by indirect IF. As shown in Figure 6A silencing of 
VAMP7 caused a marked decrease of LC3-positive structures 
present at the cell tips but also a reduction in the total number 
of LC3-labeled structures, suggesting that VAMP7 is required 
for autophagosome formation. In order to corroborate that the 
knockdown of VAMP7 is affecting autophagosome biogenesis, 
the levels of LC3-II were analyzed by western blot. In addition 
we also assessed whether VTI1A was involved in the process. 
HeLa cells were transfected with a scrambled siRNA (Ctr) or a 
siRNA against VAMP7 or VTI1A. The specific reduction in the 
amount of either VAMP7 or VTI1A is shown in Figure 6B (see 
also quantifications in Figure 6C and D). Interestingly, the levels 
of LC3 II were only reduced in cells transfected with the VAMP7 
siRNA (Fig. 6B and E). These results indicate that VAMP7 but 
not VTI1A is required for autophagosome formation.

We next analyzed whether overexpression of the N-terminal 
extension of VAMP7, which hampers SNARE pairing, affects 
the distribution of endogenous VAMP7 close to the plasma mem-
brane. For this purpose transiently transfected HeLa cells over-
expressing the N-terminal domain of VAMP7 as a fusion protein 
with GFP (GFP NT-VAMP7) were generated. The cells were 
incubated in starvation or in complete media and subsequently 
subjected to IF to detect VAMP7 and CTSD. Images were taken 
with high and low gain in each condition to visualize either 
endogenous or overexpressed VAMP7, respectively. As expected, 
a diffuse distribution of GFP-NT-VAMP7 was observed in cells 
incubated either in starvation or control conditions (Fig. S4B). 
In contrast, nontransfected cells presented a typical punctate 
distribution of VAMP7. Interestingly, the N-terminal fragment 
of VAMP7 impaired the cell periphery distribution of endog-
enous VAMP7 under starvation conditions. The number of 
VAMP7 vesicles close to the cell surface upon starvation-induced 
autophagy was quantified (Fig. S4C), confirming the significant 
decreased percentage of these vesicles close to plasma membrane. 
These results suggest that starvation leads to a redistribution of 
VAMP7-positive structures close to the plasma membrane which 
is impaired by overexpression of the NT-domain of VAMP7, 
likely by competition of the N-terminal extension of VAMP7 
with the endogenous VAMP7.

ATG5 and BECN1/Beclin 1 are required for the redistribu-
tion of the VAMP7-structures to focal adhesions upon autoph-
agy induction. To study the possible role of some ATG proteins 
in the autophagy induced transport of VAMP7-positive struc-
tures at the cell periphery, a subset of HeLa cells was cotrans-
fected with a GFP-Vector plasmid and a pSUPER scrambled or 
a pSUPER BECN1KD. Cells were incubated in starvation media 
(Stv) or in complete media in the absence (Ctr) or presence of 
resveratrol (Resv). Endogenous VAMP7 was detected by indi-
rect IF. As shown in Figure 7A, cells overexpressing GFP-vector 
and pSUPER BECN1KD incubated under autophagic stimula-
tion conditions presented a marked decrease in VAMP7-positive 
structures at the cell tips compared with untransfected cells or 
with cells co-expressing GFP-vector and the scrambled plasmid, 
incubated in the conditions mentioned above. The percentage of 
cells with VAMP7-positive structures at the cell periphery was 
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Figure 6. VAMP7 but not VTi1A is 
required to autophagosome forma-
tion. (A) heLa cells were cotrans-
fected with RFP-Lc3 plasmid and a 
scrambled siRNA or a siRNA against 
VAMP7. cells were fixed and VAMP7 
was detected by indirect immuno-
fluorescence. images were obtained 
by confocal microscopy. scale bars: 
5 μm. (B) heLa cells transfected with 
the scrambled siRNA (ctr), siRNA 
against VAMP7 or siRNA against VTI1A 
were lysed with 1% Triton X100 in PBs. 
samples were subjected to sDs-PAGe 
and transferred onto a nitrocellulose 
membrane as described in Materials 
and Methods. The membrane was 
incubated with a rabbit anti-Lc3, a 
mouse anti-VAMP7, mouse anti-VTi1A 
and the corresponding hRP-labeled 
secondary antibodies, and subse-
quently developed with an enhanced 
chemiluminescence detection kit. (c 
and D) The percentage of VAMP7 and 
VTi1A were quantified from images 
as the ones displayed in (B). (e) The 
Lc3ii/tubulin ratio was measured 
from images as those displayed in 
(B). images are representative of two 
independent experiments.

in complete media or starvation and then VAMP7 was detected 
by IF. As shown in Figure 9A, transfected cells presented a peri-
nuclear distribution of VAMP7 even in starvation conditions. In 
contrast, nontransfected cells showed the peripheral distribution 
of VAMP7 in starvation conditions as described above. The per-
centage of cells with VAMP7 at the cell periphery was quantified 
in Figure 9B. This result suggests that RILP favors the retrograde 
transport of VAMP7-positive vesicles from the focal adhesions to 
the perinuclear region.

Kinesin molecules are motor 
proteins capable of moving along 
microtubules by hydrolyzing ATP. 
KIF5 belongs to the kinesin super-
family of proteins (KIFs) which 
typically move toward the plus end 
of microtubules and participate in 
anterograde transport.32 To analyze 
the role of KIF5 in the transport of 
VAMP7-vesicles to the cell periph-
ery, HeLa cells were cotransfected 
with the GFP-vector and pcDNA-
KIF5 wt or the dominant nega-
tive mutant pcDNA-KIF5T93N, 
which contain a mutation in the 
ATP-binding motif. Then, endog-
enous VAMP7 was detected in cells 
incubated in complete media or in 
an amino acid, serum-free media. 
As shown in Figure 9C, in cells 

overexpressing KIF5 wt and in nontransfected cells (Fig. 9C, 
g–i) presented VAMP7-vesicles at focal adhesions in starvation 
conditions. Moreover, we observed that in cells overexpressing 
KIF5 even incubated in control conditions, presented a periph-
eral distribution of VAMP7 (Fig. 9C, d–f), suggesting that the 
solely expression of KIF5 leads to the transport of the VAMP7-
structures to the cell periphery. Interestingly, overexpression 
of the negative mutant KIF5T93N hampered the transport of 
VAMP7 to the focal adhesions (Fig. 9C, m–o). The percentage 
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of cells with VAMP7 positive structures at the cell 
periphery was quantified (Fig. 9D). Taken together, 
these results indicate that the kinesin KIF5 is neces-
sary for the transport of the VAMP7-vacuoles to the 
cell edge.

The VAMP7-labeled structures at the cell 
periphery are loaded with ATP. As mentioned, 
VAMP7 is required for the fusion of MVBs with 
the plasma membrane to release exosomes into the 
extracellular medium.18 Several cell types release 
ATP into the extracellular space in response to dif-
ferent stress conditions.33 To determine whether 
ATP was present in the VAMP7-positive structures, 
we detected this nucleotide by labeling HeLa cells 
with quinacrine. Cells were incubated in starvation 
media (Stv) or in complete media in the absence 
(control, Ctr) or the presence of monensin (Mon). 
Monensin was used as a negative control because 
produces a decreased fluorescence of quinacrine 
puncta.34 Cells were incubated with 25 μM of 
quinacrine for 20 min to label vesicles containing 
ATP,35-37 and then subjected to IF to detect endog-
enous VAMP7. As shown in Figure 10A, in control 
conditions very few VAMP7-positive vesicles were 
labeled by quinacrine (Fig. 10A, a–c). In contrast, 
an increased colocalization between both markers 
was observed in conditions that stimulate auto-
phagy (Fig. 10A, g–l). Interestingly, in starvation 
conditions most of the VAMP7-positive structures 
containing ATP were localized at the cell periphery. 
The percentage of colocalization (Fig. 10B) and the 
percentage of cells with ATP/VAMP7-labeled vesi-
cles (Fig. 10C) were quantified As shown in Figure 
10D, the Pearson’s coefficient in starvation condi-
tions is over 0.5, indicating that there is a marked 
colocalization between VAMP7 and quinacrine in 
this condition. These results indicate that induc-
tion of autophagy by starvation causes an increased 
number of ATP-containing vesicles labeled with 
VAMP7 and, in addition, a redistribution of these 
vesicles toward the cell periphery.

ATP-loaded amphisomes fuse with plasma 
membrane upon incubation in starvation condi-
tions. TIRF on a rapid time scale was next used 
to visualize events in proximity to the cell mem-
brane. This microscopy method was performed to 
address whether the ATP-loaded autophagic vacu-
oles were able to fuse with the plasma membrane 
releasing the nucleotide into the extracellular space. 
Cells were transiently transfected with RFP-LC3 
and autophagy was induced by starvation media for 
6 h. Cells were incubated with 25 μM of quina-
crine for 20 min to label vesicles containing ATP. 
By TIRF microscopy we were able to observe the 
fusion of RFP-LC3 positive vesicles containing 
ATP (i.e., amphisomes) with the plasma membrane  

Figure 7. BecN1 is necessary for autophagy-induced transport of VAMP7 structures 
to focal adhesions. (A) heLa cells were cotransfected with a GFP-Vector plasmid and 
a psUPeR scrambled or a psUPeR BecN1KD. cells were incubated for 4 h in starvation 
media (stv) or 3 h in complete media in absence (ctr) or presence of resveratrol (Resv). 
Then, cells were fixed and VAMP7 was detected by indirect immunofluorescence. im-
ages were obtained by confocal microscopy. scale bars: 5 μm. (B) The percentage of 
cells with VAMP7-positive structures at the cell periphery were quantified from images 
as the ones displayed in (A). White and black bars indicates transfected and untrans-
fected cells respectively in each condition studied and represent the mean ± seM of 
two independent experiments. At least 100 cells were counted in each condition.
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fluorescence intensity of the vesicle at the 
exocytic site show a rapid rise followed by 
a decrease to background levels (Fig. 11B, 
diamonds).

To address whether autophagy stimu-
lation by starvation or resveratrol leads to 
ATP release, we quantified the amount of 
this nucleotide in the extracellular medium 
of cultured cells. HeLa cells were grown to 
confluence in a 6-well plate and washed 
with PBS. Cells were incubated at 37°C in 
amino acid and serum-free media (Stv) or 
in full nutrient (Ctr) in presence or absence 
of resveratrol (resv). A 50 μl aliquot of the 
media was collected every 30 min and the 
released ATP was determined by a che-
miluminescent assay (see Materials and 
Methods). Interestingly, our result shows 
that in starvation conditions there was an 
increased level of ATP released into the 
extracellular space, which was even higher 
in the presence of resveratrol (Fig. 11C). 
Taken together these results clearly indi-
cate that amphisomes loaded with ATP 
can fuse with the plasma membrane releas-
ing the nucleotide into the extracellular 
medium.

Discussion

In the present report, we present evidence 
that in HeLa and other cancer cell lines, 
VAMP7 participates in the transport of 
autophagosomes to the cell periphery. 
Our results indicate that upon autophagy 
induction a population of VAMP7-
structures also labeled by LC3 redistrib-
uted at the tips of the cell. This suggests 
that autophagic stimulators such as star-
vation media, rapamycin, resveratrol or 
spermidine can modulate the distribution 
of some endocytic/autophagic compart-
ments to the cell periphery. Interestingly, 
a recent publication has demonstrated that 
trypomastigotes infection in HeLa cells 
incubated in starvation generated a dis-
persed localization at the cellular edge of 
lysosomes and increased exocytosis.38

We have demonstrated that in cells 
incubated in starvation media, those 
VAMP7-positive vacuoles colocalized with 
the focal adhesion markers PXN and VCL. 

Previous studies have shown that VAMP7 is required to matrix 
metalloproteinase (MT1-MMP)-dependent matrix degradation 
at invadopodia, maintaining the functional machinery required 
for cancer cell invasion.39 These results are supported by a recent 

(Movie 1; Fig. 11A). This was visualized as rapid, simultaneous 
diffusion of RFP-LC3 and quinacrine into the plasma membrane. 
Whereas the size of the fluorescent area increased with time, indi-
cating the fusion of the vesicle at the cell surface (squares), the 

Figure 8. Vinblastin impairs the VAMP7 redistribution at the focal adhesions induced by starva-
tion. (A) heLa cells were incubated in complete media or in starvation media in the absence or 
the presence of latrunculin B  (Lat), vinblastin (Vb) or nocodazole (Noc). endogenous Vamp7 was 
detected by indirect immunofluorescence (iF). (B) hela cells were incubated in the presence of 
vinblastin (Vb). A population of cells was incubated with LysoTracker red (upper panel) to label 
the lysosomes. endogenous VAMP7 (lower panel) was detected by indirect iF (green). in another 
subset of cells, endogenous M6PR and VAMP7 were detected by indirect iF. (c) heLa cells were 
incubated in complete media or in starvation media in the presence of Vb. endogenous Lc3 and 
VAMP7 proteins were detected by indirect iF. images were obtained by confocal microscopy. 
scale bars: 5 μm.
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toward the cell periphery of endogenous VAMP7-labeled vesi-
cles. Likewise, knockdown of VAMP7 affected the distribution 
of LC3-positive vesicles at the cell periphery, altering auto-
phagosome formation. Our results are consisting with previous 
observations indicating the requirement for VAMP7 in auto-
phagosome biogenesis.20 In addition, we have demonstrated that 
this redistribution toward the cell periphery upon autophagy 
induction was dependent on the autophagic proteins ATG5 and 
BECN1. Interestingly, these VAMP7-labeled structures local-
ized at the focal adhesions upon starvation stimuli were not 
substantially marked by CTSD or LAMP1, suggesting that the 
VAMP7 structures localized at focal adhesions are not lysosomes 

paper in which it has been shown that VAMP7 mRNA is pres-
ent in pseudopodia of murine fibroblasts in response to migra-
tory stimuli, suggesting that migrating cells probably synthesize 
VAMP7 in pseudopodia.40 Interestingly, experiments performed 
in HeLa cells have demonstrated that the molecular composition 
of ECM modulates autophagy and its role in cell survival dur-
ing starvation.41 Thus, autophagy probably has an important role 
in cell-matrix interaction throughout the fusion of amphisomes 
with the plasma membrane at the cell edge.

We have also observed that overexpression of the N-terminal 
domain of TI-VAMP/VAMP7, which inhibits SNARE com-
plex formation,42 caused a marked decrease in the redistribution 

Figure 9. VAMP7-positive vesicles are transported by proteins involved in microtubule-mediated trafficking. (A) heLa cells overexpressing GFP-RiLP 
were incubated for 4 h in complete media or starvation. endogenous VAMP7 was detected by indirect immunofluorescence (iF). scale bars: 5 μm. 
Arrows: VAMP7 structures localized at the perinuclear region. (B) The percentage of cells with VAMP7 at the cell periphery was quantified from images 
as those displayed in (A) and represent the mean ± seM of two independent experiments. At least 50 cells were counted in each condition. (c) heLa 
cells co-transfected with GFP-vector and pcDNA-Kif5 wt or pcDNA-Kif5T93N were incubated for 4h in complete media or in an amino acid, serum-free 
media. endogenous VAMP7 was detected by indirect iF. Arrows: VAMP7 structures localized at the cell tips. scale bars: 5 μm. images were obtained by 
confocal microscopy. (D) The percentage of cells with VAMP7 positive structures at the cell periphery was quantified from images as those displayed in 
(c) and represent the mean ± seM of two independent experiments.
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region. Interestingly, in cells overexpressing GFP-RILP incubated 
in starvation media, VAMP7 positive structures were not able to 
distribute peripherally. These data indicate that RILP transports 
the amphisomes via the microtubules in centripetal direction. 
This result is in agreement with previous studies showing that 
RILP regulates microtubule minus-end directed transport44,45 
and connect phagosomes with dynein-dynactin (a microtubule-
associated motor complex), displacing phagosomes to the peri-
nuclear region.46 Interestingly, Jordens et al. have shown that 
overexpression of a dominant-negative mutant of RILP impairs 
the recruitment of the dynein/dynactin complex, resulting in the 
relocation of late endosomal structures toward the cell periphery 
by a kinesin dependent event.47

As mentioned above, kinesin superfamily proteins (KIFs) par-
ticipate in anterograde transport and move the cargo toward the 
plus end of microtubules. Previous studies have demonstrated 
that two motor proteins, KIF1B and KIF2, redistribute lyso-
somes to the cell periphery.47-49 Our data indicate that cells over-
expressing KIF5 wt presented a redistribution VAMP7-structures 

or autolysosomes. This observation is consistent with previous 
reports showing that in cells incubated in starvation conditions 
the proportion of perinuclear lysosomes increased.43 We present 
evidence that the VAMP7-positive autophagosomes at focal adhe-
sions were labeled by overexpressed GFP-Rab7. There was also a 
marked colocalization between the M6P receptor (late endosome 
marker) and VAMP7 in cells incubated in starvation media, sup-
porting the conclusion that the autophagic vacuoles localized at 
the focal adhesions are amphisomes. In addition, we have shown 
that the redistribution of amphisomes to focal adhesions upon 
starvation was completely abrogated by microtubule depolymer-
izing agents, suggesting that microtubules are necessary for this 
transport to the cell periphery.

The small GTP-binding protein RAB7 mediates its function 
in part by the RAB7 effector RILP (Rab interacting lysosomal 
protein). It has been shown that the RAB7 effector RILP may 
coordinate the biogenesis of late endosomes via dynein-mediated 
motility.31 We have shown that overexpressed GFP-RILP pro-
duces an accumulation of VAMP7 structures at the peri-nuclear 

Figure 10. starvation caused an increased number of ATP-loaded vesicles labeled with VAMP7 at the cell periphery. (A) heLa cells were incubated 
in starvation media (stv) or in complete media in the absence (ctr) or presence of monensin (Mon). Afterwards, cells were incubated with 25 μM of 
quinacrine (Quin) for 20 min and subjected to indirect immunofluorescence to detect endogenous VAMP7. images were obtained by confocal micros-
copy. scale bars: 5 μm. The percentage of colocalization (B) and the percentage of cells with ATP/VAMP7-labeled vesicles at the cell periphery (c) were 
quantified from images as those displayed in (A). At least 100 cells were counted in each condition.
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established that depletion of KIF5B causes to peri-nuclear accu-
mulation of autophagosomes, suggesting that FYCO1-positive 
autophagosomes binds to microtubules throughout KIF5B to 
maintain cortical localization.51 On the other hand, Ravikumar 
and colaborators have shown that plasma membrane contribute 
to the formation of phagophore assembly sites.52 However, our 
results indicate that in cells overexpressing the ATP mutant of 
KIF5 which produce a perinuclear redistribution of the VAMP7-
positive autophagosomes, no VAMP7-positive amphisomes were 
localized at the tips of the cell in starvation condition, suggesting 
that the plasma membrane does not substantially supply mem-
brane to form this particular type of structures.

A response to different stress conditions in several cell types is 
a regulated release of ATP into the extracellular space.33 Previous 
studies have demonstrated that ATP is released via vesicular 

at the cell tips in control condition, indicating that the solely 
expression of the kinesin KIF5 is necessary for the transport of 
the VAMP7-structures to the cell periphery. Consistently, over-
expression of an ATP-defective mutant of KIF5 hampered the 
transport of VAMP7 to the focal adhesions even in starvation 
conditions. These observations indicate that KIF5 is necessary 
for the redistribution of VAMP7-positive structures at the focal 
adhesions upon starvation. Consistently, results obtained in Dr. 
Rubinsztein’s laboratory indicate that nutrients modulate lyso-
somal movement affecting the binding of proteins such as KIF2 
and ARL8B to lysosomes and microtubules.43 On the other hand, 
a recent paper has revealed that depletion of the RAB7 effector 
FYCO1, which also binds ATG8 (i.e., LC3), leads to perinuclear 
accumulation of autophagosomes.50 Interestingly, a proteomic 
analysis of the autophagy interaction network in human cells has 

Figure 11. TiRF analyses of exocytic events in transfected heLa cells. cells were transiently transfected with RFP-Lc3 (red) and autophagy was induced 
by starvation media for 6 h. cells were incubated with 25 μM of quinacrine for 20 min (green). (A) Time in seconds corresponding to each frame is indi-
cated. Arrows indicate the exocytic site on the cell surface. (B) The fluorescence intensity (diamonds) and the size (squares) of the Lc3 and quinacrine-
positive structure were quantified from the image displayed in (A). (c) heLa cells were grown to confluence in 6-well plate. cells were washed with PBs 
and incubated at 37°c in amino acid and serum-free media (stv) or in full nutrient (ctr) in the presence or absence of resveratrol (Resv). Aliquots of the 
culture media (50 μl) were collected every 30 min for 6 h and incubated with 50 μl firefly luciferin–luciferase as described in Materials and Methods. 
ATP dependent chemiluminescence activity of the media samples was measured in constant darkness using a luminometer.
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provided by Dr. Philip D. Stahl (Washington University). The 
pEGFP-RILP was kindly provided by Dr. Mauricio Terebiznik 
(Hospital for Sick Children). The pSUPER.retro.puro vector 
BECN1 knock down (KD) was kindly provided by Dr. William 
A. Maltese (Medical University of Ohio).

SH2 Cell culture and transfection. HeLa cells were grown 
in DMEM 10% FBS (full nutrient medium), streptomycin (50 
μg/ml) and penicillin (50 U/ml) at 37°C in an atmosphere of 
95% air and 5% CO

2
. For some experiments cells were incubated 

in starvation media EBSS. For specific experiments HeLa cells 
were transiently transfected with pEGFP-Vector, pEGFP-VCL, 
pEGFP-PXN, pEGFP- RAB5wt, pEGFP-LAMP1, pEGFP-
VAMP7, pEGFP-NT-VAMP7, pEGFP-RAB7wt, pEGFP-RILP, 
pCDNA KIF5wt, pCDNA KIF5T93N or co-transfected with 
pEGFP-RAB7wt/pRFP-LC3 and pEGFP-RAB7wt/pRFP-LC3, 
using LipofectAMINE 2000 (Invitrogen, 11668-019) as indi-
cated by the manufacturer.

Indirect immunofluorescence. HeLa cells were fixed with 
0.5 ml of 3% paraformaldehyde solution in PBS for 10 min at 
room temperature, washed with PBS and quenched with NH4Cl 
50 mM in PBS for 20 min. Then, cells were permeabilized with 
1% saponin in PBS containing 1% BSA (blocking buffer). 
After blocking, cells were incubated with the indicated primary 
antibodies for 1 h. Cells were washed three times in block-
ing buffer and subsequently incubated for 1 h with the indi-
cated fluorophore-conjugated secondary antibody. Endogenous 
LC3 was detected with a rabbit monoclonal anti-LC3 (dilu-
tion 1:50). Endogenous VAMP7 was detected with the mouse 
monoclonal anti-SYBL1 (dilution 1:100) and cathepsin D was 
detected with a rabbit anti-CTSD (1:50). Endogenous VTI1A 
was detected with a mouse monoclonal anti-VTI1A (dilution 
1:300) whereas M6PR was detected with a rabbit anti-M6PR 
(1:100). Bound antibodies were subsequently detected by incu-
bation with Cy3 goat-anti-mouse secondary antibody (dilution 
1:600, Jackson ImmunoResearch, 115-166-003) and Alexa 
Fluor 488-labeled goat anti-rabbit secondary antibody (dilution 
1:500, Molecular Probes, A-11008). Coverslips were mounted 
on glass slides using Mowiol and examined by fluorescence con-
focal microscopy.

siRNA-mediated VAMP7 or VTI1A “knockdown”. Short 
interfering RNA directed to human VAMP7 (241467) or 
VTI1A (37855) were purchased from Ambion. siRNA (final 
concentration 10 μM) were mixed with LipofectAMINE 2000 
(Invitrogen, 11668-019) as indicated by the manufacturer. The 
mixture was then added directly to HeLa cells (1 × 105/ml) in 
DMEM cell culture medium without serum. Cells were analyzed 
at 72 h post-transfection and endogenous VAMP7, VTI1A and 
LC3 were detected by western blot.

Fluorescence microscopy. HeLa cells transfected with the 
different plasmids were analyzed by confocal microscopy using 
a Olympus Confocal Microscope FV1000-EVA (Olympus). 
Images were processed using Adobe CS (Adobe Systems), ImageJ 
software, Metamorph Program, serie 4.5 (Universal Images 
Corporation) and FV10-ASW program (Olympus).

SDS-PAGE and western blot. Samples of the total cell pel-
let (100 μg protein) were solubilized in reducing SDS loading 

exocytosis in astrocytes.35,37,53 We have observed in a mammalian 
tumor cell line that VAMP7-positive autophagosomes, which 
contain ATP, are redistributed toward focal adhesions upon a 
physiological stress conditions (i.e., starvation). We propose that 
these ATP-containing vesicles fuse with the plasma membrane to 
release their content in the extracellular space upon autophagy 
activation. Extracellular ATP released from stressed cells is one 
of the most pleiotropic activators of the NLRP3 inflammasome,54 
driving the secretion of interleukin-1β.55,56 Furthermore, extra-
cellular ATP is recognized as an important autocrine/paracrine 
signal molecule that participates in the regulation of several cellu-
lar functions.57-61 Interestingly, ATP is released from dying tumor 
cells by exposure to several cell death inducers.55,62 Recent studies 
have identified tumor-derived ATP as a new damage-associated 
molecular pattern, being necessary for cancer cell death to be 
immunogenic.55 On the other hand, a very recent publication 
from Dr. Kroemer’s lab have shown that autophagy is necessary 
for the immunogenic release of ATP from dying cells, and that 
the increased level of extracellular ATP favors the efficacy of anti-
neoplastic chemotherapies when autophagy is disabled.63

To summarize, the data presented here demonstrate for the 
first time the molecular machinery required for fusion of the 
ATP-loaded autophagic with the plasma membrane, to release 
this nucleotide into the extracellular medium upon autophagy 
stimulation. Although the physiological relevance of this mech-
anism is poorly understood, several studies have associated the 
ATP released to the extracellular space with processes like immu-
nogenicity of cancer cell death or inflammation. Further studies 
will be necessary to elucidate the physiological importance of the 
distribution of ATP-loaded amphisomes toward the cell periph-
ery in a cell stress situation such as starvation.

Materials and Methods

Materials. DMEM medium was obtained from Gibco 
(Invitrogen, 11965-175) and fetal bovine serum (FBS) from 
Natocor (SFBE). The Earle’s Balanced Salts Solution, EBSS 
(starvation) media and Vinblastine are from Sigma (E7510, 
V1377). LysoTracker Red was obtained from Invitrogen (L7528). 
Quinacrine mustard dihydrochloride was obtained from Sigma 
(Q2876). Endogenous VAMP7 was detected with a mouse 
anti-SYBL1 (Abcam, ab36195). Rabbit anti-CTSD was kindly 
provided by Dr. Maximiliano Gutierrez (Helmholtz Centre for 
Infection Research). Mouse anti-VTI1A was from BD (611220).

Plasmids. The pEGFP-LC3wt was kindly provided by Dr. 
Noboru Mizushima (Tokyo Medical and Dental University). 
pRFP-LC3 was subcloned as indicate in our recent publica-
tion.18 pEGFPC3 encoding GFP-TI-VAMP or the GFP-Longin 
domain was kindly provided by Dr. Thierry Galli (Institut 
Jacques Monod) and have been described previously.64 The plas-
mid pEGFP- RAB7wt was a generous gift from Bo van Deurs 
(University of Copenhagen). The pCDNA KIF5wt, pCDNA 
KIF5T93N was kindly provided by Dr. Alfredo Caceres (Mercedes 
and Martín Ferreyra Institute). pEGFP-VCL, pEGFP-PXN was 
a gift from Carlos Arregui (Universidad de San Martín). The 
plasmids encoding enhanced GFP (EGFP)-RAB5wt was kindly 
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30 min for 6 h and incubated with 50 μl firefly luciferin–lucif-
erase (Sigma, FLAAM-5VL) in a 96-well black plate. The ATP-
dependent chemiluminescent activity was measured in constant 
darkness using a luminometer Fluorocount Ascent (Thermo, 
1506450).

Statistical analysis. Results are presented as the mean ± SEM 
from at least two independent experiments. The comparisons 
were performed using ANOVA in conjunction with Tuckey and 
Dunnett tests. Significant differences: *p < 0.01; **p < 0.005.
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buffer and incubated for 5 min at 95°C. Samples were run on 
12,5% polyacrylamide gels and transferred to Hybond-ECL 
(Amersham) nitrocellulose membranes. The membranes were 
blocked for 1 h in Blotto (5% nonfat milk, 0.1% Tween 20 and 
PBS), washed twice with PBS and incubated with primary anti-
bodies and peroxidase-conjugated secondary antibodies. The 
corresponding bands were detected using an enhanced chemilu-
minescence detection kit from Pierce (Tecnolab S.A.).

TIRF images of quinacrine and RFP-LC3 were obtained with 
a PlanApo × 100 (NA 1.42) objective mounted on an Olympus 
FV1000-EVA, equipped with a 12-bit digital charge-coupled 
device camera (Hamamatsu Photonics) and controlled by the 
μManager software 1.4 (Vale Lab, UCSF).65 Intraobjective 
TIRF was obtained with 473-nm and 559-nm laser through 
a EVA module incorporated in Olympus FW10-ASW 1.7 
software.

Measurement of ATP release. ATP in the samples was mea-
sured by a luciferase–luciferin-based assay, using ATP Assay Mix 
and ATP Assay Mix Dilution Buffer supplied by Sigma-Aldrich 
and following the manufacturer’s instructions. HeLa cells were 
grown to confluence in 35-mm Petri dishes. After washing with 
PBS, cells were incubated at 37°C in amino acid and serum-free 
media or in full nutrient in the presence or absence of 100 μM 
of resveratrol. Supernatant aliquots of 50 μl were collected every 
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