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A number of pathogenic bacteria target mitochondria to modulate
the host’s apoptotic machinery. Studies here revealed that infec-
tion with the human gastric pathogen Helicobacter pylori disrupts
the morphological dynamics of mitochondria as a mechanism to
induce host cell death. The vacuolating cytotoxin A (VacA) is both
essential and sufficient for inducing mitochondrial network frag-
mentation through the mitochondrial recruitment and activation
of dynamin-related protein 1 (Drp1), which is a critical regulator of
mitochondrial fission within cells. Inhibition of Drp1-induced mito-
chondrial fission within VacA-intoxicated cells inhibited the activa-
tion of the proapoptotic Bcl-2–associated X (Bax) protein, perme-
abilization of the mitochondrial outer membrane, and cell death.
Our data reveal a heretofore unrecognized strategy by which a
pathogenic microbe engages the host’s apoptotic machinery.
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Mitochondria preserve cell viability by functioning both as
centers for energy production and central regulators of

calcium homeostasis, apoptosis, and development. Some patho-
genic microbes usurp the mitochondrial apoptotic machinery (1),
which, depending on the pathogen and host cell type, can block
cell death to preserve a colonization niche or, alternatively, in-
duce cell death to promote escape from an intracellular niche or
circumvent immune clearance (2). For the gastric pathogen
Helicobacter pylori (Hp), chronic infection is associated with in-
creased apoptosis within the gastric mucosa of humans (3), mice
(4), and Mongolian gerbil models (5). Increased apoptosis may
alter the gastric environment to promote Hp persistence (6),
while at the same time, contribute to gastric disease, including
peptic ulcers and gastric adenocarcinoma (7). Earlier studies
have indicated that the vacuolating cytotoxin A (VacA), an Hp
virulence factor that is important for Hp colonization (8) and
disease pathogenesis (9), is essential (10) and sufficient (11) for
inducing gastric epithelial cell death.
Several studies investigating the mechanism of VacA-induced

cell death indicate that VacA is a mitochondrial-targeting toxin.
Subsequent to binding plasma membrane sphingomyelin (12,
13), and potentially additional protein components (14, 15),
VacA is internalized and induces mitochondrial dysfunction and
mitochondrial outer membrane permeabilization (MOMP) (16).
Intracellular VacA localizes to mitochondria (16, 17), and iso-
lated mitochondria rapidly import purified VacA beyond the
outer membrane (17, 18), resulting in dissipation of the mito-
chondrial transmembrane potential (ΔΨm) (19). VacA-dependent
MOMP occurs after ΔΨm dissipation (16) and requires activation
of the eukaryotic proapoptotic effector Bcl-2–associated X protein
(Bax) (19). However, the underlying mechanism by which VacA
triggers Bax-dependent MOMP has not been identified.
Here, we report that VacA disrupts the morphological dynamics

of mitochondria as a mechanism to induce gastric epithelial cell
death. Mitochondria exist in several overall morphologies, which

are linked to the health of the cell, and change in a dynamic fash-
ion through frequent and repetitive cycles of fission and fusion that
occur in response to cellular energy demands and environmental
challenges (20). Deregulation of mitochondrial dynamics has in-
creasingly been linked to the pathologies resulting from inflam-
matory and neurodegenerative disorders (21) and several cancers
(22). However, the extent to which the morphological dynamics of
mitochondria may be targeted by pathogenic microbes during host
infection, or are associated with the pathophysiology of some in-
fectious diseases, is largely unexplored. Our studies revealed that
VacA induces activation of the dynamin-related protein 1 (Drp1),
which is a critical regulator of mitochondrial fission within cells.
Moreover, inhibition of VacA-mediated Drp1-dependent fission
prevented activation of the proapoptotic Bax protein, MOMP, and
death of intoxicated cells.Hp disruption ofmitochondrial dynamics
during infection is a heretofore unrecognized strategy by which a
pathogenic microbe engages the host’s apoptotic machinery.

Results
Hp Infection and Mitochondrial Fragmentation. While studying cel-
lular responses to Hp, we observed Hp-dependent alterations in
the structure of cellular mitochondria, similar to those previously
reported in studies of Hp-infected human stomach adenocarci-
noma (AGS) cells (23). In uninfected AZ-521 gastric epithelial
cells, mitochondria were predominantly filamentous networks of
interconnected strands (∼15–25 μm in length) (Fig. 1 A and E).
In contrast, at 8 h postinfection with Hp 60190, the mitochon-
drial network structure was highly fragmented, and individual
mitochondria were visible as punctate organelles that were sig-
nificantly shorter in length (1–2 μm) (Fig. 1 B and E). The
transition from filamentous to punctate structures was also ob-
served with either Hp 26695 or Hp G27, indicating that Hp-de-
pendent fragmentation of mitochondria is not idiosyncratic to
a single strain (Fig. S1A). In addition, Hp-dependent fragmen-
tation was recapitulated across cells lines, as observed in studies
using AGS (Fig. S1B) and polarized Madin-Darby canine kidney
(MDCK) II cells (Fig. S1 C and D). Fragmentation occurred at
multiplicity of infection (MOI) 10, but not at MOI 1 (Fig. S1E),
and was time dependent, with progressive fragmentation of
the filamentous network observed between 2 and 8 h postin-
fection (Fig. S1F).
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VacA Is Essential for Hp-Induced Mitochondrial Fragmentation.While
characterizing Hp-dependent mitochondrial alterations, we ob-
served fragmentation of the mitochondrial network in AZ-521
cells that had been incubated with culture filtrate prepared from
Hp 60190 (Hp culture filtrate, HPCF), but not with HPCF that
had been pretreated at 95 °C (Fig. S1G). These results suggested
that a proteinaceous factor released by Hp is responsible for
mitochondrial fragmentation observed during infection. Consis-
tent with this idea, fragmentation was not detected in cells in-
cubated with heat-killed Hp 60190 (Fig. S1H).
Studies indicating the involvement of an extracellular, heat-

labile factor in Hp-mediated mitochondrial network fragmenta-
tion prompted us to evaluate a potential role for VacA, which
has been previously reported to modulate mitochondrial func-
tion (16, 17, 24, 25). In contrast to the extensive fragmentation of
mitochondria induced by Hp 60190 (Fig. 1B), an isogenic Hp
mutant strain lacking a functional vacA gene [Hp (ΔvacA)] (26)
did not induce visible mitochondrial fragmentation within AZ-
521 cells (Fig. 1 C and E), whereas the complemented strain [Hp
(ΔvacA::vacA)] (27) induced robust mitochondrial fragmentation
(Fig. 1 D and E). Differences in the adherence of Hp 60190, Hp
(ΔvacA), or Hp (ΔvacA::vacA) to AZ-521 cells were not observed
(Fig. S1I), suggesting that the inability of Hp (ΔvacA) to induce
mitochondrial fragmentation was not likely due to attenuated
cell association. These results support the idea that VacA is es-
sential for Hp-dependent mitochondrial fragmentation.

VacA Is Sufficient to Induce Mitochondrial Fragmentation. Studies to
evaluate the sufficiency of VacA for Hp-dependent mitochon-
drial fragmentation revealed that VacA, which had been purified
from culture filtrates of Hp 60190, induced the transition of
mitochondrial networks into significantly shorter punctiform
organelles (Fig. 2A), an effect that was abrogated when the toxin

was preincubated at 95 °C or with VacA antiserum (Fig. S2A).
More convincing, however, were studies conducted with re-
combinant VacA comprising the toxin’s amino- and carboxyl-
terminal fragments, called p33 and p55, respectively, that had
been expressed separately in Escherichia coli and purified (28).
The combined p33–p55 fragments induced robust fragmentation,
whereas neither p33 nor p55 alone induced detectable alter-
ations in the mitochondrial network (Fig. 2B). Together, these
results indicate that VacA is sufficient to induce mitochondrial
fragmentation.
VacA-mediated mitochondrial fragmentation is not idiosyn-

cratic to AZ-521 cells, as the toxin induced similar morphological
changes within AGS cells (Fig. S2B), as previously observed (29),
and polarized MDCK cells (Fig. S2C). VacA-dependent mito-
chondrial fragmentation was also visible within human cervical
adenocarcinoma (HeLa) and human larynx carcinoma (HEp-2)
cells (Fig. S2B), two nongastric cell lines that have been pre-
viously used to study VacA interactions with mitochondria (17,
30). Within AZ-521 cells, mitochondrial fragmentation was
detected with VacA at concentrations as low as 10 nM, but not at
1 nM (Fig. 2C). Fragmentation was visible within 60 min after
exposure of the cells to VacA (250 nM) and progressed to almost
entirely punctiform organelles by 150 min (Fig. S2D).

VacA Induces Mitochondrial Recruitment of Drp1. Cellular mito-
chondria exist in a dynamic state, constantly dividing and fusing
by opposing processes (31). An important regulator of mito-
chondrial fission is Drp1 (31), which upon activation is recruited
to focal sites of division on the mitochondrial outer membrane
(32). Studies to evaluate whether VacA-dependent mitochon-
drial fragmentation might involve the cellular fission machinery
revealed that, compared with mock-intoxicated cells, incubation
for 4 h with purified VacA (from Hp 60190) resulted in a signif-
icant increase in Drp1 localization to mitochondria (Fig. 3 A and
B). VacA-induced Drp1 localization to mitochondria was dose
dependent, with significant increases observed at toxin concen-
trations as low as 10 nM (Fig. S3). A significant increase in mi-
tochondrial localization of Drp1 was also detected in cells
infected with Hp 60190 and Hp (ΔvacA::vacA), but not with Hp
(ΔvacA), indicating that increased Drp1 recruitment to mito-
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Fig. 1. Hp infection and mitochondrial fragmentation. AZ-521 cells trans-
fected with pDsRed2-Mito were incubated for 8 h with Hp 60190 (B), Hp
VM022 (ΔvacA) (C), Hp VM084 (ΔvacA::vacA) (D), all at MOI 100, or mock
infected (A). (A–D) (Scale bar, 5 μm.) (E) Data from A–D were rendered as
mitochondrial length relative to mock-infected cells. Data were combined
from three independent experiments where, in each, 45 randomly chosen
mitochondria were analyzed (3 mitochondria in each of 15 cells).
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Fig. 2. VacA and mitochondrial fragmentation. AZ-521 cells transfected
with pDsRed2-Mito were incubated for 4 h with VacA (250 nM) (A), or with
recombinant p33, p55, or p33 plus p55 (each at 250 nM) (B), or at the in-
dicated concentrations (C). Additionally, the cells were mock intoxicated
with PBS pH 7.2 (A and C) or 25 mM Hepes pH 8.8 containing 5% glycerol
and 0.1 nM β-ME (B). (A and B) (Scale bar, 5 μm.) (C) The data were combined
from three independent experiments.
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chondria within infected cells is VacA dependent (Fig. 3C).
These results suggested a possible involvement of the cellular
fission machinery in VacA-dependent mitochondrial network frag-
mentation.

Drp1 GTPase Activity Is Important for VacA-Dependent Mitochondrial
Fragmentation. A critical step during mitochondrial fission is the
assembly of Drp1 into spiral chains at the mitochondrial scission
sites (33), which is driven by the intrinsic GTPase activity of
Drp1 (34). To evaluate the importance of Drp1 function for
VacA-dependent mitochondrial fission, AZ-521 cells were intoxi-
cated with VacA in the absence or presence of the mitochondrial
division inhibitor mdivi-1, which specifically blocks Drp1 self-
assembly and GTPase activity (35). These studies revealed that
mdivi-1 significantly inhibits VacA-dependent mitochondrial frag-
mentation in AZ-521 cells (Fig. 4A and Fig. S4A) and in AGS cells
(Fig. S4B). Mitochondrial fragmentation was also significantly
inhibited by mdivi-1 in AZ-521 cells infected with Hp 60190 (Fig.
S4C). Together, these data indicate that Hp- and VacA-dependent
mitochondrial fragmentation requires Drp1 GTPase activity,
thereby implicating the involvement of the cellular mitochondrial
fission machinery.

Drp1-Mitochondrial Localization Is Important for VacA-Dependent
Mitochondrial Fragmentation. Further validation of Drp1 in-
volvement came from studies using AZ-521 cells overexpressing
either Drp1 fused to enhanced green fluorescence protein,
EGFP-Drp1 or a dominant-negative form of Drp1, EGFP-DN-
Drp1 (K38A), which inhibits Drp1 association with the mito-
chondrial outer membrane (36). VacA-intoxicated cells over-
expressing EGFP-DN-Drp1 (K38A) demonstrated significantly
reduced mitochondrial fragmentation than those overexpressing
EGFP-Drp1 (Fig. 4B and Fig. S4D). These results further sup-
port the functional importance of the cellular fission machinery
for VacA-mediated mitochondrial fragmentation.

Drp1-Dependent Mitochondrial Fission Precedes and Is Important for
VacA-Induced Bax Activation. To evaluate whether VacA-mediated
mitochondrial fragmentation may be linked to cell death, we first

investigated whether Drp1-dependent mitochondrial fission is
required for activation of the proapoptotic Bcl-2 effector, Bax,
as reported within VacA-intoxicated cells (19). Notably, several
studies have reported significant cross-talk between Drp1- and
Bax-mediated cellular processes (37, 38). Within this study, we
observed a significant decrease in Bax activation in AZ-521 cells
incubated with VacA in the presence of the Drp1 inhibitor
mdivi-1 (Fig. 5). The overall cellular levels of Bax were unaltered
in cells that had been incubated with mdivi-1 and/or VacA (Fig.
S5A). Consistent with the results obtained using mdivi-1, VacA-
dependent Bax activation was also inhibited in AZ-521 cells
overexpressing EGFP-DN-Drp1 (K38A) (Fig. S5B). Although
mitochondrial fragmentation was clearly visible by 60 min in AZ-
521 cells incubated with VacA (Fig. S2E), a significant increase
in the fraction of cells with activated Bax was not detected until
2 h, and the fraction of cells with activated Bax continued to
increase through 8 h (Fig. S5C). Together, these results suggest
that within VacA-intoxicated cells, Drp1-mediated mitochon-
drial fission precedes and is important for Bax activation.

Bax Is Not Essential for Drp1-Dependent Mitochondrial Fission in
VacA-Intoxicated Cells. Studies to evaluate the essentiality of cel-
lular Bax for mitochondrial network fragmentation revealed
clearly visible fragmentation in both bax+/+ and bax−/− mouse
embryonic fibroblasts (MEFs) that had been incubated with VacA
(Fig. S5D). These results suggest that Bax is not required forDrp1-
dependent mitochondrial fission within VacA-intoxicated cells.
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Fig. 3. Drp1 localization to mitochondria. AZ-521 cells transfected with
pDsRed2-Mito were incubated with VacA (250 nM) or PBS pH 7.2 (A and B)
for 4 h. Additionally, pDsRed2-Mito transfected AZ-521 cells were infected
with Hp 60190, Hp VM022 (ΔvacA), Hp VM084 (ΔvacA::vacA), or mock
infected (C) for 8 h. (Scale bar, 5 μm.) (B and C) The data were combined
from three independent experiments.
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Fig. 4. The importance of Drp1-mitochondrial localization and GTPase ac-
tivity for VacA induced mitochondrial fragmentation. AZ-521 cells trans-
fected with pDsRed2-Mito (A) or cotransfected with pDsRed2-Mito and
either pEGFP-Drp1 or pEGFP-DN-Drp1 (K38A) (B) were intoxicated for 4 h
with VacA (250 nM) (A and B), in the presence or absence of Drp1 inhibitor
mdivi-1 (50 μM) (A). The data were combined from three independent
experiments.
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Fig. 5. The importance of Drp1 activity for VacA-induced Bax activation.
AZ-521 cells were intoxicated with VacA (250 nM) or mock intoxicated, in the
presence or absence of mdivi-1 (50 μM). After 18 h, the cells were analyzed
for activated Bax. The data were combined from three independent ex-
periments.
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Drp1-Dependent Fission Is Important for VacA-Induced MOMP.
Within VacA-intoxicated cells, Bax activation is associated with
MOMP, as manifested by release of mitochondrial cytochrome c
(Cyt c) into the cytosol (19). Studies to evaluate the relationship
between MOMP and Drp1-dependent mitochondrial fission
revealed that the fraction of AZ-521 cells with Cyt c released
from mitochondria into the cytosol had not increased after 1-h
incubation with VacA (Fig. S5E), although mitochondrial frag-
mentation was evident at this same time point (Fig. S2D).
However, there was a significant increase in the fraction of cells
with Cyt c released from mitochondria into the cytosol by 2 h,
and the fraction continued to increase through 8 h (Fig. S5E),
similar to the kinetics of Bax activation (Fig. S5C), indicating
that VacA-mediated mitochondrial fragmentation precedes
MOMP. Cyt c release was significantly inhibited in the presence
of the Drp1 inhibitor mdivi-1 (Fig. 6 A and B). In addition, Cyt c
release in response to VacA was visibly reduced in cells over-
expressing EGFP-DN-Drp1 (K38A) (Fig. S5F). These results
suggest that enhanced mitochondrial fission promotes MOMP
within VacA-intoxicated cells.

VacA-Mediated Drp1 Activation Is Important for Toxin-Dependent
Cell Death. VacA-dependent MOMP precedes and is necessary
for cell death (16, 19). Studies to evaluate the importance of
Drp1 revealed that cell death was significantly reduced in AZ-
521 (Fig. 7) or AGS cells (Fig. S6) that were incubated with
VacA in the presence of mdivi-1. These results indicate that
Drp1-dependent fission is important for VacA-induced cell
death and suggest that the disruption of cellular mitochondrial
dynamics plays an important role in activation of the cell death
mechanism following Hp infection.

VacA Anion Channel Activity Is Important for Mitochondrial Frag-
mentation.Anion-selective, membrane channels formed by VacA
were earlier reported to be important for toxin-dependent
MOMP and cell death (16). Studies to evaluate whether VacA
channel activity is also required for toxin-dependent disruption
of mitochondrial dynamics revealed the absence of detectable
mitochondrial fragmentation in cells exposed to two mutant
forms of toxin (Fig. 8 A and B), VacA (P9A) or VacA (G14A)
(39), each of which had been previously shown to be attenuated
in membrane channel-forming activity (40). Additionally, ectopic
expression of the amino-terminal p34 domain of VacA, which
contains the residues required for VacA channel activity (40),
directly within the cytosol of transiently transfected AZ-521 cells,
resulted in morphological changes, including apparent frag-
mentation in the cellular mitochondrial network (Fig. S7A). Fi-

nally, we confirmed that there was significantly less Bax ac-
tivation (Fig. S7B) and cell death (Fig. S7C) in AZ-521 mono-
layers exposed to VacA (P9A) or VacA (G14A) than cells
exposed to wild-type toxin. These data indicate that VacA
membrane channel activity is important for the activation of
Drp1-dependent mitochondrial fission within intoxicated cells.

Discussion
Mitochondrial health is closely linked to cell viability, as these
organelles produce the energy required for cellular function
while at the same time functioning as regulators of programmed
cell death (41). Accordingly, mitochondrial dysfunction has been
increasingly linked to several human pathologies, including those
associated with cancer (42), inflammatory disorders (43), and
degenerative diseases (44).
Here, we demonstrated that Hp infection of gastric epithelial

cells disrupts the morphological dynamics of mitochondria by
a mechanism dependent on the mitochondrial acting exotoxin,
VacA. Whereas mitochondrial fragmentation has been pre-
viously observed in cells infected with Hp (23) or intoxicated with
VacA (29), our studies revealed that Drp1-mediated mitochon-
drial fission precedes and is important for induction of VacA-
dependent cell death. For Hp, an increase in cell death within the
gastric mucosa may alter the host niche in several ways, including
the loss of specialized cells, such as gastric parietal cells, but also
increased cellular proliferation and gastric atrophy that precedes
metaplasia, dysplasia, and ultimately cancer (45, 46).
A causal link between Drp1 and the cellular apoptotic ma-

chinery has been reported within diverse organisms such as yeast
(47) and Drosophila (48). In contrast, down-regulation of Drp1
expression within HeLa or COS-7 cells did not prevent Bax-de-
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cellular localization. (A) The images are representative of those collected
over the course of three independent experiments. (Scale bar, 5 μm.) (B) The
data were combined from three independent experiments.
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pendent apoptosis induced by UV radiation or actinomycin D
(49). In addition, a recent report indicated that cell death does
not result from the perturbation of mitochondrial dynamics in
cells infected with Listeria monocytogenes (50), indicating that
cell death is not an obligate outcome of disrupting mitochondrial
dynamics. Thus, potential roles for Drp1 in mitochondrial-
dependent cell death may ultimately be dictated by factors such
as cell/tissue type or the nature of the prodeath stimulus.
Our results indicate that Drp1-mitochondrial localization and

GTPase activity is required for activation of Bax in VacA-intoxi-
cated cells (Fig. 5). Recent studies have demonstrated that func-
tional crosstalk between Drp1 and Bax exists in some cases (51).
One study identified Drp1 as the factor within rat brain extracts
that stimulates Bax activity and mitochondrial Cyt c release, but in
a manner that is independent of its GTPase activity (52), sug-
gesting fundamental differences with Drp1-dependent Bax acti-
vation in VacA-intoxicated cells, which requires Drp1 GTPase
activity (Fig. 5). On the other hand, Bax was reported to colocalize
with Drp1 at mitochondrial scission sites (37) and promote
sumoylation of Drp1, which is required for stable association of
Drp1 with mitochondria (38). Furthermore, Bax was reported to
influence redistribution of Drp1 to mitochondria through release
of the mitochondrial effector DDP/TIMM8a (53). Our data in-
dicate that Bax is not required for Drp1-mediated fission, sug-
gesting that within VacA-intoxicated cells, crosstalk between Drp1
and Bax may be unidirectional (e.g., Drp1-dependent fission as a
trigger for Bax-mediated MOMP). Currently, we are investigating
the mechanism by which Drp1-dependent fission results in Bax
activation and MOMP within VacA-intoxicated cells.
The mechanism by which VacA induces Drp1-dependent mi-

tochondrial fission is not clear. Our data indicate that VacA
channel activity is required for toxin-dependent mitochondrial
fragmentation (Fig. 8), but the cellular site at which toxin
channel activity is required for fragmentation has not been
identified. Because ectopic expression of p34-EGFP directly
within the cytosol of AZ-521 cells alters mitochondrial mor-
phology (Fig. S7A), it is unlikely that VacA membrane channels
formed on the surface of mammalian cells (54) are required for
toxin-mediated activation of Drp1-dependent mitochondrial fis-
sion. Alternatively, VacA might act directly at mitochondria, as
several previous studies reported that a portion of VacA taken
up from the cell surface localizes to this organelle (16, 29, 55).
Preliminary studies to address a possible relationship between
the location of intracellular VacA and the perturbation of mi-
tochondrial dynamics revealed that VacA localization to mito-
chondria (Fig. S8) is evident within AZ-521 cells at 30 min,
before the earliest time (60 min) that visible mitochondrial
fragmentation was detected after exposure to toxin (Fig. S2E).
Whereas these data are consistent with the idea that VacA may

act directly at mitochondria to induce Drp1-mediated fission, we
cannot currently rule out the possibility that VacA-mediated
mitochondrial fragmentation is triggered independently of toxin
localization to mitochondria. In support of this latter possibility,
a recent study reported that localization of VacA to mitochon-
dria is delayed within MEFs lacking both Bax and the related
effector Bcl-2 homologous antagonist/killer (Bak) (55), although
our data clearly indicate that Bax is not required for VacA-in-
duced Drp1-mediated mitochondrial fission (Fig. S5D).
Preliminary studies to address the relationship between mi-

tochondrial dysfunction and fission within VacA-intoxicated cells
revealed that Drp1 activity is not required for VacA-mediated
dissipation of mitochondrial transmembrane potential (ΔΨm)
(Fig. S9), suggesting that fission in VacA-intoxicated cells is not
likely the trigger for mitochondrial dysfunction. However, it
remains possible that VacA-induced ΔΨm dissipation induces
Drp1-dependent fission. Support for this idea comes from un-
related studies that demonstrated that mitochondrial depo-
larization in HeLa cells induced a sustained cytosolic calcium
rise, followed by calcineurin-mediated dephosphorylation of
Drp1 at Ser637 as a mechanism to drive Drp1 translocation to
mitochondria (56). VacA is sufficient to induce ΔΨm dissipation
(19) and increases in cytosolic calcium (57), but a potential link
between elevated cellular calcium or calcineurin action and
Drp1-dependent mitochondrial fission within VacA-intoxicated
cells remains to be evaluated.
In summary, these results demonstrate that apoptosis of gas-

tric epithelial cells during Hp infection is triggered by VacA-
induced disruption of mitochondrial morphological dynamics
through Drp1-mediated fission, which both precedes and is re-
quired for Bax-dependent remodeling of the mitochondrial outer
membrane. Future work will be required to reveal whether other
pathogens also promote host cell death by targeting the mor-
phological dynamics of mitochondria.

Materials and Methods
The sources of reagents, cell lines, bacterial strains, and plasmids used in this
study are provided in SI Materials and Methods. In addition, a detailed de-
scription of experimental methods is provided in SI Materials and Methods.
Finally, statistical analyses of the data are described in the SI Materials
and Methods.
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