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Participation of mitochondrial
fission during mitophagy
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Due to the key role of mitochondria in
cell metabolism, the quantity and qual-
ity of this organelle must be maintained
properly, which is achieved by constitutive
mitochondrial fusion and fission as well
as biogenesis and degradation. A fission
complex controls mitochondrial division,
whereas degradation occurs primarily
through autophagy. The latter can involve
either nonselective or selective elimination
of the organelle; the process of selective
mitochondrial degradation by autophagy
is referred to as mitophagy.

Mitophagy is used to remove dam-
aged and
Various studies have demonstrated physi-

superfluous mitochondria.
ological roles for mitophagy in higher
eukaryotes. For example, mitophagy pro-
motes cell survival in certain situations
where the inability to remove the dys-
functional organelle leads to cell death
and neurodegeneration, for example as
seen in some types of Parkinson disease.!
In addition, the clearance of mitochon-
dria during the development of erythro-
cytes’ and sperm-derived mitochondria
after fertilization®* are both controlled by
mitophagy.

The molecular analysis of mitophagy
started in the budding yeast S. cerevi-
siae, where it was clearly demonstrated to
be a selective process requiring the scaf-
fold protein Atgll. In yeast, mitophagy
appears to occur primarily in response to
changing metabolic demands. For exam-
ple, this process is induced when cells are
shifted from nutrient-rich medium con-
taining a non-fermentable carbon source
to nitrogen starvation medium with a fer-
mentable carbon source. Genomic screen-
ing led to the identification of ATG32,
which encodes a mitophagy receptor, and
established the first part of a molecular

model for mitophagy in yeast.® Atg32 is
a mitochondrial outer membrane protein,
and it recruits Atgll to mitochondria
when mitophagy is induced. Atgll links
the cargo to other Atg proteins and pro-
motes the formation of mitochondria-spe-
cific autophagosomes that ultimately lead
to degradation of the organelle.

Another gene identified in our screen
for mitophagy-defective mutants was
DNM1, which encodes a dynamin-related
GTPase controlling mitochondrial divi-
sion. The mitochondrial localization of
Dnml requires Fisl, an integral mem-
brane protein, and Mdvl-Caf4, which
redundantly bind to both Dnm1 and Fisl
to maintain the integrity of the complex.
These 4 proteins constitute the mitochon-
drial fission complex.

Deletion of DNMI or FISI strongly
blocks mitophagy. In contrast, single dele-
tion of the MDVI or CAF4 genes has lim-
ited effects on mitophagy; this is due to
the functional redundancy of Mdvl and
Caf4, as double deletion of both corre-
sponding genes causes a dramatic decrease
of mitophagy activity similar to that seen
in the absence of Dnm1 or Fisl. Therefore,
the intact fission complex is required for
efficient mitophagy.

To specifically mark the degrading
mitochondria on the mitochondrial net-
work, we used the bimolecular fluores-
cence complementation (BiFC) assay, and
showed that the fluorescent YFP puncta
resulting from the interaction between
Atg32 and Atgll represent degrading
mitochondria. We found that mCherry-
tagged Dnm1, Mdvl and Caf4 colocalize
with the Atg32-Atgl] interacting puncta,
suggesting that the fission complex is
recruited to the degrading mitochondria
when mitophagy is induced.
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We propose that the cell contains
at least 2 distinct complexes that are
involved in mitochondrial division. One
of these complexes acts constitutively to
promote homeostatic mitochondrial fis-
sion, whereas there is also a mitophagy-
specific fission complex—comprised of
Atg32, Atgll, and the subunits of the
homeostatic fission complex—that forms
either in late log phase growth or follow-
ing a shift from conditions that induce
mitochondrial proliferation to one where
mitochondrial respiration is no longer
critical for energy production; these latter
conditions drive the division of mitochon-
dria that leads to subsequent degradation.

We confirmed the results from the
BiFC analysis using co-immunoprecipita-
tion. Together, the data suggest a direct
interaction between Atgll and Dnml.
Both Atgll and Dnml are cytosolic pro-
teins, and their recruitment to the mito-
chondria is dependent on Atg32 and Fisl,
respectively. The BiFC puncta corre-
sponding to the Atgl1-Dnml interaction
only constitute a small part of the total
Dnm1 population, in agreement with our
hypothesis that there are at least 2 separate
populations of fission complexes. Further
analyses enabled us to identify 2 Dnml
Dnm1®¥2® and DnmlP7»R

which retain normal (i.e., homeostatic)

mutants,

Dnml function but lose interaction with
Atgll, and hence Atg32. As expected,
these mutants show mitophagy defects,
even though they allow cells to carry out
homeostatic mitochondrial fission.

It has been suggested that mitochon-
drial fission occurs at contact sites with the
endoplasmic reticulum (ER), referred to
as the ER-mitochondria encounter struc-
ture (ERMES).” To examine the potential
connection between the recruitment of
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the fission machinery and the ERMES,
we labeled mitochondria with a mito-
chondrially targeted BFP and the ER
with HDEL-DsRed. We found that the
Atg32-Atgll BiFC puncta are also local-
ized at the ERMES. In addition, we gener-
ated mCherry chimeras with Mdm12 and
Mdm34, components of the ERMES,?
and observed their colocalization with the
Atg32-Atgll BiFC puncta. Therefore, our
results suggest that mitophagy-specific
fission also involves the participation of
the ER.

In this study, we revealed a direct link
between mitochondrial fission and mito-
chondrial degradation. When mitophagy
is induced, Atgl! is recruited to the mito-
chondria through interaction with Atg32.
Atgl] further recruits the fission complex
to promote the division of the reticular
organelle. The resulting smaller frag-
ments of mitochondria will subsequently
be engulfed by phagophores to form
mitophagosomes, mitochondria-specific
autophagosomes, followed by fusion with,
and then degradation within, the vacuole.
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