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1st Editorial Decision 28 October 2016

Thank you for the submission of your research manuscript to our journal. I apologize for the delay
in getting back to you. As one referee was unfortunately not responsive I have made a decision
based on two referee reports, which are copied below.

As you will see, both referees acknowledge the potential interest of the findings. However, the
referees also point out several seemingly inconsistent observations and have a number of
suggestions for how the study should be strengthened, and I think that all of them should be
addressed. Both referees suggest more experiments to investigate the interaction between FUNDCI1
and MARCHS in more detail, in order to clarify some unexpected observations. Moreover, both
referees suggest quantification of key experiments such as the physical interaction and the induction
of mitophagy. The discussion should be extended to present the results and the proposed model in
the most appropriate and careful way.

Given these constructive comments, we would like to invite you to revise your manuscript with the
understanding that the referee concerns (as detailed above and in their reports) must be fully
addressed and their suggestions taken on board. Please address all referee concerns in a complete
point-by-point response. Acceptance of the manuscript will depend on a positive outcome of a
second round of review. It is EMBO reports policy to allow a single round of revision only and
acceptance or rejection of the manuscript will therefore depend on the completeness of your
responses included in the next, final version of the manuscript.
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REFEREE REPORTS

Referee #2:

The manuscript by Quan Chen and colleagues examines the regulation of mitochondrial degradation
that is mediated by FUNDC1 during hypoxia. They find that the MARCH3E3 ubiquitin ligase is
activated by hypoxia to ubiquitinate and degrade FUNDCI1. They propose that this regulatory
mechanism serves to fine-tune the response of cells to hypoxia. Overall, this is a solid study that
clearly identifies MARCHS is a regulator of FUNDCI1 levels. By both overexpression and
knockdown studies, they show that MARCHS can control the level of FUNDCI1 and also modulate
the level of mitophagy under hypoxia conditions. One important aspect that remains to be clarified
is the purpose of this regulatory mechanism. Upon hypoxia, why does MARCHSY initially degrade
FUNDCI but then allows FUNDCI to persist and degrade mitochondria? This seems
counterintuitive and may suggest that the experimental model has some artifactual aspects. This
issue is touched upon in the Discussion, but a more detailed discussion would be helpful.

Some other issues that should be addressed:

1) Some of the figures are labeled in a confusing manner. In Fig. 2H, for example, "-shRNA" is
confusing because it can imply the lack of shRNA.

2) The authors attribute the region 94-110 in FUNDCI as being important for physical interaction
with MARCHS. However, the experiment in 3E shows substantial interaction in the absence of this
region. Because the result is somewhat subtle, it is important to discuss more thoroughly and
perform quantification of the physical interaction.

3) Fig. 4D and E would benefit from quantification. The authors say that Fig. 4H shows that K119R
is more effective at degrading mitochondria. However, the data is marginal at showing this.

4) In Fig. 4G, it is difficult to conclude that K119R promotes more co-localization between LC3 and
mitochondria, based on one image that is complicated to interpret.

5) The authors propose that MARCHS activity against FUNDCI is controlled by the oligomeric
state of the former. The data supporting this idea is correlative and should be discussed more
carefully.

Referee #3:

FUNDCI serves as a mitophagy receptor under hypoxia. Here, the authors reveal a novel regulatory
mechanism of this pathway involving the E3 ligase MARCHS. MARCHS is shown to ubiquitylate
FUNDCI at K119 triggering its proteasomal degradation. Strikingly, this occurs independently of
the E3 ligase parkin that is involved in PINK 1-dependent turnover of depolarized mitochondria.
Inhibition of FUNDCI1 degradation either by mutating K119 or downregulating MARCHS increases
the rate of mitophagy, suggesting that MARCHS5-dependent proteolysis fine-tunes mitophagy in
hypoxia. Overall, this is an interesting manuscript revealing a novel mode of regulation for
mitophagy. Although most experiments were performed under conditions of protein overexpression,
the findings are clear-cut and unexpectedly point to distinct roles of E3 ligases in different
mitophagy pathways. The authors should, however, consider the following points:

1. The authors demonstrate proteasomal degradation of FUNDCI1 but I am uncertain whether or not
proteolysis is stimulated in hypoxia. Fig. 2D/E shows degradation of FUNDC1 under normoxic
conditions. Does hypoxia accelerate proteolysis? In Fig. 2F/G, the authors observe FUNDC1
proteolysis in MARCHS knockdown cells while MG 132 completely inhibits proteolysis in Fig.
2D/E. Can this be explained by inefficient depletion of MARCHS?

2. In Fig. 4G, the authors describe the formation of LC3 foci upon overexpression of the K119R
form of FUNDCI1 (but not upon expression of FUNDC1), but this effect is not well documented.
The authors should show a quantification of these data to substantiate their conclusion.
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3. Related to this point, if the K119R variant of FUNDC1 induces mitophagy, what is the
explanation for this? Similar levels of ectopically expressed FUNDCI1 and K119R accumulate in
these cells according to Fig. 4H.

4. The immunoprecipitation experiment shown in Fig. 6A is puzzling. FUNDCI1 levels decrease
upon incubation in hypoxia as expected but similar amounts of FUNDCI are precipitated. Does this
indicate that only a small fraction of FUNDCI (at time point 0) is precipitated under these
conditions?

1st Revision - authors' response 02 December 2016

RESPONSE TO THE REVIEWERS
Referee #2:

The manuscript by Quan Chen and colleagues examines the regulation of mitochondrial degradation
that is mediated by FUNDC1 during hypoxia. They find that the MARCH3E3 ubiquitin ligase is
activated by hypoxia to ubiquitinate and degrade FUNDC1. They propose that this regulatory
mechanism serves to fine-tune the response of cells to hypoxia. Overall, this is a solid study that
clearly identifies MARCHS is a regulator of FUNDCI1 levels. By both overexpression and
knockdown studies, they show that MARCHS can control the level of FUNDCI1 and also modulate
the level of mitophagy under hypoxia conditions. One important aspect that remains to be clarified
is the purpose of this regulatory mechanism. Upon hypoxia, why does MARCHS initially degrade
FUNDCI but then allows FUNDCI1 to persist and degrade mitochondria? This seems
counterintuitive and may suggest that the experimental model has some artifactual aspects. This
issue is touched upon in the Discussion, but a more detailed discussion would be helpful.

Response 1: We thank the referee for the positive assessment of our study. We have discussed more
about MARCHS5/FUNDCI axis in the revised manuscript (Discussion part, Pagel0, linel7-23).
“Unlike Parkin regulated mitophagy that ubiquitylates a large amount of mitochondrial outer
membrane proteins and then recruits autophagy adaptor P62 and isolation membrane, MARCHS
fine tunes mitophagy by specifically ubiquitylating and degrading receptor protein FUNDCI in
response to hypoxic stress. Regulation of MARCHS5/FUNDCI axis desensitizes mitochondria and
avoids improper clearness to undamaged mitochondria. Our findings uncover the distinct roles of
E3 ligases in different mitophagy pathways.”

Some other issues that should be addressed:

1) Some of the figures a re labeled in a confusing manner. In Fig. 2H, for example, "-shRNA" is
confusing because it can imply the lack of shRNA.

Response 2: Many thanks for the suggestions. We have corrected all the improper or informal
labels in the revised manuscript.

2) The authors attribute the region 94-110 in FUNDCI as being important for physical interaction
with MARCHS. However, the experiment in 3E shows substantial interaction in the absence of this
region. Because the result is somewhat subtle, it is important to discuss more thoroughly and
perform quantification of the physical interaction.

Response 3: Thanks for the good suggestions. Actually, excessive expression of FUNDCI-A94-110-
myc truncation plasmid could induce non-specific binding with other proteins. It may cause a small
amount of interaction between FUNDCI1-A94-110-myc truncated variant and GFP-MARCH) as
shown in previous FUNDCI truncation date. To correct this, full-length and truncated forms of
FUNDCI-myc were expressed in similar amounts in HeLa cells expressing GFP-MARCHS.

As it is evident from the figure below, there was hardly any interaction between GFP-MARCHS and
FUNDCI1-A94-110-myc truncation.
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But the same was not the case with other truncated forms of FUNDCI-myc (see Fig 3E in revised
manuscript and Fig R1). These results indicate that FUNDCI indeed interacted with MARCHS
through amino acids 94-110.
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Figure RI. Quantification of interaction between FUNDC1 truncation forms and MARCHS as
indicated in (Fig 3E in revised manuscript) (mean = SEM, from 3 independent experiments).

3) Fig. 4D and E would benefit from quantification. The authors say that Fig. 4H shows that K119R
is more effective at degrading mitochondria. However, the data is marginal at showing this.

Response 4: Thanks for your valuable suggestion. The quantification data of Figs 4D-E was shown
in Appendix Figs S2A-B at revised manuscript, respectively. For Fig 4H, we also quantified the
decrease of mitochondrial proteins Tim23 and Tom20 in cells expressing FUNDCI-myc or K119R-
myc mutant (Appendix Fig S3B in revised manuscript). We believe that these results show that
K119R mutant is more effective at degrading mitochondria than wild-type FUNDCI.

4) In Fig. 4G, it is difficult to conclude that K119R promotes more co-localization between LC3 and
mitochondria, based on one image that is complicated to interpret.

Response 5: We are grateful for your insight that helped us strengthen our data. In order to
accurately detect the effect of K119R mutation on FUNDCI mediated mitophagy, we quantified the
GFP-LC3 aggregates surrounding mitochondria in FUNDCI-myc or K119R-myc positive cells
treated as in (Figure 4G) with ImageJ (mean + SEM; n = 200 cells from three independent
experiments) (please see Appendix Fig S3A4 at revised manuscript). The statistic analysis showed
that K119R promoted more co-localization between LC3 and mitochondria than wild-type
FUNDCI.

5) The authors propose that MARCHS activity against FUNDCI is controlled by the oligomeric
state of the former. The data supporting this idea is correlative and should be discussed more
carefully.

Response 6: Thanks for your suggestion. We added the sentences at revised manuscript (Page9,
line5-7) to make the conclusion more accurate. “We believe that the oligomeric switch of MARCHS
is important for degradation of FUNDC1, however exact nature of this complex (oligomeric) and its
interaction needs to be explored further.”

Referee #3:
FUNDCI serves as a mitophagy receptor under hypoxia. Here, the authors reveal a novel regulatory
mechanism of this pathway involving the E3 ligase MARCHS. MARCHS is shown to ubiquitylate

FUNDCI at K119 triggering its proteasomal degradation. Strikingly, this occurs independently of
the E3 ligase parkin that is involved in PINK 1-dependent turnover of depolarized mitochondria.
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Inhibition of FUNDC1 degradation either by mutating K119 or downregulating MARCHS increases
the rate of mitophagy, suggesting that MARCHS5-dependent proteolysis fine-tunes mitophagy in
hypoxia. Overall, this is an interesting manuscript revealing a novel mode of regulation for
mitophagy. Although most experiments were performed under conditions of protein overexpression,
the findings are clear-cut and unexpectedly point to distinct roles of E3 ligases in different
mitophagy pathways. The authors should, however, consider the following points:

1. The authors demonstrate proteasomal degradation of FUNDC1 but I am uncertain whether or not
proteolysis is stimulated in hypoxia. Fig. 2D/E shows degradation of FUNDC1 under normoxic
conditions. Does hypoxia accelerate proteolysis?

Response 7: We're thankful to you for picking up on this. To explore the FUNDCI proteolysis under
hypoxia, we exposed cells in 1% O, for the indicated time, with or without MG132 (10 uM), and
detected the FUNDCI protein level by western blotting analysis (Figs R2A-B). Consistent with the
results in Fig 1C at revised manuscript, FUNDCI proteolysis was indeed accelerated under hypoxic
condition, and blocked by MG132, a specific proteasome inhibitor.

A - MG132
Hypoxia 0 3 6 1224 0 3 6 12 24hr
FUNDCI1 | @ o= o= « - en e - o

ACHD | o e s s s e o et v

B

1.0 -

—-o- Hypoxia

-=- Hypoxia+tMG132

Relative FUNDCT1 level
=
7]

0.0

Hypoxia 0 3 6 12 24 hr

Figure R2. (4) HeLa cells were exposed to 1% O, for the indicated time, with or without MG132 (10
uM), and then the FUNDCI protein was detected by western blotting. (B) Quantification of
FUNDCI level as indicated in (4) (mean + SEM, from 3 independent experiments).

In Fig. 2F/G, the authors observe FUNDCI proteolysis in MARCHS knockdown cells while MG132
completely inhibits proteolysis in Fig. 2D/E. Can this be explained by inefficient depletion of
MARCHS?

Response 8: Wild type and mutant MARCHS were expressed with HeLa cells instead of MARCHS
knockdown cells in Figs 2F-G, as mentioned in our primary manuscript (page6, linel8). We made a
typographical error in Figure legends part of Fig 2F (primary manuscript, page 13, line 19). Now
we have corrected it in revised manuscript (pagel 3, linel9 at revised manuscript) and we apologize
for that.

2. In Fig. 4G, the authors describe the formation of LC3 foci upon overexpression of the K119R
form of FUNDCI1 (but not upon expression of FUNDC1), but this effect is not well documented.
The authors should show a quantification of these data to substantiate their conclusion.

Response 9: Thanks for suggestion. We quantified the GFP-LC3 aggregates surrounding
mitochondria in FUNDC1-myc or K119R-myc positive cells (mean = SEM; n = 200 cells from three
independent experiments) (please see Appendix Fig S3A at revised manuscript). The statistical
analysis showed that K119R promoted more co-localization between LC3 and mitochondria than
wild-type FUNDCI.
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3. Related to this point, if the K119R variant of FUNDC1 induces mitophagy, what is the
explanation for this? Similar levels of ectopically expressed FUNDCI1 and K119R accumulate in
these cells according to Fig. 4H.

Response 10: Thanks for great suggestion. For Fig 4H, we quantified the decrease of mitochondrial
proteins Tim23 and Tom20 in cells expressing FUNDCI-myc or K119R-myc mutant, and found
K119R mutant was more effective at degrading mitochondria than wild-type FUNDC1 (Appendix
Fig §3B in revised manuscript). A likely conclusion could be that K119R mutant increases the
protein stability of FUNDC1 and makes it easier to recruit LC3 and induce mitophagy.

4. The immunoprecipitation experiment shown in Fig. 6A is puzzling. FUNDCI levels decrease
upon incubation in hypoxia as expected but similar amounts of FUNDCI are precipitated. Does this
indicate that only a small fraction of FUNDCI (at time point 0) is precipitated under these
conditions?

Response 11: Thanks for your kind concern. To quantify the immunoprecipitated FUNDCI in Fig
64, grayscale values of the precipitated FUNDC1 bands, measured with ImageJ software, are
shown under the corresponding bands to indicate the band intensities (please see Fig 6A in revised
manuscript). Inmunoprecipitated FUNDCI was indeed somewhat decreased in a time-dependent
manner in cells exposed to hypoxia because of reduction of total FUNDC1 protein. Under these
conditions, immunoprecipitated MARCHS5-myc was significantly increased, supporting the
conclusion that hypoxia progressively enhanced the interaction between MARCHS5 and FUNDCI.

2nd Editorial Decision 12 December 2016

Thank you for the submission of your revised manuscript to EMBO reports. We have now received
the full set of referee reports that is copied below. As you will see, both referees are very positive
about the study and request only a minor change to the text. From the editorial side, there are also a
few things that we need before we can proceed with the official acceptance of your study.

REFEREE REPORTS

Referee #2:

The revised manuscript is improved and has addressed my concerns. In the quoted passage in
response 1, the wording is awkward, and I would suggest the following: "Regulation of the
MARCHS/FUNDCI axis desensitizes mitochondrial degradation and avoids improper clearance of
undamaged mitochondria."

Referee #3:

The authors have carefully addressed my concerns when preparing the revised manuscript. I feel that
the identification of a novel ubiquitin-dependent mechansims fine-tuning mitophagy will be of
broad interest in the field.

2nd Revision - authors' response 14 December 2016

The authors made the requested changes and submitted the final version of the manuscript.

3rd Editorial Decision 20 December 2016

I am very pleased to accept your manuscript for publication in the next available issue of EMBO
reports. Thank you for your contribution to our journal.
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