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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 FUNDC1 
and MARCH5 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 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 MARCH5 is a regulator of FUNDC1 levels. By both overexpression and 
knockdown studies, they show that MARCH5 can control the level of FUNDC1 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 MARCH5 initially degrade 
FUNDC1 but then allows FUNDC1 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 FUNDC1 as being important for physical interaction 
with MARCH5. 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 MARCH5 activity against FUNDC1 is controlled by the oligomeric 
state of the former. The data supporting this idea is correlative and should be discussed more 
carefully. 
 
 
Referee #3: 
 
FUNDC1 serves as a mitophagy receptor under hypoxia. Here, the authors reveal a novel regulatory 
mechanism of this pathway involving the E3 ligase MARCH5. MARCH5 is shown to ubiquitylate 
FUNDC1 at K119 triggering its proteasomal degradation. Strikingly, this occurs independently of 
the E3 ligase parkin that is involved in PINK1-dependent turnover of depolarized mitochondria. 
Inhibition of FUNDC1 degradation either by mutating K119 or downregulating MARCH5 increases 
the rate of mitophagy, suggesting that MARCH5-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? In Fig. 2F/G, the authors observe FUNDC1 
proteolysis in MARCH5 knockdown cells while MG132 completely inhibits proteolysis in Fig. 
2D/E. Can this be explained by inefficient depletion of MARCH5? 

 
2. In Fig. 4G, the authors describe the formation of LC3 foci upon overexpression of the K119R 
form of FUNDC1 (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 FUNDC1 and K119R accumulate in 
these cells according to Fig. 4H. 

4. The immunoprecipitation experiment shown in Fig. 6A is puzzling. FUNDC1 levels decrease 
upon incubation in hypoxia as expected but similar amounts of FUNDC1 are precipitated. Does this 
indicate that only a small fraction of FUNDC1 (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 MARCH5 is a regulator of FUNDC1 levels. By both overexpression and 
knockdown studies, they show that MARCH5 can control the level of FUNDC1 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 MARCH5 initially degrade 
FUNDC1 but then allows FUNDC1 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 MARCH5/FUNDC1 axis in the revised manuscript (Discussion part, Page10, line17-23). 
“Unlike Parkin regulated mitophagy that ubiquitylates a large amount of mitochondrial outer 
membrane proteins and then recruits autophagy adaptor P62 and isolation membrane, MARCH5 
fine tunes mitophagy by specifically ubiquitylating and degrading receptor protein FUNDC1 in 
response to hypoxic stress. Regulation of MARCH5/FUNDC1 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 FUNDC1 as being important for physical interaction 
with MARCH5. 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 FUNDC1-∆94-110-
myc truncation plasmid could induce non-specific binding with other proteins. It may cause a small 
amount of interaction between FUNDC1-∆94-110-myc truncated variant and GFP-MARCH5 as 
shown in previous FUNDC1 truncation date. To correct this, full-length and truncated forms of  
FUNDC1-myc were expressed in similar amounts in HeLa cells expressing GFP-MARCH5.  
As it is evident from the figure below, there was hardly any interaction between GFP-MARCH5 and 
FUNDC1-∆94-110-myc truncation.  
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But the same was not the case with other truncated forms of FUNDC1-myc (see Fig 3E in revised 
manuscript and Fig R1). These results indicate that FUNDC1 indeed interacted with MARCH5 
through amino acids 94-110. 
 

 
Figure R1. Quantification of interaction between FUNDC1 truncation forms and MARCH5 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 FUNDC1-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 FUNDC1. 
 
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 FUNDC1 mediated mitophagy, we quantified the 
GFP-LC3 aggregates surrounding mitochondria in FUNDC1-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 S3A at revised manuscript). The statistic analysis showed 
that K119R promoted more co-localization between LC3 and mitochondria than wild-type 
FUNDC1. 
 
5) The authors propose that MARCH5 activity against FUNDC1 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 MARCH5 
is important for degradation of FUNDC1, however exact nature of this complex (oligomeric) and its 
interaction needs to be explored further.” 
 
 
Referee #3: 
 
FUNDC1 serves as a mitophagy receptor under hypoxia. Here, the authors reveal a novel regulatory 
mechanism of this pathway involving the E3 ligase MARCH5. MARCH5 is shown to ubiquitylate 
FUNDC1 at K119 triggering its proteasomal degradation. Strikingly, this occurs independently of 
the E3 ligase parkin that is involved in PINK1-dependent turnover of depolarized mitochondria. 



EMBO reports - Peer Review Process File - EMBOR-2016-43309
 

 
© European Molecular Biology Organization 5 

Inhibition of FUNDC1 degradation either by mutating K119 or downregulating MARCH5 increases 
the rate of mitophagy, suggesting that MARCH5-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 FUNDC1 proteolysis under 
hypoxia, we exposed cells in 1% O2 for the indicated time, with or without MG132 (10 µM), and 
detected the FUNDC1 protein level by western blotting analysis (Figs R2A-B). Consistent with the 
results in Fig 1C at revised manuscript, FUNDC1 proteolysis was indeed accelerated under hypoxic 
condition, and blocked by MG132, a specific proteasome inhibitor. 
 

 
Figure R2. (A) HeLa cells were exposed to 1% O2 for the indicated time, with or without MG132 (10 
µM), and then the FUNDC1 protein was detected by western blotting. (B) Quantification of 
FUNDC1 level as indicated in (A) (mean ± SEM, from 3 independent experiments). 
 
In Fig. 2F/G, the authors observe FUNDC1 proteolysis in MARCH5 knockdown cells while MG132 
completely inhibits proteolysis in Fig. 2D/E. Can this be explained by inefficient depletion of 
MARCH5?  
 
Response 8: Wild type and mutant MARCH5 were expressed with HeLa cells instead of MARCH5 
knockdown cells in Figs 2F-G, as mentioned in our primary manuscript (page6, line18). 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 (page13, line19 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 FUNDC1 (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 FUNDC1. 
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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 FUNDC1 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 FUNDC1-myc or K119R-myc mutant, and found 
K119R mutant was more effective at degrading mitochondria than wild-type FUNDC1 (Appendix 
Fig S3B 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. FUNDC1 levels decrease 
upon incubation in hypoxia as expected but similar amounts of FUNDC1 are precipitated. Does this 
indicate that only a small fraction of FUNDC1 (at time point 0) is precipitated under these 
conditions? 
 
Response 11: Thanks for your kind concern. To quantify the immunoprecipitated FUNDC1 in Fig 
6A, 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). Immunoprecipitated FUNDC1 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 MARCH5-myc was significantly increased, supporting the 
conclusion that hypoxia progressively enhanced the interaction between MARCH5 and FUNDC1. 
 
 
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 
MARCH5/FUNDC1 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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17.	For	tumor	marker	prognostic	studies,	we	recommend	that	you	follow	the	REMARK	reporting	guidelines	(see	link	list	at	
top	right).	See	author	guidelines,	under	‘Reporting	Guidelines’.	Please	confirm	you	have	followed	these	guidelines.

18.	Provide	accession	codes	for	deposited	data.	See	author	guidelines,	under	‘Data	Deposition’.

Data	deposition	in	a	public	repository	is	mandatory	for:
a.	Protein,	DNA	and	RNA	sequences
b.	Macromolecular	structures
c.	Crystallographic	data	for	small	molecules
d.	Functional	genomics	data	
e.	Proteomics	and	molecular	interactions
19.	Deposition	is	strongly	recommended	for	any	datasets	that	are	central	and	integral	to	the	study;	please	consider	the	
journal’s	data	policy.	If	no	structured	public	repository	exists	for	a	given	data	type,	we	encourage	the	provision	of	
datasets	in	the	manuscript	as	a	Supplementary	Document	(see	author	guidelines	under	‘Expanded	View’	or	in	
unstructured	repositories	such	as	Dryad	(see	link	list	at	top	right)	or	Figshare	(see	link	list	at	top	right).
20.	Access	to	human	clinical	and	genomic	datasets	should	be	provided	with	as	few	restrictions	as	possible	while	
respecting	ethical	obligations	to	the	patients	and	relevant	medical	and	legal	issues.	If	practically	possible	and	compatible	
with	the	individual	consent	agreement	used	in	the	study,	such	data	should	be	deposited	in	one	of	the	major	public	access-
controlled	repositories	such	as	dbGAP	(see	link	list	at	top	right)	or	EGA	(see	link	list	at	top	right).
21.	As	far	as	possible,	primary	and	referenced	data	should	be	formally	cited	in	a	Data	Availability	section.	Please	state	
whether	you	have	included	this	section.

Examples:
Primary	Data
Wetmore	KM,	Deutschbauer	AM,	Price	MN,	Arkin	AP	(2012).	Comparison	of	gene	expression	and	mutant	fitness	in	
Shewanella	oneidensis	MR-1.	Gene	Expression	Omnibus	GSE39462
Referenced	Data
Huang	J,	Brown	AF,	Lei	M	(2012).	Crystal	structure	of	the	TRBD	domain	of	TERT	and	the	CR4/5	of	TR.	Protein	Data	Bank	
4O26
AP-MS	analysis	of	human	histone	deacetylase	interactions	in	CEM-T	cells	(2013).	PRIDE	PXD000208
22.	Computational	models	that	are	central	and	integral	to	a	study	should	be	shared	without	restrictions	and	provided	in	a	
machine-readable	form.		The	relevant	accession	numbers	or	links	should	be	provided.	When	possible,	standardized	
format	(SBML,	CellML)	should	be	used	instead	of	scripts	(e.g.	MATLAB).	Authors	are	strongly	encouraged	to	follow	the	
MIRIAM	guidelines	(see	link	list	at	top	right)	and	deposit	their	model	in	a	public	database	such	as	Biomodels	(see	link	list	
at	top	right)	or	JWS	Online	(see	link	list	at	top	right).	If	computer	source	code	is	provided	with	the	paper,	it	should	be	
deposited	in	a	public	repository	or	included	in	supplementary	information.

23.	Could	your	study	fall	under	dual	use	research	restrictions?	Please	check	biosecurity	documents	(see	link	list	at	top	
right)	and	list	of	select	agents	and	toxins	(APHIS/CDC)	(see	link	list	at	top	right).	According	to	our	biosecurity	guidelines,	
provide	a	statement	only	if	it	could.

F-	Data	Accessibility

G-	Dual	use	research	of	concern

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA


	chen rpf draft.pdf
	checklist

