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1st Editorial Decision 17th Nov 2022

Dear Dr. Ren,

Thank you for the submission of your research manuscript to EMBO reports. It has been seen by three experts in the field, and
we have now received the full set of their reports (appended below).

As you will see, all referees acknowledge that certain aspects of this work are potentially interesting. However, they also identify
limitations in the study and they mention that parts of the proposed model require further experimental support. In particular, we
agree with referees #1 and #3 that more comprehensive biochemical characterization of the interaction between MIRO-1 and
VDAC-1 is required to substantiate the conclusions of the study. In addition, we would like to emphasize the importance of the
concern of referee #3 that the observed effects of the point mutation in MIRO-1 could be attributed to the impairment of its
GTPase domain rather than to the abolishment of its interaction with VDAC-1; further experiments are required to distinguish
between those two possibilities. Furthermore, referee #1 points out that VDAC-1 oligomerization has been linked to
mitochondrial fragmentation, and investigation of the possibility that the interaction between MIRO-1 and VDAC-1 interferes with
oligomerization of the latter would be advisable. Moreover, the referees provide a number of additional suggestions for the
improvement of the work, which should be addressed. We note that although the broader analysis of the impact of the proposed
interaction on mitochondrial function (as suggested by referee #3) would be desirable, it will not be required for further
consideration of the manuscript.

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. If you have any questions or comments, we can also discuss the revisions in a video chat, if you like.

We realize that it is difficult to revise to a specific deadline. In the interest of protecting the conceptual advance provided by the
work, we usually recommend a revision within 3 months (February 16th). Please discuss with me the revision progress ahead of
this time if you require more time to complete the revisions.

Please note that you can publish the study either as a short report or as a full article. For short reports, the revised manuscript
should not exceed 27,000 characters (including spaces but excluding materials & methods and references) and 5 main plus 5
expanded view figures. The results and discussion sections must further be combined, which will help to shorten the manuscript
text by eliminating some redundancy that is inevitable when discussing the same experiments twice. For a normal article there
are no length limitations, but it should have more than 5 main figures and the results and discussion sections must be separate.
In both cases, the entire materials and methods must be included in the main manuscript file.

*kkkk

IMPORTANT NOTE:
We perform an initial quality control of all revised manuscripts before re-review. Your manuscript will FAIL this control and the
handling will be DELAYED if the following APPLIES:

1) A data availability section providing access to data deposited in public databases is missing.

2) Your manuscript contains statistics and error bars based on n=2. Please use scatter plots in these cases. No statistics should
be calculated if n=2.

When submitting your revised manuscript, please carefully review the instructions that follow below. Failure to include requested
items will delay the evaluation of your revision.

*kkkk
When submitting your revised manuscript, we will require:

1) a .docx formatted version of the manuscript text (including legends for main figures, EV figures and tables). Please make sure
that the changes are highlighted to be clearly visible.

2) individual production quality figure files as .eps, .1if, .jpg (one file per figure).
Please download our Figure Preparation Guidelines (figure preparation pdf) from our Author Guidelines pages
https://www.embopress.org/page/journal/14693178/authorguide for more info on how to prepare your figures.

3) a .docx formatted letter INCLUDING the reviewers' reports and your detailed point-by-point responses to their comments. As



part of the EMBO Press transparent editorial process, the point-by-point response is part of the Review Process File (RPF),
which will be published alongside your paper unless you opt out of this (please see below for further information).

4) a complete author checklist, which you can download from our author guidelines
(<https://www.embopress.org/page/journal/14693178/authorguide>). Please insert information in the checklist that is also
reflected in the manuscript. The completed author checklist will also be part of the RPF.

5) Please note that all corresponding authors are required to supply an ORCID ID for their name upon submission of a revised
manuscript (<https://orcid.org/>). Please find instructions on how to link your ORCID ID to your account in our manuscript
tracking system in our Author guidelines
(<https://www.embopress.org/page/journal/14693178/authorguide#authorshipguidelines>)

6) We replaced Supplementary Information with Expanded View (EV) Figures and Tables that are collapsible/expandable online.
A maximum of 5 EV Figures can be typeset. EV Figures should be cited as 'Figure EV1, Figure EV2" etc... in the text and their
respective legends should be included in the main text after the legends of regular figures.

- For the figures that you do NOT wish to display as Expanded View figures, they should be bundled together with their legends
in a single PDF file called *Appendix*, which should start with a short Table of Content. Appendix figures should be referred to in
the main text as: "Appendix Figure S1, Appendix Figure S2" etc. See detailed instructions regarding expanded view here:
<https://www.embopress.org/page/journal/14693178/authorguide#expandedview>

- Additional Tables/Datasets should be labeled and referred to as Table EV1, Dataset EV1, etc. Legends have to be provided in
a separate tab in case of .xIs files. Alternatively, the legend can be supplied as a separate text file (README) and zipped
together with the Table/Dataset file.

7) Before submitting your revision, primary datasets (and computer code, where appropriate) produced in this study need to be
deposited in an appropriate public database (see <
https://www.embopress.org/page/journal/14693178/authorguide#dataavailability>).

Specifically, we would kindly ask you to provide public access to the following datasets/data:

- Proteomic - mass spectrometry data

Please remember to provide a reviewer password if the datasets are not yet public.

The accession numbers and database should be listed in a formal "Data Availability " section (placed after Materials & Methods)
that follows the model below (see also < https://www.embopress.org/page/journal/14693178/authorguide#dataavailability>).
Please note that the Data Availability Section is restricted to new primary data that are part of this study.

# Data availability
The dataset produced in this study is available in the following database:

- RNA-Seq data: Gene Expression Omnibus GSE46843 (https://www.ncbi.nim.nih.gov/geo/query/acc.cgi?acc=GSE46843)
*** Note - All links should resolve to a page where the data can be accessed. ***

8) We updated our journal's competing interests policy in January 2022 and request authors to consider both actual and
perceived competing interests. Please review the new policy (<https://www.embopress.org/competing-interests>) and update
your competing interests statement if necessary. Please name this section 'Disclosure and competing interests statement' and
place it after the Acknowledgements section.

9) Figure legends and data quantification:
The following points must be specified in each figure legend:

- the name of the statistical test used to generate error bars and P values,

- the number (n) of independent experiments (please specify technical or biological replicates) underlying each data point,
- the nature of the bars and error bars (s.d., s.e.m.)

- If the data are obtained from n {less than or equal to} 2, use scatter plots showing the individual data points.

Discussion of statistical methodology can be reported in the materials and methods section, but figure legends should contain a
basic description of n, P and the test applied.

See also the guidelines for figure legend preparation:
https://www.embopress.org/page/journal/14693178/authorguide#figureformat

- Please also include scale bars in all microscopy images.



10) At EMBO Press we ask authors to provide source data for the main and EV figures. Our source data coordinator will contact
you to discuss which figure panels we would need source data for and will also provide you with helpful tips on how to upload
and organize the files.

11) Our journal encourages inclusion of *data citations in the reference list* to directly cite datasets that were re-used and
obtained from public databases. Data citations in the article text are distinct from normal bibliographical citations and should
directly link to the database records from which the data can be accessed. In the main text, data citations are formatted as
follows: "Data ref: Smith et al, 2001" or "Data ref: NCBI Sequence Read Archive PRINA342805, 2017". In the Reference list,
data citations must be labeled with "[DATASET]". A data reference must provide the database name, accession
number/identifiers and a resolvable link to the landing page from which the data can be accessed at the end of the reference.
Further instructions are available at <https://www.embopress.org/page/journal/14693178/authorguide#referencesformat>.

12) Please also note our reference format:
<http://www.embopress.org/page/journal/14693178/authorguide#referencesformat>.

13) We now use CRediT to specify the contributions of each author in the journal submission system. CRediT replaces the
author contribution section, which should be removed from the manuscript. Please use the free text box to provide more detailed
descriptions. See also guide to authors:
<https://www.embopress.org/page/journal/14693178/authorguide#authorshipguidelines>.

14) As part of the EMBO publications' Transparent Editorial Process, EMBO reports publishes online a Review Process File to
accompany accepted manuscripts. This File will be published in conjunction with your paper and will include the referee reports,
your point-by-point response and all pertinent correspondence relating to the manuscript.

You can opt out of this by letting the editorial office know (emboreports@embo.org). If you do opt out, the Review Process File
link will point to the following statement: "No Review Process File is available with this article, as the authors have chosen not to
make the review process public in this case.”

We would also welcome the submission of cover suggestions, or motifs to be used by our Graphics lllustrator in designing a
cover.

I look forward to seeing a revised version of your manuscript when it is ready. Please let me know if you have any questions or
comments regarding the revision.

You can use this link to submit your revision: https://embor.msubmit.net/cgi-bin/main.plex
Yours sincerely,
loannis

loannis Papaioannou, PhD
Editor
EMBO reports

Referee #1:

The manuscript examines why some of the fragmented mitochondria can maintain sufficient function that will allow for survival of
the C. elegance mutant. Their work suggests that Miro-1 may be interacting with VDAC-1 and thereby offering some functional
protection to the fragmented mitochondria in this model.

Overall, all work presented here suggest an association between Miro-1 and protection by ATP maintenance. While this is an
interesting observation, there are a few questions both technically and conceptually that need to be addressed.

A technical question: Why tubulin has been used as a loading control for mitochondria? This is not specific for mitochondria.
Why not using another marker specific to mitochondria? Such as Hsp proteins, or VDAC1 and porin or COX?

Conceptual questions: The quality of the figures are low and hard to evaluate the expression pattern, however, are there any
correlation between the size and MIRO-1 content? Can fragmented mitochondria be sorted based on their size to see if there
are such correlation between size and normal functionality?

The need for further experiments: What is the mechanisms of action for Miro-1 and VDAC1 interaction? VDAC-1 oligomerization
has been shown to be involved in mitochondrial fragmentation (PMID 30421242). This can be simply shown by cross-linking



experiments using EGS to capture the oligomeric states of VDAC1 by western blotting. This technique will allow if interaction of
MIRO-1 and VDAC-1 can prevent VDAC1 oligomerization.
Also if calcium signaling is affected, can this be shown experimentally?

The word stochastic has been used several times throughout the text. It would be useful to better define what is meant by that?
Randomly?

Referee #2:

In this manuscript, X. Ren et al studied the interaction between Miro-1 and VDAC-1, and proposed a membrane potential
maintaining role specifically for fragment mitochondria, which would draw many attention. This is very interesting and novel
study, and have good significance for the field.

1, Beside the overexpressed Miro1-GFP to demonstrate that more Miro-1 on fragment mitochondria (fig. 1D, E; Fig. 2A), the
endogenous Miro1 is also suggested to be detected. Furthermore, the author nicely provided a wound model and show some
accumulation of Miro1 on fragment mitochondria (fig 2A), did it also show a membrane potential correlation as fig 1A ?

2. The IP experiment: suggest an IP by VDAC and detect endogenous Miro-1. Also, in discussion, MIRO-1 interacting with
VDAC-1: Does it mean that MIRO1 promoting VDAC activity, but covering its channel pore to maintain AWm? In addition, both
the MIRO-1 and VDAC-1 are MOM proteins, but regulate AWm, which is keeping by the mitochondrial inner membrane? It needs
more explanation in more detail.

Minor: In page 3, the second paragraph, "mitochondrial inner membrane space". May be "mitochondrial intermembrane space"
is accurate.

Referee #3:

In this work, a connection between MIRO1, a rho GTPase involved in mitochondrial distrubution, and VDAC is proposed that
directly determines maintenance of an inner membrane potential. The study shows that MIRO1 association with mitochondria
occurs in C.elegans as in other systems, that this association is increased during wound healing and that MIRO1 function is
required for normal mitochondrial fitness. The authors then provide some evidence that VDAC, the most abundant outer
membrane protein could be a receptor for MIRO1 and that point mutations in MIRO1 can affect the interaction between both
proteins. The authors then postulate that this interaction is critical to maintain the membrane potential over the inner membrane,
but how this is mediated is largely unclear. While certain aspects of this work are potentially interesting, key parts of the
proposed model lack experimental support or appear to be not work out well.

In order to improve the study for future submissions, the authors should more rigorously describe the proposed MIRO1-VDAC
interaction biochemically (Visualization of a complex by additional experiments like BN-PAGE, gel filtration or chemical
crosslinking including specificity controls). Moreover, as it stands now, the mechanism by which this potential complex impacts
maintenance of the membrane potential is currently completely unclear and needs extensive new experimentation, ie are these
effects of the point mutation in MIRO1 directly related the interaction with VDAC or are they secondary due to impairment of the
GTPase domain in MIRO? Which aspects of mitochondrial physiology is impaired in these mutants, is the respiratory chain
intact and assembled, can the complexes perform normal function, is there a problem with mtDNA expression, is the effect due
to problems associated with metabolism of certain substrates, etc.



1st Authors' Response to Reviewers 9th Mar 2023

Response to Reviewers’ comments (Our responses are in blue font):
Referee #1:

The manuscript examines why some of the fragmented mitochondria can maintain sufficient
function that will allow for survival of the C. elegance mutant. Their work suggests that Miro-1
may be interacting with VDAC-1 and thereby offering some functional protection to the
fragmented mitochondria in this model. Overall, all work presented here suggest an association
between Miro-1 and protection by ATP maintenance. While this is an interesting observation, there

are a few questions both technically and conceptually that need to be addressed.
RESPONSE: We thank the Reviewer for the positive comments.

A technical question: Why tubulin has been used as a loading control for mitochondria? This is not
specific for mitochondria. Why not using another marker specific to mitochondria? Such as Hsp

proteins, or VDACI and porin or COX?

RESPONSE: Thanks for the suggestions, this is a valid point. We agree with the Reviewer that it
would be more precise to use mitochondrial protein as a loading control. To do this, we have now
performed a new western blot by adding COX-4 as an internal control. Our new results showed
that MIRO-1 is upregulated in fzo-1 mutant as well as after wounding compared to COX-4
expression level. We have included this data in Fig 1C and Fig 2D.
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Fig 1C. Protein levels of MIRO-1 in fzo-1 mutant. Immunoblot showing protein levels of
MIRO-1 in WT and fzo-1 mutant animals. Tubulin and COX-4 serve as loading controls.
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Fig 2D. Protein levels of MIRO-1 after wounding. Immunoblot showing protein levels of

D

MIRO-1 before and after wounding. Tubulin and COX-4 serve as loading controls.



Conceptual questions: The quality of the figures are low and hard to evaluate the expression
pattern, however, are there any correlation between the size and MIRO-1 content? Can fragmented
mitochondria be sorted based on their size to see if there are such correlation between size and
normal functionality?

RESPONSE: We apologize for the lower resolution of the figure that was prepared earlier due to

compression. We have now improved the figure resolution by reducing the file compression.

To address whether there is any correlation between mitochondrial size and MIRO-1 content, we
performed a new analysis using Spearman's rank correlation coefficient of fragmented
mitochondria. Our results showed a significant but weak correlation between mitochondrial size

and MIRO-1 content, suggesting that MIRO-1 tends to accumulate in larger mitochondria.

Additionally, we performed a new correlation analysis between fragmented mitochondria size and
mitochondrial function, as indicated by the TMRE signal. Our new data demonstrated a strong
correlation between TMRE signal and mitochondrial size, suggesting that larger mitochondria
maintain the mitochondrial membrane potential to sustain function, which is consistent with the
higher level of MIRO-1 localization in these mitochondria. Thanks for the excellent suggestions
that have helped to improve our work. We have now included this data in Fig EVIE and Fig
EVIFE
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Fig EV1E. The correlation between the mitochondrial size and MIRO-1 content. Spearman's

correlation analysis of the mitochondrial size and MIRO-1 expression in fz0-1 mutant.
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Fig EVIF. The correlation between mitochondrial size and mitochondrial membrane
potential. Spearman's correlation analysis of the mitochondrial size and TMRE intensity in fzo-1

mutant.



The need for further experiments: What is the mechanisms of action for Miro-1 and VDACI1
interaction? VDAC-1 oligomerization has been shown to be involved in mitochondrial
fragmentation (PMID 30421242). This can be simply shown by crosslinking experiments using
EGS to capture the oligomeric states of VDACI1 by western blotting. This technique will allow if
interaction of MIRO-1 and VDAC-1 can prevent VDACI oligomerization.

RESPONSE: We thank the Reviewer for helpful comments and guidance in exploring the
mechanism of the interaction between MIRO-1 and VDAC-1. To address this question, we
conducted oligomerization experiments using crosslinking agents BMH (Bismaleimidoethane),
which was commonly used in mitochondrial protein oligomerization (Prudent et al, 2015), to
study VDAC-1 oligomerization. (We could not get EGS on time because of the shipping issue at
the end of last year during the Covid-19 pandemic). Our new results showed that BMH treatment
preserved VDAC-1 oligomerization in WT and miro-1 mutants. Interestingly, we observed that the
oligomerization band of VDAC-1 in miro-1(tm1966) mutant was slightly stronger than that in WT
animals. These results suggest that the loss of function of MIRO-1 results in an increased VDAC-
1 oligomerization. Thus, it is likely that the interaction between MIRO-1 and VDAC-1 maintains
the mitochondrial membrane potential by partially preventing VDAC-1 oligomerization. We have

now included this data in the text (Fig SH).

We would like to thank the Reviewer for insightful comments that helped us to mechanistically
explain our findings.
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Fig 5H. Analysis of VDAC-1 oligomerization in WT and miro-1(tm1966) mutant by BMH.
BN-PAGE and immunoblot analysis of VDAC-1 oligomerization crosslinked with BMH in WT
and miro-1(tm1966) mutants using VDAC-1 antibody.

Also if calcium signaling is affected, can this be shown experimentally?

RESPONSE: To address if calcium is involved in MIRO-1 mediated regulation of mitochondrial
membrane potential, we utilized transgenic C. elegans expressing mito-GCaMP5 and cyto-
GCaMP3 to label mitochondrial and cytosolic calcium, respectively. By comparing the fluorescent
signals of GCaMPs in the wild type and miro-1(tm1966) mutants, we did not observe significant
differences in either mito-GCaMP5 and cyto-GCaMP3. These findings suggest that loss of



function of MIRO-1 does not significantly affect mitochondrial or cytosolic calcium levels.
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Response Figure: Mitochondrial and cytosolic Ca** levels in WT, miro-1(tm1966), miro-
1(OE). (A) Fluorescence confocal microscopy images showing the expressions of mito::GCaMP5
in WT, miro-1(tm1966), miro-1(OE, overexpression) mutants with statistical analysis. (B)
Fluorescence confocal microscopy images showing the expressions of cyto::GCaMP3 in WT,

miro-1(tm1966) mutants with statistical analysis.

The word stochastic has been used several times throughout the text. It would be useful to better
define what is meant by that? Randomly?

RESPONSE: Thank you for your comments regarding using the term "stochastic" in our
manuscript. We agree that this term can be ambiguous and appreciate the opportunity to provide
further clarification. Our intention was to use "stochastic" to convey the concept of random events
or fluctuations in mitochondrial dynamics, which is consistent with the widely accepted definition
in the scientific literature (Chen et al, 2003). We have now revised our manuscript to provide
additional explanation and context surrounding the use of this term. We thank the Reviewer for
bringing this to our attention and believe that our revisions will better communicate the intended

meaning of this term to our readers.



Referee #2:

In this manuscript, X. Ren et al studied the interaction between Miro-1 and VDAC-1, and
proposed a membrane potential maintaining role specifically for fragment mitochondria, which
would draw many attention. This is very interesting and novel study, and have good significance
for the field.

RESPONSE: We thank the Reviewer for the positive comments on our findings.

Beside the overexpressed Mirol-GFP to demonstrate that more Miro-1 on fragment mitochondria
(fig. 1D, E; Fig. 2A), the endogenous Mirol is also suggested to be detected.

RESPONSE: We apologize for any confusion caused. In our study, we utilized GFP::MIRO-1 (KI)
transgenic animals to examine the endogenous MIRO-1 expression. GFP::MIRO-1 images shown
in Fig 1D and E, and Fig 2A (revised 2C) were captured from the knock-in strain, reflecting the

endogenous MIRO-1 expression. We have now clarified this in the main text.

Furthermore, the author nicely provided a wound model and show some accumulation of Mirol
on fragment mitochondria (fig 2A), did it also show a membrane potential correlation as fig 1A ?

RESPONSE: To address the Reviewer’s question, we performed a similar analysis to that
presented in Fig 1A. Our findings revealed heterogeneity in the TMRE signal among fragmented
mitochondria, with varying levels of TMRE signal observed, while a few mitochondria still
maintained a strong TMRE signal.

Moreover, we found that the GFP::MIRO-1 signal was elevated in fragmented mitochondria with
higher TMRE signals. Conversely, a barely detectable GFP::MIRO-1 signal in mitochondria with
diminished TMRE signals. These results suggest that MIRO-1 accumulates on the fragmented
mitochondria with elevated mitochondrial membrane potential. We have included this result in Fig

2A and B.
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Fig 2A and B. The relationship of MIRO-1 expression and AWYm before and after wounding.



Fluorescence confocal microscopy images showing TMRE staining and GFP::MIRO-1 in WT

animals with and without needle wounding.

2. The IP experiment: suggest an IP by VDAC and detect endogenous Miro-1.
RESPONSE: We performed a new co-IP experiment using VDAC-1 antibody-conjugated agarose
beads to pulldown MIRO-1 in GFP::MIRO-1(Kl) animals. Our results showed that GFP::MIRO-1
was detectable after pulldown by the VDAC-1 antibody, suggesting that MIRO-1 interacts with
VDAC-1 at the endogenous level. We have now included this result in Fig 4E.
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Fig 4E. VDAC-1 interacts with MIRO-1 in vivo. IP by VDAC-1 antibody and IB by GFP
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antibody.

Also, in discussion, MIRO-1 interacting with VDAC-1: Does it mean that MIRO1 promoting
VDAC activity, but covering its channel pore to maintain AYm?

RESPONSE: We thank the Reviewer for the insightful comments.

While we have shown an interaction between MIRO-1 and VDAC-1, we cannot definitively
propose that MIRO-1 promotes VDAC-1 activity at this stage. We appreciate the insights provided
by Reviewer 1, and in response, we have performed VDAC-1 oligomerization experiment. The
result suggests that the absence of MIRO-1 could lead to an increased VDAC-1 oligomerization
(Fig 5H). Therefore, we proposed that the interaction between MIRO-1 and VDAC-1 might
regulate VDAC-1 channel activity through VDAC-1 oligomerization to maintain A¥m.

However, further experiments are necessary to confirm this hypothesis. Specifically, a patch-
clamp investigation or the structure of the complex would be required to directly examine the
VDAC-1 channel conductance in the presence and absence of MIRO-1. Once again, we appreciate
the valuable feedback provided by the Reviewer and will take these suggestions into account in

our ongoing research.

In addition, both the MIRO-1 and VDAC-1 are MOM proteins, but regulate AWYm, which is
keeping by the mitochondrial inner membrane? It needs more explanation in more detail.
RESPONSE: We thank the Reviewer’s insightful question, which we have pondered over for a

long time. While it is true that the electrochemical gradient across the mitochondrial inner



membrane that underlies A¥Ym is primarily regulated by the electron transport chain (ETC)
complexes, it is important to note that proteins located on the mitochondrial outer membrane can
also impact A¥Ym. For example, Bcl-xL, a protein on the outer membrane, and even cytosolic
proteins like Valosin-containing protein (VCP) have been reported to play a role in regulating

AW¥m (Bartolome et al, 2013; Vander Heiden et al, 1997).

As an outer mitochondrial membrane protein, MIRO-1 has only three amino acids located at the
intermembrane space, making it unlikely that these directly interact with and regulate proteins on
the inner membrane to maintain A¥Ym. VDAC-1 is known to play a critical role in ion transport,
and there are numerous reports which have established a relationship between VDAC-1 and
mitochondrial health as well as AYm (Monaco et al, 2015; Zhou €t al, 2019). Based on our current
findings of the interaction between VDAC-1 and MIRO-1, we hypothesize that their interaction
may significantly impact the AYm through the regulation of the channel activity of VDAC-1.
Further studies (e.g. the structure of this complex) are needed to elucidate the exact mechanism by
which MIRO-1 and VDAC-1 interaction affects the AYm.

Minor: In page 3, the second paragraph, "mitochondrial inner membrane space”. May be
"mitochondrial intermembrane space" is accurate.

RESPONSE: We have corrected the errors.



Referee #3:

In this work, a connection between MIRO1, a rho GTPase involved in mitochondrial distrubution,
and VDAC is proposed that directly determines maintenance of an inner membrane potential. The
study shows that MIRO1 association with mitochondria occurs in C.elegans as in other systems,
that this association is increased during wound healing and that MIRO1 function is required for
normal mitochondrial fitness. The authors then provide some evidence that VDAC, the most
abundant outer membrane protein could be a receptor for MIRO1 and that point mutations in
MIROI can affect the interaction between both proteins. The authors then postulate that this
interaction is critical to maintain the membrane potential over the inner membrane, but how this is
mediated is largely unclear. While certain aspects of this work are potentially interesting, key parts

of the proposed model lack experimental support or appear to be not work out well.

RESPONSE: We thank the Reviewer for the positive comments and constructive insights that

guided our revision.

In order to improve the study for future submissions, the authors should more rigorously describe
the proposed MIRO1-VDAC interaction biochemically (Visualization of a complex by additional

experiments like BN-PAGE, gel filtration or chemical crosslinking including specificity controls).

RESPONSE: We thank the Reviewer for the helpful suggestions. To address the Reviewer’s
concerns, we performed additional experiments to investigate the interaction between MIRO-1
and VDAC-1.

First, we collected total lysate proteins from GFP::MIRO-1 (KI) animals and treated them with
BMH (Bismaleimidoethane) for crosslinking before subjecting them to BN-PAGE gel analysis.
We found protein bands with similar molecular weight (MW) using both GFP and VDAC-1
antibodies, suggesting that MIRO-1 and VDAC-1 were present in the same complex. We have
included this result in Fig 4F for clarity.
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Fig 4F MIRO-1 formed a complex with VDAC-1 in vivo. BN-PAGE and immunoblot analysis
of the total worm lysate of GFP::MIRO-1 (KI) by GFP and VDAC-1 antibody.

Moreover, we performed 2D SDS-PAGE analysis to examine if MIRO-1 could co-migrate with a
fraction of VDAC-1. Our results revealed a small fraction of VDAC-1 can be detected in a high
MW band in the first dimension BN-PAGE in GFP::MIRO-1 (Kl), suggesting MIRO-1 and
VDAC-1 were in the same complex. In addition, we found this VDAC-1 signal in the 2
dimension at the same MW was barely detectable in GFP::MIRO-1 (E473G, KI) mutant animals.
These new findings suggest that VDAC-1 and MIRO-1 form a complex in vivo, and this
interaction is dependent on the MIRO-1(E473). We have added the results in Fig 5D.
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Fig 5D. MIRO-1 formed a complex with VDAC-1 via the residue E473 in vivo. First-
dimension BN-PAGE and second-dimension SDS-PAGE analysis of total worm lysate of
GFP::MIRO-1 (KI) and GFP::MIRO-1 (E473G, KI) by GFP and VDAC-1 antibody.

Furthermore, to investigate whether MIRO-1 and VDAC-1 form a complex and whether E473 in
MIRO-1 is required, we purified the MIRO-1(dTM), MIRO-1(dTM, E473G), and VDAC-1
proteins, mixed them with the chemical crosslinker BMH. We then performed the SDS-PAGE gel
to detect the proteins with anti-His antibody. We found a high molecular weight protein complex
formed, indicating the interaction between MIRO-1 and VDAC-1 and forming a complex (lane 7).
Notably, MIRO-1 (dTM, E473G) showed a reduced ability to form a protein complex with
VDAC-1 (lane 6). These results support that MIRO-1 and VDAC-1 form a protein complex in
vitro. We have now included this data in Fig 5E.

Together, our newly collected data suggests that MIRO-1 and VDAC-1 form a complex in vivo



and in vitro. Thanks to the Reviewer for the excellent suggestions that have helped improve our

manuscript.
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Fig 5E. MIRO-1 formed a complex with VDAC-1 via the residue E473 in vitro. Immunoblot
analysis of purified MIRO-1 (dTM), MIRO-1 (dTM, E473G), and VDAC-1 proteins after BMH
crosslinking by His antibody.

Moreover, as it stands now, the mechanism by which this potential complex impacts maintenance
of the membrane potential is currently completely unclear and needs extensive new
experimentation, ie are these effects of the point mutation in MIRO1 directly related the

interaction with VDAC or are they secondary due to impairment of the GTPase domain in MIRO?

RESPONSE: We thank the Reviewer for the excellent suggestions. To address if the point
mutation of E473G in MIRO-1 affects the GTPase activity, we performed a few experiments.
First, we used GFP beads to pull down endogenous MIRO-1 from GFP::MIRO-1 (KI) and
GFP::MIRO-1(E473G, KI) animals and then measured GTPase activity using a GTPase activity
assay kit (Sigma, USA). We calculated the relative GTPase activity using protein concentration
and GFP expression as an internal control. Interestingly, our results showed that MIRO-1 E473G
point mutation exhibited higher GTPase activity than WT MIRO-1. To validate this result, we
purified MIRO-1 and MIRO-1 (E473G) proteins without the transmembrane (TM) domain and
found that the purified MIRO-1 (E473G) protein showed higher GTPase activity. We have added
this result in Fig EVSF and G.

Based on these findings, we concluded that the E473G point mutation in MIRO-1 increases
MIRO-1 GTPase activity. As observed in both miro-1(E473G) mutant and miro-1 deletion mutant,
this leads to a reduction in mitochondrial membrane potential. These results, combined with the

biochemical data on the interaction of MIRO-1 and VDAC-1, suggest a decrease in the interaction



between MIRO-1 and VDAC-1, rather than the GTPase activity in MIRO-1(E473Q), leads to a
reduction in mitochondrial membrane potential. However, we acknowledge that investigating how
E473G mutation leads to an increased GTPase activity would be an intriguing topic. We thank the

Reviewer for the valuable suggestion, which helps to clarify our findings.
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Fig EVSF and G. GTPase activity analysis of full-length MIRO-1 and E473G point mutation
of MIRO-1.

Which aspects of mitochondrial physiology is impaired in these mutants, is the respiratory chain
intact and assembled, can the complexes perform normal function, is there a problem with mtDNA

expression, is the effect due to problems associated with metabolism of certain substrates, etc.

RESPONSE: We thank the Reviewer for bringing up the important question regarding the
physiological effects of these mutants. Although our current study primarily focuses on the
investigation of the molecular mechanism underlying the regulation of mitochondrial membrane
potential through the interaction between MIRO-1 and VDAC-1, we acknowledge the significance
of investigating the potential effects of these mutants on the other aspects of mitochondrial
physiology. Accordingly, we will take this suggestion into account in our future research direction.

Once again, we appreciate your insightful comments and suggestions.
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1st Revision - Editorial Decision 29th Mar 2023

Dear Dr. Xu,

Thank you for the submission of your revised manuscript to EMBO reports. We have now received the full set of reports from the
three referees that were asked to re-evaluate your study. Please find their comments included below.

As you will see, referees #1 and #2 mention that all of their previous concerns have been successfully addressed, and they now
recommend publication. Referee #3 acknowledges that previously raised questions have been addressed during revision and
new data have been included in the manuscript. However, referee #3 also points out that some of the conclusions are not fully
supported by the new data, and some of the new experiments are not convincing or lack important controls. We note that further
elucidation of the molecular mechanism by which MIRO-1 affects mitochondrial membrane potential is not required for further
consideration of your work by EMBO reports.

Given these criticisms, we would like to invite you to revise your manuscript with the understanding that the concerns of referee
#3 regarding the quality and conclusiveness of the added experiments and data (as detailed in their report) must be fully
addressed and their suggestions taken on board. Please address all of their concerns in a complete point-by-point response,
and make sure that all changes are highlighted in your revised manuscript to be clearly visible.

I would also like to note that there are several grammar mistakes throughout the manuscript, which we need you to correct. |
recommend that the text be revised by a native English speaker or a language editing service.

From the editorial side, there are also a few things that we need from you:

- Please consider improving the title and the abstract. The revised title should be short (up to 100 characters including spaces),
informative, and accurate, and it should not contain any abbreviations. The revised abstract should be a single paragraph
describing all key novel findings of the study, written in present tense, and it should not exceed 175 words.

- Please note that the manuscript can be formatted either as a Report or as an Article. For Reports, the revised manuscript
should not exceed 27,000 characters (including spaces but excluding Materials & Methods and References) and 5 main plus 5
Expanded View figures. The Results and Discussion sections must be combined. For an Article there are no length limitations,
but it should have more than 5 main figures and the Results and Discussion sections must be separate. In both cases, the entire
Materials and Methods must be included in the main manuscript file.

- Please provide up to 5 keywords in your revised manuscript.

- The author contributions statement should be removed from the manuscript file. Instead, we now use CRediT to specify the
contributions of each author in the journal submission system. Please use the free text box to provide more detailed
descriptions. See also our guide to authors:
<https://www.embopress.org/page/journal/14693178/authorguide#authorshipguidelines>.

- The last column of the Author Checklist has not been completed. Please provide all necessary information in your revised
Author Checklist.

- We noticed that Fig. 4G is called out after 41. Please call out Figure panels alphabetically or revise the structure of your Figure
as necessary.

- There is a callout to Fig. 6A, which doesn't exist.
- "A" from Fig. EV3A (and its legend and its callout) should be removed as there is only 1 panel in the Figure.

- Please remove the movie legend from the manuscript. Instead, upload your movie together with its legend (in a separate file)
within a single ZIP folder.

- Please note that EMBO press papers are accompanied online by:

A) a short (1-2 sentences) summary of the findings and their significance,

B) 2-4 short bullet points highlighting the key results, and

C) a synopsis image that is exactly 550 pixels wide and 300-600 pixels high (the height is variable). You can either show a model
or key data in the synopsis image. Please note that the text needs to be readable at the final size.

Please send us this information along with your revised manuscript (the text for A and B should be provided in a separate Word
file).

- Your source data should be reorganized: please upload one ZIP folder for the main Figures and another ZIP folder for the EV
figures.



- The EV figures should be uploaded individually with the file type "Expanded View".
- Please correct "Method details" to "Materials and Methods".
- Figure 1D WT Zoom box does not seem to match the highlight box. Please consider revising the panel as necessary.

- Your Figure legends have been inspected by our data editors for completeness and accuracy. Please see the required
changes in the attached Word file and address all comments in your revised manuscript (with tracked changes).

Please also note that as part of the EMBO publications' Transparent Editorial Process, EMBO reports publishes online a Review
Process File to accompany accepted manuscripts. This File will be published in conjunction with your paper and will include the
referee reports, your point-by-point response and all pertinent correspondence relating to the manuscript.

You can opt out of this by letting the editorial office know (emboreports@embo.org). If you do opt out, the Review Process File
link will point to the following statement: "No Review Process File is available with this article, as the authors have chosen not to
make the review process public in this case.”

We would also welcome the submission of cover suggestions or motifs to be used by our Graphics lllustrator in designing a
cover.

We look forward to seeing a revised version of your manuscript as soon as possible. Please use this link to submit your revision:
https://embor.msubmit.net/cgi-bin/main.plex

Yours sincerely,

loannis Papaioannou, PhD
Editor
EMBO reports

Referee #1:

The authors have addressed all the points raised in my previous round of review. The key experiments are all supportive of their
conclusions. | have no further comments and believe this can be published.

Referee #2:

The authors have answered my questions.

Referee #3:

In this revised manuscript, the authors have addresses a few questions raised on the initial version. Specifically, they now
provide data on a putative complex between MIRO-1 and VDAC. This set of data is now part of the manuscript. The authors now
have performed BN-PAGE analyses (Fig 4F), where they claim to observe a seemingly quantitative co-migration of the two
proteins, as both proteins co-migrate at complexes of between 120-170 kDa. However, it is difficult to judge whether both
proteins indeed co-migrate as the main fractions of MIRO-1 and VDAC are found at molecular weights that differ. Likewise, the
authors performed 2D-SDS-BN-PAGE (Fig 5D) and claim that they observe a small fraction of MIRO-1 co-migrating with VDAC,
which is lost in the MIRO-1 mutant. However, this experiment is far from convincing, as no specific complex formation can be
observed and a longer exposure during the western blotting will most likely result in a similar signal in the MIRO-1 mutant as in
the wild type. The authors added another experiment where they mix purified proteins in the test tube and observe a decreased
chemical crosslinking of the proteins. This experiment looks convincing, but lacks control lanes where crosslinking was



performed on either MIRO-1 or VDAC alone. Hence, it is difficult to judge whether this very high molecular weight band (250
kDa) represents a specific complex that is then stabilized by the crosslinker, or whether this is an unspecific crosslinking of the
purified proteins in the test tube, which would not be surprising given this experimental setup.

The authors also tested GTPase activity of purified WT and mutant versions of MIRO-1 and found that the mutant has increased
activity. How this could influence the observed defect of the mutant on the mitochondrial membrane potential as well as the
molecular mechanism by which MIRO-1 affects mitochondrial membrane potential remain elusive.



2nd Authors' Response to Reviewers 12th May 2023

Response to Reviewers’ comments (Our responses are in blue font):

Referee #1:

The authors have addressed all the points raised in my previous round of review. The key
experiments are all supportive of their conclusions. I have no further comments and believe this can
be published.

RESPONSE: We thank the Reviewer for accepting our revision.

Referee #2:

The authors have answered my questions.

RESPONSE: We thank the Reviewer for accepting our revision.

Referee #3:

In this revised manuscript, the authors have addresses a few questions raised on the initial version.
Specifically, they now provide data on a putative complex between MIRO-1 and VDAC. This set
of data is now part of the manuscript. The authors now have performed BN-PAGE analyses (Fig
4F), where they claim to observe a seemingly quantitative co-migration of the two proteins, as both
proteins co-migrate at complexes of between 120-170 kDa. However, it is difficult to judge whether
both proteins indeed co-migrate as the main fractions of MIRO-1 and VDAC are found at molecular
weights that differ.

RESPONSE: Thanks again for the Reviewer’s additional comments. To address the Reviewer’s
concerns about the co-migration of the endogenous MIRO-1 and VDAC-1, we repeated the BN-
PAGE analyses. We found that partial fractions of MIRO-1 and VDAC are found at the same
molecular weights, suggesting MIRO-1 could interact with VDAC-1. However, the main fractions
of MIRO-1 and VDAC are still found at different molecular weights. We reason that the endogenous
expression of MIRO-1 and VDAC-1 could vary. As MIRO-1 and VDAC-1 also interact with other

proteins, which may also affect the co-migration of these two proteins.
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Fig 4H. MIRO-1 may form a complex with VDAC-1 in vivo. BN-PAGE and immunoblot analysis
of the total worm lysate of GFP.::MIRO-1 (KI) by GFP and VDAC-1 antibody.

Likewise, the authors performed 2D-SDS-BN-PAGE (Fig 5D) and claim that they observe a small
fraction of MIRO-1 co-migrating with VDAC, which is lost in the MIRO-1 mutant. However, this
experiment is far from convincing, as no specific complex formation can be observed and a longer
exposure during the western blotting will most likely result in a similar signal in the MIRO-1 mutant
as in the wild type.

RESPONSE: To address the Reviewer’s concerns about the exposure issue on the western blot, we
repeated the experiment simultaneously with the same exposure time. Consistent with our previous
result, we found that the VDAC-1 signal in the 2" dimension at the same MW was barely detectable
in GFP::MIRO-1 (E473G, KI) mutants, compared with GFP::MIRO-1 (KI) animals. These results
support our previous suggestion that VDAC-1 and MIRO-1 can interact with each other in vivo, and

this interaction is dependent on the MIRO-1(E473). We have revised the results in Fig 6C.
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Fig 6C. MIRO-1 E473 is required for the interaction between MIRO-1 and VDAC-1. First-
dimension BN-PAGE and second-dimension SDS-PAGE analysis of total worm lysate of
GFP::MIRO-1 (KI) and GFP::MIRO-1 (E473G, KI) by GFP and VDAC-1 antibody.

The authors added another experiment where they mix purified proteins in the test tube and observe
a decreased chemical crosslinking of the proteins. This experiment looks convincing, but lacks
control lanes where crosslinking was performed on either MIRO-1 or VDAC alone. Hence, it is

difficult to judge whether this very high molecular weight band (250 kDa) represents a specific



complex that is then stabilized by the crosslinker, or whether this is an unspecific crosslinking of

the purified proteins in the test tube, which would not be surprising given this experimental setup.

RESPONSE: To address the Reviewer’s concerns, we performed crosslinking assay again and
analyzed the high molecular weight band (250 kDa) with mass spectrometry (MS), which identified
both MIRO-1 and VDAC-1 within this band (Fig EV5D-F, and Table EV5). These findings suggest
that MIRO-1 could interact with VDAC-1 and may form a complex in vitro. We have now included
this newly collected data in the supplemental Figure.
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Fig EV5D-F. MIRO-1 interacts with VDAC-1 in vitro. A. Coomassie brilliant blue staining of
purified MIRO-1 and VDAC-1 with BMH. B. Mass spectrometry analysis of high molecular weight
gel from panel A.

Table EVS: MS identification of molecules in the high MW band.

Peptide counts Coverage
Sample Protein IDs ) Score

(unique) (%)
MIRO-1 and VDAC-1 MIRO- 50/14 323.31/10  69.3/58
with BMH 1/VDAC-1 1.37

To further validate the interaction between VDAC-1 and MIRO-1, we performed an in vitro co-
immunoprecipitation (co-IP) assay using purified fusion protein GFP::MIRO-1 and VDAC-1::His.
The newly collected data supports that MIRO-1 interacts with VDAC-1 in vitro. We have now
included this newly collected data in Fig 4F and G.
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Fig 4F and G: Co-IP analysis of GST::MIRO-1 and VDAC-1::His fusion proteins.



The authors also tested GTPase activity of purified WT and mutant versions of MIRO-1 and found
that the mutant has increased activity. How this could influence the observed defect of the mutant
on the mitochondrial membrane potential as well as the molecular mechanism by which MIRO-1
affects mitochondrial membrane potential remain elusive.

RESPONSE: We are also puzzled about this interesting observation and believe this would be an
intriguing topic for mechanistic study in the future. We thank the Reviewer for the valuable
suggestion, which helps to clarify our findings.



2nd Revision - Editorial Decision 25th May 2023

Dr. Suhong Xu
Zhejiang University
School of Medicine
310058

China

Dear Dr. Xu,

Thank you for the submission of your revised manuscript for consideration by EMBO reports. We have now received the
comments of referee #3, who explains that the new data now sufficiently support the conclusions of the study and recommends
publication:

Referee 3:

"The authors have performed further experiments that strengthen their conclusions.”

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

At the end of this email | include important information about how to proceed. Please ensure that you take the time to read the
information and complete and return the necessary forms to allow us to publish your manuscript as quickly as possible.

As part of the EMBO publication's Transparent Editorial Process, EMBO reports publishes online a Review Process File to
accompany accepted manuscripts. As you are aware, this File will be published in conjunction with your paper and will include
the referee reports, your point-by-point response and all pertinent correspondence relating to the manuscript.

If you do NOT want this File to be published, please inform the editorial office within 2 days, if you have not done so already,
otherwise the File will be published by default [contact: emboreports@embo.org]. If you do opt out, the Review Process File link
will point to the following statement: "No Review Process File is available with this article, as the authors have chosen not to
make the review process public in this case.”

Thank you again for your contribution to EMBO reports and congratulations on a successful publication. Please consider us
again in the future for your most exciting work.

Yours sincerely,
loannis Papaioannou, PhD

Editor
EMBO reports

THINGS TO DO NOW:

Please note that you will be contacted by Wiley Author Services to complete licensing and payment information. The required
'Page Charges Authorization Form' is available here: https://www.embopress.org/pb-assets/embo-site/er_apc.pdf - please
download and complete the form and return to embopressproduction@wiley.com

EMBO Press participates in many Publish and Read agreements that allow authors to publish Open Access with reduced/no
publication charges. Check your eligibility: https://authorservices.wiley.com/author-resources/Journal-Authors/open-
access/affiliation-policies-payments/index.html

You will receive proofs by e-mail approximately 2-3 weeks after all relevant files have been sent to our Production Office; you
should return your corrections within 2 days of receiving the proofs.



Please inform us if there is likely to be any difficulty in reaching you at the above address at that time. Failure to meet our
deadlines may result in a delay of publication, or publication without your corrections.

All further communications concerning your paper should quote reference number EMBOR-2022-56297V3 and be addressed to
emboreports@wiley.com.

Should you be planning a Press Release on your article, please get in contact with emboreports@wiley.com as early as
possible, in order to coordinate publication and release dates.
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Reporting Checklist for Life Science Articles (updated January 2022)
This checklist is adapted from Materials Design Analysis Reporting (MDAR) Checklist for Authors. MDAR establishes a minimum set of requirements in transparent

reporting in the life sciences (see Statement of Task: 10.31222/0sf

Please note that a copy of this checklist will be published alongside your article.

Abridged guidelines for figures

1.Data

The data shown in figures should satisfy the following conditions:
the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the experiments in an accurate and
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unbiased manner.
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/9sm4x). Please follow the journal's guidelines in preparing your manuscript.

ideally, figure panels should include only measurements that are directly comparable to each other and obtained with the same assay.

plots include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should not be shown for technical replicates.

if n<5, the individual data points from each experiment should be plotted. Any statistical test employed should be justified.
Source Data should be included to report the data underlying figures according to the guidelines set out in the authorship guidelines on Data Presentation.

2. Captions
Each figure caption should contain the following information, for each panel where they are relevant:
& a specification of the experimental system investigated (eg cell line, species name).

the assay(s) and method(s) used to carry out the reported observations and measurements.
an explicit mention of the biological and chemical entity(ies) that are being measured.

an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.
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the exact sample size (n) for each experimental group/condition, given as a number, not a range;
a description of the sample collection allowing the reader to understand whether the samples represent technical or biological replicates (including how many

animals, litters, cultures, etc.).

a statement of how many times the experiment shown was independently replicated in the laboratory.

definitions of statistical methods and measures:

- common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 tests, Wilcoxon and Mann-Whitney tests, can be unambiguously identified

by name only, but more complex techniques should be described in the methods section;

- are tests one-sided or two-sided?
- are there adjustments for multiple comparisons?

- exact statistical test results, e.g., P values = x but not P values < x;

- definition of ‘center values’ as median or average;
- definition of error bars as s.d. or s.e.m.

Please

p! ALL of the q

below.

Select "Not Applicable" only when the requested information is not relevant for your study.
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