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Review #1 

1. Evidence, reproducibility and clarity:

Evidence, reproducibility and clarity (Required) 

In this manuscript the authors dissect the fate of the flagella as a Naegleria cell transitions from its 
flagellate state to an ameboid. The vast majority of work on eukaryotic flagella and cilia focuses on 
the regulation of their assembly with little on disassembly and loss; therefore, this is an important 
piece of work as it contributes to our understanding of this understudied area. The authors show 
that disassembly proceeds through internalisation of the flagellum by fusion of the flagellum 
membrane with the cell membrane. The axoneme is then broken down through the action of spastin 
before these fragments are fused with the lysosome. The centriole is lost in parallel through the 
action of both the proteasome and lysosome. Intriguingly, the authors also see the shedding of the 
centriole into the media in some cases. Throughout the manuscript the data is well described and 
the conclusions are supported by the figures. I only have some minor comments that the authors 
should address. 

While I understand the focus is on the loss of flagellum in unicellular organisms but there are a 
number of more recent reviews about (primary) cilia disassembly that would be worth highlighting 
here as well e.g. https://doi.org/10.1042/BCJ20170453 doi.org/10.3390/cells10112977 

In addition, flagellum loss in T. cruzi occurs through asymmetric division and this alternative 
method could be added to the introduction as well 
DOI:https://doi.org/10.1016/j.chom.2014.09.003 

The authors in this study rely on commercial antibodies to centrin-2, ubiquitin etc. For the centrin-2 
antibody do the authors know if this picks up the expected band by western? The IF is clear but this 
would be reassuring because as the authors point out Naegleria is a divergent eukaryote. On a 
related note how similar is the ubiquitin sequence to that of the organism the antibody detects? 
Would you expect a specific signal? 

In figure 3C, if the tubulin spots were fragments of the axoneme, I would anticipate these would be 
randomly oriented in the cell at this point; therefore, not all would show a circular cross section. Do 
all the spots resolve to circles or are parallel tracks seen? 

In figure 3D, it is not clear what the 0.258 um line is referring to, as it doesn't line up with interpeak 
distance, which I think it is suppose to. In addition, the authors claim this matches the cross-
sectional diameter of an axoneme but that is usually ~200 nm so this distance is 25-30% larger. 

How often were the membrane enclosed microtubule elements seen by EM? From S4 it looks to be 
29 - is this individual sections or 29 independent axoneme containing autophagosomes? 

To confirm that cabazitaxel only binds centrioles, do the authors have co-localisation images with 
the centrin-2 antibody? 

Transferred Reports from Review Commons



In Naegleria, what are the potential mechanisms for uptake? Many are actin dependent and likely 
affected with latrunculin B treatment. Does endocytosis etc. still occur in these cells? 

The addition of bafilomycin resulted in an approximately 3 fold increase in centriole release (S5B) 
but it had no effect fraction of cells with centrioles. I would expect with a large increase in shedding 
there would be cells that are centriole negative as they have shed their centrioles but at 150 
minutes all cells still have centrioles. Are the centrioles in Naegleria independent or physically 
connected? Could you have a cell in which one centriole is shed and the other retained? 

In Figure 6C/D, what is the general cell staining with the polyubiquitination antibodies? Does this 
represent the cytoplasm and if so how can you discern the centrioles with this background or is it 
restricted to just a portion of the cell? 

In the discussion should refer to 6I-N. 

2. Significance:

Significance (Required) 

This is a clear and well-structured manuscript that makes a significant advance to our 
understanding of flagellum disassembly in Naegleria but also provides an important comparator for 
work on disassembly mechanisms due to the early-branching nature of this organism, providing a 
divergent viewpoint from which to interpret flagellum/cilium disassembly in other organisms. Thus, 
this work will be of interest not only to Naegleria biologists but also those working on cilia and 
flagella, and the control of organelle loss. 

I am a molecular parasitologists with a focus on the flagellum and cytoskeleton of the kinetoplastid 
parasites. 

3. How much time do you estimate the authors will need to complete the suggested revisions:

Estimated time to Complete Revisions (Required) 

(Decision Recommendation) 

Between 1 and 3 months 

4. Review Commons values the work of reviewers and encourages them to get credit for their
work. Select 'Yes' below to register your reviewing activity at Web of Science Reviewer
Recognition Service (formerly Publons); note that the content of your review will not be visible
on Web of Science. 

Web of Science Reviewer Recognition 

Yes 

https://clarivate.com/products/scientific-and-academic-research/research-publishing-solutions/reviewer-recognition-service/
https://clarivate.com/products/scientific-and-academic-research/research-publishing-solutions/reviewer-recognition-service/


Review #2 

1. Evidence, reproducibility and clarity:

Evidence, reproducibility and clarity (Required) 

In the life cycle of Naegleria, it undergoes a transition from an amoeboid to a flagellated form, 
followed by reversion to the amoeboid state. This study elucidates the cellular mechanisms 
underlying the elimination of flagella and centrioles during this reversion process. 
The authors employed advanced microscopy techniques, including live and super-resolution 
imaging, to characterize the cellular processes involved in centriole and flagella removal. The 
methodology is robust, and the conclusions are substantiated by compelling evidence. This study 
serves as a cornerstone in further mechanistic exploration of these processes. 

**A few minor points:** 

1. In the second paragraph of page 3, while a previous report indicated katanin's role in axonemal
severing, a recent study demonstrated normal deflagellation after the loss of katanin p60 in a null
mutant (Dymek and Smith 2012, JCS, PMID: 22467860).
2. On page 8, it is mentioned that "Flagellum shedding into the extracellular milieu was never
observed in these Experiments". However, as shown in movie S1, an isolated flagellum can be
observed on the left side of the cell at the time of the first flagellum's disappearance, indicating
potential shedding.
3. On page 8, consider removing "of" in "or of CaCl2".
4. On page 17, the sentence "this could reflect insufficient sensitivity of the microarray experiments
or post transcriptional control of E3 ligase activity" seems incomplete. "Sensitivity of post
translational control" does not sound right.

2. Significance:

Significance (Required) 

The authors have conducted exemplary research to elucidate the cellular processes involved in 
centriole and flagella removal. This study is foundational, laying the groundwork for further 
exploration of the underlying molecular mechanisms. Previously, this phenomenon was 
understood solely at a phenotypic level, but this research has unveiled intricate details of the cell 
biological processes. However, there appears to be a lack of conceptual advancement, as the 
molecular mechanisms disclosed are preliminary, without introducing novel concepts or 
mechanisms. 

Researchers interested in the cell biology of microtubule cytoskeleton and/or Naegleria would find 
this work noteworthy. 

3. How much time do you estimate the authors will need to complete the suggested revisions:

Estimated time to Complete Revisions (Required) 

(Decision Recommendation) 



Less than 1 month 

4. Review Commons values the work of reviewers and encourages them to get credit for their
work. Select 'Yes' below to register your reviewing activity at Web of Science Reviewer
Recognition Service (formerly Publons); note that the content of your review will not be visible
on Web of Science. 

Web of Science Reviewer Recognition 

Yes 

Review #3 

1. Evidence, reproducibility and clarity:

Evidence, reproducibility and clarity (Required) 

**Summary:** 

Naegleria gruberi cells typically exist as amoebae that lack microtubules, but can differentiate into 
flagellated cell type-a process which has been relatively well-studied. This flagellate form is 
transient, however, and not much is known about how cells revert back to their amoeboid state. 
Here, Woglar et al. investigate this process and provide a model for the elimination of microtubules 
and centrioles. They find that flagella typically merge with the plasma membrane, are broken into 
small segments by Spastin, and are degraded by autophagy. While some centrioles are also 
degraded by autophagy, it seems they can also be degraded in the cytosol by the proteosome, or 
can be expelled from the cell into the media. Overall, this study is interesting and presents 
convincing data in a logical, well-thought-out order, and addresses an obvious gap in the literature. I 
have a few hesitations, however, about the reproducibility of the work, the level of support for some 
conclusions, and the use of an actin depolymerizing drug. 

**Major comments:** 

1. It seems most experiments were completed only once or twice, and it is unclear if the
quantifications were completed using blinded datasets. This seems okay in some cases where the
phenotypes are obvious (Fig. 2B, 3G, 4E, 6A-B). However, because the timing of these experiments
is critical to interpreting the data, the experiment in Figure 1B and staining in C-G should be
completed a minimum of 3 times. This is essential for some statements including, "we found that
flagellated cells subjected to a 20 min heat shock at t=95 min lose their flagella more
synchronously (Fig. 1B). Additionally, centriole elimination is also accelerated, although less so
than flagellar loss (Fig. 1B)." The first half of this statement is clear from the graph, but the
statement about centriole elimination is not well-supported. Perhaps more importantly, in
assessing the results of additional experiments, knowing what untreated cells should look like at a
given timepoint (e.g. at 120 min for Fig. 4) is important for interpretation.

https://clarivate.com/products/scientific-and-academic-research/research-publishing-solutions/reviewer-recognition-service/
https://clarivate.com/products/scientific-and-academic-research/research-publishing-solutions/reviewer-recognition-service/


2. A t-test is not appropriate for comparing more than two samples (e.g. Fig. 5E, S4, S5B).
3. The results shown in Fig. 6C/D are not convincing on their own. Some type of colocalization
analysis would strengthen this result. Additionally, showing something that did not localize with the
K63 PolyUbi staining would also strengthen this point, and the authors may already have this data
on hand-from page 15: "Unlike at centrioles, we did not detect autophagy-promoting K63 poly-
ubiquitination at axonemal fragments (not shown)."
4. Please provide evidence for the claim about centriole staining on page 12: "Such late addition
does not allow sufficient time to label centrioles within cells, but the presence of the probe in the
culture supernatant enables their detection upon shedding." A time lapse to show the labeling
process over time would support this point.
5. Is there evidence that Lysotracker is staining the correct compartments in Naegleria? In Fig. S5C,
does the cell not have lysosomes, or is that channel missing? The cell in Fig. 5 F seems to
accumulate staining over time-could this be a result of phototoxicity?
6. Is there another way to immobilize cells other than treating them with Latrunculin? Because
depolymerizing actin will interfere with many other aspects of cell biology, including autophagy (see
PMID: 28441569), it seems difficult to interpret some of these results.

**Minor comments:** 

1. How were centriole length and width measured at the t=140-160 timepoint for Fig. 5C-D? It is
difficult to determine what the measurements would be for the image shown in panel B. Also, why
was STED used for C while widefield was used for D?
2. In Fig. 1 B, it is difficult to see the gray circle trace under others
3. Expanding Fig. 1 C-G to show individual channel labeling would be helpful for seeing the
centrioles (especially for panel C).
4. In the text describing Fig. 1C, the text notes: "Moreover, an intracellular microtubule cytoskeleton
emanates from the two centrioles (Fig. 1C, arrowheads))." While this is certainly reasonable and I
agree is very likely the case, is there any evidence this is where the MTs come from? It is not easy to
observe from the image shown.
5. In Fig. 1 D, how was it determined that the bundled microtubules are flagella and not collapsed
bundles from the cytoplasm? It seems there are more than 2 bundles in the image.
6. In the legend for Fig. 2A, was the "reversal from pushing down on coverslip" from the coverslip
settling, or was additional force applied?
7. When discussing Fig. 5 in the main text, it would be helpful to emphasize there was no heat
shock.
8. In Fig. S5E-F, how were cell boarders determined?
9. There seems to be a minor typo in Fig. 6A, as there are 2 labels for "DMSO I"
10. Chloroquine is widely used to inhibit autophagy in other systems, so the authors may wish to try
that here to strengthen their autophagy claims.
11. In the methods, it is stated that SPY-650 tubulin labeling was used for live imaging, but I cannot
find this experiment, and it would be amazing to see the experiment shown in Fig. 2A (or any of the
timelapse imaging) with this probe!



2. Significance:

Significance (Required) 

The strength of this work is that it uncovers basic cell biology of a non-model system, which has a 
unique lifestyle well-suited to studies about microtubule regulation. The manuscript covers many 
aspects of the de-flagellation process, and presents a clear, logical model for the disassembly and 
degradation of axonemes and centrioles. Very little literature exists on this topic, so this is a useful 
publication that provides important groundwork for future studies on Naegleria microtubules. 
Limitations include that some conclusions are based on cells treated with an inhibitor of actin 
networks, which may impact the results related to autophagy. This work will be of broad interest to 
those studying non-model systems, microtubule turnover, or autophagy. 

3. How much time do you estimate the authors will need to complete the suggested revisions:

Estimated time to Complete Revisions (Required) 

(Decision Recommendation) 

Between 1 and 3 months 

4. Review Commons values the work of reviewers and encourages them to get credit for their
work. Select 'Yes' below to register your reviewing activity at Web of Science Reviewer
Recognition Service (formerly Publons); note that the content of your review will not be visible
on Web of Science. 

Web of Science Reviewer Recognition 

No 

https://clarivate.com/products/scientific-and-academic-research/research-publishing-solutions/reviewer-recognition-service/
https://clarivate.com/products/scientific-and-academic-research/research-publishing-solutions/reviewer-recognition-service/
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Revision plans 

We delineate hereafter in blue fonts the steps that we will take to address the comments 
made by the three reviewers.  

Reviewer #1 (Evidence, reproducibility and clarity (Required)): 

In this manuscript the authors dissect the fate of the flagella as a Naegleria cell transitions 
from its flagellate state to an ameboid. The vast majority of work on eukaryotic flagella and 
cilia focuses on the regulation of their assembly with little on disassembly and loss; therefore, 
this is an important piece of work as it contributes to our understanding of this understudied 
area. The authors show that disassembly proceeds through internalisation of the flagellum by 
fusion of the flagellum membrane with the cell membrane. The axoneme is then broken 
down through the action of spastin before these fragments are fused with the lysosome. The 
centriole is lost in parallel through the action of both the proteasome and lysosome. 
Intriguingly, the authors also see the shedding of the centriole into the media in some cases. 
Throughout the manuscript the data is well described and the conclusions are supported by 
the figures. I only have some minor comments that the authors should address.  

While I understand the focus is on the loss of flagellum in unicellular organisms but there are 
a number of more recent reviews about (primary) cilia disassembly that would be worth 
highlighting here as well 
e.g. https://doi.org/10.1042/BCJ20170453 doi.org/10.3390/cells10112977
> We appreciate that the reviewer understands that our focus is on flagellum loss, and also
agree with her/him that a reference regarding primary cilium loss should be mentioned as 
well.  

In addition, flagellum loss in T. cruzi occurs through asymmetric division and this alternative 
method could be added to the introduction as well 
DOI:https://doi.org/10.1016/j.chom.2014.09.003  
> We thank the reviewer for pointing out this interesting paper, which will be referred to in the
revised manuscript. 

The authors in this study rely on commercial antibodies to centrin-2, ubiquitin etc. For the 
centrin-2 antibody do the authors know if this picks up the expected band by western? The 
IF is clear but this would be reassuring because as the authors point out Naegleria is a 
divergent eukaryote. On a related note how similar is the ubiquitin sequence to that of the 
organism the antibody detects? Would you expect a specific signal? 
> Prompted by the suggestion of the reviewer, we will conduct Western blot analysis with
Centrin-2 antibodies to test whether they detect a band of the expected size. In addition, we 
will provide a Supplementary Figure panel with an alignment between human and Naegleria 
Centrin and Ubiquitin.  

In figure 3C, if the tubulin spots were fragments of the axoneme, I would anticipate these 
would be randomly oriented in the cell at this point; therefore, not all would show a circular 
cross section. Do all the spots resolve to circles or are parallel tracks seen?  
> Indeed, as anticipated by the reviewer, fragments are oriented randomly and not all spots
resolve to circles. To clarify this point, we will also show a high magnification side view of a
fragment in the revised manuscript.

In figure 3D, it is not clear what the 0.258 um line is referring to, as it doesn't line up with 
interpeak distance, which I think it is suppose to. In addition, the authors claim this matches 
the cross-sectional diameter of an axoneme but that is usually ~200 nm so this distance is 
25-30% larger.

Authors' Response to the Referees from Review Commons
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> We are grateful to the reviewer for having spotted that the interpeak distance in Fig. 3D
has been inadvertently shifted; this will be rectified in the revised manuscript. Moreover, we 
will spell out that the determined cross-sectional diameter is indeed ~25% larger than 
expected, possibly reflecting measurement inaccuracies and/or distortion following fixation. 

How often were the membrane enclosed microtubule elements seen by EM? From S4 it 
looks to be 29 - is this individual sections or 29 independent axoneme containing 
autophagosomes?  
> In the revised manuscript, we will mention explicitly in the legend of Fig. S4 that the 29
instances of membrane-enclosed microtubules indeed correspond to 29 independent 
measurements of such elements. 

To confirm that cabazitaxel only binds centrioles, do the authors have co-localisation images 
with the centrin-2 antibody?  
> As suggested by the reviewer, we will include in the revised manuscript the result of
immunofluorescence experiments addressing whether the cabazitaxel probe SPY650 co-
localizes with Centrin-2 antibodies.  

In Naegleria, what are the potential mechanisms for uptake? Many are actin dependent and 
likely affected with latrunculin B treatment. Does endocytosis etc. still occur in these cells?  
> Assuming that the reviewer refers to the uptake of centrioles, we found indeed that this
does not occur in Latrunculin-treated cells. Such cells cannot move, however, and uptake of 
shed centrioles in the control condition occurs in cells that are freely moving. Therefore, 
whereas uptake clearly requires intact actin filaments, whether this requirement is direct (i.e. 
because of failed endocytosis) or indirect (e.g. because of lack of movement) remains to be 
elucidated. The above points will be discussed explicitly in the revised manuscript.  

The addition of bafilomycin resulted in an approximately 3 fold increase in centriole release 
(S5B) but it had no effect fraction of cells with centrioles. I would expect with a large 
increase in shedding there would be cells that are centriole negative as they have shed their 
centrioles but at 150 minutes all cells still have centrioles. Are the centrioles in Naegleria 
independent or physically connected? Could you have a cell in which one centriole is shed 
and the other retained?  
> This is an interesting point. From the ~3 fold increase in centriole release estimated from
the number of centrioles recovered on coverslips upon bafilomycin addition, one would
expect ~30% of cells lacking centrioles (i.e. 3 times ~10% of cells that shed centrioles).
Instead, we observed this to be the case in only ~10% of cells treated with bafilomycin (Fig.
6A). Whereas the root of this slight discrepancy remains to be elucidated, one possibility is
that centrioles shed in control conditions are more fragile than those released upon
bafilomycin treatment, leading to an underestimation of their actual numbers when counting
those left on the coverslip. That this might be the case will be stated explicitly in the legend
of Fig. S5B of the revised manuscript.

In Figure 6C/D, what is the general cell staining with the polyubiquitination antibodies? Does 
this represent the cytoplasm and if so how can you discern the centrioles with this 
background or is it restricted to just a portion of the cell?  
> As one would expect, poly-ubiquitinated antibodies indeed generally stain the cytoplasm.
However, centrioles can be unambiguously identified as being poly-ubiquitinated when they
are entirely lateral to the cell body, as in the two figure panels. We will clarify this point in the
legend of the figure in the revised manuscript.

In the discussion should refer to 6I-N. 
> Thanks for spotting this mislabeling, which will be corrected in the revised manuscript.
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Reviewer #1 (Significance (Required)): 

This is a clear and well-structured manuscript that makes a significant advance to our 
understanding of flagellum disassembly in Naegleria but also provides an important 
comparator for work on disassembly mechanisms due to the early-branching nature of this 
organism, providing a divergent viewpoint from which to interpret flagellum/cilium 
disassembly in other organisms. Thus, this work will be of interest not only to Naegleria 
biologists but also those working on cilia and flagella, and the control of organelle loss.  

I am a molecular parasitologists with a focus on the flagellum and cytoskeleton of the 
kinetoplastid parasites.  

Reviewer #2 (Evidence, reproducibility and clarity (Required)): 

In the life cycle of Naegleria, it undergoes a transition from an amoeboid to a flagellated 
form, followed by reversion to the amoeboid state. This study elucidates the cellular 
mechanisms underlying the elimination of flagella and centrioles during this reversion 
process.  
The authors employed advanced microscopy techniques, including live and super-resolution 
imaging, to characterize the cellular processes involved in centriole and flagella removal. 
The methodology is robust, and the conclusions are substantiated by compelling evidence. 
This study serves as a cornerstone in further mechanistic exploration of these processes.  
A few minor points:  
1. In the second paragraph of page 3, while a previous report indicated katanin's role in
axonemal severing, a recent study demonstrated normal deflagellation after the loss of 
katanin p60 in a null mutant (Dymek and Smith 2012, JCS, PMID: 22467860). 
> Thank you for pointing out this study, which will be referred to in the revised manuscript.

2. On page 8, it is mentioned that "Flagellum shedding into the extracellular milieu was never
observed in these Experiments". However, as shown in movie S1, an isolated flagellum can
be observed on the left side of the cell at the time of the first flagellum's disappearance,
indicating potential shedding.
> We thank the reviewer for her/his careful observation. In fact, the flagellar piece visible on
the left side of Movie S1 and Fig. 2A seems to stem from the first flagellum that was probably
incompletely internalized following folding back on the plasma membrane. We will point to this 
flagellar piece in the figure panel and adapt the figure legend accordingly in the revised 
manuscript.  

3. On page 8, consider removing "of" in "or of CaCl2".
> Thank you for the suggestion; we will do so.

4. On page 17, the sentence "this could reflect insufficient sensitivity of the microarray
experiments or post transcriptional control of E3 ligase activity" seems incomplete. 
"Sensitivity of post translational control" does not sound right.  
> We will rephrase the sentence to clarify the intended meaning.

Reviewer #2 (Significance (Required)): 

The authors have conducted exemplary research to elucidate the cellular processes 
involved in centriole and flagella removal. This study is foundational, laying the groundwork 
for further exploration of the underlying molecular mechanisms. Previously, this 
phenomenon was understood solely at a phenotypic level, but this research has unveiled 
intricate details of the cell biological processes. However, there appears to be a lack of 
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conceptual advancement, as the molecular mechanisms disclosed are preliminary, without 
introducing novel concepts or mechanisms.  
Researchers interested in the cell biology of microtubule cytoskeleton and/or Naegleria 
would find this work noteworthy.  

Reviewer #3 (Evidence, reproducibility and clarity (Required)): 

Summary:  
Naegleria gruberi cells typically exist as amoebae that lack microtubules, but can 
differentiate into flagellated cell type-a process which has been relatively well-studied. This 
flagellate form is transient, however, and not much is known about how cells revert back to 
their amoeboid state. Here, Woglar et al. investigate this process and provide a model for 
the elimination of microtubules and centrioles. They find that flagella typically merge with the 
plasma membrane, are broken into small segments by Spastin, and are degraded by 
autophagy. While some centrioles are also degraded by autophagy, it seems they can also 
be degraded in the cytosol by the proteosome, or can be expelled from the cell into the 
media. Overall, this study is interesting and presents convincing data in a logical, well-
thought-out order, and addresses an obvious gap in the literature. I have a few hesitations, 
however, about the reproducibility of the work, the level of support for some conclusions, 
and the use of an actin depolymerizing drug.  

Major comments: 

1. It seems most experiments were completed only once or twice, and it is unclear if the
quantifications were completed using blinded datasets. This seems okay in some cases 
where the phenotypes are obvious (Fig. 2B, 3G, 4E, 6A-B). However, because the timing of 
these experiments is critical to interpreting the data, the experiment in Figure 1B and 
staining in C-G should be completed a minimum of 3 times. This is essential for some 
statements including, "we found that flagellated cells subjected to a 20 min heat shock at 
t=95 min lose their flagella more synchronously (Fig. 1B). Additionally, centriole elimination 
is also accelerated, although less so than flagellar loss (Fig. 1B)." The first half of this 
statement is clear from the graph, but the statement about centriole elimination is not well-
supported. Perhaps more importantly, in assessing the results of additional experiments, 
knowing what untreated cells should look like at a given timepoint (e.g. at 120 min for Fig. 4) 
is important for interpretation.  
> We thank the reviewer for making this important point. As suggested, we will repeat the
experiment reported in Fig. 1B and Fig. 1C-G twice more, and adapt Fig. 1B accordingly. 

2. A t-test is not appropriate for comparing more than two samples (e.g. Fig. 5E, S4, S5B).
> We realize that this is the case. Accordingly, only pair-wise comparisons were reported for
Fig. 5E, S4 and S5B already in the initial submission.

3. The results shown in Fig. 6C/D are not convincing on their own. Some type of
colocalization analysis would strengthen this result. Additionally, showing something that did 
not localize with the K63 PolyUbi staining would also strengthen this point, and the authors 
may already have this data on hand-from page 15: "Unlike at centrioles, we did not detect 
autophagy-promoting K63 poly-ubiquitination at axonemal fragments (not shown)."  
> We are not certain what additional colocalization analysis the reviewer would like us to
perform, since Fig. 6C and 6D already report colocalization between poly-ubiquitin and
Centrin. As for the second part of the comment: as suggested, we will document the lack of
ubiquitination of axonemal fragments in the revised manuscript.
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4. Please provide evidence for the claim about centriole staining on page 12: "Such late
addition does not allow sufficient time to label centrioles within cells, but the presence of the 
probe in the culture supernatant enables their detection upon shedding." A time lapse to 
show the labeling process over time would support this point.  
> In fact, Fig. S5C in the initial submission reports snapshots from a time-lapse sequence of
cells imaged following late addition of the cabazitaxel-derived probe, at the beginning of 
imaging. It is clear that no centrioles were labelled within cells during the entire sequence (in 
contrast to when we add the probe at the onset of transformation, which leads to labeling of 
~50% of centrioles within cells, as mentioned in the manuscript). We will spell out this point 
in a clearer fashion in the revised manuscript. In addition, should this be needed, we could 
also provide the movie as a further Supplementary item.  

5. Is there evidence that Lysotracker is staining the correct compartments in Naegleria? In
Fig. S5C, does the cell not have lysosomes, or is that channel missing? The cell in Fig. 5 F 
seems to accumulate staining over time-could this be a result of phototoxicity?  
> Lysotracker is a validated live marker of lysosomes in a broad range of systems, and we
therefore expect this to be the case also in Naegleria. However, we recognize that this is not 
absolutely certain, and will therefore conduct further experiments to investigate this question. 
In particular, we plan to label cells with Lysotracker and address whether the fluorescent 
signal co-localizes with membrane-enclosed vesicles visible by DIC microscopy. Moreover, 
we will test whether adding bafilomycin, which inhibits lysosome acidification, prevents the 
accumulation in these vesicles of Lysotracker, which normally marks lysosomes because of 
their acidic pH.  

6. Is there another way to immobilize cells other than treating them with Latrunculin?
Because depolymerizing actin will interfere with many other aspects of cell biology, including 
autophagy (see PMID: 28441569), it seems difficult to interpret some of these results.  
> We thank the reviewer for her/his suggestion. We have also tried to immobilize Naegleria
by coating coverslips with collagen, fibronectin or poly-L-lysine, alas without success. 
Nevertheless, we plan to explore other means of immobilization during the revision process, 
hoping to find an orthogonal means to immobilize cells. Should this not be feasible, we 
would spell out explicitly the limitation in the interpretation of our findings stemming from 
using Latrunculin.  

Minor comments: 

1. How were centriole length and width measured at the t=140-160 timepoint for Fig. 5C-D?
It is difficult to determine what the measurements would be for the image shown in panel B. 
Also, why was STED used for C while widefield was used for D?  
> We apologize for not having been sufficiently clear in describing how length and width
were measured for Fig. 5C and 5D. In the revised manuscript, we will explain better how 
these measurements were conducted and label exemplary images to clarify this point. As for 
the second question: single-plane STED imaging is optimal to ensure accurate width 
measurements. As for length measurements, tilted centrioles make it difficult to compare 
lengths between samples, such that a higher number of specimens needs to be analyzed. 
Such higher numbers are obtained optimally using wide field microscopy, as many centrioles 
can be imaged in the same field of view, in contrast to STED microscopy, hence explaining 
why 2D-projected wide-field images were used instead. These points will be stated explicitly 
in the revised manuscript.  

2. In Fig. 1 B, it is difficult to see the gray circle trace under others
> We realize that the rendition is not ideal, but having tried many other versions, we think
that this offers the best visualization. Moreover, there is no ambiguity in understanding the 
data since the gray circle trace can be clearly identified by magnifying the PDF.  
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3. Expanding Fig. 1 C-G to show individual channel labeling would be helpful for seeing the
centrioles (especially for panel C).
> Thank you for this suggestion, which we will implement in the revised manuscript.

4. In the text describing Fig. 1C, the text notes: "Moreover, an intracellular microtubule
cytoskeleton emanates from the two centrioles (Fig. 1C, arrowheads))." While this is 
certainly reasonable and I agree is very likely the case, is there any evidence this is where 
the MTs come from? It is not easy to observe from the image shown.  
> We agree, and will rephrase the sentence to underscore the fact that the site of
microtubule nucleation has not been addressed experimentally. 

5. In Fig. 1 D, how was it determined that the bundled microtubules are flagella and not
collapsed bundles from the cytoplasm? It seems there are more than 2 bundles in the
image.
> We understand how the image in Fig. 1D might have given the impression that there are
more than two bundles of microtubules in the cell. This is likely because a maximal Z-
projection is shown, and also because the internalized axoneme is curved. Moreover, note
that cytoplasmic microtubules have a much smaller diameter than the axoneme. In the
revised manuscript, we intend to exchange the figure panel with an image in which out of
focus information is less distracting.

6. In the legend for Fig. 2A, was the "reversal from pushing down on coverslip" from the
coverslip settling, or was additional force applied? 
> No additional force was applied to the coverslip, something that we will convey in the
revised manuscript. 

7. When discussing Fig. 5 in the main text, it would be helpful to emphasize there was no
heat shock. 
> Will do so.

8. In Fig. S5E-F, how were cell boarders determined?
> Cell borders were determined by manual inspection of the DIC channel, in multiple optical
sections, to ensure accurate delimitation. That this is the case will be indicated explicitly in
the Materials and Methods section of the revised manuscript.

9. There seems to be a minor typo in Fig. 6A, as there are 2 labels for "DMSO I"
> Thanks for spotting this typo, which will be corrected in the revised manuscript.

10. Chloroquine is widely used to inhibit autophagy in other systems, so the authors may
wish to try that here to strengthen their autophagy claims.
> Thank you for this interesting suggestion. We will test the effect of chloroquine, and report
the outcome of this experiment in the revised manuscript. 

11. In the methods, it is stated that SPY-650 tubulin labeling was used for live imaging, but I
cannot find this experiment, and it would be amazing to see the experiment shown in Fig. 2A 
(or any of the timelapse imaging) with this probe!  
> The live imaging experiments (reported in Fig. 5F-I, as well as Movies S2 and S3) indeed
used SPY-650 tubulin to mark centrioles, as indicated in the corresponding legends. 

Reviewer #3 (Significance (Required)):  

The strength of this work is that it uncovers basic cell biology of a non-model system, which 
has a unique lifestyle well-suited to studies about microtubule regulation. The manuscript 
covers many aspects of the de-flagellation process, and presents a clear, logical model for 
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the disassembly and degradation of axonemes and centrioles. Very little literature exists on 
this topic, so this is a useful publication that provides important groundwork for future studies 
on Naegleria microtubules. Limitations include that some conclusions are based on cells 
treated with an inhibitor of actin networks, which may impact the results related to 
autophagy. This work will be of broad interest to those studying non-model systems, 
microtubule turnover, or autophagy. 



2nd Sep 20241st Editorial Decision

Dear Pierre, 

Thank you for transferring your manuscript to EMBO Reports, which was previously reviewed at Review Commons. 

Referees express interest in the investigation of axoneme and centriole elimination in Naegleria gruberi. However, they also
raise concerns that need to be addressed to consider publication in EMBO Reports. 

Having looked at all documents, we would like to invite you to submit a revised manuscript as in your revision plan. Please
revise your manuscript with the understanding that the referee concerns (as 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
major experimental 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. 

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 recommend a revision within 3 months. Please discuss the revision progress ahead of this time with me if you require
more time to complete the revisions, or if you have questions or comments regarding the revision (also by video chat). 

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 (where applicable).
2. Your manuscript contains statistics and error bars based on n=2. Please use scatter plots in these cases.

You can submit the revision either as a Scientific Report or as a Research Article. For Scientific Reports, the revised manuscript
can contain up to 5 main figures and 5 Expanded View figures, and it should not exceed 27000 characters. If the revision leads
to a manuscript with more than 5 main figures it will be published as a Research Article. In this case the Results and Discussion
section should be separate. If a Scientific Report is submitted, these sections have to be combined. This will help to shorten the
manuscript text by eliminating some redundancy that is inevitable when discussing the same experiments twice. In either case,
all materials and methods should be included in the main manuscript file. 

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. 

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, .tif, .jpg (one file per figure). See https://wol-prod-cdn.literatumonline.com/pb-
assets/embo-site/EMBOPress_Figure_Guidelines_061115-1561436025777.pdf for more info on how to prepare your figures.

3) 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:

- 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 .xls files. Alternatively, the legend can be supplied as a separate text file (README) and zipped
together with the Table/Dataset file.

4) a .docx formatted letter INCLUDING the reviewers' reports and your detailed point-by-point responses to their comments. As
part of the EMBO publication's Transparent Editorial Process, EMBO reports publishes online a Review Process File (RPF) 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.
https://www.embopress.org/page/journal/14693178/authorguide#transparentprocess
You are able to 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."



5) 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.

6) Please note that all corresponding authors are required to supply an ORCID ID for their name upon submission of a revised
manuscript (). Please find instructions on how to link your ORCID ID to your account in our manuscript tracking system in our
Author guidelines

7) Before submitting your revision, primary datasets produced in this study need to be deposited in an appropriate public
database (see https://www.embopress.org/page/journal/14693178/authorguide#datadeposition). 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 & Method (see also
https://www.embopress.org/page/journal/14693178/authorguide#datadeposition). Please note that the Data Availability Section
is restricted to new primary data that are part of this study. * Note - All links should resolve to a page where the data can be
accessed. *
If your study has not produced novel datasets, please mention this fact in the Data Availability Section.

8) At EMBO Press we ask authors to provide source data for the main 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.

Additional information on source data and instruction on how to label the files are available:
https://www.embopress.org/page/journal/14693178/authorguide#sourcedata 

9) 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 PRJNA342805, 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 http://www.embopress.org/page/journal/14693178/authorguide#referencesformat

10) Regarding data quantification (see Figure Legends:
https://www.embopress.org/page/journal/14693178/authorguide#figureformat)

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 Program fragment delivered error ``Can't locate object method "less" via package "than"
(perhaps you forgot to load "than"?) at //ejpvfs23/sites23b/embor_www/letters/embor_decision_revise_and_review.txt line 56.' 2,
use scatter blots 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. 

- Please also include scale bars in all microscopy images.

11) The journal requires a statement specifying whether or not authors have competing interests (defined as all potential or
actual interests that could be perceived to influence the presentation or interpretation of an article). In case of competing
interests, this must be specified in your disclosure statement. Further information: https://www.embopress.org/competing-
interests

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

13) All Materials and Methods need to be described in the main text using our 'Structured Methods' format, which is required for



all research articles. According to this format, the Methods section includes a Reagents and Tools Table (listing key reagents,
experimental models, software and relevant equipment and including their sources and relevant identifiers) followed by a
Methods and Protocols section describing the methods using a step-by-step protocol format. The aim is to facilitate adoption of
the methodologies across labs. More information on how to adhere to this format as well as a downloadable template (.docx) for
the Reagents and Tools Table can be found in our author guidelines:
https://www.embopress.org/page/journal/14693178/authorguide#structuredmethods. 

An example of a Method paper with Structured Methods can be found here:
https://www.embopress.org/doi/10.15252/msb.20178071. 

We would also welcome the submission of cover suggestions, or motifs to be used by our Graphics Illustrator 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 questions or
comments regarding the revision. 

Kind regards, 

Deniz 

Deniz Senyilmaz Tiebe, PhD 
Senior Scientific Editor 
EMBO Reports
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We thank the reviewers for their careful evaluation of our work and their useful suggestions 

for improving the manuscript. We delineate hereafter in blue fonts how we have addressed 

all the points that have been raised.  

Reviewer #1 (Evidence, reproducibility and clarity (Required)):  

In this manuscript the authors dissect the fate of the flagella as a Naegleria cell transitions 

from its flagellate state to an ameboid. The vast majority of work on eukaryotic flagella and 

cilia focuses on the regulation of their assembly with little on disassembly and loss; 

therefore, this is an important piece of work as it contributes to our understanding of this 

understudied area. The authors show that disassembly proceeds through internalisation of 

the flagellum by fusion of the flagellum membrane with the cell membrane. The axoneme is 

then broken down through the action of spastin before these fragments are fused with the 

lysosome. The centriole is lost in parallel through the action of both the proteasome and 

lysosome. Intriguingly, the authors also see the shedding of the centriole into the media in 

some cases. Throughout the manuscript the data is well described and the conclusions are 

supported by the figures. I only have some minor comments that the authors should 

address.   

While I understand the focus is on the loss of flagellum in unicellular organisms but there are 

a number of more recent reviews about (primary) cilia disassembly that would be worth 

highlighting here as well  

e.g. https://doi.org/10.1042/BCJ20170453 doi.org/10.3390/cells10112977

> We appreciate that the reviewer understands that our focus is on flagellum loss, and agree

with her/him that a reference regarding primary cilium loss should be mentioned as well. This

has been included in the revised manuscript (p. 5).

In addition, flagellum loss in T. cruzi occurs through asymmetric division and this alternative 

method could be added to the introduction as well  

DOI:https://doi.org/10.1016/j.chom.2014.09.003   

> We thank the reviewer for pointing out this interesting paper, which we now refer to (p.4).

The authors in this study rely on commercial antibodies to centrin-2, ubiquitin etc. For the 

centrin-2 antibody do the authors know if this picks up the expected band by western? The 

IF is clear but this would be reassuring because as the authors point out Naegleria is a 

divergent eukaryote. On a related note how similar is the ubiquitin sequence to that of the 

organism the antibody detects? Would you expect a specific signal?  

> As suggested by the reviewer, we conducted Western blot analysis with the antibodies

raised against human Centrin-2, testing Naegleria lysates at t=0, t=70 and t=150 min after

transformation onset. We found that these antibodies detect a single band of the size

expected for Naegleria Centrin (~20 kDa), which appears at t=70 min, concomitant with

centriole assembly. We provide this new piece of data in Expanded View (EV) 1B of the

revised manuscript. In addition, we provide new panels with alignments between human

Centrin-2 and Naegleria Centrin (EV1A), as well as Ubiquitin (EV1E), highlighting their

extremely high degree of conservation.

In figure 3C, if the tubulin spots were fragments of the axoneme, I would anticipate these 

would be randomly oriented in the cell at this point; therefore, not all would show a circular 

cross section. Do all the spots resolve to circles or are parallel tracks seen?   

> Indeed, as anticipated by the reviewer, fragments are oriented randomly, and not all spots

resolve to circles. To clarify this point, we now show also a high magnification side view of a

fragment in Fig. 3C of the revised manuscript.

5th Sep 20241st Authors' Response to Reviewers

https://doi.org/10.1042/BCJ20170453
https://doi.org/10.1042/BCJ20170453
http://doi.org/10.3390/cells10112977
http://doi.org/10.3390/cells10112977
http://doi.org/10.3390/cells10112977
https://doi.org/10.1016/j.chom.2014.09.003
https://doi.org/10.1016/j.chom.2014.09.003
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In figure 3D, it is not clear what the 0.258 um line is referring to, as it doesn't line up with 

interpeak distance, which I think it is suppose to. In addition, the authors claim this matches 

the cross-sectional diameter of an axoneme but that is usually ~200 nm so this distance is 

25-30% larger.

> We are grateful to the reviewer for having spotted that the interpeak distance in Fig. 3D

had been inadvertently shifted; this was rectified in the revised manuscript. Moreover, we

now spell out that the experimentally determined cross-sectional diameter is ~25% larger

than expected, possibly reflecting slightly measurement inaccuracies and/or distortion

following fixation (p. 9).

How often were the membrane enclosed microtubule elements seen by EM? From S4 it 

looks to be 29 - is this individual sections or 29 independent axoneme containing 

autophagosomes?   

> In the revised manuscript, we have mentioned explicitly in the legend of EV4A on page 33

that the 29 instances of membrane-enclosed microtubules indeed correspond to 29

independent measurements of such elements.

To confirm that cabazitaxel only binds centrioles, do the authors have co-localisation images 

with the centrin-2 antibody?   

> Prompted by the suggestion of the reviewer, we collected STED images demonstrating that

the cabazitaxel-derived probe indeed marks centrioles (labeled with Centrin-2 antibodies), in

addition to internalized axonemes. This piece of data is reported in the new EV4C.

In Naegleria, what are the potential mechanisms for uptake? Many are actin dependent and 

likely affected with latrunculin B treatment. Does endocytosis etc. still occur in these cells?  

> Assuming that the reviewer refers to the uptake of centrioles, we found indeed that this

does not occur in Latrunculin B-treated cells. Such cells cannot move, and uptake of shed

centrioles normally occurs in freely moving cells. Therefore, we cannot formally distinguish

whether the lack of uptake in the presence of the drug reflects a direct requirement of actin

for uptake, perhaps through endocytosis, or else an indirect requirement of actin for cell

movement. This point is stated explicitly in the legend of Fig. 5 in revised manuscript (p. 30).

The addition of bafilomycin resulted in an approximately 3 fold increase in centriole release 

(S5B) but it had no effect fraction of cells with centrioles. I would expect with a large increase 

in shedding there would be cells that are centriole negative as they have shed their 

centrioles but at 150 minutes all cells still have centrioles. Are the centrioles in Naegleria 

independent or physically connected? Could you have a cell in which one centriole is shed 

and the other retained?   

> This is an interesting point. From the ~3 fold increase in centriole shedding estimated from

the number of centrioles recovered on coverslips upon Bafilomycin A1 addition, one would

expect ~30% of cells lacking centrioles (i.e. 3 times ~10% of cells shedding centrioles).

However, this was the case in only ~10% of Bafilomycin A1-treated cells (see Fig. 6A). One

possibility to explain this discrepancy is that centrioles shed in control conditions are more

fragile than those released upon Bafilomycin A1 treatment, leading to underestimation when

counting those left on the coverslip in control cells. These considerations are mentioned in

the revised manuscript (p. 34).

In the discussion should refer to 6I-N. 

> Thanks for spotting this mislabeling, which has been corrected (p. 15).
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Reviewer #1 (Significance (Required)):  

This is a clear and well-structured manuscript that makes a significant advance to our 

understanding of flagellum disassembly in Naegleria but also provides an important 

comparator for work on disassembly mechanisms due to the early-branching nature of this 

organism, providing a divergent viewpoint from which to interpret flagellum/cilium 

disassembly in other organisms. Thus, this work will be of interest not only to Naegleria 

biologists but also those working on cilia and flagella, and the control of organelle loss.   

I am a molecular parasitologists with a focus on the flagellum and cytoskeleton of the 

kinetoplastid parasites.   

Reviewer #2 (Evidence, reproducibility and clarity (Required)):  

In the life cycle of Naegleria, it undergoes a transition from an amoeboid to a flagellated 

form, followed by reversion to the amoeboid state. This study elucidates the cellular 

mechanisms underlying the elimination of flagella and centrioles during this reversion 

process.   

The authors employed advanced microscopy techniques, including live and super-resolution 

imaging, to characterize the cellular processes involved in centriole and flagella removal.  

The methodology is robust, and the conclusions are substantiated by compelling evidence. 

This study serves as a cornerstone in further mechanistic exploration of these processes.   

A few minor points:   

1. In the second paragraph of page 3, while a previous report indicated katanin's role in

axonemal severing, a recent study demonstrated normal deflagellation after the loss of

katanin p60 in a null mutant (Dymek and Smith 2012, JCS, PMID: 22467860).

> Thank you for pointing out this study, the findings of which have been incorporated in the

revised manuscript (p. 3).

2. On page 8, it is mentioned that "Flagellum shedding into the extracellular milieu was never

observed in these Experiments". However, as shown in movie S1, an isolated flagellum

can be observed on the left side of the cell at the time of the first flagellum's

disappearance, indicating potential shedding.

> We thank the reviewer for her/his careful observation. In fact, the flagellar piece visible on

the left side of Movie S1 and Fig. 2A seems to stem from the first flagellum that was probably

incompletely internalized following folding back onto the plasma membrane. We point to this

flagellar piece with an arrowhead in the revised figure panel, and have adapted the figure legend

accordingly (p. 26).

3. On page 8, consider removing "of" in "or of CaCl2".

> Thank you for this suggestion, which has been followed (p. 8).

4. On page 17, the sentence "this could reflect insufficient sensitivity of the microarray

experiments or post transcriptional control of E3 ligase activity" seems incomplete.

"Sensitivity of post translational control" does not sound right.  

> We have rephrased the sentence to clarify the intended meaning (p.18).

Reviewer #2 (Significance (Required)):  
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The authors have conducted exemplary research to elucidate the cellular processes involved 

in centriole and flagella removal. This study is foundational, laying the groundwork for further 

exploration of the underlying molecular mechanisms. Previously, this phenomenon was 

understood solely at a phenotypic level, but this research has unveiled intricate details of the 

cell biological processes. However, there appears to be a lack of conceptual advancement, 

as the molecular mechanisms disclosed are preliminary, without introducing novel concepts 

or mechanisms.   

Researchers interested in the cell biology of microtubule cytoskeleton and/or Naegleria 

would find this work noteworthy.   

Reviewer #3 (Evidence, reproducibility and clarity (Required)):  

Summary:   

Naegleria gruberi cells typically exist as amoebae that lack microtubules, but can 

differentiate into flagellated cell type-a process which has been relatively well-studied. This 

flagellate form is transient, however, and not much is known about how cells revert back to 

their amoeboid state. Here, Woglar et al. investigate this process and provide a model for 

the elimination of microtubules and centrioles. They find that flagella typically merge with the 

plasma membrane, are broken into small segments by Spastin, and are degraded by 

autophagy. While some centrioles are also degraded by autophagy, it seems they can also 

be degraded in the cytosol by the proteosome, or can be expelled from the cell into the 

media. Overall, this study is interesting and presents convincing data in a logical, 

wellthought-out order, and addresses an obvious gap in the literature. I have a few 

hesitations, however, about the reproducibility of the work, the level of support for some 

conclusions, and the use of an actin depolymerizing drug.   

Major comments:  

1. It seems most experiments were completed only once or twice, and it is unclear if the

quantifications were completed using blinded datasets. This seems okay in some cases

where the phenotypes are obvious (Fig. 2B, 3G, 4E, 6A-B). However, because the timing of

these experiments is critical to interpreting the data, the experiment in Figure 1B and

staining in C-G should be completed a minimum of 3 times. This is essential for some

statements including, "we found that flagellated cells subjected to a 20 min heat shock at

t=95 min lose their flagella more synchronously (Fig. 1B). Additionally, centriole elimination is

also accelerated, although less so than flagellar loss (Fig. 1B)." The first half of this

statement is clear from the graph, but the statement about centriole elimination is not

wellsupported. Perhaps more importantly, in assessing the results of additional experiments,

knowing what untreated cells should look like at a given timepoint (e.g. at 120 min for Fig. 4)

is important for interpretation.

> We thank the reviewer for making this important point. As suggested, we have repeated

the experiments reported in Fig. 1B and Fig. 1C-G twice more, and have revised Fig. 1B

accordingly.

2. A t-test is not appropriate for comparing more than two samples (e.g. Fig. 5E, S4,

S5B).

> We realize that this is the case. Accordingly, only pair-wise comparisons were reported for

Fig. 5E, S4 and S5B already in the initial submission.
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3. The results shown in Fig. 6C/D are not convincing on their own. Some type of

colocalization analysis would strengthen this result. Additionally, showing something that did

not localize with the K63 PolyUbi staining would also strengthen this point, and the authors

may already have this data on hand-from page 15: "Unlike at centrioles, we did not detect

autophagy-promoting K63 poly-ubiquitination at axonemal fragments (not shown)."

> We are not certain what additional colocalization analysis the reviewer would like us to

perform, since Fig. 6C and 6D already report colocalization between poly-ubiquitin and

Centrin. As for the second part of the comment: as suggested, we now report the lack of K63

poly-ubiquitination of internalized axonemes and axonemal fragments (Fig. S1).

4. Please provide evidence for the claim about centriole staining on page 12: "Such late

addition does not allow sufficient time to label centrioles within cells, but the presence of the

probe in the culture supernatant enables their detection upon shedding." A time lapse to

show the labeling process over time would support this point.

> Fig. S5C in the initial submission shows snapshots from a time-lapse sequence imaged

following addition of the cabazitaxel-derived probe late (t=120 min), at the beginning of

imaging. No centrioles are labelled within cells during the entire sequence in this case, in

contrast to what happens when the probe is added at the onset of transformation (with ~50%

of centrioles labelled within cells in that case, as mentioned in the manuscript). We have

clarified these points in the legend of Fig. EV5C in the revised manuscript (p. 34).

5. Is there evidence that Lysotracker is staining the correct compartments in Naegleria?

In Fig. S5C, does the cell not have lysosomes, or is that channel missing? The cell in Fig. 5

F seems to accumulate staining over time-could this be a result of phototoxicity?

> Apologies: Figure S5C was labeled incorrectly, as no Lysotracker was present in this

experiment; this has been corrected in the revised manuscript. Prompted by the question of

the reviewer, we conducted further experiments to verify that LysoTracker is a bona fide

marker of lysosomes in Naegleria as it is in a broad range of systems. Compatible with this

view, we found that the LysoTracker fluorescent signal is confined to vesicles clearly

detectable by DIC microscopy. Moreover, we found that this signal vanishes when cells are

treated with Bafilomycin A1, which inhibits lysosome acidification. These findings are

reported in the new figure panels EV4D and EV4E, and establish that LysoTracker is indeed

a bona fide marker of lysosomes in Naegleria.

6. Is there another way to immobilize cells other than treating them with Latrunculin?

Because depolymerizing actin will interfere with many other aspects of cell biology, including

autophagy (see PMID: 28441569), it seems difficult to interpret some of these results.

> We thank the reviewer for her/his suggestion, which prompted us to attempt immobilizing

Naegleria differently, including by coating coverslips with collagen, fibronectin or poly-L-

lysine, as well as by placing cells into custom-made PDSM micro-chambers, alas all without

success. Although we do appreciate the concerns raised by the reviewer, we note that

adding Latrunculin B at the onset of filming (at t=120 min) enables elimination of ~50% of

centrioles via lysosomes. Of course, it is conceivable that the ratio between the two modes

of elimination differs when the actin cytoskeleton is intact. We have spelled out explicitly

these considerations in the revised manuscript (p. 12).

Minor comments:  

1. How were centriole length and width measured at the t=140-160 timepoint for Fig. 5C-D?

It is difficult to determine what the measurements would be for the image shown in panel B.

Also, why was STED used for C while widefield was used for D?
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> We apologize for not having been sufficiently clear in describing how centriole length and

width were measured. For Fig. 5C, we used single-plane STED imaging to ensure most

accurate width measurements. By contrast, for Fig. 5D we used 2D-projections of wide-field

Z-stack images because we found that single-plane STED microscopy are not ideal for

length measurements as centrioles that are not perfectly orthogonal to the lens are imaged

only partially. We explain these points explicitly in the legend of the corresponding figure

panels of the revised manuscript (p. 28). In addition, we provide exemplary images of

centrioles and illustrate how measurements were conducted in both revised figure panels.

2. In Fig. 1 B, it is difficult to see the gray circle trace under others

> We realize that this rendition is not ideal, but having tried many other possibilities, we think

that this offers the best visualization. Moreover, there is no ambiguity in understanding what

the data conveys since the gray circle trace can be clearly identified by magnifying the PDF.

3. Expanding Fig. 1 C-G to show individual channel labeling would be helpful for seeing the

centrioles (especially for panel C).

> Thank you for this suggestion, which we have implement in the revised manuscript.

4. In the text describing Fig. 1C, the text notes: "Moreover, an intracellular microtubule

cytoskeleton emanates from the two centrioles (Fig. 1C, arrowheads))." While this is

certainly reasonable and I agree is very likely the case, is there any evidence this is where

the MTs come from? It is not easy to observe from the image shown.

> We agree, and have rephrased the sentence to underscore the fact that the site of

microtubule nucleation has not been addressed experimentally (p. 7).

5. In Fig. 1 D, how was it determined that the bundled microtubules are flagella and not

collapsed bundles from the cytoplasm? It seems there are more than 2 bundles in the

image.

> We understand that the original image in Fig. 1D might have given the impression that

there are more than two microtubule bundles in the cell, likely because a maximal Z-

projection of a cell in which the axoneme curves in an unfavorable orientation was shown.

Hence, we exchanged this panel in the revised manuscript, and now show a cell in which the

reader can better appreciate that there are only two large axonemal microtubules in the cell.

6. In the legend for Fig. 2A, was the "reversal from pushing down on coverslip" from the

coverslip settling, or was additional force applied?

> No additional force was applied to the coverslip. We have clarified this in the legends of

Fig. 2 and Fig. EV2 in the revised manuscript (p. 26 and p. 32).

7. When discussing Fig. 5 in the main text, it would be helpful to emphasize there was no

heat shock.

> We have done so in the revised manuscript (p. 11).

8. In Fig. S5E-F, how were cell boarders determined?

> Cell borders were determined by manual inspection of the DIC channel in multiple optical

slices to ensure accurate delimitation. That this is the case is now indicated explicitly (p. 23).

9. There seems to be a minor typo in Fig. 6A, as there are 2 labels for "DMSO I"

> Thanks for spotting this typo, which has been corrected.

10. Chloroquine is widely used to inhibit autophagy in other systems, so the authors may

wish to try that here to strengthen their autophagy claims.
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> Thank you for making this interesting suggestion, which we have implemented. Importantly,

we found that Hydroxychloroquine prevents or delays the turnover of tubulin-containing

elements, as did Bafilomycin A1, but not that of centrioles. This result strengthens the notion

that axonemal fragments are eliminated via autophagosome-mediated fusion with lysosome.

Why is the elimination of centrioles not affected by Hydroxychloroquine?  Suggestively, some

forms of autophagy are not inhibited by Hydroxychloroquine, including LC3-associated

autophagy. Therefore, it is conceivable that centrioles, but not axonemal fragment, rely on

such a Hydroxychloroquine-insensitive autophagy pathway for elimination. These new

findings are reported in panels EV4B and discussed in the revised manuscript (p. 13, p. 10

and p. 16).

11. In the methods, it is stated that SPY-650 tubulin labeling was used for live imaging,

but I cannot find this experiment, and it would be amazing to see the experiment shown in

Fig. 2A (or any of the timelapse imaging) with this probe!

> The live imaging experiments (reported in Fig. 5F-I, as well as Movies S2 and S3) indeed

used SPY-650 tubulin to mark centrioles, as indicated in the corresponding legends.

Reviewer #3 (Significance (Required)):  

The strength of this work is that it uncovers basic cell biology of a non-model system, which 

has a unique lifestyle well-suited to studies about microtubule regulation. The manuscript 

covers many aspects of the de-flagellation process, and presents a clear, logical model for 

the disassembly and degradation of axonemes and centrioles. Very little literature exists on 

this topic, so this is a useful publication that provides important groundwork for future studies 

on Naegleria microtubules. Limitations include that some conclusions are based on cells 

treated with an inhibitor of actin networks, which may impact the results related to 

autophagy. This work will be of broad interest to those studying non-model systems, 

microtubule turnover, or autophagy.   



4th Oct 20241st Revision - Editorial Decision

Dear Pierre,

Thank you for submitting your revised manuscript. It has now been seen by two of the original referees. 

As you can see, the referees find that the study is significantly improved during revision and recommends publication. However,
I need you to address the points below before I can accept the manuscript. 

• Please address the remaining minor concerns of referee #2.
• Please provide 3-5 keywords for your study. These will be visible in the html version of the paper and on PubMed and will help
increase the discoverability of your work.
• 'Competing interests' section needs to be renamed as "Disclosure Statement and Competing Interests". The following
statement needs to be included: Prof. Pierre Gönczy is a member of the Advisory Editorial Board of EMBO Reports. This has no
bearing on the editorial consideration of this article for publication."
• We note the following name discrepancy: Mary-Claude Croisier-Coeytaux in the manuscript vs. Marie Croisier in eJP.
• Corresponding author needs to be clearly marked on the title page of the manuscript, and email address is necessary.
• We note the phrase "(data) not shown" on page 32, which is not allowed as per journal policy.
• We note that Figure EV6 is currently not called out in the text.
• We note that there is a legend for Figure S1 in the manuscript file and the figure is cited, but the figure is missing.
• As per the movies, the legends need to be removed from the manuscript file and provided as a readme.txt file and then each
should be zipped together with its corresponding video. The correct source file names, titles and manuscript callouts should be
Movie EV1-EV3.
• Please remove the instructions and the unused sections from the Reagents & Tools table.
• Please submit source data as per the email from our source data coordinator Dr. Hannah Sonntag dated 09.09.2024.
• Materials and Methods section should be renamed as Methods.
• Extended View Figures should be renamed as Expanded View Figure Legends.
• The manuscript sections should be in the following order: Title page - Abstract & Keywords - Introduction - Results -
Discussion - Methods - Data Availability - Acknowledgments - Disclosure Statement & Competing Interests - References -
Figure Legends - (Main Tables with legends) - Expanded View Figure Legends.
• Our production/data editors have asked you to clarify several points in the figure legends:
o Please note that the exact p values are not provided in the legends of figures 4g; 5c-e; 6g; EV 1c-d; EV 4a; EV 5b.
o Please note that information related to n is missing in the legend of figure 5d.
o Although 'n' is provided, please describe the nature of entity for 'n' in the legend of figure EV 5b.
o Please note that the scale bar is missing for figures 5a; 6c, e; EV 4d.
o Please note that scale bar and its definition are missing for figures EV 5e-f.
o Please note that the white arrowheads are not defined in the legend of figure EV 4d-e. This needs to be rectified.
• Papers published in EMBO Reports include a 'synopsis' and 'bullet points' to further enhance discoverability. Both are
displayed on the html version of the paper and are freely accessible to all readers. The synopsis includes a short standfirst
summarizing the study in 1 or 2 sentences (max 35 words) that summarize the paper and are provided by the authors and
streamlined by the handling editor. I would therefore ask you to include your synopsis blurb and 3-5 bullet points listing the key
experimental findings.
• In addition, please provide an image for the synopsis. This image should provide a rapid overview of the question addressed in
the study but still needs to be kept fairly modest since the image size cannot exceed 550 (width) x 300-600 (height) pixels.

Thank you again for giving us to consider your manuscript for EMBO Reports, I look forward to your minor revision.

Kind regards,

Deniz 

--
Deniz Senyilmaz Tiebe, PhD
Senior Scientific Editor
EMBO Reports

Referee #1:

The authors have adequately dealt with my concerns and comments. I am now happy for this manuscript to be published.

Referee #2:



I thank the authors for seriously considering my feedback and completing several additional experiments. I am now satisfied with
nearly all of my concerns. However, I still have two minor points, and I have identified a few typos/very minor issues the authors
may wish to correct.

Minor concerns:
1. K48 and K63 ubiquitination: Thank you for including the images in Figure S1- this image is quite convincing for K63
Ubiquitination colocalizing with centrioles! However, the images shown in 6C-D are not convincing. There is PolyUbi K48/K63
signal everywhere, so anywhere that is centrin-positive will also show PolyUbi signal. Some form of quantitative analysis of
colocalization (e.g. a correlation coefficient or some other metric, see DOI: 10.1152/ajpcell.00462.2010) is needed to support
statements about K48 or K63 ubiquitination preceding centriole degradation, given that the examples shown in the main figure
do not show obvious enrichment at the centriole.
2. Statistical testing: Apologies for my comment about t-tests being unclear. If a sample set includes more than 2 conditions,
performing multiple pairwise comparisons using multiple t-tests is not appropriate (see DOI: 10.1091/mbc.E15-02-0076). An
ANOVA followed by a Tukey-Kramer post-hoc test is a more appropriate statistical method.

Very minor issues the Authors may wish to address:
1. In EV4B and in the main text, there are typos "Hydroxyroquine" or "Hydroxyhloroquine" instead of Hydroxychloroquine.
2. In the introduction at the top of page 4 I believe it should be "no nucleus" not "not nucleus," and it sounds like "which" points to
the nucleus, but I am sure you intend to point to the flagellum.
3. The term "basal eukaryote" has a similar implication as "lower eukaryote." Early branching (relative to animals) would be a
better term.



October 23rd, 2024 

Re: EMBOR-2024-60279V2 

Dear Deniz, 

Further to your message dated October 4th, 2024, I am pleased to submit our newly revised 

manuscript entitled "Mechanisms of axoneme and centriole elimination in Naegleria gruberi" to 

EMBO Reports.  

As you will see below, as well as in the revised manuscript, we have taken care of the editorial 

points you listed, and implemented the minor revisions suggested by Referee #2.  

We hope that, with these changes, you will find our work truly ready for publication in EMBO 

Reports. 

Best regards, 

Pierre 

Swiss Federal Institute of 
Technology Lausanne   

Pierre Gönczy 
 Swiss Institute for Experimental 
 Cancer Research (ISREC) 
 School of Life Sciences 
 Swiss Federal Institute of 
 Technology Lausanne (EPFL) 

pierre.gonczy@epfl.ch 
Phone: +41 21 693 07 11 
https://gonczy-lab.epfl.ch/ 

23rd Oct 20242nd Authors' Response to Reviewers

mailto:pierre.gonczy@epfl.ch
https://gonczy-lab.epfl.ch/
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• Please address the remaining minor concerns of referee #2.
We have done so (see details below).

• Please provide 3-5 keywords for your study. These will be visible in the html version of the
paper and on PubMed and will help increase the discoverability of your work.
Done.

• 'Competing interests' section needs to be renamed as "Disclosure Statement and Competing
Interests". The following statement needs to be included: Prof. Pierre Gönczy is a member of
the Advisory Editorial Board of EMBO Reports. This has no bearing on the editorial
consideration of this article for publication."
Done.

• We note the following name discrepancy: Mary-Claude Croisier-Coeytaux in the manuscript
vs. Marie Croisier in eJP.
Marie Croisier is how she is referred to in publications -this has been corrected on the title
page.

• Corresponding author needs to be clearly marked on the title page of the manuscript, and
email address is necessary.
Done.

• We note the phrase "(data) not shown" on page 32, which is not allowed as per journal
policy.
Addressed.

• We note that Figure EV6 is currently not called out in the text.
This used to be S1, we now changed the name to EV6.

• We note that there is a legend for Figure S1 in the manuscript file and the figure is cited, but
the figure is missing.
Changed to EV6.

• As per the movies, the legends need to be removed from the manuscript file and provided as
a readme.txt file and then each should be zipped together with its corresponding video. The
correct source file names, titles and manuscript callouts should be Movie EV1-EV3.
Done.

• Please remove the instructions and the unused sections from the Reagents & Tools table.
Done.

• Please submit source data as per the email from our source data coordinator Dr. Hannah
Sonntag dated 09.09.2024.
We will send these by email.

• Materials and Methods section should be renamed as Methods.
Done.

• Extended View Figures should be renamed as Expanded View Figure Legends.
Done.

• The manuscript sections should be in the following order: Title page - Abstract & Keywords -
Introduction - Results - Discussion - Methods - Data Availability - Acknowledgments -
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Disclosure Statement & Competing Interests - References - Figure Legends - (Main Tables 
with legends) - Expanded View Figure Legends.  
Done. 

• Our production/data editors have asked you to clarify several points in the figure legends:
o Please note that the exact p values are not provided in the legends of figures 4g; 5c-e; 6g;
EV 1c-d; EV 4a; EV 5b.
These values are now provide in the respective figure legends.

o Please note that information related to n is missing in the legend of figure 5d.
As stated in the legend, N=40 centrioles for each timepoint.

o Although 'n' is provided, please describe the nature of entity for 'n' in the legend of figure EV
5b.
As stated in the legend, N= 6 (0.1% DMSO), 7 (25 µM Bortezomib) and 5 (10 µM Bafilomycin
A1) fields of view from one representative experiment.

o Please note that the scale bar is missing for figures 5a; 6c, e; EV 4d.
The scale bars are the same as in the neighboring image; we clarified that in the figure
legends.

o Please note that scale bar and its definition are missing for figures EV 5e-f.
E and F are zoom ins of D (green boxes). Thus, the scale bare is provided in D.

o Please note that the white arrowheads are not defined in the legend of figure EV 4d-e. This
needs to be rectified.
Done.

• Papers published in EMBO Reports include a 'synopsis' and 'bullet points' to further enhance
discoverability. Both are displayed on the html version of the paper and are freely accessible
to all readers. The synopsis includes a short standfirst summarizing the study in 1 or 2
sentences (max 35 words) that summarize the paper and are provided by the authors and
streamlined by the handling editor. I would therefore ask you to include your synopsis blurb
and 3-5 bullet points listing the key experimental findings.
We will send these by email.

• In addition, please provide an image for the synopsis. This image should provide a rapid
overview of the question addressed in the study but still needs to be kept fairly modest since
the image size cannot exceed 550 (width) x 300-600 (height) pixels.
We will send these by email.

Referee #1: 

The authors have adequately dealt with my concerns and comments. I am now happy for this 
manuscript to be published. 

Referee #2: 

I thank the authors for seriously considering my feedback and completing several additional 
experiments. I am now satisfied with nearly all of my concerns. However, I still have two minor 
points, and I have identified a few typos/very minor issues the authors may wish to correct. 



 4 

Minor concerns: 
1. K48 and K63 ubiquitination: Thank you for including the images in Figure S1- this image is
quite convincing for K63 Ubiquitination colocalizing with centrioles! However, the images
shown in 6C-D are not convincing. There is PolyUbi K48/K63 signal everywhere, so anywhere
that is centrin-positive will also show PolyUbi signal. Some form of quantitative analysis of
colocalization (e.g. a correlation coefficient or some other metric, see DOI:
10.1152/ajpcell.00462.2010) is needed to support statements about K48 or K63 ubiquitination
preceding centriole degradation, given that the examples shown in the main figure do not
show obvious enrichment at the centriole.
We are not trying to make the point that (poly)ubiquitin is enriched at centrioles compared to
other ubiquitinated targets in the cell, and apologize if we have generated this impression.
Instead, we simply state that (poly)ubiquitination signals are present at centrioles, among other
locations.  Whereas the K63 signal can be discerned sufficiently well to predict centriolar
location in approximately half of the cells, the K48 signal can be clearly discerned at centrioles
only when the organelle is ideally positioned away from the cell body (as shown in the figure).
Given the small size of the centriole marked by Centrin-2 antibodies, pixel correlation
assessment (using ImageJ “Colocalization Test”) between Centrin-2 and (poly)ubiquitination is
only slightly above chance in both cases (Centrin-2 vs K63: R=0.656R,
R(random)=0.454±0.071); Centrin-2 vs K48: R=0.709, R(random): R=0.551±0.065). While
these numbers support colocalization on centrioles above other targets in the cell, the
difference appears too marginal to be included as an persuasive argument in the manuscript.

2. Statistical testing: Apologies for my comment about t-tests being unclear. If a sample set
includes more than 2 conditions, performing multiple pairwise comparisons using multiple t-
tests is not appropriate (see DOI: 10.1091/mbc.E15-02-0076). An ANOVA followed by a
Tukey-Kramer post-hoc test is a more appropriate statistical method.
We have done so and corrected the manuscript accordingly.

Very minor issues the Authors may wish to address: 
1. In EV4B and in the main text, there are typos "Hydroxyroquine" or "Hydroxyhloroquine"
instead of Hydroxychloroquine.
Thanks, we corrected these mistakes.

2. In the introduction at the top of page 4 I believe it should be "no nucleus" not "not nucleus,"
and it sounds like "which" points to the nucleus, but I am sure you intend to point to the
flagellum.
Correct, thanks!

3. The term "basal eukaryote" has a similar implication as "lower eukaryote." Early branching
(relative to animals) would be a better term.
We agree and have changed the wording accordingly.



6th Nov 20242nd Revision - Editorial Decision

Prof. Pierre Gönczy
Swiss Federal Institute of Technology (EPFL)
Swiss Institute for Experimental Cancer Research
Station 19
Lausanne CH-1015
Switzerland

Dear Pierre,

Thank you for submitting your revised manuscript. I have now looked at everything and all is fine. Therefore, I am very pleased
to accept your manuscript for publication in EMBO Reports.

Congratulations on a nice work!

Kind regards,

Deniz 
--
Deniz Senyilmaz Tiebe, PhD
Senior Scientific Editor
EMBO Reports

Your manuscript will be processed for publication by EMBO Press. It will be copy edited and you will receive page proofs prior to
publication. Please note that you will be contacted by Springer Nature Author Services to complete licensing and payment
information. 

You may qualify for financial assistance for your publication charges - either via a Springer Nature fully open access agreement
or an EMBO initiative. Check your eligibility: https://www.embopress.org/page/journal/14693178/authorguide#chargesguide

Should you be planning a Press Release on your article, please get in contact with embo_production@springernature.com as
early as possible in order to coordinate publication and release dates. 

If you have any questions, please do not hesitate to contact the Editorial Office. Thank you for your contribution to EMBO
Reports. 

------------------------------------------------ 

>>> Please note that it is EMBO Reports policy for the transcript of the editorial process (containing referee reports and your
response letter) to be published as an online supplement to each paper. If you do NOT want this, you will need to inform the
Editorial Office via email immediately. More information is available here: https://www.embopress.org/transparent-
process#Review_Process
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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:

➡

➡
➡
➡
➡

2. Captions

➡
➡
➡
➡
➡
➡

➡
➡ definitions of statistical methods and measures:

- 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. 

Materials

Newly Created Materials Information included in 
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

New materials and reagents need to be available; do any restrictions 
apply? Not Applicable

Antibodies Information included in 
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

For antibodies provide the following information:
- Commercial antibodies: RRID (if possible) or supplier name, catalogue 
number and or/clone number
- Non-commercial: RRID or citation

Yes Materials and Methods

DNA and RNA sequences Information included in 
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Short novel DNA or RNA including primers, probes: provide the 
sequences. Not Applicable

Cell materials Information included in 
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Cell lines: Provide species information, strain. Provide accession number 
in repository OR supplier name, catalog number, clone number, and/OR 
RRID.

Not Applicable

Primary cultures: Provide species, strain, sex of origin, genetic 
modification status. Yes Material and Methods

Report if the cell lines were recently authenticated (e.g., by STR profiling) 
and tested for mycoplasma contamination. Not Applicable

Experimental animals Information included in 
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Laboratory animals or Model organisms: Provide species, strain, sex, 
age, genetic modification status. Provide accession number in repository 
OR supplier name, catalog number, clone number, OR RRID.

Yes Material and Methods

Animal observed in or captured from the field: Provide species, sex, 
and age where possible. Not Applicable

Please detail housing and husbandry conditions. Not Applicable

Plants and microbes Information included in 
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Plants: provide species and strain, ecotype and cultivar where relevant, 
unique accession number if available, and source (including location for 
collected wild specimens).

Not Applicable

Microbes: provide species and strain, unique accession number if 
available, and source. Not Applicable

Human research participants Information included in 
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If collected and within the bounds of privacy constraints report on age, sex 
and gender or ethnicity for all study participants. Not Applicable

Core facilities Information included in 
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If your work benefited from core facilities, was their service mentioned in 
the acknowledgments section? Yes Acknowledgments

Design

- common tests, such as t-test (please specify whether paired vs. unpaired), simple χ2 tests, Wilcoxon and Mann-Whitney tests, can be 
unambiguously identified by name only, but more complex techniques should be described in the methods section;

Please complete ALL of the questions below.
Select "Not Applicable" only when the requested information is not relevant for your study.

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 

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.

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 

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.

Corresponding Author Name: Pierre Gönczy
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Manuscript Number: EMBOR-2024-60279-T 

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/osf.io/9sm4x). Please follow the journal's guidelines in preparing your 

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 unbiased manner.

Reporting Checklist for Life Science Articles (updated January 

https://www.embopress.org/page/journal/14602075/authorguide
https://www.embopress.org/page/journal/14693178/authorguide
https://www.embopress.org/page/journal/17444292/authorguide
https://www.embopress.org/page/journal/17574684/authorguide
https://doi.org/10.31222/osf.io/9sm4x
https://doi.org/10.31222/osf.io/9sm4x
https://doi.org/10.31222/osf.io/9sm4x
https://doi.org/10.31222/osf.io/9sm4x
https://doi.org/10.31222/osf.io/9sm4x
https://doi.org/10.31222/osf.io/9sm4x
https://doi.org/10.31222/osf.io/9sm4x


Study protocol Information included in 
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If study protocol has been pre-registered, provide DOI in the 
manuscript. For clinical trials, provide the trial registration number OR cite 
DOI.

Not Applicable

Report the clinical trial registration number (at ClinicalTrials.gov or 
equivalent), where applicable. Not Applicable

Laboratory protocol Information included in 
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Provide DOI OR other citation details if external detailed step-by-step 
protocols are available. Not Applicable

Experimental study design and statistics Information included in 
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Include a statement about sample size estimate even if no statistical 
methods were used. Yes Results, Figures

Were any steps taken to minimize the effects of subjective bias when 
allocating animals/samples to treatment (e.g. randomization procedure)? 
If yes, have they been described?

Not Applicable

Include a statement about blinding even if no blinding was done. Yes Material and Methods

Describe inclusion/exclusion criteria if samples or animals were 
excluded from the analysis. Were the criteria pre-established?

If sample or data points were omitted from analysis, report if this was due 
to attrition or intentional exclusion and provide justification.

Yes Material and Methods

For every figure, are statistical tests justified as appropriate? Do the data 
meet the assumptions of the tests (e.g., normal distribution)? Describe any 
methods used to assess it. Is there an estimate of variation within each 
group of data? Is the variance similar between the groups that are being 
statistically compared?

Yes Material and Methods, Figures

Sample definition and in-laboratory replication Information included in 
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

In the figure legends: state number of times the experiment was replicated 
in laboratory. Yes Material and Methods

In the figure legends: define whether data describe technical or biological 
replicates. Yes Material and Methods, Figures

Ethics
Ethics Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)
Studies involving human participants: State details of authority granting 
ethics approval (IRB or equivalent committee(s), provide reference 
number for approval.

Not Applicable

Studies involving human participants: Include a statement confirming that 
informed consent was obtained from all subjects and that the experiments 
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