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1st Editorial Decision 27th Mar 2024

Dear Ivan,

Thank you again for the submission of your manuscript entitled "Serine ubiquitination of SNAREs generates bacterial vacuoles
and prevents their lysosomal fusion" and for your patience during the review process. Your manuscript was sent to two referees;
we have now received the reports from both of them, which | copy below.

As you can see from their comments, while the referees need a more careful explanation of the rationale behind aspects of your
experimental design and more careful controls in some of the experiments you present, both point out the potential value of your
work to the scientific community.

Based on the overall interest expressed in the reports, therefore, | would like to invite you to address the comments of all
referees in a revised version of the manuscript. | should add that it is The EMBO Journal policy to allow only a single major
round of revision and that it is therefore important to resolve the main concerns at this stage. | believe the concerns of the
referees are reasonable and addressable, but please contact me if you have any questions, need further input on the referee
comments or if you anticipate any problems in addressing any of their points. | am happy to arrange a Zoom call after Easter
once you have had a chance to digest the reports. Please, follow the instructions below when preparing your manuscript for
resubmission.

| would also like to point out that as a matter of policy, competing manuscripts published during this period will not be taken into
consideration in our assessment of the novelty presented by your study ("scooping" protection). We have extended this
'scooping protection policy' beyond the usual 3 month revision timeline to cover the period required for a full revision to address
the essential experimental issues. Please contact me if you see a paper with related content published elsewhere to discuss the
appropriate course of action.

When preparing your letter of response to the referees' comments, please bear in mind that this will form part of the Review
Process File, and will therefore be available online to the community. For more details on our Transparent Editorial Process,
please visit our website: https://www.embopress.org/page/journal/14602075/authorguide#transparentprocess

Again, please contact me at any time during revision if you need any help or have further questions.

Thank you very much again for the opportunity to consider your work for publication. | look forward to your revision.

Best regards,

William

William Teale, Ph.D.
Editor
The EMBO Journal

When submitting your revised manuscript, please carefully review the instructions below and include the following items:

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).

3) a .docx formatted letter INCLUDING the reviewers' reports and your detailed point-by-point response to their comments. As
part of the EMBO Press transparent editorial process, the point-by-point response is part of the Review Process File (RPF),
which will be published alongside your paper.

4) a complete author checklist, which you can download from our author guidelines (https://wol-prod-cdn.literatumonline.com/pb-
assets/embo-site/Author Checklist%20-%20EMBO%20J-1561436015657.xlsx). Please insert information in the checklist that is
also reflected in the manuscript. The completed author checklist will also be part of the RPF.

5) Please note that all corresponding authors are required to supply an ORCID ID for their name upon submission of a revised
manuscript.

6) We require a 'Data Availability' section after the Materials and Methods. Before submitting your revision, primary datasets
produced in this study need to be deposited in an appropriate public database, and the accession nhumbers and database listed



under 'Data Availability'. Please remember to provide a reviewer password if the datasets are not yet public (see
https://www.embopress.org/page/journal/14602075/authorguide#datadeposition). If no data deposition in external databases is
needed for this paper, please then state in this section: This study includes no data deposited in external repositories. 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.

7) When assembling figures, please refer to our figure preparation guideline in order to ensure proper formatting and readability
in print as well as on screen:
http://bit.ly/EMBOPressFigurePreparationGuideline

Please remember: Digital image enhancement is acceptable practice, as long as it accurately represents the original data and
conforms to community standards. If a figure has been subjected to significant electronic manipulation, this must be noted in the
figure legend or in the 'Materials and Methods' section. The editors reserve the right to request original versions of figures and
the original images that were used to assemble the figure.

8) For data quantification: please specify the name of the statistical test used to generate error bars and P values, the number
(n) of independent experiments (specify technical or biological replicates) underlying each data point and the test used to
calculate p-values in each figure legend. The figure legends should contain a basic description of n, P and the test applied.
Graphs must include a description of the bars and the error bars (s.d., s.e.m.).

9) We would also encourage you to include the source data for figure panels that show essential data. Numerical data can be
provided as individual .xls or .csv files (including a tab describing the data). For 'blots' or microscopy, uncropped images should
be submitted (using a zip archive or a single pdf per main figure if multiple images need to be supplied for one panel). Additional
information on source data and instruction on how to label the files are available at .

10) We replaced Supplementary Information with Expanded View (EV) Figures and Tables that are collapsible/expandable
online (see examples in https://www.embopress.org/doi/10.15252/embj.201695874). 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 labelled and referred to as Table EV1, Dataset EV1, etc. Legends have to be provided in
a separate tab in case of .xIs files. Alternatively, the legend can be supplied as a separate text file (README) and zipped
together with the Table/Dataset file.

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

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

Further instructions for preparing your revised manuscript:

Please make sure you upload a letter of response to the referees' comments together with the revised manuscript.

Please also check that the title and abstract of the manuscript are brief, yet explicit, even to non-specialists.

When assembling figures, please refer to our figure preparation guideline in order to ensure proper formatting and readability in
print as well as on screen:

https://bit.ly/EMBOPressFigurePreparationGuideline

See also guidelines for figure legends: https://www.embopress.org/page/journal/14602075/authorguide#figureformat

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

IMPORTANT: When you send the revision we will require

- a point-by-point response to the referees' comments, with a detailed description of the changes made (as a word file).
- a word file of the manuscript text.

- individual production quality figure files (one file per figure)

- a complete author checklist, which you can download from our author guidelines
(https://www.embopress.org/page/journal/14602075/authorguide).

- Expanded View files (replacing Supplementary Information)

Please see out instructions to authors

https://www.embopress.org/page/journal/14602075/authorguide#expandedview

Please remember: Digital image enhancement is acceptable practice, as long as it accurately represents the original data and
conforms to community standards. If a figure has been subjected to significant electronic manipulation, this must be noted in the
figure legend or in the 'Materials and Methods' section. The editors reserve the right to request original versions of figures and
the original images that were used to assemble the figure.

Further information is available in our Guide For Authors: https://www.embopress.org/page/journal/14602075/authorguide
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 (25th Jun 2024). Please discuss the revision progress ahead of this time with

the editor if you require more time to complete the revisions. Use the link below to submit your revision:

https://emboj.msubmit.net/cgi-bin/main.plex

Referee #1:

Mukherjee and Bhattacharya et al. show that phosphoribosyl-linked ubiquitylation of substrates by Legionella SidE-family
proteins blocks autophagic flux and protects Legionella from degradation by the host. Mukherjee and Bhattacharya utilize a
number of techniques to show that SNARE proteins STX17 and SNAP29 are modified by SidE family members upon infection
with Legionella. They show that modification of STX17 leads to its recruitment to nascent membranes which form the LCVs,
where they suggest it recruits other LCV-associated proteins. Meanwhile they present data showing modification of SNAP29
with PR-Ub blocks formation of the SNARE complex required for fusion of STX17-positive vesicles with the lysosome. Whilst
they demonstrate a pathway where Legionella avoid xenophagy, the manuscript lacks mechanistic insights to fully explain the
data and therefore limits the interest forecast for this work.

Major Concerns:

1) Other examples of PR-ubiquitylation result in a steric block in protein function, similar to the model presented for SNAP29.
How can the authors explain the enhanced function exhibited by PR-ubiquitylated STX17? This mechanism would be an
important addition to the story.

2) It is unclear why some experiments use Torin1 and others do not. The authors should make this more consistent or otherwise
explain their rationale.

3) Does the growth defect observed in the AS strain arise specifically from the role in blocking autophagy? Figure 4C-D speak to
this somewhat, but to what extent does SNAP29 contribute to this effect?

4) In the Legionella replication assays using A549 cells, are the bacteria really only dividing once or twice within the 2-day time
period? Perhaps a more relevant macrophage model would provide a better measure.

5) The authors include some analysis of DupA and DupB in Figure 1, but do not build that into the model for SidE regulation of
autophagy. Could they be downregulating the effects of the SidE ligases? For example, in the experiment shown in Figure 1C, in
the background of the AR mutant, would DupA/B deletion or overexpression alter the number of acidified vesicles or LC3-
positive LCVs?

6) To what extent are the SidE family members acting redundantly in this process? Some experiments refer only to SidE, while
others use SdeA. Is the AS Legionella strain lacking all four effectors? This is unclear from the text.

7) The methods section requires additional details. Specifically, more information should be provided on cell culture methods, the
construction of the APEX cell line, the details of all Legionella strains used in the study, quantitation of microscopy images
(especially for LAMP1 staining, as well as details on the number of LCVs quantified), and the analysis of mass spectrometry
data.

8) The proteomics datasets should be deposited in an appropriate database and made publicly available.

9) Some of the representative microscopy images shown are counter to what would be expected. For example, in the WT
infection shown in Figure 1B, where RavZ should be present, why are there so many LC3-positive LCVs? Also, in Figure 1E, for
the AS mutant, there appears to be colocalization of LAMP1 and Legionella, even though the argument made in the text is that



there is none.

10) More analysis should be performed on the ARAS double mutant, including quantitation of LC3-postive LCVs to show that
SidE is acting downstream of this step, as well as additional EM to show fusion of these double mutant LCVs with the lysosome.
11) The type of ubiquitin linkage that SidE ligases catalyze is not explained clearly, and categorizing it as serine ubiquitylation is
very confusing for the reader. Improved clarity in the text, as well as the schematics in Figure 1A, would be very helpful. The
authors should also consider distinguishing this from conventional serine ubiquitylation with an alternate nomenclature, possibly
PR-ubiquitylation.

12) Can the authors justify their choice of utilizing A549 cells as a model for Legionella infection?

13) Some panels, such as Figure 2G, are missing statistical analyses.

14) Input samples should be shown for the streptavidin IP experiments presented in Figure 4G. Some sort of control showing
that the STX17-APEX construct localizes to the LCV should also be included.

15) There is no clear indication of how many times certain experiments were repeated, particularly for the western blots that also
lack quantitation.

Minor Concerns:

1) The naming of Legionella strains is not consistent throughout. Some figures use "WT", while others use "Lp02".

2) The magnified inset for Figure 2F is not indicated properly.

3) Some western blots are lacking labels, such as the top portion of Figure 2A. The experiments presented in Figures 5C and 5F
are very difficult to interpret as currently labeled (some bands are not labeled, some columns are listed as "P" and others as
"PR", there is no indication of what SNAP29 48- means).

4) The presentation of the EM images could be improved. The empty space could be used to show a representative lysosome or
multivesicular body. The labels on top of the image, such as "LkL", are very difficult to read and should be replaced with arrows.
5) Different time points of infection are used for EM across WT and AS infections. The authors should make this consistent or
otherwise rationalize their decisions.

6) The experimental schematic in Figure 4E should be altered to include the other sample comparisons studied.

Referee #2:

Mukherjee and co-workers report that Legionella SidE effectors mediate phosphor-ribosyl-linked serine ubiquitination (PR-Ub) of
the autophagic SNARE proteins STX17 and SNAP29. They find that PR-Ub of STX17 increases its affinity for the ER-binding
PI3K subunit ATG14, thereby promoting recruitment of ER membranes to the bacterial vacuole in a PI3K-dependent manner
and the formation of bacterial replicative vacuoles. The authors also find that PR-Ub of SNAP29 prevents formation of the
STX17-SNAP29-VAMP8 SNARE complex that drives fusion of autophagosomes with lysosomes, thereby preventing fusion of
STX17-containing bacterial vacuoles with lysosomes. This manuscript is conceptually interesting since it indicates a novel
mechanism for how a bacterium produces factors that sustain its replicative niche. Overall the experimental data are of high
quality and support the proposed mechanisms. | therefore think this manuscript would be a good fit for EMBO Journal pending
successful revision.

Major point:

In a recent paper, Jian et al. reported that a SNARE complex that contains SNAP47 instead of SNAP29 mediates
autophagosome-lysosome fusion in both bulk and selective autophagy (Cell Research, 2024). From Figure 4F it appears that
SNAP47 is not modified by PR-Ub, and it remains unclear why SNAP47 cannot substitute for SNAP29 in vacuole-lysosome
fusion in Legionella infected cells when the latter is inhibited by PR-Ub. The authors should investigate this issue.



1st Authors' Response to Reviewers 9th Jan 2025

Mukherjee and Bhattacharya et al. show that phosphoribosyl-linked ubiquitylation of
substrates by Legionella SidE-family proteins blocks autophagic flux and protects
Legionella from degradation by the host. Mukherjee and Bhattacharya utilize a number
of techniques to show that SNARE proteins STX17 and SNAP29 are modified by SidE
family members upon infection with Legionella. They show that modification of STX17
leads to its recruitment to nascent membranes which form the LCVs, where they
suggest it recruits other LCV-associated proteins. Meanwhile they present data showing
modification of SNAP29 with PR-Ub blocks formation of the SNARE complex required
for fusion of STX17-positive vesicles with the lysosome. Whilst they demonstrate a
pathway where Legionella avoid xenophagy, the manuscript lacks mechanistic insights
to fully explain the data and therefore limits the interest forecast for this work.

Major Concerns:

1) Other examples of PR-ubiquitylation result in a steric block in protein function, similar
to the model presented for SNAP29. How can the authors explain the enhanced
function exhibited by PR-ubiquitylated STX17? This mechanism would be an important
addition to the story.

This is an important point raised by the reviewer. From the data presented in this
manuscript and in other studies studying autophagy in pathogen infection, it is evident
that pathogenic infection activates the autophagy response of the host which tries to
counteract the infection through lysosomal degradation. During Legionella infection the
bacterial RavZ delipidates ATG8 proteins to prevent formation of conventional ATG8+
autophagosomes (Choy et al., 2012). However, we observed that pre-autophagosome
like compartments are formed from the ER in a STX17 dependent manner. The site of
PR-ubiquitylation on STX17 is S202 which coincides with the phosphorylation site of
STX17 by TBK1. Phosphorylation of STX17 at S202 increases formation of FIP200-
ATG13 pre-autophagosomal structures (Kumar et al., 2019). These early autophagy
markers are found on the STX17 positive bacteria making it plausible to hypothesize
that in this case PR-ubiquitylation of S202 has a similar effect as its phosphorylation.

On a different note, studies of ubiquitylation of other ER proteins, for example the
FAM134 family of proteins have showed how ubiquitylation can influence membrane
curvature, and facilitate clustering of receptors which is instrumental in remodeling
membranes during ER-phagy (Gonzalez et al., 2023). Interestingly, like STX17 we see
that PR-Ubiquitinated FAM134B and FAM134C are also recruited to bacterial vacuoles
during Legionella infection (Shin et al., 2020). Though Syntaxins are structurally very
different from the reticulon homology domain (RHD) containing FAM proteins we are in
the process of performing a study to understand how PR-ubiquitylation and
ubiquitination of Syntaxins may affect its function during Legionella infection and in
physiology/pathophysiology.

The STX17+ATG8- preautophagosome like bacterial vacuoles that we observe are
similar to STX17 positive autophagosomes in ATG3KO cells which lack the means of
lipidating their autophagosomes. These vesicles are more elliptical than conventional
ATG8 positive autophagosomes, have slower fusion dynamics with lysosomes and



https://pubmed.ncbi.nlm.nih.gov/23112293/
https://www.sciencedirect.com/science/article/pii/S1534580719300553
https://www.nature.com/articles/s41586-023-06089-2
https://pubmed.ncbi.nlm.nih.gov/31732457/

reduced degradation of the inner autophagosomal membrane after autophagosome-
lysosome fusion (Tsuboyama et al., 2016).

2) Itis unclear why some experiments use Torinl and others do not. The authors should
make this more consistent or otherwise explain their rationale.

Torinl was used in experiments to induce conventional autophagy where the role of
LC3 lipidation (formation of LC3+ autophagosomes) was measured: - In figure 1 (panels
B, C, and D) and figure 2 (panels D and E). For all other experiments, studying the role
of STX17 and SNAP29 PR-ubiquitination in bacterial infection [where the effector RavZ
blocked LC3B lipidation], Torinl was not used to induce autophagy.

3) Does the growth defect observed in the AS strain arise specifically from the role in
blocking autophagy? Figure 4C-D speak to this somewhat, but to what extent does
SNAP29 contribute to this effect?

The growth defect in in the AS strain arises from the lack of PR-ubiquitination. PR-
ubiquitinome of the cell at 2hpi identified about 180 different substrate proteins. These
belong to different GO pathways and indicate a global PR-Ub dependent rewiring of cell
metabolism in response to bacterial infection (Shin et al., 2020). PR-Ub modification of
ER membrane proteins cause recruitment of intracellular membranes to the bacterial
vacuole which is important for the growth of the LCV and can directly affect proliferation
as seen in figure 4. This recruitment is chiefly dependent on the PR-ub of STX17 but
PR-Ub of other ER proteins like the ER phagy receptors may also contribute an
appreciable role in the process. We see greater recruitment of the PR-Ub deficient
mutant of SNAP29 to bacteria (figure 2 F and G). To test the effect of SNAP29 on
bacterial replication we did the cfu assay in Legionella infected cells pretreated with
SNAP29 siRNA. Depletion of SNAP29 by siRNA treatment did not affect intracellular
replication of WT Legionella (possibly due to the overriding inhibitory effect of the
bacterial RavZ) but increased intracellular replication of the AR strain. This was possibly
because SNAP29 depletion by siRNA treatment protected LC3+ Legionella from
lysosomal degradation (Figure S5H).

4) In the Legionella replication assays using A549 cells, are the bacteria really only
dividing once or twice within the 2-day time period? Perhaps a more relevant
macrophage model would provide a better measure.

We thank the reviewer for this suggestion- We repeated our cfu assay shown in
extended figure 1E (comparing the replication of the different strains WT, AS, AR,
ARAS) in the mouse macrophage line RAW264.7. In these cells the bacterial load is
greater as these cells may be more amenable to the phagocytic uptake of Legionella-
however the overall the pattern of the replication curves remained unchanged.
However, these cells were difficult to transfect with siRNA and plasmids to reach


https://www.science.org/doi/full/10.1126/science.aaf6136
https://pubmed.ncbi.nlm.nih.gov/31732457/

transfection/knockdown efficiencies that were comparable to our A549 cfu experiments,
so we decided to not repeat the other cfu experiments in RAW264.7 cells.

5) The authors include some analysis of DupA and DupB in Figure 1, but do not build
that into the model for SidE regulation of autophagy. Could they be downregulating the
effects of the SidE ligases? For example, in the experiment shown in Figure 1C, in the
background of the AR mutant, would DupA/B deletion or overexpression alter the
number of acidified vesicles or LC3-positive LCVs?

The DupA and DupB proteins modulates SidE mediated PR-ubiquitination during
infection. PR-Ub levels in the cell are fine-tuned to rewire the host cell metabolism. The
PR-Ub levels peak at 2h in WT legionella infection, it gradually decreases at 4h and is
almost undetectable at 6hpi. This sophisticated temporal regulation by Legionella was
studied previously (Figure 4B from Shin et al., 2020). We do not have a strain with a
deletion of DupA/B in the background of the AR mutant but in other infection studies we
have seen that overexpression of WT DupA (but not the substrate trapping mutant
DupA(H67A)) can compensate for the bacterial DuP when cells are infected with ADup
Legionella (Figure 4B from Shin et al., 2020).

6) To what extent are the SidE family members acting redundantly in this process?
Some experiments refer only to SidE, while others use SdeA. Is the AS Legionella strain
lacking all four effectors? This is unclear from the text.

We thank the reviewer for this suggestion- we have altered the text in the introduction to
clarify that SidE family members include SdeA, SdeB, SdeC and SidE. In all our
infection experiments the AS Legionella strain lacks all 4 members of the SidE family
and is therefore completely deficient of PR-Ubiquitination. In experiments without
bacterial infection, SdeA transfection is used to cause PR-ubiquitination in cells or
purified SdeA is used as an enzyme to catalyze in vitro PR-ubiquitination of STX17 and
SNAP29.

7) The methods section requires additional details. Specifically, more information should
be provided on cell culture methods, the construction of the APEX cell line, the details of
all Legionella strains used in the study, quantitation of microscopy images (especially
for LAMPL1 staining, as well as details on the number of LCVs quantified), and the
analysis of mass spectrometry data.

We have made the necessary edits and added details (highlighted in yellow) in the text.

8) The proteomics datasets should be deposited in an appropriate database and made
publicly available.

The mass spectrometry proteomics data have been deposited to the ProteomeXchange
Consortium via the PRIDE [1] partner repository with the dataset identifier PXD058184".

9) Some of the representative microscopy images shown are counter to what would be


https://pubmed.ncbi.nlm.nih.gov/31732457/
https://pubmed.ncbi.nlm.nih.gov/31732457/

expected. For example, in the WT infection shown in Figure 1B, where RavZ should be
present, why are there so many LC3-positive LCVs? Also, in Figure 1E, for the AS
mutant, there appears to be colocalization of LAMP1 and Legionella, even though the
argument made in the text is that there is none.

We thank the reviewer for pointing out this discrepancy. The images in figure 1B were
made from an experiment where Torin had been added to induce autophagy to all sets.
We changed the images to a new experiment where Torin was not added except in the
uninfected set and reanalyzed the data. For Figure 1E- the AS mutant does recruit
LAMP1 to bacteria however the extent of LAMP1 recruitment is lesser and it does not
coat the entire bacterial vacuole like what is seen in ARAS. This has been clarified in the
text.

10) More analysis should be performed on the ARAS double mutant, including
guantitation of LC3-postive LCVs to show that SidE is acting downstream of this step,
as well as additional EM to show fusion of these double mutant LCVs with the
lysosome.

We thank the reviewer for this suggestion. We added a quantitation of LC3-positive
LCVs to figure 1B. We also tested the recruitment of STX17-GFP and SNAP29-GFP to
the ARAS double mutant in an experiment which is similar to figure 2D-2F. This has
been added to Extended figure 5 (panels D and E).

11) The type of ubiquitin linkage that SidE ligases catalyze is not explained clearly and
categorizing it as serine ubiquitylation is very confusing for the reader. Improved clarity
in the text, as well as the schematics in Figure 1A, would be very helpful. The authors

should also consider distinguishing this from conventional serine ubiquitylation with an
alternate nomenclature, possibly PR-ubiquitylation.

We thank the reviewer for pointing this out. We have edited the text to call it PR-
ubiquitylation throughout the manuscript and have explained its difference from
conventional serine ubiquitination in the introduction.

12) Can the authors justify their choice of utilizing A549 cells as a model for Legionella
infection?

Ab549 cells is a alveolar epithelial cell line that has the naturally permissive to be infected
by Legionella pneumophila. It has been shown in several studies that L. pneumophila is
internalized and replicate effectively in A549 cells (Maruta et al., 1998; Vinzing et al.,
2008; Bartfeld et al., 2009). These cells have phagocytic capability and can activate a
NFkB dependent proinflammatory cytokine response in response to infection. They
were used as the model system in this case because they were more amenable to
transfections and are easier for microscopy-based studies compared to macrophage-
based cell lines. However, we have repeated the cfu assay in RAW264.7 cells in
Extended figure 1E to compare bacterial replication in A549 versus RAW?264.7 cells.

13) Some panels, such as Figure 2G, are missing statistical analyses.


https://pubmed.ncbi.nlm.nih.gov/9620934/
https://pubmed.ncbi.nlm.nih.gov/18453601/
https://pubmed.ncbi.nlm.nih.gov/18453601/
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1462-5822.2009.01354.x

We added statistical analyses to figure 2G as pointed out by the reviewer.

14) Input samples should be shown for the streptavidin IP experiments presented in
Figure 4G. Some sort of control showing that the STX17-APEX construct localizes to
the LCV should also be included.

Input blots for indicated proteins was added to figure 4G. STX17-APEX construct has a
FLAG tag- FLAG staining of STX17-APEX expressing cells infected with Legionella was
added in extended figure 6B.

15) There is no clear indication of how many times certain experiments were repeated,
particularly for the western blots that also lack quantitation.

We added quantification of western blots in figure 3D, 4G and 5C-F and have indicated

the N for number of experiments in the figure legends.

Minor Concerns:
1) The naming of Legionella strains is not consistent throughout. Some figures use
"WT", while others use "Lp02".

We have replaced all Lp02 with WT to maintain uniformity in nomenclature.

2) The magnified inset for Figure 2F is not indicated properly.

We edited it the inset now.

3) Some western blots are lacking labels, such as the top portion of Figure 2A. The
experiments presented in Figures 5C and 5F are very difficult to interpret as currently
labeled (some bands are not labeled, some columns are listed as "P" and others as

"PR", there is no indication of what SNAP29 48- means).

We apologize for the typo. We have altered the labels and unified the nomenclature for
PR-Ub as PR to maintain homogeneity.

4) The presentation of the EM images could be improved. The empty space could be
used to show a representative lysosome or multivesicular body. The labels on top of the
image, such as "LkL", are very difficult to read and should be replaced with arrows.

We thank the reviewer for this suggestion. We have edited the representation.

5) Different time points of infection are used for EM across WT and AS infections. The
authors should make this consistent or otherwise rationalize their decisions.



The EM images in Figure 3E were both taken at 6 h.p.i as mentioned in the figure
legend. We have rewritten in the text in the results section to avoid ambiguity.

6) The experimental schematic in Figure 4E should be altered to include the other
sample comparisons studied.

We have altered the schematic as suggested by the reviewer.

Referee #2:

Mukherjee and co-workers report that Legionella SidE effectors mediate phosphor-
ribosyl-linked serine ubiquitination (PR-Ub) of the autophagic SNARE proteins STX17
and SNAP29. They find that PR-Ub of STX17 increases its affinity for the ER-binding
PI3K subunit ATG14, thereby promoting recruitment of ER membranes to the bacterial
vacuole in a PI3K-dependent manner and the formation of bacterial replicative
vacuoles. The authors also find that PR-Ub of SNAP29 prevents formation of the
STX17-SNAP29-VAMP8 SNARE complex that drives fusion of autophagosomes with
lysosomes, thereby preventing fusion of STX17-containing bacterial vacuoles with
lysosomes. This manuscript is conceptually interesting since it indicates a novel
mechanism for how a bacterium produces factors that sustain its replicative niche.
Overall, the experimental data are of high quality and support the proposed
mechanisms. | therefore think this manuscript would be a good fit for EMBO Journal
pending successful revision.

Major point:

In a recent paper, Jian et al. reported that a SNARE complex that contains SNAP47
instead of SNAP29 mediates autophagosome-lysosome fusion in both bulk and
selective autophagy (Cell Research, 2024). From Figure 4F it appears that SNAP47 is
not modified by PR-Ub, and it remains unclear why SNAP47 cannot substitute for
SNAP29 in vacuole-lysosome fusion in Legionella infected cells when the latter is
inhibited by PR-Ub. The authors should investigate this issue.

We thank the reviewer for her/his appreciation and comments. The point about SNAP47
compensating for the loss of SNAP29 is critical and very possible in Legionella infected
cells. We did not observe SNAP47 in our mass spectrometric data so it is not PR-Ub
modified. We see that knockdown of SNAP29 by itself did not affect bacterial replication
in a cfu assay. Under such conditions it may be possible that SNAP47 compensates for
SNAP29 in the SNARE complex. The manuscript from Jian et al. is an extensive study
which also shows O-GIcNAcylation of SNAP29 reduces its participation in SNARE
complex formation, and under such circumstances, when SNAP29 is O-GlyNacylated,
SNAP47 can replace it in the autophagosomal SNARE complex. One of the O-



GlcNacylation sites identified by Guo et al., 2014 is S61 which is in close proximity to
the PR-Ub site of SNAP29 (S63), so there is a possibility of possible cross-talk between
these PTMs. We think it is not directly in the scope of the current manuscript to explore
the role of SNAP47 in vacuole fusion. However, we have included this possibility in the
discussion section and have cited the paper by Jian et al, 2024.



https://www.nature.com/articles/ncb3066

1st Revision - Editorial Decision 11th Mar 2025

Dear Ivan,

We have now received re-review reports from both referees, which | have included below. As you will see, whilst Referee #2 is
satisfied with your revisions, Referee #1 maintains that the mechanistic depth of your work needs to be improved. After carefully
going through your point-by point response and manuscript text, | conclude that questions on the roles of PR-deubiquitination
and SNAP47 function would most realistically be addressed in follow-up studies. However, | remain curious about how PR-
ubiquitination and phosphorylation of STX17 at Ser202 can both define functionally distinct proteins pools on one hand (as
stated in your discussion), and have similar effects on the other (as stated in your point-by-point response). | would like you to
address and clarify this point.

In addition, there are some remaining editorial points which need to be addressed. In this regard would you please:

- label the corresponding author in the manuscript file and include your email address here,

- acknowledge the following funding in our online submission system: an Alexander von Humboldt Stiftung postdoctoral
fellowship; LYSOFOR2625; DFG-LYSOFOR2625 and the Dutch Research Council (NWO), project NEMI, number 184.034.014;
innovation programme under the Marie Sktodowska-Curie grant agreement No 765445,

- in the reference section, use the format of 10 authors + et al. for longer author lists,

- rename the conflict of interests statement as a "Disclosure and competing interests statement",

- remove the AC/CrediT section from the text,

- remove the reference to data not shown on page 15 of the manuscript,

- check potential typos referring to Fig. 5 and Fig. 6 in the manuscript text,

- correct author checklist so that pink boxes (column E) are blank if the response in column D is 'Not Applicable’,

- supply a link to the proteomic raw data (made publicly available) that are summarised in Figure 4F and update the author
checklist,

- state exact p values in the legends of figures 1B-E; 2E, G; 3B, D, E; 4A, B, C, D, G; 5C, D, E, F; EV1 C-F; EV5 D, E, G, H,
- indicate the statistical test used for data analysis in the legends of figures 4F, EV5 A, EV6 D, E,

- define */ **/ ***/ **** in the legend of figure EV5 B. If p values, please indicate the statistical test used, where appropriate
specify whether it was one-sided or two-sided, and whether adjustments were made for multiple comparisons,

- define n in the legends of figures 4F, EV6 D, E,

- define the error bars in the legends of figures 1B, 3D, E; 4A,G; 5C-F; EV5 A, B,

- define the measure of centre for the error bars in the legend of figures EV1 C,

- include a scale bar in figure 2E,

- define the scale bar in figures 1B, EV5 F,

- include and define a scale bar in figures 4A, B; EV1 D; EV5 D, E; EV6 B,

- define the dotted lines in the legend of figures 1C, E; 2D, F; 3A, 4A, B; EV1 D, EV5 B, D, E, F,

- define the white arrows in the legend of figures EV6 B,

- rename "Summary" as the "Abstract", and

- correct the section order as follows: Title page - Abstract & Keywords - Introduction - Results - Discussion - Methods - Data
Availability - Acknowledgements - Disclosure and Competing Interests Statement - References - Figure Legends - Table(s) -
Expanded View Figure Legends.

We include a synopsis of the paper (see http://emboj.embopress.org/). Please provide me with a general summary image, a two
sentence statement and 3-5 bullet points that capture the key findings of the paper.

I am looking forward to receiving your revised manuscript.

EMBO Press is an editorially independent publishing platform for the development of EMBO scientific publications.
Best wishes,

William

William Teale, PhD

Editor

The EMBO Journal
w.teale@embojournal.org

Instructions for preparing your revised manuscript:

Please check that the title and abstract of the manuscript are brief, yet explicit, even to non-specialists.



When assembling figures, please refer to our figure preparation guideline in order to ensure proper formatting and readability in
print as well as on screen:

https://bit.ly/EMBOPressFigurePreparationGuideline

See also figure legend guidelines: https://www.embopress.org/page/journal/14602075/authorguide#figureformat

IMPORTANT: When you send the revision we will require

- a point-by-point response to the referees' comments, with a detailed description of the changes made (as a word file).
- a word file of the manuscript text.

- individual production quality figure files (one file per figure)

- a complete author checklist, which you can download from our author guidelines
(https://www.embopress.org/page/journal/14602075/authorguide).

- Expanded View files (replacing Supplementary Information)

Please see out instructions to authors
https://www.embopress.org/page/journal/14602075/authorguide#expandedview

- a Reagents and Tools Table as part of the Methods section, which can be downloaded from our author guidelines
(https://www.embopress.org/page/journal/14602075/authorguide#structuredmethods)

Please remember: Digital image enhancement is acceptable practice, as long as it accurately represents the original data and
conforms to community standards. If a figure has been subjected to significant electronic manipulation, this must be noted in the
figure legend or in the 'Materials and Methods' section. The editors reserve the right to request original versions of figures and
the original images that were used to assemble the figure.

Further information is available in our Guide For Authors: https://www.embopress.org/page/journal/14602075/authorguide
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 (9th Jun 2025). Please discuss the revision progress ahead of this time with the

editor if you require more time to complete the revisions. Use the link below to submit your revision:

https://emboj.msubmit.net/cgi-bin/main.plex

Referee #1:

Mukherjee and Bhattacharya et al have enhanced the presentation of their work in the resubmitted manuscript and appear to
have performed additional analyses of existing data. The authors do indicate that input blots were included into figure 4G to aid
in the interpretation of STX17 interactions, but these appear to be missing. Very little has been done to address the major
experimental concerns raised by both reviewers, namely in the impact of PR-ubiquitylation on STX17 and SNAP29 function, the
role of DupA/DupB regulation, the relevance for Legionella replication, and the interplay with SNAP47. This leaves very little
room for mechanistic interpretation of how PR-ubiquitylation is influencing STX17, SNAP29, and possibly also SNAP47 activity
in support of Legionella infection.

Referee #2:

The authors have successfully addressed my comments; | recommend publication without further review.



2nd Authors' Response to Reviewers 25th Apr 2025

Dear Ivan,

We have now received re-review reports from both referees, which | have included below. As you
will see, whilst Referee #2 is satisfied with your revisions, Referee #1 maintains that the
mechanistic depth of your work needs to be improved. After carefully going through your point-by
point response and manuscript text, | conclude that questions on the roles of PR-deubiquitination
and SNAP47 function would most realistically be addressed in follow-up studies. However, |
remain curious about how PR-ubiquitination and phosphorylation of STX17 at Ser202 can both
define functionally distinct proteins pools on one hand (as stated in your discussion), and have
similar effects on the other (as stated in your point-by-point response). | would like you to address
and clarify this point.

To better address this question, we have rewritten the part of the discussion to increase clarity:

“During the initiation of autophagy, two major protein complexes are recruited to STX17-
positive phagophore assembly sites: the PI(3)-kinase complex—which includes Vps34,
Vps15, ATG14L, and Beclin1—and the ULK1 complex, composed of ATG101, ULK1/2,
FIP200, and ATG13. Under autophagy-inducing conditions, the cellular kinase TBK1
phosphorylates STX17 at serine 202, a modification that promotes the recruitment of
ATG13 and FIP200, facilitating the formation of the mammalian pre-autophagosomal
structure (mPAS).

Interestingly, during Legionella infection, the pathogen exploits the same serine residue
(S202) for phosphoribosyl-linked ubiquitination (PR-Ub). This modification enhances
STX17’s interaction with ATG14L, a component of the PI3K complex. Although
phosphorylation and PR-ubiquitylation represent distinct post-translational modifications
with potentially different impacts on STX17’s interaction landscape, both ultimately
converge on a similar functional outcome: promoting the formation of autophagosomes
during canonical autophagy, or autophagosome-like bacterial vacuoles
during Legionella infection.

In addition, there are some remaining editorial points which need to be addressed. In this regard
would you please:

- label the corresponding author in the manuscript file and include your email address here
Done

- acknowledge the following funding in our online submission system:

an Alexander von Humboldt Stiftung postdoctoral fellowship; LYSOFOR2625; DFG-LYSOFOR2625
and the Dutch Research Council (NWO), project NEMI, number 184.034.014; innovation
programme under the Marie Sktodowska-Curie grant agreement No 765445,

- in the reference section, use the format of 10 authors + et al. for longer author lists
Reference section was reformatted as per the EMBO format

- rename the conflict of interests statement as a "Disclosure and competing interests statement",
Done.



- remove the AC/CrediT section from the text,
Done

- remove the reference to data not shown on page 15 of the manuscript,
Done. We rewrote this portion excluding any reference to data not mentioned in the manuscript.

- check potential typos referring to Fig. 5 and Fig. 6 in the manuscript text
We apologize for this discrepancy and have altered this in the manuscript.

- correct author checklist so that pink boxes (column E) are blank if the response in column D is
‘Not Applicable’,
Done

- supply a link to the proteomic raw data (made publicly available) that are summarised in Figure
4F and update the author checklist,
Done

- state exact p values in the legends of figures 1B-E; 2E, G; 3B, D, E; 4A, B, C, D, G; 5C, D, E, F;
EV1C-F; EV5D,E, G, H,
Done

- indicate the statistical test used for data analysis in the legends of figures 4F, EV5 A, EV6 D, E
Done,

- define */ *¥/ *¥x/ *kxx in the legend of figure EV5 B. If p values, please indicate the statistical test
used, where appropriate specify whether it was one-sided or two-sided, and whether adjustments
were made for multiple comparisons,

Done

- define n in the legends of figures 4F, EV6 D, E,
Done

- define the error bars in the legends of figures 1B, 3D, E; 4A,G; 5C-F; EV5 A, B,
Done

- define the measure of centre for the error bars in the legend of figures EV1 C,
The error bars are +/-SD

- include a scale bar in figure 2E,

- define the scale bar in figures 1B, EV5 F,

- include and define a scale bar in figures 4A, B; EV1 D; EV5 D, E; EV6 B,

- define the dotted lines in the legend of figures 1C, E; 2D, F; 3A, 4A, B; EV1 D, EV5 B, D, E, F,
- define the white arrows in the legend of figures EV6 B,

- rename "Summary" as the "Abstract",

Done

- correct the section order as follows: Title page - Abstract & Keywords - Introduction - Results -
Discussion - Methods - Data Availability - Acknowledgements - Disclosure and Competing Interests
Statement - References - Figure Legends - Table(s) - Expanded View Figure Legends.

Done

We include a synopsis of the paper (see http://emboj.embopress.org/). Please provide me with a



general summary image, a two-sentence statement and 3-5 bullet points that capture the key
findings of the paper.
Done

Referee #1:

Mukherjee and Bhattacharya et al have enhanced the presentation of their work in the
resubmitted manuscript and appear to have performed additional analyses of existing data. The
authors do indicate that input blots were included into figure 4G to aid in the interpretation of
STX17 interactions, but these appear to be missing. Very little has been done to address the
major experimental concerns raised by both reviewers, namely in the impact of PR-ubiquitylation
on STX17 and SNAP29 function, the role of DupA/DupB regulation, the relevance for Legionella
replication, and the interplay with SNAP47. This leaves very little room for mechanistic
interpretation of how PR-ubiquitylation is influencing STX17, SNAP29, and possibly also SNAP47
activity in support of Legionella infection.

We acknowledge that the mechanistic insights the reviewer refers to are not fully explored within
the current scope of our study. These questions - regarding the precise impact of PR-ubiquitylation
on STX17 and SNAP29 function, the regulatory role of DupA/DupB, the relevance for Legionella
replication, and the potential interplay with SNAP47 - are indeed highly significant. However, they
require comprehensive, in-depth investigation that extends beyond the scope of the present
manuscript.

Our use of ADupA/DupB Legionella aims to stabilize PR-ubiquitylation events by limiting their
removal, thereby creating a cellular environment in which PR-ubiquitylated targets can be more
readily identified. However, to dissect the cellular phenotypes modulated by PR-ubiquitylation
under more physiological conditions, we believe that comparing WT bacteria to AS mutants offers
more relevance. WT Legionella exhibit dynamic PR-Ub modification, with a peak occurring around
1-2 hours post-infection and a marked decrease by 4 hours post-infection. Future studies
comparing WT and ADupA/DupB infections will be essential for resolving the temporal dynamics
and downstream consequences of PR-ubiquitylation during infection.

We have addressed the relevance of PR-ubiquitylation of STX17 and SNAP29 to bacterial
replication in Figures 4C, 4D, and E5H. Specifically, we show that PR-ubiquitylation of STX17
supports Legionella replication (Figures 4C, 4D). While PR-ubiquitylation of SNAP29 did not
significantly affect replication in WT bacteria—likely due to the overriding effect of RavZ—in its
absence (in AR and ARAS strains), SNAP29 knockdown promotes infection (Figure E5H).

As for the potential functional interplay between SNAP47 and SNAP29, we agree that this is a
compelling direction for future work. However, it falls outside the immediate scope of this study
and will be explored in detail in a follow-up project currently underway in our lab.

Referee #2:



The authors have successfully addressed my comments; | recommend publication without further
review.

We thank the reviewer for his/her comments which have been very valuable to improve this
manuscript.



2nd Revision - Editorial Decision 15th May 2025

Dear Ivan,

| am pleased to inform you that your manuscript has been accepted for publication in the EMBO Journal.

Congratulations to you and to all involved!

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/14602075/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 The EMBO
Journal.

Yours sincerely,
William

William Teale, PhD
Editor

The EMBO Journal
w.teale@embojournal.org

>>> Please note that it is The EMBO Journal 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

** Click here to be directed to your login page: https://emboj.msubmit.net



EMBO Press Author Checklist

Corresponding Author Name: Ivan Dikic USEFUL LINKS FOR COMPLETING THIS FORM
Journal Submitted to: The EMBO Journal The EMBO Journal - Author Guidelines
Manuscript Number: EMBOJ-2024-117073 EMBO Reports - Author Guidelines

Molecular Systems Bioloqgy - Author Guidelines
EMBO Molecular Medicine - Author Guidelines

Reporting Checklist for Life Science Articles (updated January 2022)

This checklist is adapted from Materials Design Analysis Reporting (MDAR) Checklist for Authors. MDAR establishes a minimum set of requirements in transparent
reporting in the life sciences (see Statement of Task: 10.31222/0sf.io/9sm4x). Please follow the journal's guidelines in preparing your manuscript.

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

Abridged guidelines for figures
1. Data
The data shown in figures should satisfy the following conditions:
— the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the experiments in an accurate and
unbiased 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
— if n<5, the individual data points from each experiment should be plotted. Any statistical test employed should be justified.
— Source Data should be included to report the data underlying figures according to the guidelines set out in the authorship guidelines on Data Presentation.

2. Captions
Each figure caption should contain the following information, for each panel where they are relevant:
— a specification of the experimental system investigated (eg cell line, species name).
— the assay(s) and method(s) used to carry out the reported observations and measurements.
— an explicit mention of the biological and chemical entity(ies) that are being measured.
— an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.
— the exact sample size (n) for each experimental group/condition, given as a number, not a range;
— a description of the sample collection allowing the reader to understand whether the samples represent technical or biological replicates (including how many
animals, litters, cultures, etc.).

— a statement of how many times the experiment shown was independently replicated in the laboratory.
— definitions of statistical methods and measures:
- common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 tests, Wilcoxon and Mann-Whitney tests, can be unambiguously
identified by name only, but more complex techniques should be described in the methods section;
- are tests one-sided or two-sided?
- are there adjustments for multiple comparisons?
- exact statistical test results, e.g., P values = x but not P values < x;
- definition of ‘center values’ as median or average;
- definition of error bars as s.d. or s.e.m.

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

Materials
. Information included in i ion i i i i ?
Newly Created Materials : In which sectlon_ls the |nforma_t|on avallabl_e. 3 _
the manuscript? (Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)
New materials and reagents need to be available; do any restrictions apply? Yes material and methods
Antibodies Information included in In which section is the information available?
the manuscript? (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 .
(ifp ) PP 9 Yes material and methods
number and or/clone number
- Non-commercial: RRID or citation
Information included in ' ion i i i i 2
DNA and RNA sequences : In which SeCtIOI’l.IS the mforma.tlon avallabl.e. - .
the manuscript? (Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)
Short novel DNA or RNA including primers, probes: provide the
sequences.
: Information included in In which section is the information available?
Cell materials . _ ) . .
the manuscript? (Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)
Cell lines: Provide species information, strain. Provide accession humber in .
. . Yes material and methods
repository OR supplier name, catalog number, clone number, and/OR RRID.
Primary cultures: Provide species, strain, sex of origin, genetic modification .
y P gin. g Yes material and methods
status.
Report if the cell lines were recently authenticated (e.g., by STR profiling) and Yes cell lines were checked for mycoplasma contamination in the lab at regular
tested for mycoplasma contamination. intervals
. . Information included in i ion i i i i ?
Experimental animals : In which sectlon.ls the mforma.tlon avallabl.e. - .
the manuscript? (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.
Animal observed in or captured from the field: Provide species, sex, and
age where possible.
Please detail housing and husbandry conditions.
. Information included in In which section is the information available?
Plants and microbes . _ ) . .
the manuscript? (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).
Microbes: provide species and strain, unique accession number if available, . : .
Yes material and methods has detals of Legionella strains used
and source.
. Information included in i ion i i i i ?
Human research participants : In which sectlon_ls the |nforma_t|on avallabl_e. 3 _
the manuscript? (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.
Core facilities Information included in In which section is the information available?
the manuscript? (Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)
If your work benefited from core facilities, was their service mentioned in the . . . . .
: Yes in house mass spec facility mentioned in material and methods
acknowledgments section?
Design
Information included in In which section is the information available?

Study protocol

the manuscript? (Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)
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Ethics

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

Report the clinical trial registration number (at ClinicalTrials.gov or
equivalent), where 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.

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

Yes material and methods, figure legends
were used.
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?
Include a statement about blinding even if no blinding was done. Yes confocal data analysis was perfqrmed by blinding the analyst to prevent bias
between different sample groups
Describe inclusion/exclusion criteria if samples or animals were excluded
from the analysis. Were the criteria pre-established?
Yes all samples from the experiment were used for statsitical analysis
If sample or data points were omitted from analysis, report if this was due to
attrition or intentional exclusion and provide justification.
For every figure, are statistical tests justified as appropriate? Do the data
meet the assumptions of the tests (e.g., normal distribution)? Describe any yes for most confocal image data analysis statistical significance of differences
methods used to assess it. Is there an estimate of variation within each group Yes between 2 groups was compared by p values obtained from 2 tailed type 3

of data? Is the variance similar between the groups that are being statistically
compared?

student's T-test

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

figure legends, material and methods

In the figure legends: define whether data describe technical or biological
replicates.

Yes

figure legends, biological replicates were used for all experiments unless
otherwise mentioned

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.

Studies involving human participants: Include a statement confirming that
informed consent was obtained from all subjects and that the experiments
conformed to the principles set out in the WMA Declaration of Helsinki and the
Department of Health and Human Services Belmont Report.

Studies involving human participants: For publication of patient photos,
include a statement confirming that consent to publish was obtained.

Studies involving experimental animals: State details of authority granting
ethics approval (IRB or equivalent committee(s), provide reference number
for approval. Include a statement of compliance with ethical regulations.

Studies involving specimen and field samples: State if relevant permits
obtained, provide details of authority approving study; if none were required,
explain why.

Dual Use Research of Concern (DURC)

Information included in
the manuscript?

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

Could your study fall under dual use research restrictions? Please check
biosecurity documents and list of select agents and toxins (CDC):
https://www.selectagents.gov/sat/list.ntm

If you used a select agent, is the security level of the lab appropriate and
reported in the manuscript?

If a study is subject to dual use research of concern regulations, is the name of
the authority granting approval and reference number for the regulatory
approval provided in the manuscript?

Reporting
The MDAR framework recommends adoption of discipline-specific guidelines, established and endorsed through community initiatives. Journals have their own policy about requiring

specific guidelines and recommendations to complement MDAR.

Adherence to community standards

Information included in
the manuscript?

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

State if relevant guidelines or checklists (e.g., ICMJE, MIBBI, ARRIVE,
PRISMA) have been followed or provided.

For tumor marker prognostic studies, we recommend that you follow the
REMARK reporting guidelines (see link list at top right). See author guidelines,
under ‘Reporting Guidelines’. Please confirm you have followed these
guidelines.

For phase Il and lll randomized controlled trials, please refer to the
CONSORT flow diagram (see link list at top right) and submit the CONSORT
checklist (see link list at top right) with your submission. See author guidelines,
under ‘Reporting Guidelines’. Please confirm you have submitted this list.

Data Availability

Data availability

Information included in
the manuscript?

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

Have primary datasets been deposited according to the journal's guidelines
(see 'Data Deposition' section) and the respective accession numbers
provided in the Data Availability Section?

Yes

mass spec data has been deposited to PRIDE
(https://www.ebi.ac.uk/pride/archive).
Project accession: PXD058184
Token: NnURFtuVbbgE

Were human clinical and genomic datasets deposited in a public access-
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