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1st Editorial Decision 17th Jan 2020

Thank you for submitting your manuscript for consideration by the EMBO Journal. | apologise for the
protracted review process due to delays in review submission over the holiday period. We have now
received two referee reports on your manuscript, which are included below for your information.

As you will see from the comments, while reviewer #2 appreciates the study and supports its
publication here after a revision, reviewer #1 is more critical regarding the broader novelty of the
study in the context of previously published structures, the depth of the provided characterisation
and the broader interest of the study to the scientific community. Due to these disparate
assessments, | have asked advice from an external scientific advisor with expertise in actin
cytoskeleton dynamics, who is supportive of publication of a revised version if the study could be
substantially extended along the lines requested by both reviewers, including the points 3 and 4
from reviewer #1 and point 1 from reviewer #2.

Based on these assessments, | would like to invite you to submit a revised version of your
manuscript in response to reviewers' comments. | realise that the point 3 from reviewer #1 on
design of optimized LifeAct molecules is rather far reaching, therefore please contact me if you
would like to discuss feasibility of this or any other aspects of revision. | 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.

We generally allow three months as standard revision time, but an extension up to six months is
possible for more extensive revisions. Please contact us in advance if you would need an additional
extension. As a matter of policy, competing manuscripts published during this period will not
negatively impact on our assessment of the conceptual advance presented by your study.
However, please contact me as soon as possible upon publication of any related work in order to
discuss how to proceed.

Referee #1:

Kumari et al. describe cryoEM structures of widely used actin probes: phalloidin, Lifeact and the
uthropin actin-binding domain (UTRN-ABD). The rationale of the study was to provide structural
information that would help researchers in the field to select a suitable actin probe for their cell
biological studies.

The cryoEM structures and accompanied biochemical work appear of good technical quality. However,
although the structures of these actin probes bound to F-actin are interesting, the findings presented in
the manuscript are partially redundant with earlier publications. Moreover, the study does not provide
such novel actin probes or information that would significantly benefit researches when visualizing
actin structures in cells. Thus, at least in its present form, this study may be better suited for publication
in a more specialized journal.

Major points:

1.The structure of phalloidin bound to F-actin was previously reported in other publications (e.g.



Mentes et al 2018; wamoto et al 2018). However, the authors did not present a careful comparison
of their F-actin/phalloidin structure vs. the published structures, and thus it remains unclear what
new we can learn from the structure presented here. Moreover, important biological questions, such
as how phalloidin stabilizes F-actin or how it might affect binding of actin-binding proteins were not
analysed or discussed.

2. The structure of UTRN-ABD to F-actin appears to be very similar to the recently published FLNa-
ABD/F-actin structure, and again without careful comparison of these structures, it is somewhat
unclear what new we can learn from the UTRN-ABD structure presented here. Moreover, previous
biochemical studies on UTRN-ABD, as well as filamin truncation studies, already demonstrated that
the first CH domain harbours the strong actin-binding site.

3. The obtained Lifeact/F-actin structure is the most novel finding of the manuscript. The authors
also performed mutagenesis studies and in vitro TIRF experiments to more carefully analyse the
preference of Lifeact for different states of actin filaments. However, the authors did not apply this
information for designing new actin probes. The impact of this study would be greatly increased, if
the authors could design new Lifeact variants, which would e.g. be more specific towards actin
filaments.

4. By comparing the binding of Lifeact to phalloidin- and JASP-stabilized actin filaments, the authors
conclude that Lifeact prefers the ADP-state of actin. However, this conclusion is based on indirect
observations. Thus, the authors should study this more directly by determining the affinities of
Lifeact for ADP-, ADP-Pi-, and ATP-F-actin by using e.g. AMPPNP and ADP with inorganic
phosphate (see e.g. Chou and Pollard, 2019).

Minor points:

1.There are some overstatements in the text. For example, lines 17-20:the 3.6 - 4.2 A structures
presented here are not the first 'high resolution’ structures of widely used actin probes, because
structures of phalloidin and JASP in complex with F-actin were already reported.

2.Lines 118-119: The structure presented here is an average model of phalloidin/F-actin. Thus, am
not certain that the authors can conclude (from the structure of this resolution) that the stabilising
effect of phalloidin of actin filaments is not due to contacts to all three actins surrounding phalloidin.

3.Line 123-124:1s the resolution sufficient to reliably build the indicated side chains and compare
the effects of phalloidin? The authors should show electron densities of the side chains in
supplementary information.

4. Lines 296-300: This is an interesting statement, which requires further experimental analysis. The
authors could utilise mutants/structural information to test if any of the mutants displays better
preference towards filamentous or monomeric actin. From the figures, it is also not clear what is the
binding interface of Lifeact on G-actin, and this should be studied in more detail. Better analysis of
the structure, combined with additional mutagenesis and biochemical work may also allow the
authors to design F-actin/G-actin specific Lifeact variants.

5. Fig 1A: Polarity of the filament appears incorrect.

6. Fig 1D: PDB-code for JASP/F-actin should be included in the figure legend.



7. Figs. 2B and 2C: This presentation is quite messy and not particularly informative. Something
similar to 1C would be better. Authors should also show the electron density in a similar manner as
in Fig. 1B.

8. Fig 2D. Scale bars should be included in the figure, and specified in the legend. The text in line
plots axes is not readable.

9. Fig 4A: Polarity of the filament is incorrect.
10. Fig 4E: Why not show the electron densities here?
11.Legend to Fig 5C: Measure for the scale bar is missing.

12. Fig 6: Polarity of the filament is incorrect.

Referee #2:

The manuscript by Archana Kumari and co-workers describes the interaction of cellular actin
markers with the actin filament. Three commonly used actin markers, phalloidin, lifeAct and utrophin,
were used and the complex structures bound to F-actin determined by cryo electron microscopy at
molecular resolutions of 3.6 to 4.2 Angstroem, respectively. In addition, an F-actin apo-structure
was determined at 3.8 Ang resolution. All actin filaments contain ADP. The molecular basis of F-
actin marker binding is compared for all three ligands and the binding interfaces are set in
comparison to cellular actin binding factors as myosin and tropomyosin, showing that the binding
site for LifeAct and Utrophin on F-actin is mutually exclusive and similar to the Myosin binding site
but different from the tropomyosin binding interface. It is interesting to note that the three actin
markers are of very different nature as the small natural compound phalloidin (Mw 789 Da), the
helical peptide lifeAct of 17 aa, and the globular Utrophin protein, whose actin binding site
encompasses 2 Calponin-homology (CH) domains of together 29 kDa.

The authors find that Phalloidin interacts with two but not three actin molecules in the filament
interface of the two strains, but is at least 5 Ang apart from the n+2 monomer, an observation
which is similar for Jasplakinolide. Binding of LifeAct to F-actin covers two actin molecules along one
filament strain (n and n-2) and requires a conformation of the D-loop which is associated with a
closed conformation found in the ADP-bound state of actin. Mutational analyses were performed to
probe the effect of single residues in lifeAct on the staining of F-actin in cells confirming the
structural data. Similarly, the CH1 domain of Utrophin was engineered to design a minimal actin
binding domain, as the structure revealed binding to actin only for the first CH domain while the C-
terminal CH2 domain was not resolved in the final EM reconstructed map. Here again, important
binding residues in Utrophin derived from the complex structure were confirmed by co-
sedimentation assays of single point mutations and actin filament staining microscopy in cells.

The manuscript is a comprehensive resource of F-actin binding markers that systematically
analyses the features of these three commonly used tools. Therefore, the topic is of interest to
many researchers and may gain high visibility. However, to my opinion the manuscript needs severe
text editing, particularly the comma placement appears strange in many cases (e.g. first sentence
of the introduction). | have a couple of suggestions to strengthen the study.



In support of the Actin-ADP bound state proposed for LifeAct binding, could the authors use a
recombinant filament of actin with a non-hydrolysable ATP analog, e.g. AppNHp, to test LifeAct
binding? E.g. from a quantification of co-sedimentation assays using lifeAct-GFP, similarly as
performed for Utrophin in Fig. 5A,B?

To this reviewers' opinion, the colours of the actin filament display in Figs 1,2, 4,6 is chosen in a
suboptimal manner. The blue and green is too bright, and particularly the differentiation in the blue
and green tones is too small. Choosing colours with a higher degree of grey/white tones (as pastel)
would give more contrast and depth in the surface display.

Table 1:1suggest renaming the second column "F-actin-ADP" into "apo F-actin" or anything similar.
All four structures contain ADP as supposed from line 691: Ligands. So "Apo" is a much better
differentiation for this structure compared to the complexed filaments. In addition, | suggest to
provide the PDB and EMD codes in the last line of this table for better correlation to the data.

Results, line 109: please name the resolution to which the two structures were resolved, same as
given for lifeAct (line 141) and Uthrophin (line 191).

The subdomain composition of actin (line 146) is not introduced, although they are marked in
several figures (1+6).



1st Authors' Response to Reviewers 2nd Apr 2020

Summary of Reviewer response:

We thank both the reviewers for taking valuable time in providing constructive feedback of our
manuscript. A converging comment is to measure the LifeAct affinity towards different nucleotide
states of F-actin. Our experiments show that LifeAct has no difference between ADP, ADP-Pi and
AMPPNP F-actin. This because in all these nucleotide states the D-loop remains in a closed
conformation (Chou and Pollard 2019 & Merino et al 2019), which is also the preferred
conformation for LifeAct. A recent preprint describing LifeAct:F-actin structure (Beyly et al 2020
bioRxiv) has shown ADP-Pi bound F-actin with LifeAct, which is in line with our biochemical
measurements. Using jasplakinolide, we have forced the D-loop to remain in open conformation
and this experiment shows LifeAct's preference towards the closed conformation. This result is an
indirect observation, which the reviewer 1 has rightly pointed. Therefore, we have modified our
sentence to “lifeAct specifically recognizes closed D-loop conformation i.e., ADP-Pi or ADP states
of F-actin” in the abstract and as well as in the conclusion section. The other major comment from
reviewer 1 is whether we can generate new lifeAct variants. From our structure we have designed
14 amino acid LifeAct peptide, which binds well to F-actin in cells and in our biochemical assay.
However, a much more comprehensive study will be required to probe new lifeAct variants, which
is well beyond the scope of our manuscript. We have also fully addressed other minor comments
and again thank the reviewers for suggestions in improving our manuscript.

Referee #1:

Kumari et al. describe cryoEM structures of widely used actin probes: phalloidin, Lifeact and the
uthropin actin-binding domain (UTRN-ABD). The rationale of the study was to provide structural
information that would help researchers in the field to select a suitable actin probe for their cell
biological studies.

The cryoEM structures and accompanied biochemical work appear of good technical quality.
However, although the structures of these actin probes bound to F-actin are interesting, the
findings presented in the manuscript are partially redundant with earlier publications. Moreover,
the study does not provide such novel actin probes or information that would significantly benefit
researches when visualizing actin structures in cells. Thus, at least in its present form, this study
may be better suited for publication in a more specialized journal.

Major points:

1.The structure of phalloidin bound to F-actin was previously reported in other publications (e.g.
Mentes et al 2018; lwamoto et al 2018). However, the authors did not present a careful
comparison of their F-actin/phalloidin structure vs. the published structures, and thus it remains
unclear what new we can learn from the structure presented here. Moreover, important biological



guestions, such as how phalloidin stabilizes F-actin or how it might affect binding of actin-binding
proteins were not analysed or discussed.

The currently available phalloidin structures (e.g., lwamoto et al 2018 and Mentes et al 2018) have
either filamin or myosin bound to F-actin, which overlaps with the D-loop. Therefore, a clear
conclusion about the D-loop state could not be inferred. Our phalloidin bound actin structure is
perhaps the first without any additional proteins thus allowing us to conclusively report the D-loop
confirmation. We have discussed this point in the Results (line 107) and Discussion.

We have also added additional points related to application of phalloidin in labeling F-actin (line
295).

2. The structure of UTRN-ABD to F-actin appears to be very similar to the recently published
FLNa-ABD/F-actin structure, and again without careful comparison of these structures, it is
somewhat unclear what new we can learn from the UTRN-ABD structure presented here.
Moreover, previous biochemical studies on UTRN-ABD, as well as filamin truncation studies,
already demonstrated that the first CH domain harbours the strong actin-binding site.

Our UTRN:F-actin structure has conclusively showed that CH1 domain is sufficient, previous
works have hinted at this point but failed to generate a robust UTRN-CH1 domain. Based on the
structure, we show that a minimal utrophin called UTRN-mini (35-136 amino acids) is sufficient for
actin binding and can be used for labelling F-actin in cells (Figure 5C).

In the current revision we have also added the comparison of Filamin ABD, UTRN x-ray and EM
structures (Appendix Figure S4, Supplement information).

3. The obtained Lifeact/F-actin structure is the most novel finding of the manuscript. The authors
also performed mutagenesis studies and in vitro TIRF experiments to more carefully analyse the
preference of Lifeact for different states of actin flaments. However, the authors did not apply this
information for designing new actin probes. The impact of this study would be greatly increased, if
the authors could design new Lifeact variants, which would e.g. be more specific towards actin
filaments.

From the structure of LifeAct we have truncated the LifeAct to 14 aa and found that it labels F-
actin in cells and has similar affinity (as lifeAct-17) towards F-actin (Figure 2D).

4. By comparing the binding of Lifeact to phalloidin- and JASP-stabilized actin filaments, the
authors conclude that Lifeact prefers the ADP-state of actin. However, this conclusion is based on
indirect observations. Thus, the authors should study this more directly by determining the
affinities of Lifeact for ADP-, ADP-Pi-, and ATP-F-actin by using e.g. AMPPNP and ADP with
inorganic phosphate (see e.g. Chou and Pollard, 2019).

We have measured the affinity of LifeAct towards F-actin ADP, ADP-Pi and AMPPNP and found
practically no difference in affinities between these different states. Studies by Chou and Pollard,
2019 and Merino et al 2019, have conclusively showed that D-loop exists in a closed conformation



in ADP-Pi, AMPPNP and ADP states. Merino et al 2019 showed that the D-loop open
conformation can be achieved either by having transition state analog BeFx or jasplakinolide,
which we have used in our binding assays and showed LifeAct preference towards closed D-loop
conformation.

A recent preprint reporting F-actin:LifeAct structure (Beyly et al 2020 bioRxiv) has also provided
structural evidence that LifeAct can bind to ADP-Pi F-actin. This supports our argument about F-
actin nucleotide states versus LifeAct affinity measurement.

We agree with the reviewer comment that this is an indirect observation, therefore we have
modified our conclusion accordingly in the abstract (line 21) and in discussion (line 307).

Minor points:

1.There are some overstatements in the text. For example, lines 17-20: the 3.6 - 4.2 A structures
presented here are not the first 'high resolution’ structures of widely used actin probes, because
structures of phalloidin and JASP in complex with F-actin were already reported.

We thank the reviewer in pointing out this, we have changed the sentences to “...providing a

comprehensive high-resolution structural comparison of widely used actin markers...” (line 19)

2. Lines 118-119: The structure presented here is an average model of phalloidin/F-actin. Thus, |
am not certain that the authors can conclude (from the structure of this resolution) that the
stabilising effect of phalloidin of actin filaments is not due to contacts to all three actins
surrounding phalloidin.

In order to support our claim of contacts we have added Appendix Figure S1E (supplement
information), showing the residues with maps and distance between them and phalloidin.

3. Line 123-124: Is the resolution sufficient to reliably build the indicated side chains and compare
the effects of phalloidin? The authors should show electron densities of the side chains in
supplementary information.

We included the residues and maps in Appendix Figure S1, supplement information.

4. Lines 296-300: This is an interesting statement, which requires further experimental analysis.
The authors could utilise mutants/structural information to test if any of the mutants displays better
preference towards filamentous or monomeric actin. From the figures, it is also not clear what is
the binding interface of Lifeact on G-actin, and this should be studied in more detail. Better
analysis of the structure, combined with additional mutagenesis and biochemical work may also
allow the authors to design F-actin/G-actin specific Lifeact variants.

We have included a truncated version of LifeAct (14LA), which has similar affinity towards F-actin
compared to full LifeAct 17 amino acids (17LA). The suggested experiments to design F-actin/G-
actin specific LifeAct variants is currently beyond the scope of this manuscript, especially under



the current lockdown situation. We hope that our structural work will inspire others researchers in
designing LifeAct variants specific towards actin filaments.

5. Fig 1A: Polarity of the filament appears incorrect.
6. Fig 1D: PDB-code for JASP/F-actin should be included in the figure legend.

7. Figs. 2B and 2C: This presentation is quite messy and not particularly informative. Something
similar to 1C would be better. Authors should also show the electron density in a similar manner
as in Fig. 1B.

8. Fig 2D. Scale bars should be included in the figure, and specified in the legend. The text in line
plots axes is not readable.

9. Fig 4A: Polarity of the filament is incorrect.

10. Fig 4E: Why not show the electron densities here?

11. Legend to Fig 5C: Measure for the scale bar is missing.
12. Fig 6: Polarity of the filament is incorrect.

We thank the reviewer for pointing out these errors, we have corrected all these in our revised
manuscript according the minor suggestions from point 5 — 12.

Referee #2:

The manuscript by Archana Kumari and co-workers describes the interaction of cellular actin
markers with the actin filament. Three commonly used actin markers, phalloidin, lifeAct and
utrophin, were used and the complex structures bound to F-actin determined by cryo electron
microscopy at molecular resolutions of 3.6 to 4.2 Angstroem, respectively. In addition, an F-actin
apo-structure was determined at 3.8 Ang resolution. All actin filaments contain ADP. The
molecular basis of F-actin marker binding is compared for all three ligands and the binding
interfaces are set in comparison to cellular actin binding factors as myosin and tropomyosin,
showing that the binding site for LifeAct and Utrophin on F-actin is mutually exclusive and similar
to the Myosin binding site but different from the tropomyosin binding interface. It is interesting to
note that the three actin markers are of very different nature as the small natural compound
phalloidin (Mw 789 Da), the helical peptide lifeAct of 17 aa, and the globular Utrophin protein,
whose actin binding site encompasses 2 Calponin-homology (CH) domains of together 29 kDa.

The authors find that Phalloidin interacts with two but not three actin molecules in the filament
interface of the two strains, but is at least 5 Ang apart from the n+2 monomer, an observation
which is similar for Jasplakinolide. Binding of LifeAct to F-actin covers two actin molecules along
one filament strain (n and n-2) and requires a conformation of the D-loop which is associated with
a closed conformation found in the ADP-bound state of actin. Mutational analyses were performed
to probe the effect of single residues in lifeAct on the staining of F-actin in cells confirming the



structural data. Similarly, the CH1 domain of Utrophin was engineered to design a minimal actin
binding domain, as the structure revealed binding to actin only for the first CH domain while the C-
terminal CH2 domain was not resolved in the final EM reconstructed map. Here again, important
binding residues in Utrophin derived from the complex structure were confirmed by co-
sedimentation assays of single point mutations and actin filament staining microscopy in cells.

The manuscript is a comprehensive resource of F-actin binding markers that systematically
analyses the features of these three commonly used tools. Therefore, the topic is of interest to
many researchers and may gain high visibility. However, to my opinion the manuscript needs
severe text editing, particularly the comma placement appears strange in many cases (e.g. first
sentence of the introduction). | have a couple of suggestions to strengthen the study.

In support of the Actin-ADP bound state proposed for LifeAct binding, could the authors use a
recombinant filament of actin with a non-hydrolysable ATP analog, e.g. AppNHp, to test LifeAct
binding? E.g. from a quantification of co-sedimentation assays using lifeAct-GFP, similarly as
performed for Utrophin in Fig. 5A,B?

Our LifeAct titration experiments with AMPPNP and ADP-Pi F-actin did not show the differences
that were observed in the TIRF experiments. This is because of the structural similarities in D-loop
conformation between these nucleotide states, which we have explained in the summary above.

To this reviewers' opinion, the colours of the actin filament display in Figs 1, 2, 4, 6 is chosen in a
suboptimal manner. The blue and green is too bright, and particularly the differentiation in the blue
and green tones is too small. Choosing colours with a higher degree of grey/white tones (as
pastel) would give more contrast and depth in the surface display.

We have changed to a milder yet contrasting color combination as suggested by this reviewer.

Table 1: | suggest renaming the second column "F-actin-ADP" into "apo F-actin" or anything
similar. All four structures contain ADP as supposed from line 691: Ligands. So "Apo" is a much
better differentiation for this structure compared to the complexed filaments. In addition, | suggest
to provide the PDB and EMD codes in the last line of this table for better correlation to the data.

We thank the reviewer for the suggestion we have changed the heading to ‘apo F-actin-ADP’

Results, line 109: please name the resolution to which the two structures were resolved, same as
given for lifeAct (line 141) and Uthrophin (line 191).

The resolution for respective structures has been added (line 142 for lifeAct) and (line 206 for
utrophin)

The subdomain composition of actin (line 146) is not introduced, although they are marked in
several figures (1+6).



We thank the reviewer for pointing this, we have added a sentence related to subdomains of actin
in introduction (line 31).



1st Revision - Editorial Decision 5th May 2020

Thank you for submitting a revised version of your manuscript. Your study has now been seen by
both original referees, who find that their main concerns have been addressed and are now broadly
in favour of publication of the manuscript. There now remain only a few mainly editorial issues that
have to be addressed before | can extend formal acceptance of the manuscript:

1. According to the request from reviewer #2, please add the data on LifeAct affinity towards
nucleotide-bound F-actin to the Appendix.

2. Our publisher has done their pre-publication check on your manuscript. When you log into the
manuscript submission system you will see the file "Data Edited Manuscript". Please take a look at
the word file and the comments regarding the figure legends and respond to the issues. Please also
use this version when you resubmit the revised version with the marked changes

3. Please submit up to five keywords.

4. Please restructure your manuscript according to our format: Materials and Methods should follow
Discussion. Please move Data Availability section at the end of Materials and Methods. Please
place Acknowledgements, Author Contributions and Conflict of Interest sections after Materials
and Methods.

5. Please add resolvable links to the publicly available datasets in the Data Availability section. The
Data Avalilability section should follow the format indicated in our Author Guidelines:
https//www.embopress.org/page/journal/14602075/authorguide#dataavailability

6. Please rename Table EV1 into Table 1 in the legend and in the callouts in the manuscript text.

7. Thank you for submitting source data for your manuscript. Please arrange the data in one file per
figure. Please check if the data correspond to the correct figure panels - Figure 3C data do not
appear to fit to the type of data shown in the figure and rather to correspond to Figure 2D.

8. Papers published in The EMBO Journal are accompanied online by a 'Synopsis' to enhance
discoverability of the manuscript. It consists of A) a short (1-2 sentences) summary of the findings
and their significance, B) 2-3 bullet points highlighting key results and C) a synopsis image that is
550x300-600 pixels large (width x height, jpeg or png format). You can either show a model or key
data in the synopsis image. Please note that the size is rather small and that text needs to be
readable at the final size. Please send us this information along with the revised manuscript.

Please let me know if you have any further questions regarding any of these points. You can use
the link below to upload the revised files.

Thank you again for giving us the chance to consider your manuscript for The EMBO Journal. lam
looking forward to receiving the final version.



Referee #1:

The authors have now satisfactorily addressed my previous concerns.

Referee #2:

In the revised version of the manuscript the authors improved the description of the three markers
for the actin filament significantly. The test reads much better and the presentation of phalloidin,
LifeAct, and utrophin binding to the actin filament is clear. It is a pity that the authors did not show
the primary data of their affinity measurements of LifeAct towards ADP, ADP-Pi or AppNHp loaded
F-actin, at least | could not find them. The authors state in the reply letter that they found
practically no difference in affinities between these different states, in line with very recent
descriptions on bioRxiv. The changed colors for the actin molecules in the filament display are not
really an improvement to this reviewers' opinion. | rather thought of grey tones, but anyways, this is
a very minor issue. The findings of LifeAct binding to F-actin are very timely, which is why | suggest
publication of this study.



2nd Authors' Response to Reviewers 11th May 2020

The authors performed the requested changes.



2nd Revision - Editorial Decision 18th May 2020

Thank you for addressing the final minor issues in the revised manuscript. | am now pleased to
inform you that your manuscript has been accepted for publication.
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1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size? The experiments were replicated at least 3 independent trials and the error bars reflect the
'standard error of the mean' of n experimental trials.

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used. N/A

2. Describe inclusion/exclusion criteria if samples or animals were excluded from the analysis. Were the criteria pre- N/A

established?

3. Were any steps taken to minimize the effects of subjective bias when allocating animals/samples to treatment (e.g. N/A

randomization procedure)? If yes, please describe.

For animal studies, include a statement about randomization even if no randomization was used. N/A

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results |N/A

(e.g. blinding of the investigator)? If yes please describe.

4.b. For animal studies, include a statement about blinding even if no blinding was done N/A

5. For every figure, are statistical tests justified as appropriate? Yes

Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it. N/A

Is there an estimate of variation within each group of data? N/A




Is the variance similar between the groups that are being statistically compared? N/A

C- Reagents

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog |N/A
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g.,
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right).

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for U20S cells lines procurred from ATCC® HTB-96™. Mycoplasma tests were perfomred regularly to
mycoplasma contamination. detect any possbile mycoplasma contamination.

* for all hyperlinks, please see the table at the top right of the document

D- Animal Models

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing |N/A
and husbandry conditions and the source of animals.

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the |N/A
committee(s) approving the experiments.

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), €1000412, 2010) to ensure |N/A
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations. Please confirm
compliance.

E- Human Subjects

11. Identify the committee(s) approving the study protocol. N/A

12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments N/A
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human
Services Belmont Report.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained. N/A
14. Report any restrictions on the availability (and/or on the use) of human data or samples. N/A
15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. N/A

16. For phase Il and Ill randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) [N/A
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.

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

F- Data Accessibility

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data Yes. Four macromolecular strucutres are reported in this manuscript. The structure coordinates
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462, and electron maps have been deposited in databases. Accession codes are provided in the
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’. manuscript.

Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular interactions

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of datasets
in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in unstructured
repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while respecting|N/A
ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible with the
individual consent agreement used in the study, such data should be deposited in one of the major public access-
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).

21. Computational models that are central and integral to a study should be shared without restrictions and provided ina |N/A
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized format
(SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the MIRIAM
guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list at top
right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be deposited
in a public repository or included in supplementary information.

G- Dual use research of concern

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