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1st Editorial Decision 10th Apr 2024

Dear Remi,

Thank you for submitting your manuscript for consideration by the EMBO Journal. | apologise for the protracted assessment of
your manuscript due to delays in referee report submission and the high manuscript submission rate to our office at the moment.
We have now received comments from three reviewers, which are included below for your information.

As you can see, particularly reviewers #1 and #3 find the study of interest, while all reviewers also indicate several aspects in
which data presentation, interpretation and description should be improved in the revised manuscript. Based on the interest
expressed by reviewers #1 and #3, | would like to invite you to address the comments of all reviewers in a revised version of the
manuscript.

We generally allow three months as standard revision time, which can be extended if necessary. 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 to discuss the
appropriate course of action. Should you foresee a problem in meeting this deadline, please let me know in advance to discuss
an extension.

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. Please also see
the attached instructions for further guidelines on preparation of the revised manuscript.

Please feel free to contact me if you have any further questions regarding the revision. Thank you for the opportunity to consider
your work for publication. I look forward to receiving your revised manuscript.

With best wishes,

leva

leva Gailite, PhD

Senior Scientific Editor
The EMBO Journal
Meyerhofstrasse 1
D-69117 Heidelberg

Tel: +4962218891309
i.gailite@embojournal.org

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 (9th Jul 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:

The paper by Talachia Rosa and colleagues reports the cryoEM structures of RadA and ComM, two ATPase motor proteins
responsible for branch migration of D-loop boundaries during natural transformation in bacteria, together with accompanying
biochemical characterisation of structure-based mutants. The novelty of the present work consists principally in the detailed
elucidation of the mechanism of DNA binding by RadA and ComM. Many questions remain concerning the mechanism of branch
migration by these proteins but in my view the presented evidence represents a sufficiently significant advance to warrant
publication in EMBOJ.

Overall, the data presented by the authors is impressive for extent and quality. | don't have major concerns, but | would like the
authors to rewrite the points below in the Discussion. The English could also be improved (see a couple of examples below).

Discussion

In general, the discussion of the mechanism of RadA loading onto dsDNA should be improved. The authors should highlight that
it is highly unusual for a ring helicase/translocase to self load onto DNA, like they seem to imply. Both the MCM and DnaB
helicases are loaded onto origin DNA by specific protein loaders. What are the the mechanistic steps that would lead from DNA-
free RadA to DNA-bound RadA ring, such as seen by the authors in their cryoEM work?

Related to this, the MCM helicase does not self-load onto origin DNA (line 420)! Surely the authors are aware that the Origin
Recognition Complex is responsible for loading the MCM ring onto origin DNA.

Again related to this, the authors should also mention that the use of relatively short linear DNA substrates might have caused
RadA to be threaded onto the DNA, rather that self-loading in a manner that is reflective of its true mechanism.

The observation that ComM can form double-hexamers on dsDNA is intriguing. Is it known whether ComM can branch migrate
independently from RadA? And how do the authors envisage that RadA and ComM might cooperate in branch migration?

Methods
1. Show SDS-PAGE of purified RadA and ComM.
2. "CryoEM sample preparation” - give protein concentration in molarity, not mg/ml.

Minor points

The authors occasionally refer in the text to the 'lagging strand' (for instance on line 270: "A second loop named RL2, which
consists of residues 170 to 189, coordinates the lagging 3' to 5' strand."). It is not clear what they mean by lagging strand outside
of DNA replication. Please clarify.

The English could be made more accurate to improve the readability of the manuscript. For instance, consider the sentence on
line 185: "Notably, although ComM and RadA have an inverted sequence order,

they share identical topology between the ATPase and Lon domains". It's not the sequence, it's the arrangement of ATPase and
Lon domains that is swapped. Also the structures show that they have identical reciprocal arrangements of ATPase and Lon
domains, not identical topology. Please correct.

On line 166, "We overexpressed ComM from L. pneumophila in E. coli, attaching a C-terminal His6-tag." Please use 'fused to'
rather than 'attaching'.



Please write "AMPP-N-P" as AMPPNP.

Referee #2:

RadA and ComM are important bacterial helicases involved in natural transformation with branch migration activity. In this
manuscript, Rosa et al. report the structures of RadA and ComM in complex with their DNA substrates. These results would
contribute to the understanding of the functions of RadA and ComM in branch migration. With this said, however, this study
provides little insight into the mechanisms of these two helicases.

Moreover, the current version of the manuscript does not meet the criteria for being considered for acceptance, and should be
largely revied. Most of the manuscript is on structural descriptions, which are too lengthy and hard to follow. Some descriptions
appear inappropriate or lack support from structural information. The figures were inadequately prepared and did not effectively
support the structural descriptions. Please refer to previously published structural papers in the EMBO J to improve the
manuscript and figures.

Here are some examples for improvement:
(1) Line146-147, the flexibility of subunit F was not shown in Figure S1.
(2) Line151-153, where is the N-terminal arm in Figure 2a? All the domains, motifs or residues mentioned in the text should be
clearly labeled in the supporting figures.
(3) Line 153-154, where is the ZF domain in Figure S1.
(4) Line 161-163, what does "DNA-B" mean? The B form DNA? The descriptions of some concepts or definitions should be
accurate. Please show the structural evidence for the "distorted or disrupted" downstream DNA region. In addition, when the
authors assumed that the downstream DNA around the Lon domain is distorted or disrupted, why did they propose that RadA
captured the dsDNA end (line160-161)?
(5) Line 168-169, where is the 50 kDa monomer protein in Figure S3.
(6) Line 180-181, the sentence discusses the domain similarity between the AAA+ ATPase domain of ComM and MCM. It raises
the question as to why the authors did not present a superimposition of the ComM domain with that of MCM, similar to what was
done for the domain comparison of ComM, RavA, and Chelatase.

(7) Line 184, where is the ZF domain?

(8) Line 187, label all the mentioned residues in figures.

(9) Line 191, label the chelatase domains.

(10) In lines 256-259, the description lacks sufficient evidence. Please provide a detailed explanation of the molecular
mechanism by which histidine stacks with the short helix and how the formation of the helix pushes forward the RL1 loop.
Otherwise, consider removing this sentence.

(11) Line 295-265, as the interaction between Lon domain and DNA was not observed in the structure, is there direct evidence
to support this description?

(12) Line 269-273, where are the RL2 and residues 170-1897?

13) Line 277-278, this description lacks a supporting figure.

4) Line 287-289, please show these interactions in detail.

5) Line 290-292, please present the "half size" in figures.

6) Line 293-294, figure 3f didn't support this conclusion.

7) Line 298, what does the lagging strand mean?
(18) Line 327, the characterization of the R301-mediated domain interaction as a molecular switch is not justified. While the
interaction of R301 in the Lon domain with E239/E76 is crucial for inter-domain interaction, it likely represents only a fraction of
the intricate interactions between the Lon and ATPase domains. It is an exaggeration to claim R301 interaction as a molecular
switch. The other residues contributing to the interface should also be described.
(19) Line 339-340, what does this sentence mean?
(20) Line 226: G100 could not be found in figure 3a.
(21) Line 234: the PDB 6MIl cannot be found in S5.
(22) In figure 2c, ATPyS should be ATPYS. The display mode is not very clear in figure2.

(
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(1
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Other major concerns:
1. The definitions of "active" conformation of RadA in this manuscript (line 34) and "inactive" conformation in the paper Marie et
al., 2017 is inappropriate. The binding of ATPrS or dTDP has nothing to do with the "active" or "inactive" states of a helicase.

2. The interaction between DNA and RadA or ComM is mediated by several domains, but only the interaction of DNA with one
subunit was discussed in detail? Please also summarize the differences of the 6 subunits in interacting DNA.

3. Pleas provide a figure to better explain the working model summarized in the last section of Discussion.



4. Although categorized as translocases, RadA and ComM only captured dsDNA segments in the determined structures. Please
comment on this inconsistency.

Referee #3:

Rosa et al report cryo-EM structures of two functionally related AAA+ ATPases involved in bacterial transformation and DNA
branch migration during homologous recombination. The study unveils structurally analogous hexameric assemblies assembled
via a Lon like hexamer and DNA translocating ATPase. Interestingly a large interdomain linker similarly aligns the Lon subunit in
the quaternary structures relative to the ATPase cores, despite a rearranged secondary structure at the protein sequence level.
The authors support the high-quality protein-DNA cryo-EM reconstructions with biochemistry probing the novel role for an
arginine switch in regulating interdomain interactions, ATP hydrolysis and AAA+ function for these proteins. Overall, the data is
very clearly presented and of high quality. The extended discussion is scholarly and appropriate. The paper is likely of interest to
those studying AAA ATPases and DNA motor proteins in general. | have minor points for the authors consideration.

Points:

1. The discussion of the active site needs to be clarified:

Lin 224-225. Does E125 really activate the catalytic water in RadA? It does not appear appropriately positioned to do so. Do
they mean E1247? | think the diagram is mislabeled, or the text has these residues swapped. Do the authors observe solvent in
their map proximal to the gamma phosphate? Is there a catalytic water present? What is the equivalent residue in ComM,
E302? This is not discussed.

2. Line 252. Use gamma phosphate, rather than "terminal" phosphate?

3. Line. 252. His213 looks to be too far away to interact with the gamma phosphate? Is it positioned to align E124 to activate a
water for hydrolysis instead?

4. A diagram (perhaps in figure 1) depicting the branch migration reactions to go with the introductory text would be useful for a
general audience. There are no model figures anywhere in the paper, and this would help orient the reader and better place the
structural biology in its biological context.

5. line 162. please provide a figure of density of distorted base pairing. Is there anything to explain why the DNA ends are
disrupted.

6. Line168. There is no supplementary Figure 3 panel that makes sense with this statement?

7. line 183 184. Reference to figure 2b. Please label the density maps, and locate the Zn finger domain density that could not be
modeled.

8. in Figure 2, please label the proteins by name to orient the reader.

9. Supplementary Table 3 is of poor quality.

10. Supplementary figure 7. The Zf density appears to stabilize the dodecamers. Can an alphfold model for the Zn be fit into that
density? There is no mention of the role of the Zf in stabilizing the dodecamer. How does this compare to the MCM protein
assemblies?

11.Line 221. This sentence is awkwardly worded.

12. Figure 3b and e. Please label 3' and 5' ends of DNA. It is hard to see the labels for RL1, H2I, Ps1B in these figures. The
loops could be colored as in Supp Figure 5d to improve presentation. Where is A329 and A330 that are discussed (line 289)?

13. Line 268. Discussion of DNA contacts from G222 and R224. Is there a helix dipole-phosphate backbone interaction worth
mentioning here?

14. Line 278. Is wording this passage "consistent with" more appropriate than "confirming” that ATP hydrolysis results in DNA
release?

15. Line 295. The use of "lagging strand" terminology is confusing, at least to this referree. Maybe if you had a schematic of the
DNA-protein complex with strands labeled to identify the strands this would be less confusing. Even so, lagging strand does not



make sense?

16. Figure 5a. It is difficult to see the interactions mediated by R301. A zoomed in interaction showing distances of R301 to E239
or E76 would be informative, and support the discussion better.

17. Line 613. Methods. Please report the molar concentration of the hexamers used for RadA and Comm. What is the molar
ratio of protein to nucleic acid used for complex formation?

18. Line 619. Vitrobot not Vitroblot.



1st Authors' Response to Reviewers 9th Jul 2024

Referee #1:

The paper by Talachia Rosa and colleagues reports the cryoEM structures of RadA and
ComM, two ATPase motor proteins responsible for branch migration of D-loop boundaries
during natural transformation in bacteria, together with accompanying biochemical
characterisation of structure-based mutants. The novelty of the present work consists
principally in the detailed elucidation of the mechanism of DNA binding by RadA and ComM.
Many questions remain concerning the mechanism of branch migration by these proteins
but in my view the presented evidence represents a sufficiently significant advance to
warrant publication in EMBOJ.

We thank referee 1 for her/his positive assessment of our manuscript and our work.

Overall, the data presented by the authors is impressive for extent and quality. | don't have
major concerns, but | would like the authors to rewrite the points below in the Discussion.
The English could also be improved (see a couple of examples below).

We have carefully checked and improved the clarity of the text throughout the manuscript.

Discussion

In general, the discussion of the mechanism of RadA loading onto dsDNA should be
improved. The authors should highlight that it is highly unusual for a ring
helicase/translocase to self load onto DNA, like they seem to imply. Both the MCM and DnaB
helicases are loaded onto origin DNA by specific protein loaders. What are the the
mechanistic steps that would lead from DNA-free RadA to DNA-bound RadA ring, such as
seen by the authors in their cryoEM work?

We have added a few sentences to clarify that we have not shown that RadA or ComM are
able to self-load  onto DNA in vivo :“ RadA and ComM are both capable of self-loading on
ssDNA and dsDNA in vitro. Whether they are capable of self-loading on their HR DNA
substrates in vivo has not been firmly established. We have previously reported evidence for
a functional interplay between pneumococcal RadA and RecA at three-way DNA junctions,
where RecA assists RadA helicase activity (Marie et al, 2017). Potential interactions between
ComM and other proteins in vivo are less documented”.

Related to this, the MCM helicase does not self-load onto origin DNA (line 420)! Surely the
authors are aware that the Origin Recognition Complex is responsible for loading the MCM
ring onto origin DNA.

We agree that our description of the loading mechanism of MCM on DNA was ambiguous in
the discussion. We have amended the discussion to clarify this.

Again related to this, the authors should also mention that the use of relatively short linear
DNA substrates might have caused RadA to be threaded onto the DNA, rather that self-
loading in a manner that is reflective of its true mechanism.

We added a few sentences to discuss this specific point: “it is important to note that because
we used short DNA fragments in this study, RadA could instead have been threaded along
the DNA without the need to open the RadA ring during the process. However, we have
previously shown that it is possible to obtain RadA hexamers loaded onto long circular



ssDNA molecules in vitro (Marie et al, 2017), a process that requires the opening of the
ring.”

The observation that ComM can form double-hexamers on dsDNA is intriguing. Is it known
whether ComM can branch migrate independently from RadA? And how do the authors
envisage that RadA and ComM might cooperate in branch migration?

It was previously shown that ComM can branch migrate in vitro on its own, and thus
independently from RadA and vice versa.

For ComM see in Nero TM, Dalia TN, Wang JC, Kysela DT, Bochman ML, Dalia AB. ComM is a
hexameric helicase that promotes branch migration during natural transformation in diverse
Gram-negative species. Nucleic Acids Res. 2018 Jul 6;46(12):6099-6111. doi:
10.1093/nar/gky343. PMID: 29722872; PMCID: PMC6158740.

For RadA see in Cooper DL, Lovett ST. Recombinational branch migration by the RadA/Sms
paralog of RecA in Escherichia coli. Elife. 2016 Feb 4;5:e10807. doi: 10.7554/elife.10807.
PMID: 26845522; PMCID: PMC4786428.

In Gram-positive firmicutes species, there is no ComM homolog, which is specific to naturally
transformable Gram-negative species. In Gram-negative species, RadA and ComM could
both assist branch migration during homologous recombination. However, these two
proteins are not expressed under the same conditions, with ComM being specifically
expressed during competence and RadA being constitutively expressed. Nero et al. showed
that RadA is not required for natural transformation in V. cholerae, suggesting that these
two proteins are directed towards their specific role by additional factors in such bacterial
species (a specific functional channeling directed by accessory proteins, or DNA substrate
topology, etc...); i.e RadA acting in genome maintenance pathways and ComM in natural
transformation.

Methods
1. Show SDS-PAGE of purified RadA and ComM.
These gels are now shown in supplementary figure 3

2. "CryoEM sample preparation" - give protein concentration in molarity, not mg/ml.
Done

Minor points

The authors occasionally refer in the text to the 'lagging strand' (for instance on line 270: "A
second loop named RL2, which consists of residues 170 to 189, coordinates the lagging 3' to
5' strand."). It is not clear what they mean by lagging strand outside of DNA replication.
Please clarify.

The nomenclature used, which was indeed based on the nomenclature used for DNA
replication, was misleading. We now use a nomenclature based on the topology (5’-3" or 3’-
5’) of the DNA strand in interaction within the RadA or ComM hexamer from ATPase domain
to Lon domain.

The English could be made more accurate to improve the readability of the manuscript. For



instance, consider the sentence on line 185: "Notably, although ComM and RadA have an
inverted sequence order,
they share identical topology between the ATPase and Lon domains". It's not the sequence,
it's the arrangement of ATPase and Lon domains that is swapped. Also the structures show
that they have identical reciprocal arrangements of ATPase and Lon domains, not identical
topology. Please correct.

This sentence was indeed incorrect and has been corrected.

On line 166, "We overexpressed ComM from L. pneumophila in E. coli, attaching a C-
terminal His6-tag." Please use 'fused to' rather than 'attaching'.
Corrected

Please write "AMPP-N-P" as AMPPNP.
Corrected

Referee #2:

RadA and ComM are important bacterial helicases involved in natural transformation with
branch migration activity. In this manuscript, Rosa et al. report the structures of RadA and
ComM in complex with their DNA substrates. These results would contribute to the
understanding of the functions of RadA and ComM in branch migration. With this said,
however, this study provides little insight into the mechanisms of these two helicases.

Moreover, the current version of the manuscript does not meet the criteria for being
considered for acceptance, and should be largely revied. Most of the manuscript is on
structural descriptions, which are too lengthy and hard to follow. Some descriptions appear
inappropriate or lack support from structural information. The figures were inadequately
prepared and did not effectively support the structural descriptions. Please refer to
previously published structural papers in the EMBO J to improve the manuscript and figures.

We thank referee #2 for her/his detailed evaluation of our manuscript that greatly helped us
to improve our manuscript.

We fully agree with referee #2 that our figures did not meet publishable standards and that
they should be drastically improved.

As a result, all the main figures and extended views have been thoroughly revised. We have
also modified the main text to improve readability and clarity. We have also modified the
discussion to emphasize the novelty of our results and what they bring to the field.

Here are some examples for improvement:

(1) Line146-147, the flexibility of subunit F was not shown in Figure S1.

Indeed. Figure S1 shows that the resolution of the map corresponding to this region is lower
(maybe due to flexibility of this region). We have corrected the text.

(2) Linel51-153, where is the N-terminal arm in Figure 2a? All the domains, motifs or
residues mentioned in the text should be clearly labeled in the supporting figures.



This is now shown in the new version of the figure.

(3) Line 153-154, where is the ZF domain in Figure S1.
The ZF domain is completely invisible on the map. Therefore, we cannot show where it
should be in the map. We remove the reference to Figure S1 from the text.

(4) Line 161-163, what does "DNA-B" mean? The B form DNA?
We referred to the B-form of DNA (B-DNA). This has been corrected in the text.

The descriptions of some concepts or definitions should be accurate. Please show the
structural evidence for the "distorted or disrupted" downstream DNA region. In addition,
when the authors assumed that the downstream DNA around the Lon domain is distorted or
disrupted, why did they propose that RadA captured the dsDNA end (line160-161)?

We agree that we cannot claim that the DNA in the Lon region of ComM is disrupted or
distorted. The resolution of the map corresponding to this part of the DNA drops drastically,
which is more a sign of the flexibility of this region. We have corrected this sentence in the
text.

(5) Line 168-169, where is the 50 kDa monomer protein in Figure S3.
Chromatograms and SDS-PAGE corresponding to these experiments have been included in
supplementary figure 3.

(6) Line 180-181, the sentence discusses the domain similarity between the AAA+ ATPase
domain of ComM and MCM. It raises the question as to why the authors did not present a
superimposition of the ComM domain with that of MCM, similar to what was done for the
domain comparison of ComM, RavA, and Chelatase.

We added the MCM in the overlay shown in the extended view Figure 2e.

(7) Line 184, where is the ZF domain?

The densities corresponding to the SF domain are now shown in Figure 2.
(8) Line 187, label all the mentioned residues in figures.

Done in the new version of the Figure 1a.

(9) Line 191, label the chelatase domains.
Done in the new version of Figure 1b and 1c.

(10) In lines 256-259, the description lacks sufficient evidence. Please provide a detailed
explanation of the molecular mechanism by which histidine stacks with the short helix and
how the formation of the helix pushes forward the RL1 loop. Otherwise, consider removing
this sentence.

We now use the conditional in this sentence to emphasise that it is a hypothesis rather than
a result.

“In RadA, we propose that the stacking of these two histidine could structure a short helix at
the N-terminus of the KNRFG motif (R224 to H228), which in turn would push the adjacent
loop (RadA loop 1 or RL1, residues 213 to 223) forward to promote DNA binding (Figure 3c).”



(11) Line 295-265, as the interaction between Lon domain and DNA was not observed in the
structure, is there direct evidence to support this description?

No. There is no direct evidence. But we propose that this domain could also be involved in
DNA binding as shown for homologous RadA protein.

(12) Line 269-273, where are the RL2 and residues 170-189?
It is now shown in the new version of the Figure 3.

(13) Line 277-278, this description lacks a supporting figure.
This is now shown in the Figure 3 (panel e).

(14) Line 287-289, please show these interactions in detail.

We have toned down our description of the molecular interactions of ComM with DNA. In
fact, the resolution is not sufficient to place the side chains of the residues in these regions
accurately. We only suggest possible interactions between ComM and DNA.

(15) Line 290-292, please present the "half size" in figures.
See above.

(16) Line 293-294, figure 3f didn't support this conclusion.
See above.

(17) Line 298, what does the lagging strand mean?
This point was raised by Referee #1. We changed the nomenclature for DNA strands to avoid
ambiguity.

(18) Line 327, the characterization of the R301-mediated domain interaction as a molecular
switch is not justified. While the interaction of R301 in the Lon domain with E239/E76 is
crucial for inter-domain interaction, it likely represents only a fraction of the intricate
interactions between the Lon and ATPase domains. It is an exaggeration to claim R301
interaction as a molecular switch. The other residues contributing to the interface should
also be described.

We agree. We have removed the mention of a molecular switch in the text.

However, for clarity, we have decided not to show other residues involved in the contacts
between the ATPase and Lon domains.

(19) Line 339-340, what does this sentence mean?
We have removed this sentence.

(20) Line 226: G100 could not be found in figure 3a.
We do not mention G100 in the text anymore.

(21) Line 234: the PDB 6MII cannot be found in S5.
We corrected the text.



(22) In figure 2c, ATPyS should be ATPyS. The display mode is not very clear in figure2.
We have drastically modified Figure 2 and  hope that it is better now.

Other major concerns:

1. The definitions of "active" conformation of RadA in this manuscript (line 34) and "inactive"
conformation in the paper Marie et al., 2017 is inappropriate. The binding of ATPrS or dTDP
has nothing to do with the "active" or "inactive" states of a helicase.

We agree. We have removed these definitions from the text.

2. The interaction between DNA and RadA or ComM is mediated by several domains, but
only the interaction of DNA with one subunit was discussed in detail? Please also summarize
the differences of the 6 subunits in interacting DNA.

We added panels in Figure 3 (g and h)and corresponding text in the manuscript to
summarize these differences.

3. Pleas provide a figure to better explain the working model summarized in the last section
of Discussion.
We added the new figure 6.

4. Although categorized as translocases, RadA and ComM only captured dsDNA segments in
the determined structures. Please comment on this inconsistency.

We and others initially proposed that RadA and ComM could be helicases translocating along
ssDNA based on their homology with DnaB and MCM replicative helicases, respectively, and
based on previous and pioneering in vitro analysis of their DNA interaction and remodelling
activities. .

Capturing these two proteins on dsDNA opens the possibility that they could be dsDNA
translocases. This point is discussed in the Ilast section of the discussion.

Referee #3:

Rosa et al report cryo-EM structures of two functionally related AAA+ ATPases involved in
bacterial transformation and DNA branch migration during homologous recombination. The
study unveils structurally analogous hexameric assemblies assembled via a Lon like hexamer
and DNA translocating ATPase. Interestingly a large interdomain linker similarly aligns the
Lon subunit in the quaternary structures relative to the ATPase cores, despite a rearranged
secondary structure at the protein sequence level. The authors support the high-quality
protein-DNA cryo-EM reconstructions with biochemistry probing the novel role for an
arginine switch in regulating interdomain interactions, ATP hydrolysis and AAA+ function for
these proteins. Overall, the data is very clearly presented and of high quality. The extended
discussion is scholarly and appropriate. The paper is likely of interest to those studying AAA
ATPases and DNA motor proteins in general. | have minor points for the authors
consideration.

We thank referee #3 for her/his favorable evaluation of our manuscript and detailed
feedback.

Points:



1. The discussion of the active site needs to be clarified:
Lin 224-225. Does E125 really activate the catalytic water in RadA? It does not appear
appropriately positioned to do so. Do they mean E1247? | think the diagram is mislabeled, or
the text has these residues swapped. Do the authors observe solvent in their map proximal
to the gamma phosphate? Is there a catalytic water present? What is the equivalent residue
in ComM, E302? This is not discussed.

There was indeed an error in our text. The glutamate positioned to activate the catalytic
water is E124. We have corrected this. We also mention that the catalytic water is not visible
in our map (not enough resolution).

The corresponding residue in ComM is indeed E302. We now mention that it would be
appropriate to activate the catalytic water.

2. Line 252. Use y-phosphate, rather than "terminal” phosphate?
This has been corrected.

3. Line. 252. His213 looks to be too far away to interact with the gamma phosphate? Is it
positioned to align E124 to activate a water for hydrolysis instead?
This is another error that has been corrected in the revised version of the manuscript.

4. A diagram (perhaps in figure 1) depicting the branch migration reactions to go with the
introductory text would be useful for a general audience. There are no model figures
anywhere in the paper, and this would help orient the reader and better place the structural
biology in its biological context.

Such diagram, absent in the original version, is now provided in Figure 6. We don’t feel it is
necessary to provide another figure.

5. line 162. please provide a figure of density of distorted base pairing. Is there anything to
explain why the DNA ends are disrupted.
This is discussed above (see referee #2).

6. Linel68. There is no supplementary Figure 3 panel that makes sense with this statement?
Chromatograms and SDS-PAGEs have now been added.

7. line 183 184. Reference to figure 2b. Please label the density maps, and locate the Zn
finger domain density that could not be modeled.
This is now clearly visible in Figure 2.

8. in Figure 2, please label the proteins by name to orient the reader.
Done.

9. Supplementary Table 3 is of poor quality.

We now provided a table of greater quality.

10. Supplementary figure 7. The Zf density appears to stabilize the dodecamers. Can an
alphfold model for the Zn be fit into that density? There is no mention of the role of the Zf in
stabilizing the dodecamer. How does this compare to the MCM protein assemblies?



The ZF domain for ComM is predicted with very low confidence by AF2 or AF3. So we could
not dock any reliable structure prediction of this part of the protein in the map. The size of
the density fits well with a domain of this size.

As described in the discussion, the dodecamerisation of MCM and ComM happens in
opposite interfaces (ATPase domain for ComM and N-terminal domain in MCM).

11.Line 221. This sentence is awkwardly worded.
Corrected.

12. Figure 3b and e. Please label 3' and 5' ends of DNA. It is hard to see the labels for RL1,
H2I, Ps1B in these figures. The loops could be colored as in Supp Figure 5d to improve
presentation. Where is A329 and A330 that are discussed (line 289)?

We now provide a new version of the figure in which the 5' and 3' ends of the DNA are
labelled in some panels.

13. Line 268. Discussion of DNA contacts from G222 and R224. Is there a helix dipole-
phosphate backbone interaction worth mentioning here?
Sorry, we do not understand what interactions the referee #3 is referring to.

14. Line 278. Is wording this passage "consistent with" more appropriate than "confirming"
that ATP hydrolysis results in DNA release?
This has been corrected accordingly.

15. Line 295. The use of "lagging strand" terminology is confusing, at least to this referree.
Maybe if you had a schematic of the DNA-protein complex with strands labeled to identify
the strands this would be less confusing. Even so, lagging strand does not make sense?
Referee #1 also asked us to correct this. We now changed to a nomenclature based on the
polarity of the DNA relative to the hexamer.

16. Figure 5a. It is difficult to see the interactions mediated by R301. A zoomed in interaction
showing distances of R301 to E239 or E76 would be informative, and support the discussion
better.

We modified the figure 5 accordingly.

17. Line 613. Methods. Please report the molar concentration of the hexamers used for
RadA and Comm. What is the molar ratio of protein to nucleic acid used for complex
formation?

Done

18. Line 619. Vitrobot not Vitroblot.
This is now corrected.



1st Revision - Editorial Decision 19th Aug 2024

Dear Remi,

Thank you for submitting a revised version of your manuscript. | sincerely apologise for the protracted assessment process due
to delays in referee report submission. We have now received input from two of the original reviewers, who find that their
previous concerns have been addressed satisfactorily. Therefore, there now remain only a few editorial points that need
addressing before | can extend official acceptance of the manuscript:

1. Please submit up to five keywords.

2. Please check that the funding information is correct and identical both in the manuscript and our online system.

3. Please submit a complete author checklist, which you can download from our author guidelines
(https://www.embopress.org/pb-assets/embo-site/ EMBO%20Press%20Author%20Checklist-1642513524327 .xIsx). Please insert
information in the checklist that is also reflected in the manuscript. The completed author checklist will also be part of the
Review Process File.

4. We are missing the ORCID iD for the co-corresponding author Patrice Polard. In order to link the ORCID iD to the account in
our manuscript tracking system, the author in question has to do the following:

- Click the 'Modify Profile' link at the bottom of your homepage in our system.

- On the next page you will see a box halfway down the page titled ORCID*. Below this box is red text reading 'To Register/Link
to ORCID, click here'. Please follow that link: you will be taken to ORCID where you can log in to your account (or create an
account if you don't have one)

- You will then be asked to authorise Wiley to access your ORCID information. Once you have approved the linking, you will be
brought back to our manuscript system.

Unfortunately, we cannot do this linking on the author's behalf for security reasons.

5. Please add a "Disclosure and competing interests statement" section. Further info:
https://www.embopress.org/page/journal/14602075/authorguide#conflictsofinterest.

6. Figures need to be cited in sequential order: e.g. Fig 2A is called out before Fig 1B, Fig 4E is called out before Fig 3C; there is
a callout for a Fig 1D (after Fig 3), which does not exist. Video 4 is called out before Video 3 and callout for Video 5 is missing.
Callouts for EV figures are missing.

7. The legends of the EV figures should be under the heading "Expanded View Figure Legends", and callouts/legend titles
should be updated to "Figure EV1" and "Figure EV2".

8. Supplementary videos are mentioned, but they are not uploaded. Please rename the movies into Movie EV1-EV6 and update
the callouts accordingly. The legends should be removed from the manuscript text file and zipped with each movie file. Further
information is available here: https://www.embopress.org/page/journal/14602075/authorguide#expandedview

9. In the Appendix, please add page numbers and a brief table of contents. Please update the nomenclature to Appendix Figure
S1, etc. and add the Appendix Figure and Table legends to the Appendix file.

10. In the Data Availability section, please add a resolvable links to the deposited datasets. More information about the format of
this section can be found here: https://www.embopress.org/page/journal/14602075/authorguide#dataavailability.

11. Our data editors have flagged the following issues in figure legends that need correcting:

- Please note that the figure panel EV 1f is not labeled in the manuscript - please correct.

- Please define the error bars in the legends of figures 5c, e.

12. Please upload the source data files for Figure 5 in one folder, labelled according to the corresponding figure panels to make
sure they are correctly assigned during the typesetting process.

13. 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) 3-4 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 image size is rather small and that text needs to be
readable at the final size. Please send us this information together with the revised manuscript.

Please let me know if you have any 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. | look forward to receiving the final
version.

With best wishes,

leva

leva Gailite, PhD
Senior Scientific Editor

The EMBO Journal
Meyerhofstrasse 1



D-69117 Heidelberg
Tel: +4962218891309
i.gailite@embojournal.org

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 (17th Nov 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:

| have read the revised manuscript by Fronzes and colleagues. | find that the manuscript is now sufficiently improved to warrant
publication.

The discussion of the RadA and ComM translocation mechanisms repeats points already made in the Results and could be
fruitfully made shorter.

Please review the text and figures carefully, there are several typos to correct. Also please consider having the manuscript
reviewed by a native-speaker colleague to improve the English, which is occasionally clumsy.
Referee #3:

The authors have extensively addressed the referee critiques.



2nd Authors' Response to Reviewers 6th Sep 2024

All editorial and formatting issues were resolved by the authors.



2nd Revision - Editorial Decision 20th Sep 2024

Dear Rémi,

Thank you for addressing most of the final editorial issues. | sincerely apologise for the delay in the processing of your
manuscript due to my absence from the office at the first half of September and the resulting backlog. | am now pleased to
inform you that your manuscript has been accepted for publication.

Before we forward your manuscript to the publishers, | would still need the information on the nature of the scale bars in figure
panels 5C and 5E - e.g., if they represent standard deviation of SEM. | can add this information in the figure legend for you.

I will also look into the synopsis text that you kindly provided and will let you know if any edits to the journal style are needed.

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 this contribution to The EMBO
Journal and congratulations on a nice study!

Best wishes,

leva

leva Gailite, PhD

Senior Scientific Editor
The EMBO Journal
Meyerhofstrasse 1
D-69117 Heidelberg

Tel: +4962218891309
i.gailite@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
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Molecular Systems Biology - Author Guidelines
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Reporting Checklist for Life Science Articles (updated January

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

Abridged gquidelines 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
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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
Newly Created Materials Information included in In which section is the information available? _
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?
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
number and or/clone number
- Non-commercial: RRID or citation
Information included in In which section is the information available?
ISR ) (R S EEES the manuscript? (Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)
Short novel DNA or RNA including primers, probes: provide the Yes ppendix St y Table 1 and e e M
sequences.
@l s Information included in In which section is the information available?
the manuscript? (Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)
Cell lines: Provide species information, strain. Provide accession number
in repository OR supplier name, catalog number, clone number, and/OR
RRID.
Primary cultures: Provide species, strain, sex of origin, genetic
modification status.
Report if the cell lines were recently authenticated (e.g., by STR profiling)
and tested for mycoplasma contamination.
Information included in In which section is the information available?
Experimental animals 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.
q Information included in In which section is the information available?
Plants and microbes the manuscrint? (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 Yes E. coli, S. maltophila, S. pneumoniae strains - Materials and Methods
available, and source.
Information included in In which section is the information available?
Human research participants the manuscrint? (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 Availabilty Section)
If your work benefited from core facilities, was their service mentioned in Yes Aknowledgements
the acknowledgments section?
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Study protocol

Information included in
the manuscript?

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

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.

Yes

Materials and Methods

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 Availabilty Section)

Include a statement about sample size estimate even if no statistical
methods were used.

Yes

Materials and Methods

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.

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

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

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

Materials and Methods and figure 5

Sample definition and in-laboratory replication

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

Legend - figure 5
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ethical regulations.
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required, explain why.
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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?
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pecific guidelines, established and endorsed through community initiatives. Journals have their own policy about
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Information included in
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For phase Il and Ill randomized controlled trials, please refer to the
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