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Conformational changes in the essential E. coli septal cell wall

synthesis complex suggest an activation mechanism



Reviewer #1 (Remarks to the Author): 

Dear Authors, 

Dear Editors, 

Thank you for inviting me to revise the manuscript by Britton et al. 

In this manuscript, the authors used the ColabFold (AlphaFold2) server to predict the structure of 

the core-complex of the bacterial divisome, a key megacomplex promotor of cell division, and a 

very promising antimicrobial target. Britton et al. predicted the structure of the core-complex of 

the E. coli divisome (FtsQLBWI) and subcomplexes. The authors interpret the predicted 

structure(s) and identify extensive interactions in four regions of the periplasmic domains (Lid, 

Pivot, Hub, and Truss). Later, the authors validate the architectural importance of these regions 

using molecular dynamics simulations, together with mutagenesis and single-molecule tracking 

microscopy. The results from these experiments lead to propose a mechanistic model of activation 

of the cell wall synthase sub-complex, formed by FtsW and FtsI, by the action of the regulatory 

proteins, FtsQ, FtsL, FtsB, and FtsN. 

In the last paragraph (Lines 474-476), the authors reveal that a cryo-EM structure of the 

FtsQLBWI core-complex has been elucidated by another group (REF 53). This structure, solved by 

Käshammer et al. (REF 53) at a resolution of 3.7Å, shows the architecture of FtsQLBWI from 

Pseudomonas aeruginosa, which shares an average similarity of about 50% with the E.coli 

FtsQLBWI complex. Unfortunately, the coordinates of this structure have not been released, 

although they have been deposited (PDB code: 8BH1). Thus, Britton et al. cannot compare the 

model predicted by AlphaFold2 with the cryo-EM structure by Käshammer et al. (REF 53). The only 

comparison that can be done at this point is to put side-by-side Figure 1C (this manuscript), and 

Figure 1E from REF53, which shows the cryo-EM structure. I was surprised to observe evident 

differences between the FtsQLBWI complex predicted by AlphaFold2 and the cryo-EM structure. 

For example, the conformations of all the periplasmic domains (FtsI, L, B, and Q), relative to the 

position of FtsW are strikingly different. In addition, folded regions observed in the AlphaFold2 

prediction, are 1) not folded in the cryo-EM structure, 2) are pointing in different directions, or 3) 

look entirely different. 

Given that the ultimate experimental validation of the model predicted by AlphaFold2 would be a 

cryo-EM structure of the FtsQLBWI core-complex, and that MD simulations are as reliable as the 

model that is used to run calculations, I find the manuscript by Britton et al. lacking strong high-

resolution experimental evidence that supports their mechanistic claims. I understand that the 

authors put a lot of effort into validating this predicted model using single-molecule tracking 

microscopy and mutagenesis analysis in live cells. However, these methods allow imaging at only 

very low resolution (not comparable to single particle cryo-EM methods) and can lead to 

misinterpretation, e.g. cell division defects can be caused by unrelated impaired cell processes, not 

necessarily by destabilisation of the identified interaction domains (Lid, Pivot, Hub, and Truss). For 

a reader unfamiliar with structural biology methods, this manuscript would seem to present strong 

mechanistic insight into how the FtsQLBWI core-complex works, but unfortunately, this is not the 

case. 

Taking into consideration 1) the alarming differences between the model predicted by AlphaFold2 

and the cryo-EM structure (REF 53), and 2) the lack of high-resolution methods behind the 

validation of the predicted model (e.g high-resolution structures, crosslinking analysis, biophysical 

assays with purified material, etc), I cannot recommend the publication of this manuscript in 

Nature communications, a journal that is known for publishing strong experimental evidence 

supporting mechanistic models. 

I would suggest that the authors wait for the coordinates of the cryo-EM structure to be released, 

or solve themselves cryo-EM structures of the core-complex and subcomplexes, and then together 

with MD simulations, single molecule tracking, assays with live cells, and other biophysical 

methods, revise and complete the experiments and conclusions presented here. 



Reviewer #2 (Remarks to the Author): 

Britton and coauthors use an interdisciplinary combining structure prediction, atomistic modelling, 

single-molecule imaging, and mutagenesis (both in silico and in vivo) to study protein-protein 

interactions formed by different membrane proteins: FtsW, FtsI, FtsQ, FtsL, FtsB, and FtsN. More 

specifically, in term of modelling, they have used Alpha Fold predictions combined with MD 

simulations to try to explain how the complex FtsWI can be regulated by other proteins FtsQ, FtsL, 

FtsB, and FtsN. They found that FtsQLB seemed to form a scaffold to maintain FtsWI in an upward 

position and removing the FtsQLB proteins resulted in a collapse of the FtsWI on the membrane. In 

function of the partner protein, Britton and coauthors identified changes at the different interfaces 

as well as conformational changes that the authors linked to different levels of 

activations/inactivations. 

It is an interesting study highlighting the importance of interactions of regulators of FtsWI to 

switch between different signaling states. This reviewer have thought several concerns that need 

to addressed. Especially, the modelling is based on an Alpha Fold prediction and the use of MD 

simulations seemed quite limited to discriminate between genuine and artefactual results. 

Major points: 

1- Authors embedded the protein into a membrane but then often hide this membrane which limits 

the understanding of the positioning of the transmembrane regions. It is especially striking on 

Movie S5 where the transmembrane helix of FtsQ seems to largely go outside the membrane 

position schematized by two black lines. So, it would be useful to at least display the position of 

the lipid polar groups to delineate this membrane. I also strongly encourage the authors to release 

coordinate files including the protein embedded into the membrane and not only the coordinates of 

the protein. 

2- Analyses of C-alpha seems a very simple measurement to get insights into protein-protein 

interactions. I would recommend going a bit further and really assess protein-protein interactions 

for all the residues at the different interfaces using distance matrices and h-bond analyses. This 

would also help the readers to really get a clear idea of the overall stability of the Alpha Fold 

model. 

3- for the collapsing of the protein, how much reproducible this collapse is ? Can you repeat this 

simulations 2-3 times to see if it is the same final structure or if there is a degree of flexibility ? Is 

there some interactions with the underlying lipids. How this collapse can be validated 

experimentally speaking ? 

4- Overall, I am not sure that 1 µs simulation is enough to really assess the stability of ans Alpha 

Fold model. Simulations using Anton supercomputer allowed simulating long timescale simulations 

(up to hundreds of µs see eg https://rupress.org/jgp/article/155/2/e202213085/213765/Gating-

and-modulation-of-an-inward-rectifier ), so simulating, at least for the FtsQLBWI, up to 5 µs would 

be useful to better assess the model stability. 

Reviewer #3 (Remarks to the Author): 

In Britton and Yovanno et al., the authors explore the molecular mechanism by which E. coli 

FtsQLB and FtsN activate PG synthesis by the FtsW-FtsI enzymatic complex using AlphaFold-based 

structural predictions, in vivo genetic and imaging analyses and molecular dynamics (MD) 

simulations. Specifically, they attempt to elucidate the following mechanistic points: a) the 

hierarchical order of activation by FtsQLBN components, b) the role of FtsQLB and FtsN – 

activating or inhibitory – in this process, and c) the conformational rearrangements that lead to 

enzymatic activation of FtsWI. 

To establish the order of activation, the authors carry out single-particle tracking experiments in 

cells, using methodology previously reported by the Xiao group, and show that FtsB has both slow- 



and fast-tracking populations i.e., that it is associated with both actively synthesizing and inactive 

complexes, respectively. Taken together with an earlier result that FtsN exhibits only slow-moving 

dynamics, this experiment suggests that regulation by FtsN occurs after that by FtsQLB, in the 

later stages of divisome assembly/activation. To resolve the regulatory roles of FtsQLB vs FtsN, 

the authors use AlphaFold-generated models to visualize the putative interaction interfaces 

between all the components and carry out MD simulations to evaluate the relative stabilities of 

different sub-complexes. They observe that the extended conformation of FtsI (presumably, an 

activated state) is destabilized when FtsWI is not bound by FtsQLB, suggesting that these 

components promote structural opening of FtsI. To probe the contributions of different interfaces 

to regulation, the authors carry out MD simulations, comparing WT dynamics with those of 

previously reported dominant-negative and superfission mutants in each region. In two instances 

computational analysis is complemented with experiments: the authors test the effect of several 

truncations in the Truss region on division (Fig. 2) and quantify the cellular dynamics of a 

superfission mutant in the Hub/AWI region (Fig. 3). From these data the authors conclude that 

FtsQLB partially activates FtsWI, leaving it in an autoinhibited state that requires further activation 

by FtsN. FtsN, in their model, accomplishes the final regulatory step, relieving inhibitory contacts 

and stabilizing the activated conformation of FtsWI. 

While this model seems reasonable, it does not explain earlier work albeit in a different organism 

showing that the presence of FtsQLB dramatically impacts polymerization activity of FtsWI, while 

further addition of FtsN has no effect (Marmont LS, Bernhardt, TG PNAS 2020). In summary, my 

main concern is that the AlphaFold models and simulations generated in this study are not 

sufficiently supported by experimental evidence. As a result, the validation of the proposed model 

largely relies on insights from earlier genetic work, as well as structural and mechanistic 

frameworks presented in recent pre-prints. 

Major concerns: 

1. The AlphaFold-generated structural predictions presented in the study and the proposed 

mechanistic models are not sufficiently supported by experimental or computational evidence. 

Notably, several earlier preprints explore a similar set of questions using AlphaFold (from the 

Senes group https://doi.org/10.1101/2022.10.30.514410), cryo-EM (from the Löwe group, 

https://doi.org/10.1101/2022.11.21.517367), and in vitro single-molecule imaging (from the 

Bernhardt, Loparo and Kruse groups, https://doi.org/10.1101/2022.11.07.515454). The cryo-EM 

structure of the FtsQLBWI complex from P. aeruginosa defines key interaction interfaces between 

all the components (with the exception of FtsN) and proposes a mechanism of activation, whereby 

contacts between FtsI and FtsQLB alter the conformation of FtsI. The single-molecule study 

establishes the mechanism of allosteric activation in the evolutionarily-related PG synthase from 

the Rod complex (RodA-PBP2), showing that structural rearrangement of PBP2 into an extended 

state serves as the ON-switch for enzymatic activation. 

The authors are asked to comment on how their findings fit into the context of these – and other – 

studies in the field, and to highlight novel mechanistic insights of their manuscript. 

2. Truncation analysis that probes the role of the beta-sheet sandwich in the stabilization of the 

FtsQLBI complex (Fig. 2) lacks key control experiments. For instance, the authors do not quantify 

expression levels of truncated constructs (e.g., via westerns) and do not include microscopy 

analysis showing cellular localization of truncated FtsI variants. In the absence of these data, it is 

unclear whether division activation/defects arise from differences in the cellular expression or 

localization of different variants or changes in binding/activity. It is also hard to interpret the 

seemingly self-contradictory results that truncation of the beta-sheet region for FtsL results in 

mislocalization of FtsL and cell division defects, while FtsI beta-sheet truncations promote division. 

3. For some mechanistic claims derived from AF models, there are no in vitro or in vivo 

experiments to complement MD simulations and to help validate the proposed mechanistic claims 

(Fig. 3-5). In general, it is hard to interpret MD simulations in the absence of mutational analysis 

coupled with either binding assays or co-localization imaging that can probe proposed changes in 

binding affinity directly. The MD simulation analysis itself is fairly limited, and it is not clear how 

some of the observed conformational changes contribute to binding/activity (as outlined in 



examples below). 

Fig. 3: To what extent does a 1 Å shift in the packing between FtsL and FtsI at the AWI interface 

contribute to the overall binding energy? 

Fig. 4: How much do local changes in the conformation of the FtsI anchor loop change substrate 

accessibility in the cavity of FtsW? 

Minor comments: 

1. The figures are hard to navigate: the authors could consider simplifying the cartoons and 

annotating them more explicitly, as well as using distinct colors for proteins that form close 

interfaces. 



Point-to-point Responses to Reviewers comments for Nature Communications manuscript

NCOMMS-22-53130-T: Conformational changes in the essential E. coli septal cell wall

synthesis complex suggest an activation mechanism

;_b S\QbYdi& gU italicized reviewers’ comments Q^T S_\_bUT _eb bUc`_^cUc Y^ R\eU(

Reviewer #1 (Remarks to the Author):

Dear Authors,

Dear Editors,

Thank you for inviting me to revise the manuscript by Britton et al.

In this manuscript, the authors used the ColabFold (AlphaFold2) server to predict the structure of 
the core-complex of the bacterial divisome, a key megacomplex promotor of cell division, and a 
very promising antimicrobial target. Britton et al. predicted the structure of the core-complex of 
the E. coli divisome (FtsQLBWI) and subcomplexes. The authors interpret the predicted 
structure(s) and identify extensive interactions in four regions of the periplasmic domains (Lid, 
Pivot, Hub, and Truss). Later, the authors validate the architectural importance of these regions 
using molecular dynamics simulations, together with mutagenesis and single-molecule tracking 
microscopy. The results from these experiments lead to propose a mechanistic model of 
activation of the cell wall synthase sub-complex, formed by FtsW and FtsI, by the action of the 
regulatory proteins, FtsQ, FtsL, FtsB, and FtsN.

We thank the reviewer for their concise summary and wish to clarify that we analyzed interfaces 
in coordinates obtained after 1-µs molecular dynamics simulations. We did not interpret the 
AlphaFold2 (AF2)-predicated structures directly. In Supplementary Fig. 3, we compared the 
structures before and after MD and showed that there are large conformational changes in the 
transpeptidase (TPase) domain of FtsI.  

In our revision, we showed the dynamics of this conformational change by plotting TPase domain 
tilt in Supplementary Fig. 25B.  

In the last paragraph (Lines 474-476), the authors reveal that a cryo-EM structure of the 
FtsQLBWI core-complex has been elucidated by another group (REF 53). This structure, solved 
by Käshammer et al. (REF 53) at a resolution of 3.7Å, shows the architecture of FtsQLBWI from 
Pseudomonas aeruginosa, which shares an average similarity of about 50% with the E.coli 
FtsQLBWI complex. Unfortunately, the coordinates of this structure have not been released, 
although they have been deposited (PDB code: 8BH1). Thus, Britton et al. cannot compare the 
model predicted by AlphaFold2 with the cryo-EM structure by Käshammer et al. (REF 53). The 
only comparison that can be done at this point is to put side-by-side Figure 1C (this manuscript), 
and Figure 1E from REF53, which shows the cryo-EM structure. I was surprised to observe 
evident differences between the FtsQLBWI complex predicted by AlphaFold2 and the cryo-EM 
structure. For example, the conformations of all the periplasmic domains (FtsI, L, B, and Q), 
relative to the position of FtsW are strikingly different. In addition, folded regions observed in the 
AlphaFold2 prediction, are 1) not folded in the cryo-EM structure, 2) are pointing in different 
directions, or 3) look entirely different.

Given that the ultimate experimental validation of the model predicted by AlphaFold2 would be a 
cryo-EM structure of the FtsQLBWI core-complex, and that MD simulations are as reliable as the 



model that is used to run calculations, I find the manuscript by Britton et al. lacking strong high-
resolution experimental evidence that supports their mechanistic claims. I understand that the 
authors put a lot of effort into validating this predicted model using single-molecule tracking 
microscopy and mutagenesis analysis in live cells. However, these methods allow imaging at only 
very low resolution (not comparable to single particle cryo-EM methods) and can lead to 
misinterpretation, e.g. cell division defects can be caused by unrelated impaired cell processes, 
not necessarily by destabilisation of the identified interaction domains (Lid, Pivot, Hub, and Truss). 
For a reader unfamiliar with structural biology methods, this manuscript would seem to present 
strong mechanistic insight into how the FtsQLBWI core-complex works, but unfortunately, this is 
not the case.

Taking into consideration 1) the alarming differences between the model predicted by AlphaFold2 
and the cryo-EM structure (REF 53), and 2) the lack of high-resolution methods behind the 
validation of the predicted model (e.g high-resolution structures, crosslinking analysis, biophysical 
assays with purified material, etc), I cannot recommend the publication of this manuscript in 
Nature communications, a journal that is known for publishing strong experimental evidence 
supporting mechanistic models.

I would suggest that the authors wait for the coordinates of the cryo-EM structure to be released, 
or solve themselves cryo-EM structures of the core-complex and subcomplexes, and then 
together with MD simulations, single molecule tracking, assays with live cells, and other 
biophysical methods, revise and complete the experiments and conclusions presented here.

IXQ^[c d_ 9b( ?Q^ AngUuc S_\\UWYQ\Ydi& gU _RdQY^UT dXU Sbi_':B cdbeSdebU _V dXU P. aeruginosa
;dcFA7K> S_]`\Uh Y^ Käshammer et al., BioRxiv, 2022( >^ bUSU^d TQic dXYc cdbeSdebU XQc RUU^
bU\UQcUT Vb_] U]RQbW_ Y^ dXU E97( IXU E97 U^dbi ^_dUc dXQd dXU cdbeSdebU gY\\ RU bU`_bdUT Y^
Nature Microbiology. 6c cX_g^ RU\_g& dXU cYTU'd_'cYTU S_]`QbYc_^ $Response Fig. 1A% _V dXU P.
aeruginosa ;dcFA7K> S_]`\Uh $\UVd%& E. coli ;dcFA7K> $]YTT\U% Q^T E. coli ;dcFA7K>C $Y^
S_]`\Uh gYdX dXU UccU^dYQ\ T_]QY^ _V ;dcC& bYWXd%& Q^T dXU S_bbUc`_^TY^W S_^dQSd ]Q`c
$Response Fig. 1B% TU`YSd Q \QbWU\i cY]Y\Qb _bWQ^YjQdY_^c Q^T Y^dUbQSdY_^c _V dXU VYfU `b_dUY^c Y^
dXU S_]`\Uh(

>^ _eb bUfYcY_^& Supplementary Fig. 25A S_^fUic dXYc Y^V_b]QdY_^ Q^T R_dX S_^V_b]Ubc QVdUb B9
Q^T S__bTY^QdUc V_b Ve\\ dbQZUSd_bYUc gY\\ RU ]QTU QfQY\QR\U d_ Q\\_g V_b S_]`QbYc_^c(

>^ bUfYcY_^& gU QTTUT Q cUSdY_^ $\Y^Uc .+/ d_ .-.% Q^T Supplementary Fig. 25 S_]`QbY^W dXU
Sbi_':B ]_TU\ _V dXU P. aeruginosa TYfYc_]U d_ S_^V_b]Ubc V_b E. coli ;dcFA7K> Q^T ;dcFA7K>C
QVdUb B9 dXQd gU QbWeU `b_fYTUc Y^cYWXd Y^d_ dXU b_\U _V ;dcC Y^ E. coli(

H`USYVYSQ\\i d_ QTTbUcc dXU S_^SUb^ _V dXU `XicY_\_WYSQ\ bU\UfQ^SU _V dXU 6;, `bUTYSdY_^ _V E. coli
;dcFA7K>& gU S_]`QbUT S_^V_b]QdY_^Q\ SXQ^WUc TUcSbYRUT Y^ Käshammer et al( RUdgUU^
`bUTYSdUT Q^T Uh`UbY]U^dQ\ cdbeSdebUc d_ Uf_\edY_^ _V E. coli ;dcFA7K> Vb_] dXU 6;, `bUTYSQdY_^
TebY^W B9( Käshammer et al( V_Sec _^ dg_ SXQ^WUc RUdgUU^ 6;,'`bUTYSdUT Q^T _RcUbfUT P.
aeruginosa TYfYc_]U cdbeSdebUc( IXUi bU`_bd Q dY\d _V k-*o ]UQcebUT Ri dXU Q^W\U V_b]UT RUdgUU^
;dc> QSdYfU'cYdUc Y^ `bUTYSdUT Q^T Uh`UbY]U^dQ\ cdbeSdebUc Q^T dXU ;dcK QSdYfU cYdU QVdUb Q\YW^]U^d
d_ ;dcK( KU _RcUbfU Q cY]Y\Qb dY\d UQb\i Y^ Q\\ cY]e\QdY_^c Q^T ]UQcebUT Q^ Q^W\U _V -o RUdgUU^ P.
aeruginosa 8bi_':B ;dcFA7K> Q^T E. coli ;dcFA7K> QVdUb 1-µs MD simulation (Supplementary 
Fig. 25A and 25B). Käshammer et al( Q\c_ TUcSbYRU Q SXQ^WU Y^ dXU Y^dUbVQSU RUdgUU^ dXU ;dc>
Q^SX_b T_]QY^ Q^T ;dcA& gXUbU ;dcA'Y^dUbQSdY^W bUcYTeUc Y^ ;dc>uc Q^SX_b T_]QY^ cXYVd Vb_]
bUcYTeUc ,*-r,*0 d_ bUcYTeUc ,*2r,+,( KU _RcUbfUT Q cY]Y\Qb S_^V_b]QdY_^Q\ SXQ^WU Y^ gXYSX





model due to missing density in cryo-EM data. The authors suggest that unresolved regions 
are flexible, and show that the FtsQ POTRA domain likely tilts down towards the membrane. 
This conformation differs from a published crystal structure (Käshammer et al ;YWebU H,9% Red
bUcU]R\Uc _eb _RcUbfQdY_^c( Deb B9 cY]e\QdY_^c S_^VYb] dXQd bUWY_^c e^bUc_\fUT Ri Sbi_':B
QbU V\UhYR\U _^ dXU 1-µs timescale (Supplementary Movie S3). 

(2) The orientation of the FtsI head and anchor-loop regions of the pedestal domain show the 
most significant differences between the P. aeruginosa cryo-EM and the conformations of our 
E. coli models following MD. We note that the addition of FtsNE stabilizes the FtsI head and 
anchor domains in conformations more closely resembling the P. aeruginosa complex. 

(3) FtsN is not included in the P. aeruginosa cryo-EM structure as Käshammer et al. bU`_bdUT dXQd
Yd gQc ^_d `_ccYR\U d_ `ebYVi cdQR\U E. coli ;dcFA7K>C S_]`\UhUc( We report modeled FtsN 
interactions with the FtsI head domain and in the hub region linking FtsI and FtsL. The 
modeled interface includes residues with known cell-division phenotypes for FtsI, FtsL, and 
FtsN. We further increased our confidence in the interface through analysis of sequence 
conservation and by finding similar interface predictions for FtsQLBN (in the absence of FtsWI) 
and FtsWIN (in the absence of FtsQLB) complexes (Supplementary Fig. S22).  

In the revision, we placed our proposed activation mechanism in the context of these comparisons 
and discuss potential limitations and further experiments (lines 520 to 544).

Reviewer #2 (Remarks to the Author):

Britton and coauthors use an interdisciplinary combining structure prediction, atomistic modelling, 
single-molecule imaging, and mutagenesis (both in silico and in vivo) to study protein-protein 
interactions formed by different membrane proteins: FtsW, FtsI, FtsQ, FtsL, FtsB, and FtsN. More 
specifically, in term of modelling, they have used Alpha Fold predictions combined with MD 
simulations to try to explain how the complex FtsWI can be regulated by other proteins FtsQ, FtsL, 
FtsB, and FtsN. They found that FtsQLB seemed to form a scaffold to maintain FtsWI in an upward 
position and removing the FtsQLB proteins resulted in a collapse of the FtsWI on the membrane. 
In function of the partner protein, Britton and coauthors identified changes at the different 
interfaces as well as conformational changes that the authors linked to different levels of 
activations/inactivations.

It is an interesting study highlighting the importance of interactions of regulators of FtsWI to switch 
between different signaling states. This reviewer has thought several concerns that need to 
addressed. Especially, the modelling is based on an Alpha Fold prediction and the use of MD 
simulations seemed quite limited to discriminate between genuine and artefactual results.

We agree with the reviewer that interpretation of the structural model based on AF2 predication 
and the use of MD simulations 

Major points:

1- Authors embedded the protein into a membrane but then often hide this membrane which limits 
the understanding of the positioning of the transmembrane regions. It is especially striking on 
Movie S5 where the transmembrane helix of FtsQ seems to largely go outside the membrane 
position schematized by two black lines. So, it would be useful to at least display the position of 
the lipid polar groups to delineate this membrane. I also strongly encourage the authors to release 
coordinate files including the protein embedded into the membrane and not only the coordinates 
of the protein.



We note that the bilayer is not constrained to be flat in our simulations (only needs to be 
continuous across periodic boundaries), so the abstract representation in Supplementary 
Movies S3-S5 is not always accurate.  

In the revision, we have QTTUT S__bTY^QdUc V_b Q\\ VY^Q\ S_^V_b]Ubc Y^S\eTY^W ]U]RbQ^U Qd_]c( >^
QTTYdY_^& Q\\'Qd_] dbQZUSd_bYUc QbU QfQY\QR\U Y^ dXU 6^d_^ TQdQ bU`_cYd_bi V_\\_gY^W `eR\YSQdY_^( We 
have modified Movie S4 to include the lipid polar groups. 

2- Analyses of C-alpha seems a very simple measurement to get insights into protein-protein 
interactions. I would recommend going a bit further and really assess protein-protein interactions 
for all the residues at the different interfaces using distance matrices and h-bond analyses. This 
would also help the readers to really get a clear idea of the overall stability of the Alpha Fold 
model.

>^ Fig. 1F& gU S_]`QbU dXU TYcdbYRedY_^ _V 8e'8e TYcdQ^SUc V_b ;dcK> Q^T ;dcFA7K> Y^ _bTUb d_

Y\\ecdbQdU Q^ Y]`QSd _V W\_RQ\ S_^V_b]QdY_^Q\ SXQ^WU _^ dXU cU`QbQdY_^ RUdgUU^ XiTb_`X_RYS
bUcYTeUc dXQd gUbU `bUfY_ec\i YTU^dYVYUT Qc cYW^YVYSQ^d( >^ _dXUb cSU^QbY_c& gU ecUT cYTU SXQY^
SU^dUb'_V'WU_]Udbi d_ aeQ^dYVi XiTb_`X_RYS `QS[Y^W& Q^T XiTb_WU^ R_^T VbUaeU^Si d_ aeQ^dYVi
XiTb_WU^ R_^TY^W Y^dUbQSdY_^c $e.g. Fig. 3A& 4A, 4B%(

>^ bUfYcY_^& gU XQfU S\QbYVYUT TUcSbY`dY_^c _V dXUcU _bTUb `QbQ]UdUbc d_ U]`XQcYjU dXQd dXUi QbU
ecUT d_ V_\\_g dXU Ti^Q]YSc _V S_^V_b]QdY_^Q\ SXQ^WU V_b Y^dUbVQSUc gYdX c`USYVYS XiTb_`X_RYS Q^T
XiTb_WU^ R_^TY^W Y^dUbQSdY_^c(

Regarding a more holistic view of protein-protein interactions, we found that an exhaustive global 
analysis of interactions was unwieldy. We opted to focus on observational analysis of the 
dynamics of interactions involving residues previously identified to have major cell-division 
phenotypes. We have investigated contact maps (see response to reviewer 1) and distance 
matrices as options to represent data and found that order parameters such as TPase domain tilt 
(Supplemental Fig. 25B) communicated conformational change more effectively. 

Regarding global H-bond analysis, our revision includes a supplementary data file showing 
trajectories of all hydrogen bonding interactions between complex subunits that occur in 50 ns or 
more of the final 500 ns of MD for all simulations. This makes it possible to examine hydrogen 
bonds that we did not highlight and, for example, to look at the H-bonding trajectory for FtsIQ266-

FtsWR60 that we show in Fig. 1F and describe by 8e'8e TYcdQ^SU Y^ Fig. S6(

3- for the collapsing of the protein, how much reproducible this collapse is? Can you repeat this 
simulations 2-3 times to see if it is the same final structure or if there is a degree of flexibility ? Is 
there some interactions with the underlying lipids. How this collapse can be validated 
experimentally speaking ?

IXU S_\\Q`cU _V ;dc> _^d_ dXU ]U]RbQ^U Y^ dXU ;dcK> cY]e\QdY_^ _SSebc bQ`YT\i gYdXY^
Q``b_hY]QdU\i ,** ^c $Supplementary Movie S4%( ;dc> dXU^ bU]QY^c Y^ dXU S_\\Q`cUT cdQdU V_b
dXU bU]QY^TUb _V dXU cY]e\QdY_^( 6\dX_eWX gU T_ ^_d [^_g dXU UhdU^d d_ gXYSX dXU S_\\Q`cU
_RcUbfUT Y^ _^U ;dcK> cY]e\QdY_^ Yc bU`b_TeSYR\U& gU ^_dU dXQd dY\dY^W _V ;dc> Y^ Q\\ cY]e\QdY_^c
Y^TYSQdUc dXQd UhdU^TUT ;dcK> cdbeSdebUc `bUTYSdUT Ri 6\`XQ;_\T, Q^T 6\`XQ;_\T'Be\dY]Ub QbU
e^cdQR\U( 6c ^_dUT Y^ bUc`_^cU d_ GUfYUgUb +& dXYc _RcUbfQdY_^ Yc S_^cYcdU^d gYdX P. aeruginosa
Sbi_':B TQdQ(



>^ dXU bUfYcY_^& gU cX_g dXU Ti^Q]YSc _V ;dc> IEQcU T_]QY^ dY\d V_b Q\\ cY]e\QdY_^c Q^T _RcUbfU Q
cY]Y\Qb\i bQ`YT& Red c]Q\\Ub dY\d d_gQbTc dXU ]U]RbQ^U V_b _dXUb cY]e\QdY_^ $Supplementary Fig.

S25B%( IXYc Yc Q\c_ S_^cYcdU^d gYdX `bUfY_ec TQdQ cX_gY^W dXQd ;dcFA7 `\Qic Q^ UccU^dYQ\ b_\U Y^
ce``_bdY^W dXU QSdYfYdi _V ;dcK>& Q^T gYdX TQdQ ^Ug\i bU`_bdUT Y^ _eb ]Q^ecSbY`d cX_gY^W dXQd ;dc7
Yc `Qbd _V dXU QSdYfU cE< ci^dXUcYc S_]`\Uh( 8bi_':B TQdQ V_b dXU ;dcK> `QbQ\_W G_T6'E7E,
$HZ_Td Ud Q\(& CQd( BYSb_& ,*,*% cX_gUT TYfUbcU S_\\Q`cUT S_^V_b]QdY_^c( IXec& cY^SU gU T_ ^_d
`bUTYSd dXQd ;dc> Y^ dXU QRcU^SU _V ;dcFA7 XQc Q e^YaeU S_\\Q`cUT S_^V_b]QdY_^& gU V_SecUT _^
cY]e\QdY_^c _V ;dcFA7K> fQbYQ^dc Q^T ;dcFA7K>C bQdXUb dXQ^ Uh`\_bY^W ;dcK> VebdXUb(

Regarding the potential interaction of FtsWI with the membrane, it is an interesting possibility that 
that FtsI may interact specifically with lipid head groups. However, due to the focused scope of 
the current work, we do not plan to investigate this question further.  

4- Overall, I am not sure that 1 µs simulation is enough to really assess the stability of an Alpha 
Fold model. Simulations using Anton supercomputer allowed simulating long timescale 
simulations (up to hundreds of µs see eg 
https://rupress.org/jgp/article/155/2/e202213085/213765/Gating-and-modulation-of-an-inward-
rectifier ), so simulating, at least for the FtsQLBWI, up to 5 µs would be useful to better assess 
the model stability.

KU QWbUU dXQd +'qc B9 Yc Y^ceVVYSYU^d d_ QccUcc cdQRY\Ydi gYdX bUc`USd d_ e^RY^TY^W _b e^V_\TY^W(

;_b dXYc bUQc_^& gU gUbU SQbUVe\ ^_d d_ ]Q[U S\QY]c Y]`\iY^W [^_g\UTWU _V dXU Ve\\ \Q^TcSQ`U _V

TYfYc_]U S_^V_b]QdY_^c Y^ UaeY\YRbYe]( KU ^_dU dXQd +** qc ]Qi cdY\\ ^_d RU ceVVYSYU^d d_ QTTbUcc

e^SUbdQY^di Y^ RY^TY^W cdQRY\Ydi( >]`_bdQ^d\i& gYdX_ed Q c`USYVYS Xi`_dXUcYc d_ dUcd& Yd Yc e^S\UQb

gXUdXUb QTTYdY_^Q\ cY]e\QdY_^ g_e\T bUfUQ\ ^Ug Y^V_b]QdY_^ ^_d SQ`debUT Y^ dXU +'qc cY]e\QdY_^(

AQcd\i& gU SebbU^d\i T_ ^_d XQfU Q^i Q\\_SQdY_^ _^ 6^d_^ V_b dXYc `b_ZUSd(

EbUfY_ec cdeTYUc XQfU cX_g^ dXQd ]_cd cYTUSXQY^ V\eSdeQdY_^c bUc`_^cYR\U V_b V_b]Y^W Y^dUbVQSUc
_SSeb _^ ^Q^_cUS_^T dY]UcSQ\Uc $Xdd`c4))T_Y(_bW)+*(+*0-)+(.3-./*.%( IXU XiTb_WU^'R_^TY^W
Q^Q\icYc $Supplemental Figs S16, 18, 19, and 20% Q^T dXU S_bbUc`_^TY^W dY]U dbQZUSd_bYUc

TU]_^cdbQdU dXQd XiTb_WU^ R_^Tc RbUQ[ Q^T bU'V_b] TebY^W +'qc cY]e\QdY_^c( IXUcU bUce\dc

ceWWUcd c_]U `\QcdYSYdi Y^ RY^TY^W Y^dUbVQSUc S_^cYcdU^d gYdX Q S_]`\Uh dXQd e^TUbW_Uc
S_^V_b]QdY_^Q\ SXQ^WUc( >]`_bdQ^d\i& gU gUbU bU\YUfUT d_ cUU dXQd ]QZ_b S_^V_b]QdY_^Q\ SXQ^WUc
gU _RcUbfUT Y^ Q\\ ;dcFA7K> cY]e\QdY_^c QbU bUV\USdUT Y^ Uh`UbY]U^dQ\ Sbi_':B TQdQ Qc Y^TYSQdUT
Y^ _eb bUc`_^cU d_ GUfYUgUb +(

>^ dXU bUfYcY_^& gU XQfU TYcSeccUT \Y]YdQdY_^c _V dXU B9 Q``b_QSX Q^T dXU `_ccYRY\Ydi _V VebdXUb
Uh`UbY]U^dc gYdX U^XQ^SUT cQ]`\Y^W ]UdX_Tc d_ Y^fUcdYWQdU VQSUdc _V dXU cicdU] dXQd QbU ^_d
QSSUccYR\U Ri Q\\'Qd_] B9 Qd UaeY\YRbYe](

Reviewer #3 (Remarks to the Author):

In Britton and Yovanno et al., the authors explore the molecular mechanism by which E. coli 
FtsQLB and FtsN activate PG synthesis by the FtsW-FtsI enzymatic complex using AlphaFold-
based structural predictions, in vivo genetic and imaging analyses and molecular dynamics (MD) 
simulations. Specifically, they attempt to elucidate the following mechanistic points: a) the 
hierarchical order of activation by FtsQLBN components, b) the role of FtsQLB and FtsN –
activating or inhibitory – in this process, and c) the conformational rearrangements that lead to 
enzymatic activation of FtsWI.



To establish the order of activation, the authors carry out single-particle tracking experiments in 
cells, using methodology previously reported by the Xiao group, and show that FtsB has both 
slow- and fast-tracking populations i.e., that it is associated with both actively synthesizing and 
inactive complexes, respectively. Taken together with an earlier result that FtsN exhibits only 
slow-moving dynamics, this experiment suggests that regulation by FtsN occurs after that by 
FtsQLB, in the later stages of divisome assembly/activation. To resolve the regulatory roles of 
FtsQLB vs FtsN, the authors use AlphaFold-generated models to visualize the putative interaction 
interfaces between all the components and carry out MD simulations to evaluate the relative 
stabilities of different sub-complexes. They observe that the extended conformation of FtsI 
(presumably, an activated state) is destabilized when FtsWI is not bound by FtsQLB, suggesting 
that these components promote structural opening of FtsI. To probe the contributions of different 
interfaces to regulation, the authors carry out MD simulations, comparing WT dynamics with those 
of previously reported dominant-negative and superfission mutants in each region. In two 
instances computational analysis is complemented with experiments: the authors test the effect 
of several truncations in the Truss region on division (Fig. 2) and quantify the cellular dynamics 
of a superfission mutant in the Hub/AWI region (Fig. 3). From these data the authors conclude 
that FtsQLB partially activates FtsWI, leaving it in an autoinhibited state that requires further 
activation by FtsN. FtsN, in their model, accomplishes the final regulatory step, relieving inhibitory 
contacts and stabilizing the activated conformation of FtsWI.

While this model seems reasonable, it does not explain earlier work albeit in a different organism 
showing that the presence of FtsQLB dramatically impacts polymerization activity of FtsWI, while 
further addition of FtsN has no effect (Marmont LS, Bernhardt, TG PNAS 2020). In summary, my 
main concern is that the AlphaFold models and simulations generated in this study are not 
sufficiently supported by experimental evidence. As a result, the validation of the proposed model 
largely relies on insights from earlier genetic work, as well as structural and mechanistic 
frameworks presented in recent pre-prints. 

Deb E. coli ;dcFA7K> ]_TU\ Yc Y^TUUT S_^cYcdU^d gYdX gXQd gQc _RcUbfUT Y^ Marmont et al., PNAS
2020 Y^ gXYSX dXU `bUcU^SU _V ;dcFA7 TbQ]QdYSQ\\i U^XQ^SUc dXU `_\i]UbYjQdY_^ QSdYfYdi _V ;dcK
Y^ dXU P. aeruginosa ;dcFA7K> S_]`\Uh( KU Q\c_ ^_dU dXQd Käshammer et al. bU`_bdUT
S_]`QbQR\U ;dcK QSdYfYdi V_b P. aeruginosa Q^T E. coli ;dcFA7K> S_]`\UhUc $dXU \QddUb Y^S\eTY^W
Q SXY]UbYS ;dcK>%( IXYc U^XQ^SU]U^d SQ^ RU Uh`\QY^UT Ri _eb _RcUbfQdY_^ dXQd ;dcFA7 cSQVV_\Tc
;dcK> Y^ Q cdQR\U& UhdU^TUT S_^V_b]QdY_^(

>d Yc Y^dUbUcdY^W dXQd dXU QTTYdY_^ _V ;dcC XQc ^_ VebdXUb UVVUSd d_ U^XQ^SU dXU P. aeruginosa
;dcFA7K> S_]`\Uh( 6c gU TYcSeccUT QR_fU Y^ bUc`_^cU d_ GUfYUgUb +& dXU P. aeruginosa
;dcFA7K> Sbi_':B Q^T _eb E. coli ;dcFA7K> ]_TU\c TYVVUb Y^ ;dc> XUQT T_]QY^ _bYU^dQdY_^ Q^T
;dc> Q^SX_b'\__` S_^V_b]QdY_^( IXU QTTYdY_^ _V ;dcC: cdQRY\YjUc dXU ;dc> XUQT T_]QY^ Y^ Q
S_^V_b]QdY_^ ]_bU S\_cU\i bUV\USdY^W dXQd _RcUbfUT Y^ P. aeruginosa ;dcFA7K>( KU QbWeU dXQd
TYVVUbU^SUc Y^ cUaeU^SU Q^T cdbeSdebU V_b ;dc> XUQT T_]QY^c Q^T ;dcC bUcYTeUc C'dUb]Y^Q\ _V
dX_cU RY^TY^W dXU XeR bUWY_^ ceWWUcd gXi ;dcC `\Qic Q c_]UgXQd TYVVUbU^d b_\U Y^ E. coli dXQ^ Y^
P. aeruginosa( ;dcC ]Qi `\Qi Q ]_bU UccU^dYQ\ b_\U Y^ dXU E. coli S_]`\Uh d_ ]UTYQdU
S_^V_b]QdY_^Q\ SXQ^WUc _V dXU ;dc> XUQT Q^T Q^SX_b T_]QY^c(

KU VUU\ dXQd dXYc TYcSeccY_^ Yc _fUb\i c`USe\QdYfU gYdX_ed QTTYdY_^Q\ Y^fUcdYWQdY_^& c_ gU V_SecUT
_^ ;dcC Y^dUbQSdY_^c Y^ dXU XeR bUWY_^ Q^T S_bbU\QdUT S_^V_b]QdY_^Q\ SXQ^WUc( =_gUfUb&
bUfYUgUbc ]Qi RU Y^dUbUcdUT Y^ c`USe\QdY_^ _^ dXYc `_Y^d( KU ceWWUcd dXQd TYVVUbU^SUc Y^ ;dc> XUQT
T_]QY^ Q^T ;dcC cUaeU^SUc ]Qi bUV\USd TYfUbWU^SU Y^ Y^dUbQSdY_^c RUdgUU^ dXU ;dc> XUQT T_]QY^&





The authors are asked to comment on how their findings fit into the context of these – and other 
– studies in the field, and to highlight novel mechanistic insights of their manuscript.

IXU HU^Uc Wb_e` $Craven et al., BioRxiv, 2022% ecUT 6\`XQ;_\T, d_ `bUTYSd dXU cdbeSdebU _V dXU E.
coli ;dcFA7K> S_]`\Uh& VY^TY^W bUce\dc Q``b_hY]QdU\i UaeYfQ\U^d d_ gXQd gU edY\YjUT d_ ReY\T B9
cicdU]c( IXU QedX_bc Uh`\_bUT X_g dXU `bUTYSdUT S_]`\Uh S_e\T RU bUS_^VYWebUT d_ V_b] Q
;dcOFA7K>P, TY`b_d_]UbYS S_]`\Uh& gXYSX gU TYT ^_d QTTbUcc Qc gU T_ ^_d XQfU Q ]_TU\ V_b B9
_b bU\UfQ^d Uh`UbY]U^dQ\ TQdQ d_ QTT( IXU HU^Uc Wb_e` Q\c_ SXQbQSdUbYjUT ]edQdY_^c Y]`QSdY^W
Sid_`\Qc]YS Q^T dbQ^c]U]RbQ^U Y^dUbQSdY_^c RUdgUU^ ;dcA Q^T ;dcK& gXYSX S_]`\U]U^d _eb
cdeTi Qc gU V_SecUT _^ dXU `UbY`\Qc]YS Y^dUbQSdY_^c Q]_^W dXU S_]`\Uh(

;_b dXU S_]`QbYc_^ gYdX dXU P. aeruginosa ;dcFA7K> Sbi_':B ]_TU\& `\UQcU cUU dXU bUc`_^cU
d_ GUfYUgUb +( 7bYUV\i& gU _RcUbfUT dXQd $+% dXU `b_dUY^'`b_dUY^ Y^dUbVQSUc Y^ S_]`\UhUc QbU \QbWU\i
cY]Y\Qb& $,% W\_RQ\ S_^V_b]QdY_^Q\ SXQ^WU $;dc> dY\dY^W bU\QdYfU d_ ;dcK& Supplementary Fig. 25A

Q^T 25B% dXQd XQ``U^c S_^cYcdU^d\i Y^ B9 S\_cU\i bUcU]R\Uc dXQd _RcUbfUT Y^ P. aeruginosa Sbi_'
:B S_]`QbUT d_ cdbeSdebU `bUTYSdY_^& Q^T $-% TYVVUbU^SUc Y^ ;dc> XUQT T_]QY^ Q^T Q^SX_b'\__`
S_^V_b]QdY_^c ceWWUcd TYfUbWU^SU Y^ dXU b_\U _V ;dcC( 6c dXU bUfYUgUb `_Y^dUT _ed& dXU Sbi_':B
cdbeSdebU cdeTi ceWWUcdc dXQd scontacts between FtsI and FtsQLB alter the conformation of FtsIt
Q^T gU ]UQcebUT Q cY]Y\Qb Q\dUbUT S_^V_b]QdY_^ d_ dXQd _RcUbfUT Ri Sbi_':B(

6c V_b S_]`QbYc_^ _V dXU E. coli ;cdFA7K> S_]`\Uh gYdX dXU T. thermophilus G_T6'E7E, S_]`\Uh
$Sjodt et al., Nat Micro, 2020%& Q^T dXU cY^W\U']_\USe\U ;G:I g_b[ $Shlosman et al., BioRxiv,
2022%& gU ^_dU dXQd dXUbU QbU dg_ ]QZ_b TYVVUbU^SUc( ;Ybcd& dXU `UbY`\Qc]YS T_]QY^ _V ;dc> Y^ _eb
]_TU\ b_dQdUc d_ dXU _``_cYdU TYbUSdY_^ _V E7E, Y^ dXU G_T6'E7E, SbicdQ\ cdbeSdebU
$Supplementary Fig. S5C%( IXYc TYVVUbU^SU gQc Q\c_ ^_dUT Y^ dXU Sbi_':B cdbeSdebU Ri
Käshammer et al. HUS_^T& Y^dUbQSdY_^ RUdgUU^ T. thermophilus G_T6 Q^T E7E, Yc ]UTYQdUT Ri
Q \__` Y^ E7E, dXQd Yc cYW^YVYSQ^d\i cX_bdUb Y^ E. coli ;dc> $Response Fig. 3%( I_WUdXUb& dXU
bU\UfQ^SU _V _RcUbfQdY_^c Y^ G_T6'E7E, d_ bUWe\QdY_^ _V ;dcFA7K> Yc e^S\UQb( 9YcSeccY_^ _V
]USXQ^Yc]c Y^f_\fY^W S_^V_b]QdY_^Q\ SXQ^WU RUdgUU^ S_]`QSd Q^T UhdU^TUT ;dc> S_^V_b]QdY_^c
gYdX Q^Q\_Wi d_ G_T6'E7E, TQdQ SQ^ RU V_e^T Y^ bUSU^d g_b[ Ri dXU HU^Uc Q^T A_gU Wb_e`c
$Craven et al., BioRxiv, 2022; Käshammer et al., BioRxiv, 2022%( KU TYT ^_d VY^T Q^idXY^W Y^ _eb
TQdQ d_ QTT d_ dXYc TYcSeccY_^(

>^ dXU bUfYcY_^& gU QTTUT dXUcU `_Y^dc Y^ dXU ]QY^ dUhd Q^T S\QbYVYUT bUVUbU^SUc d_ G_T6'E7E,
$\Y^Uc ,*0 d_ ,+,& .+/ d_ .-. Q^T 520 to 544%(







IXU S_]`edQdY_^Q\ Uh`UbY]U^dc bU`_bdUT Y^ Figs. 3–5 QY] d_ Y^fUcdYWQdU dXU ]_\USe\Qb Ti^Q]YSc
_V Y^dUbVQSUc YTU^dYVYUT Y^ `bUTYSdUT cdbeSdebUc Qc gU\\ Qc Q\\_cdUbYS \QbWU'cSQ\U S_^V_b]QdY_^Q\
SXQ^WU( KU QWbUU dXQd ]USXQ^YcdYS S\QY]c XY^WY^W _^\i _^ B9 g_e\T RU `b_R\U]QdYS( ;_b dXYc
bUQc_^& gU V_SecUT _^ TUcSbYRY^W Ti^Q]YSc Qcc_SYQdUT gYdX $+% QTTYdY_^ _V ;dcC& dQ[Y^W SQbU d_
fUbYVi S_^VYTU^SU Y^ Ydc `bUTYSdUT RY^TY^W Y^dUbVQSU& $,% ce`UbVYccY_^ ]edQdY_^c dXQd bUcSeU ;dcC
TU`\UdY_^& Q^T $-% Q T_]Y^Q^d ^UWQdYfU ]edQdY_^ dXQd S_e\T RU bUcSeUT Ri ;dcC _fUbUh`bUccY_^(

IXUbU QbU ]Q^i _RcUbfQdY_^c dXQd gU ]QTU Q^T TYT ^_d Y^S\eTU Y^ dXU ]Q^ecSbY`d RUSQecU gU
\QS[ UhQSd\i dXYc di`U _V SUbdQY^di Vb_] S_]`\Y]U^dQbi in vivo _b in vitro TQdQ _b Q ]_TU\ Y^S\eTY^W
ceRcdbQdU V_b UYdXUb ;dcK _b ;dc>( IXU bUce\dc Y^ Figs. 3–5 T_ ceWWUcd ]Q^i dUcdQR\U Xi`_dXUcUc(

>^ dXU bUfYcY_^& gU S\QbYVYUT TUcSbY`dY_^c _V ]USXQ^Yc]c Q^T gUbU SQbUVe\ d_ QTTbUcc \Y]YdQdY_^c
gXUbUfUb gU ]Q[U ]USXQ^YcdYS ceWWUcdY_^c \QS[Y^W in vivo _b in vitro Uh`UbY]U^dQ\ TQdQ $\Y^Uc
528 to 540)(

>^ gbYdY^W Q^T UTYdY^W dXU ]Q^ecSbY`d& gU dbYUT d_ Qf_YT S\QY]c bUWQbTY^W RY^TY^W QVVY^Ydi& Red gU
QWbUU dXQd c_]U _V dXUcU Q``UQb Y^ dXU ]Q^ecSbY`d $e.g. sVebdXUb cdbU^WdXU^Y^W 8'dUb]Y^Q\
Y^dUbQSdY_^c RUdgUU^ ;dc> Q^T ;dcFA7t `W 2 \Y^U +3.%( 6TTYdY_^Q\\i& c_]U TUcSbY`dY_^c _V SXQ^WUc
_RcUbfUT QbU e^^USUccQbY\i aeQ\YdQdYfU $e.g. s`QS[ S\_cU\i gYdX XiTb_`X_RYS bUcYTeUct `W 3 \Y^U
,/+%( B9 T_Uc ^_d TYbUSd\i `b_fYTU RY^TY^W VbUU U^UbWYUc V_b S_]`\UhUc _V dXYc cYjU& Q^T dXUbUV_bU
gU SQ^^_d UcdY]QdU X_g ]eSX dXU `QS[Y^W Y^ dXU cXYVd RUdgUU^ ;dc> Q^T ;dcA S_^dbYRedU d_ dXU
_fUbQ\\ RY^TY^W U^UbWi(

GQdXUb dXQ^ aeQ^dYVi RY^TY^W U^UbWi& Y^ dXU bUfYcY_^ gU aeQ^dYVYUT c_\fU^d QSSUccYR\U cebVQSU QbUQ
V_b XiTb_`X_RYS ;dcA bUcYTeUc Y^ _bTUb d_ aeQ^dYVi Y^SbUQcUT Y^dUbQSdY_^ Qd dXU ;dcA';dc> Y^dUbVQSU
W_Y^W Vb_] ;dcFA7K> d_ ;dcFA7K>G+01H d_ ;dcFA7K>C $\Y^Uc ,0/ d_ ,01 Q^T -0* d_ -0,%( KU
Q\c_ ^_dU dXQd Y]`QSdc _V S_^V_b]QdY_^Q\ SXQ^WU Qd dXYc Y^dUbVQSU QbU _RcUbfUT Y^ _`dY]Q\'`QdX
Q^Q\icYc& gXUbU ;dc>G+01H Q^T Uc`USYQ\\i dXU QTTYdY_^ _V ;dcC Y^SbUQcU dXU TU^cYdi _V _`dY]Q\ `QdXc
be^^Y^W Vb_] ;dcA d_ ;dcK dXb_eWX ;dc> $Fig. 5E%(

>^ dXU bUfYcY_^& gU XQfU Q\c_ S\QbYVYUT _eb \Q^WeQWU gYdX bUc`USd d_ Q\\ Q``QbU^d S\QY]c _V SXQ^WUc
Y^ RY^TY^W QVVY^Ydi d_ bUV\USd dXQd dXYc Yc c_]UdXY^W gXYSX _eb cY]e\QdY_^c SQ^^_d TYbUSd\i ]UQcebU(

Fig. 4: How much do local changes in the conformation of the FtsI anchor loop change substrate 
accessibility in the cavity of FtsW?

Deb ]_TU\ T_Uc ^_d S_^dQY^ Q ceRcdbQdU Q^T Yd Yc TYVVYSe\d V_b ec d_ QccUcc ceRcdbQdU QSSUccYRY\Ydi(
=_gUfUb& RQcUT _^ dXYc ceWWUcdY_^ gU d__[ Q^_dXUb \__[ Qd `_dU^dYQ\ ceRcdbQdU SQfYdYUc)SXQ^^U\c
Y^ ;dcK Q^T _RcUbfUT dXQd ;dcKM-13 UhXYRYdc Q S_^V_b]QdY_^Q\ SXQ^WU TebY^W B9 V_b ;dcK> Q^T
;dcFAG0+:7K> cY]e\QdY_^c dXQd ]Qi Y]`QSd ceRcdbQdU dbQ^cVUb Y^ S_]`\UhUc \QS[Y^W [Ui
Y^dUbQSdY_^c gYdX ;dcA( IXYc `_Y^d bUaeYbUc VebdXUb Y^fUcdYWQdY_^c(

Minor comments:

1. The figures are hard to navigate: the authors could consider simplifying the cartoons and 
annotating them more explicitly, as well as using distinct colors for proteins that form close 
interfaces.

>^ dXU bUfYcY_^ gU XQfU QTTUT S_\_b \QRU\c d_ UfUbi VYWebU V_b S\QbYdi Q^T Uh`Q^TUT dXU VYWebU
\UWU^Tc d_ UQcU ^QfYWQdY_^ _V dXU VYWebUc Y^ Q gQi dXQd ]QY^dQY^c UccU^dYQ\ TUdQY\ Q^T bU]QY^c
S_\_bR\Y^T VbYU^T\i(



Reviewer #1 (Remarks to the Author): 

I am pleased to note that the authors have now included a comparison to the cryo-EM structure of 

the P. aeruginosa FtsQLBWI. This addition enhances the confidence in the results and 

interpretation of the coordinates obtained at the end of the MD simulations with the AF2 models. 

The authors have addressed my previous concerns and adequately incorporated the new data into 

their analysis. Based on this, I recommend the publication of this manuscript in Nat. 

communications. 

Reviewer #2 (Remarks to the Author): 

Based on the authors answers, I still do not fully believe in their modelling and think it is still too 

speculative to be published in Nature Communications. Maybe a more focused journal focusing on 

modelling membrane protein would be a better place ? 

Reviewer #3 (Remarks to the Author): 

The authors have clearly tried to address the concerns raised in the first review. The new controls 

they have included alleviate some of the concerns regarding the effect of mutations on protein 

expression and localization. However, since there is no data that directly probe binding or activity 

the authors are limited in the ability to draw clear conclusions about the role of individual 

interfaces. Further acknowledging the experimental limitations of this study should be done prior 

to publication.
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REVIEWERS' COMMENTS 

Reviewer #1 (Remarks to the Author): 

I am pleased to note that the authors have now included a comparison to the cryo-EM structure 

of the P. aeruginosa FtsQLBWI. This addition enhances the confidence in the results and 

interpretation of the coordinates obtained at the end of the MD simulations with the AF2 models. 

The authors have addressed my previous concerns and adequately incorporated the new data 

into their analysis. Based on this, I recommend the publication of this manuscript in Nat. 

communications. 

We thank the reviewer for their comments.

Reviewer #2 (Remarks to the Author): 

Based on the authors answers, I still do not fully believe in their modelling and think it is still too 

speculative to be published in Nature Communications. Maybe a more focused journal focusing 

on modelling membrane protein would be a better place? 

We thank the reviewer for their comments and note that we have revised the discussion section 

commenting on limitations of our study. 

Reviewer #3 (Remarks to the Author): 

The authors have clearly tried to address the concerns raised in the first review. The new 

controls they have included alleviate some of the concerns regarding the effect of mutations on 

protein expression and localization. However, since there is no data that directly probe binding 

or activity the authors are limited in the ability to draw clear conclusions about the role of 

individual interfaces. Further acknowledging the experimental limitations of this study should be 

done prior to publication. 

We thank the reviewer for their comments. We agree that additional experiments perturbing 

divisome interfaces will add clarity to our understanding of divisome regulation. We have revised 

the limitations section of our discussion in light of these comments. 


