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responsible for cell death. 

Line 625 – 629: The authors hypothesis could be strengthened by looking at cells with decreased ObgE expression or
activity. If wildtype ObgE does indeed inhibit LpxA, decreasing ObgE expression should increase LPS levels. 

Reviewer #2 

(Remarks to the Author) 
Summary: 
In this manuscript [NCOMMS-24-04788-T] entitled “The essential GTPase ObgE regulates lipopolysaccharide synthesis in
Escherichia coli". Authors Dewachter et al. set out to study the lethality of E. coli K-12 strain BW25113 with ectopic
expression (increased gene dosage) of a dominant-negative variant of ObgE (referred as ObgE*). Results from
transcriptomic analysis were first presented and from which genes for making colanic acid as well as related components for
stress response sensing, rcs were reported to be upregulated. Next, using a bacterial L-form model, authors reported that the
mutant ObgE* affected cell division, following up with lysis of OM and IM sequentially via time-lapse recording under
microscope. These approaches provided inconclusive answers to the death mechanism of ObgE* expressing E. coli. To
gain insight of the underline science of lethality created by ObgE*, authors went to study the suppressors of E. coli
expressing ObgE*. Suppressor mutations were primarily found contained in LpxA (the enzyme catalyse the first step in
making Lipid-A in Raetz pathway). Following saturated genome-wide CRISPR-Cas mutagenesis, frequent mutations in
LpxA were identified to be contained in a region and were validated to rescue growth of the lethal strain, with additional
evidence generated that rescue could also be achieved via increased expression of LpxA. This prompted authors then to
further validate that the LPS production which was found to be reduced in the lethal strain with increased sensitivity to LpxC
inhibitor (compound targets enzyme for committed step of LPS synthesis). Subsequently, interactions between LpxA-ObgE-
WT were confirmed by bacterial two-hybrid assays and KD values of LpxA-ObgE-WT and LpxA-ObgE* were determined in
the presence of nucleotides. Additionally, the molecular ratio for protein complex unit were determined in vitro only for the
mutant ObgE*-LpxA. The ObgE*-nucleotide as a complex to inhibit LpxA was further studied. Lastly, authors performed
genome-wide CRISPRi screening in strains overexpressing WT-ObgE, albeit with no further exact mechanism deciphered.
Overall, this manuscript described a strong inhibitory effect of ObgE* (but not ObgE-WT) to LpxA by binding in high affinity in
its nucleotide bound state, which partly elucidated the lethality in cells overexpressing ObgE*. The methodology employed
in this work is appropriate which provides a relatively comprehensive data set. However, the reviewer feels that the main
conclusion that GTPase ObgE regulates LPS synthesis in E. coli lacks support based on data accumulated in this work, thus
seems to be overinterpreted. This is because although novel interactions between WT ObgE and LpxA were identified and
further characterised, effects in LPS synthesis as well as LpxA activity were not observed in any with overexpression of WT
ObgE. The main conclusion made seems to root from the observation based on the interaction between mutant ObgE* and
LpxA, which was known to be lethal. The authors could not rule out the possibility that the interaction between mutant ObgE*
and LpxA is a gain-of-function, hence not representing the WT ObgE function. Nevertheless, the report of the mechanism on
novel ObgE* variant in negatively affecting LpxA in a dominant manner is of scientific interest, as it provided an additional
investigation tool by genetic approach (in addition to chemical LpxC inhibitors) in studying LPS synthesis as well as
bacterial cell envelope. It also pointed out a new drug target (LpxA) to be investigated in the future. 

Overall, the manuscript was clearly written but parts of it are repetitive and verbose. Part of analysis especially those with
negative results could be summarised in short and be combined with other sections as they provided limited information in
gaining our understanding in the biological system. In addition, the results that authors reported, whether they are
consequences of or causes of the ObgE* lethality model, needs to be carefully interpreted to make sound scientific
conclusion. The reviewer feels that the conclusion drew from the interaction between mutant ObgE* and LpxA in explaining
the lethal phenotype of overexpressing ObgE* in E. coli was supported. However, the claim that WT ObgE has a role in
regulating LPS synthesis by interacting with LpxA is not backed up by the evidence presented and the biological role of
ObgE in interacting with LpxA thus remains unclear. 

Major Comments: 
1. Rcs response is generally activated upon cell envelope stress including LPS defects, this could then through signalling
pathways leads to the production of colanic acid (for which the biological role of its production is still not completely
understood) (PMID: 16166540). This is normally the consequence of stress induced and is the consequence for many
conditions with OM disruptions, rather than the cause of the problem. Thus, the presentation of analysing rcs and wca
deletions are not necessary. Author used suppressor studies found LpxA, a target which was then confirmed to be affected
by nucleotide-bound ObgE* and confirmed the LPS production defect. The reviewer thus feel that the text section of
transcriptomic analysis could be significant reduced to improve the conciseness of the main story by combining this section
with the suppressor study to support the impact on LpxA in making LPS by expressing ObgE*, which triggers broader
envelope stress response. 

2. Line 185-186: in a L-form model, ObgE* caused proliferation defect. It was reported that disruption of LPS synthesis by
mutating LpxC with reduced LPS production (PMID: 7002913) also have defects in cell division (PMID: 4887513). Authors
should combine the previous work and discuss. Nevertheless, these L-Form experiments provided limited mechanistic
insight of the ObgE* caused lethality, thus should be combined with the LpxA suppressor study as supportive evidence for
the reason stated above. 



3. Line 331-345: An LpxC inhibitor exhibited synergistic growth inhibition for overexpression of both WT ObgE and mutant
ObgE*, the CFU reduction is also observed when expressing WT ObgE (Figure 4C) Vs vector control. Therefore, author
suggests that WT ObgE, like the mutant ObgE* negatively regulates LPS synthesis. However, overexpression of ObgE were
discussed previously by the author (PMID: 28702018) have complicated growth defects like ObgE deletion strains.
Importantly, there were no differences observed in LpxA activity change and LPS change upon WT-ObgE expression.
Therefore, the reviewer feels that the conclusion of overexpression affects LPS synthesis based on the observation
[overexpression of ObgE caused increased sensitivity to LpxC inhibitor] could be an indirect effect and therefore weak. 

4. Figure 5F, the stoichiometry between ObgE* and LpxA were determined, have authors consider analysing the complex (if
they form in solution) between WT ObgE and LpxA? The reviewer also suggests crosslinking experiments followed by SDS-
PAGE immunoblot can be done to compare different complex to gain more information on the different contact. Limited
proteolysis could also be performed to probe the different protein-protein interfaces. 

5. In Figure B, mutant ObgE* inhibits LpxA activity when bound to nucleotide yet loses the inhibitory effect to LpxA variants
found in suppressors. However, WT ObgE (Figure S6) in multiple experimental repeats had no effects on LpxA activity.
Based on these results, it is unclear to what extent the observation made with the mutant ObgE* on LpxA activity applies to
the biological role of WT ObgE. The abnormal high affinity between ObgE* to LpxA (Table 2) might be a gain of function of
the ObgE*, and not for the WT ObgE. After all, the mutation causes lethality that is to be selected out. Therefore, the reviewer
feels such a claim [WT ObgE interacts with LpxA to regulate LPS synthesis] is an overinterpretation and may be misleading.
Examples of gain-of-function mutations in other proteins beyond their biological function could be found in other studies: 1) a
mutation (F332S) in WaaL (O antigen Ligase) had been reported previously to ligate PG precursor onto Lipid-A-core and
display PG on cell surface (PMID: 25551294). This does not apply to the biological relevant function of WaaL. 2), a dominant
mutation in MlaA* disrupts cell envelope and causes cell death, which was due to gain-of-function in mis-positioning PL to
the outer leaflet of OM rather than its biological relevant function in retrograde PL trafficking and OM asymmetry maintenance
(PMID: 26929379). Therefore, the reviewer suggests authors to rewrite their manuscript to better reflect objectivity. 

6. To gain insight in the biological relevance of studying this mutant, the reviewer suggests authors perform bioinformatic
analysis on both ObgE and LpxA broadly in different strains/species to check if such mutations exist in both LpxA and ObgE.

7. The reviewer found the last section of the CRISPRi experiments could be moved earlier in the section where LpxA
suppressors were described since these results provided with no further depth in our understanding in the biological
significance of LpxA and ObgE interaction. 

8. Line 622-631. As explained in 5, evidence generated does not conclusively support the claim that the WT ObgE-LpxA
interaction observed here is for regulation of LPS production. The observation based on ObgE*-LpxA interaction does not
necessarily apply for the WT ObgE-LpxA. LPS synthesis is mainly controlled at the committed step level targeting LpxC,
regulated by FtsH, LapC, LapB etc. It is unclear on the importance of having another regulation system as such to control
LPS synthesis at non-committed step LpxA. 

9. It might be interesting to investigate the detailed interface between mutant ObgE* and LpxA to design short peptide
derived therapeutics targeting LpxA in inhibiting bacterial growth. 

Minor comments: 

1. Line 68-69: The minimal structure of LPS is not KDO¬2-Lipid (IV)A, as waaA has been shown can be successfully deleted
without suppressor mutations, albeit cell grow at lower temperature (PMID: 19346244), therefore minimal structure of LPS for
the survival of Gram-negative bacteria is Lipid IV(A) precursors. 

2. Line 117-118: RcsF-dependent triggered colanic production is temperature dependent, please specify the temperature
under which the cells were grown for RNAseq analysis. 

3. Line 272: LPS inhibitor PF-04753229 is first mentioned here, please move the explanation of its molecular target here
from line 336. 

4. Line 321-329: The reviewer suggests reducing the length of this section to improve conciseness. Since restoration of O
antigen was not done in K-12, rather tested in another E. coli producing different Lipid-A-core and O antigen, hence modify
the wording in line 328-329: therefore “likely” not explain the toxic ObgE* phenotype. 

5. Line 351-352: Vector control was used as a baseline (normalized to be 1.00) to transform dataset therefore lost the data
variation for Vector control group. However, statistics were performed with multiple comparisons test against the vector
control group, which is inappropriate, as the standard deviation of this group is lost. 

6. Figure 7A, light grey colour on white background is hard to read, please consider changing to give better contrast. 

7. Line 528, This is misleading, these were observed when ObgE were ectopically over-expressed (Figure 4C). hence “this
GTPase, was shown to interact with LpxA in vitro and when supplied in excessive amount, can sensitise cells to LPS
inhibition.” 



8. Line 598: 1,000-fold not 1.000-fold 

Reviewer #3 

(Remarks to the Author) 
In the manuscript titled “The essential GTPase ObgE regulates lipopolysaccharide synthesis in Escherichia coli” Dewachter
et. al. describe a novel regulatory interaction between LpxA, the first enzyme in LPS biosynthesis, and ObgE, a conserved
GTPase. LPS biosynthesis is thought to be tightly regulated largely at the committed step in the pathway, which is catalyzed
by the enzyme that acts immediately downstream of LpxA. Recent work, however, has highlighted the potential for LpxA to
also serve as a regulatory node. Here, the Dewachter and colleagues characterize a previously isolated dominant lethal
allele of ObgE, ObgE*, and provide compelling genetic and biochemical evidence that this variant inhibits the activity of
LpxA to reduce LPS biosynthesis, thereby inhibiting growth. 

Overall, the work presented by Dewachter et. al. convincingly demonstrates that ObgE has the capacity to regulate LPS
biosynthesis at the level of LpxA, which is a critical enzyme in gram-negative bacteria whose regulation is poorly
understood. However, all of the presented experiments are performed in the context of artificial overexpression of ObgE* and
thus, the biological relevance of this regulation is unclear. The work would greatly benefit from some analysis or commentary
on the phenotypes associated with deletion/depletion of obgE. Specifically, are there any phenotypes that would be
expected to be associated with increased activity of LpxA (accumulation of LPS, increased resistance to PF-04753299,
stabilization of LpxC)? 

Aside from this major comment, I offer additional minor comments for the authors to consider: 

1.Given the conservation of LpxA and ObgE, is there evidence that this mechanism of regulation could be conserved in other
organisms? Does Alphafold predict an interaction between the proteins from other bacteria? 
2.Line 185-186 – “ObgE* negatively affects L-form growth and strongly inhibits their proliferation”. Please define how
“successful divisions” are defined in these experiments. 
3.Fig S2AB – it is challenging to interpret the reduction in ROS levels in the ObgE* background upon treatment with ROS
scavengers. This could be remedied by combining these two graphs and providing “N” values for each strain/condition. 
4.Line 270 – “Similarly, LPS synthesis is significantly decreased in E. coli lpxAR216C..” Can the authors comment on why
LPS levels appear reduced in the R216C mutant in fig S3C but not in S4A? 
5.Table 2 and figure 5 seem redundant. 
6.Table2/Figure 5 - Why was ObgE without any added nucleotide tested for its ability to interact with LpxA? 
7.Figure S5 – please label the regions of the lDDT plots that correspond to the LpxA/ObgE sequences. 
8.Line 417-418 – “Considering that in model 1 the G domain of ObgE*, which contains the K268I mutation, is involved in the
interaction with LpxA, we regard the latter model as the most biologically relevant” Should this be the former model? 
9.Lines 564-565 – “show that expression of only a small number of genes” this should be expression of a small number of
sgRNAs or altered expression of a small number of genes. Similarly for lines 568-569. 
10. Methods – oligo sequences used in the process of this study should be provided. 

Version 1: 

Reviewer comments: 

Reviewer #1 

(Remarks to the Author) 
As in the original report, Dewachter et al. provide good evidence that the toxicity caused by ObgE* is due to inhibition of
LpxA. While the revisions have addressed many of my concerns, I still find evidence suggesting that wildtype ObgE inhibits
the activity of LpxA to be conflicting. In support of the author's hypothesis, wildtype ObgE interacts with LpxA both in vivo and
in vitro. Furthermore, overexpression of ObgE increases sensitivity to an LpxC inhibitor, and this sensitivity can be
ameliorated by mutations that prevent interaction between ObgE* and LpxA (but not wildtype ObgE and LpxA). The authors
also show that decreasing ObgE expression can sometimes increase LPS levels, albeit only slightly. However, the authors
show that overexpressing wildtype ObgE does not decrease LPS levels and that wildtype ObgE does not inhibit LpxA
activity in vitro. Furthermore, the results of the author's CRISPRi screen show that reducing expression of LPS biosynthesis
genes actually improves fitness in cells overexpressing ObgE. This particular result directly contradicts what the authors
observe with the LpxC inhibitor. Both the LpxC inhibitor and sgRNAs targeting LPS biosynthesis genes should decrease
enzyme activity/expression, and one would expect these data to show similar results. The results would be more convincing
if the authors could identify a condition where wildtype ObgE strongly and consistently affects LPS and LpxA, much like
ObgE*. Otherwise, it is entirely possible that ObgE* is a neomorphic mutation that has gained new capabilities compared to
the wildtype (much like MlaA* and WaaL15, as mentioned by another reviewer). 

Major comments: 

Line 497-498: The authors show that the lpxA suppressor mutations do not affect the interaction between wildtype ObgE and



LpxA. However, the lpxA mutations can rescue the ObgE overexpression strain from the LpxC inhibitor. Can the authors
explain why they think the lpxA mutations rescue the sensitivity? 

Line 506-507: The effect of decreasing obgE expression on LPS levels is weak and is observed with only 2 out of the 4
sgRNAs. Are obgE levels decreased to the same extent with all four sgRNAs or is there a greater decrease with the sgRNAs
that show increased LPS levels? Would the authors expect similar results if targeting a known LPS inhibitor like LapB or
FtsH? 

Minor comments: 

Line 69 - 70: Here, the authors state that LpxA is not thought to be regulated. In line 612, the authors mention that LpxA is
regulated by RnhB and ppGpp. 

Figure 7E: The authors show that the lpxA point mutations do not rescue cells overexpressing ObgE* from the LpxC
inhibitor. In fact, two of these lpxA mutations appear to increase sensitivity. Can the authors explain why this may be the
case? 

Reviewer #2 

(Remarks to the Author) 
Upon revision, authors have provided more experiments in supporting their claim that wild-type ObgE interacts with LpxA
affecting LPS synthesis. Two additional experimental results (FIGURE 7E and 7F) are critical for the scientific field in
understanding this reported interaction between ObgE and LpxA. Figure 7E showed overexpression of ObgE in WT, but not
in two ObgE* suppressors, sensitises towards lpxC inhibitor, suggesting that the sensitisation to LpxC inhibitor by ObgE
overexpression is LpxA dependent, indirectly supporting the claim that WT ObgE interacts with LpxA to impact LPS
synthesis. Figure 7F showed that altering ObgE levels have effects on LPS levels. Since these two experiments are critical
in understanding ObgE function in regulating LPS synthesis by interacting with LpxA. The reviewer strongly suggests
including raw data of these two experiments with the manuscript. This could be raw CFU counts for Figure 7E, as shown in
Figure 7D across time points, or by serial dilution plating in the presence or absence of LpxC inhibitor. 
Please also include raw LPS images used for LPS quantification in Figure 7E. 

Reviewer #3 

(Remarks to the Author) 
The revised manuscript by Dewachter et. al. has added critical evidence to support their proposed model in which wt ObgE
regulates LpxA and have addressed all of my other previous concerns. 

Version 2: 

Reviewer comments: 

Reviewer #1 

(Remarks to the Author) 
I am satisfied with the additional experiments performed. These experiments provide further support for the authors
arguments. 

Reviewer #2 

(Remarks to the Author) 
Upon revision, the reviewer feels that previous requests have been addressed and additional MS data further supports the
interactions between ObgE and LpxA. The reviewer however still feels that this WEAK interaction originated from mutant
ObgE observations lacks biological significance/relevance and having a tendency to be interpreted as an artifact. Therefore,
the reviewer suggests with no further experiments, but insists modifications to the title to: "The essential GTPase ObgE bare
the potential to influence lipopolysaccharide synthesis in Escherichia coli", or similar to reflect their findings accurately.
Where appropriate, main text as well. 
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RESPONSE TO REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author):
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Figure 4E:
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Reviewer #2 (Remarks to the Author):

obgE lpxA

Reviewer #3 (Remarks to the Author):



REVIEWERS' COMMENTS

Reviewer #1 (Remarks to the Author):

I am sa sfied with the addi onal experiments performed. These experiments provide further support for
the authors arguments.

Again we want to express our gra tude to the reviewers who have helped to strengthen our
manuscript. We understand that all concerns have been addressed.

Reviewer #2 (Remarks to the Author):

Upon revision, the reviewer feels that previous requests have been addressed and addi onal MS data
further supports the interac ons between ObgE and LpxA. The reviewer however s ll feels that this WEAK
interac on originated frommutant ObgE observa ons lacks biological significance/relevance and having a
tendency to be interpreted as an ar fact. Therefore, the reviewer suggests with no further experiments,
but insists modifica ons to the  tle to: "The essen al GTPase ObgE bare the poten al to influence
lipopolysaccharide synthesis in Escherichia coli", or similar to reflect their findings accurately. Where
appropriate, main text as well.

In correspondence with the sugges on of the reviewer and editor, we have changed the  tle of
our manuscript. Throughout our manuscript, we have tried to make it clear that further research
is needed to firmly implicate ObgE in the regula on of LpxA ac vity under physiologically relevant
condi ons. We understand that by doing so, all concerns have now been addressed.




