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Reviewer #1 (Remarks to the Author): 

The manuscript by Silhavy and co-workers takes advantage of a Bam mutant in which a gain-of 

DRLAQGML KRQ?QGML GL @?K. ?JJMTP BCJCQGML MD QFC CPPCLQG?J @?K1 JGNMNOMQCGL& =FC OCPRJQGLE X@?K1

mutant displays lysis phenotype in stationary phase as a consequence of severe destabilization of 

QFC :9 ?LB CLSCJMNC ORNQROC& X@?K1 KRQ?LQ ACJJP PFMT ? PCSCOCJV OCBRACB :9;P JCSCJ ?LB PF?NC

defects, compared to the parental strain. While the total LPS content is comparable between 

X@?K1 KRQ?LQ ?LB N?OCLQ?J PQO?GL$ QFC 8;< NOMDGJC AF?LECP @CQTCCL QFC QTM PQO?GLP& 8VPGP

NFCLMQVNC$ EOMTQF BCDCAQP @RQ LMQ PF?NC GOOCERJ?OGQGCP MD X@?K1 KRQ?LQ ?OC PRNNOCPPCB @V

deletion of mlaA and pldA implicated in removing or destroying, phospholipids from the OM outer 

JC?DJCQ$ OCPNCAQGSCJV& =FCPC M@PCOS?QGMLP PREECPQ QF?Q GL X@?K1 KRQ?LQ NOCSCLQGML MD JVPGP

depends on the level of phospholipids at the OM outer leaflet. However, increased level of 

phospholipids at the OM outer leaflet does not rescue cell viability under osmotic shocks 

PREECPQGLE QF?Q :9 PQGDDLCPP GL X@?K1 XKJ?. XNJB. KRQ?LQ GP PQGJJ AMKNOMKGPCB& :SCO?JJ$ QFC

authors conclude that is the decreased OMPs level and the altered OMP network in the OM that 

mechanically destabilizes the OM pointing to an important role of the OM not only to the overall 

mechanical properties of the cell envelope but also in maintaining the cell shape. 

The manuscript nicely combines a very elegant genetic approach with advanced biophysical 

techniques to dissect the mechanical properties of the cell envelope and to understand at the 

molecular level the contribution of OM components/component network to the OM stiffness. 

My few comments are listed below: 

Lines 120-124 and Fig. 2B 

I understand that instantaneous growth rate indicates the increase in cell size in the time unit, 

what is not clear is how the coefficient of variation CV is calculated (it is not described in the figure 

legend nor in the Methods). From Fig. 2B it seems that instantaneous growth rate is significantly 

JMTCO GL QFC X@?K1 ACJJP AMKN?OCB QM QFC N?OCLQ?J @?K.2*+'7 ACJJP GOOCPNCAQGSC MD QFC 0>

N?O?KCQCO& <GELGDGA?LAC GP PFMTL @CQTCCL N?GOP MD X@?K1 ?LB @?K.2*+'7 TGQF ? EGSCL

morphology (CV) but not across pairs with different morphology (CV) as indicated in the text. Can 

the authors explain/comment? 

Lane 127 

Based on data reported in Fig. 2 the authors conclude that disrupting the BAM complex has a 

global effect on cell morphology. Have these morphology defects been observed in other Bam 

mutants as well? 

Line 159 and Figure 3AB 

All bamD deleted mutants, irrespective of the deletion of pdlA or mlaA, display an altered LPS 

profile. Can the authors comment? Do the authors know what is the chemical nature of these 

modifications? Is it possible that the alteration of the LPS profile observed in all bamD mutants 

also contributes to the lysis phenotype in stationary phase? In other words, can the author exclude 

that the observed LPS modifications may alter the mechanical properties of the OM? 

Line 194 Fig. S1C 

3GE <(0 PFMTP JVPGP GL PNCLQ KCBGRK MD X@?K1 JNU0('( XNBJ. ACJJP ?LB LMQ MD X@?K1 JNU0('(

XKJ?. ?P GLBGA?QCB GL QFC QCUQ&

Line 200 

=FC ?RQFMOP AJ?GK QF?Q GL QFC KRQ?LQP "XKJ?.$ XNJB. ?LB XKJ?.%XNJB.# QF?Q PRNNOCPP QFC JVPGP

NFCLMQVNC QFC JCSCJ MD :9;P BMCP LMQ AF?LEC AMKN?OCB QM QFC N?OCLQ?J X@?K1 KRQ?LQ& 5MTCSCO$

?P PFMTL GL 3GE& ).$ QFC XKJ?.$ XNJB. ?LB XKJ?.%XNJB. PRNNOCPPMO KRQ?LQP ?NNC?O QM F?SC ?L

increased level of BamA and OmpC/F. Only in the lpxC101 suppressor mutant the level of OMPs is 

AMKN?O?@JC QM QF?Q MD QFC N?OCLQ?J X@?K1 KRQ?LQ& 0?L QFC ?RQFMOP AMKKCLQ ML QF?Q-

Lanes 302-307 

Based on results shown in Fig. 2 and 4 the authors conclude that in wild type strains a stiff OM 

contributes to the maintenance of cell shape and prevents the development of irregular shapes. 

0?L QFC ?RQFMOP CUAJRBC ;4 OCKMBCJGLE GL QFC X@?K1 KRQ?LQ ?LB GQP BCOGS?QGSCP GL OCPNMLPC QM

the OM alterations as a factor contributing to irregular cell shapes? 



Minor comments 

Figure 2: there are 2 panels named “D”, one should be “E”. 

Table S1 appears to be missing in the supplemental material. 

Line 194 

“spend media” should be “spent medium” 

Line 202 

“modified” should be “decreased” 

Lines 229, and 232 

Fig. 5B should be Fig. 4B 

Line 293 

Fig. 5 should be Fig. 4 

There is no reference in the text to Fig. 5 (Model of OM destabilization in bamD deleted cells) 

Reviewer #2 (Remarks to the Author): 

In this article, the authors take advantage of the fact that BamD is non essential in bamAE470 

cells to investigate the impact of bamD deletion on cellular physiology. They found that deleting 

bamD impacts cell growth and causes cells to lyse during stationary phase or when resuspended in 

spent medium. bamD deletion also decreases OM integrity and alters cell shape. Using 

microfluidics and monitoring the release of fluorescent markers, the authors also show that the OM 

ruptures before the IM. As expected, bamD deletion was also found to decrease the levels of 

OMPs, altering OM composition. It is generally considered that when OMPs levels are down, 

phospholipids accumulate in the outer leaflet of the OM to fill the voids. Accordingly, the authors 

found that deleting pldA, a phospholipase that degrades phospholipids, and mlaA, a component of 

the mla system that transports phospholipids from the OM to the IM, abolished lysis. Deleting pldA 

and introducing the lpxC101 allele (which decreases LPS synthesis) also prevented lysis. 

Interestingly, the authors found that rescue was not due to restored OMP levels but rather to 

increased phospholipids levels in the OM. Phospholipids accumulation in the OM does not however 

restore cell shape or OM mechanical integrity. 

Overall, the paper is nicely written and interesting. Here are my comments: 

1-the authors should discuss why cells specifically lyse in stationary phase. 

2-AsmA proteins have been shown to transport PLs to the OM. What is the impact of asmA 

BCJCQGML GL QFC W@?K1 KRQ?LQ-

3-why do the authors think that filling the voids when OMPs are down necessarily involves flipping 

phospholipids from the inner leaflet to the outer leaflet: one could fill the voids with LPS in the 

outer leaflet and PL in the inner leaflet. Could the authors comment on that? (I agree that the 

results obtained by deleting mlaA and pldA provide indirect evidence for the accumulation of PLs in 

the outer leaflet) 

4- To support their main claim, could the authors compare the proportion of PLs in the outer leaflet 

of the OM with or without bamD? One option could be to perform AFM-scanning to detect PLs 

islands, like in Benn et al. 

5. What are we looking at in Fig.3A and B? Log or stat phase protein content? see lanes 154-155. 



6-Line 285: how do they know flipping happens slowly 

7-How do the authors explain the accumulation of modified LPS in Fig. 3B. Do these forms 

accumulate in the IM? 

8-It would be interesting to test the OM in bamA101 cells, in which OMP levels are also down. The 

OCPRJQP PFMRJB @C JGIC QFMPC DOMK W@?K1 ACJJP& .L?JVPGLE W@?K/ ACJJP$ GL TFGAF K?HMO :9;P ?OC

down, but not LptD and BamA, would also be interesting to further test the model. 

,%TF?Q ?@MRQ QFC JCSCJP MD 8NM. ?LB 8NM/ GL W@?K1 ACJJP- 6D QFCV ?OC BMTL$ QFGP AMRJB ?JPM CUNJ?GL

the cell shape defects. 

10-Lanes 229 and 232: Fig 4B instead 5B 



REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author): 

The manuscript by Silhavy and co-workers takes advantage of a Bam mutant in which a gain-of 

function mutation in bamA allows deletion of the essential bamD lipoprotein. The resulting 

Z43?% ?GF3@F 6;EB>3KE >KE;E B:7@AFKB7 ;@ EF3F;A@3DK B:3E7 3E 3 5A@E7CG7@57 A8 E7H7D7

67EF34;>;L3F;A@ A8 F:7 .- 3@6 7@H7>AB7 DGBFGD7T Z43?% ?GF3@F 57>>E E:AI 3 E7H7D7>K D76G576

OMPs level and shape defects, compared to the parental strain. While the total LPS content is 

5A?B3D34>7 47FI77@ Z43?% ?GF3@F 3@6 B3D7@F3> EFD3;@U F:7 ,/0 BDA8;>7 5:3@97E 47FI77@ F:7

FIA EFD3;@ET ,KE;E B:7@AFKB7U 9DAIF: 67875FE 4GF @AF E:3B7 ;DD79G>3D;F;7E A8 Z43?% ?GF3@F 3D7

suppressed by deletion of mlaA and pldA implicated in removing or destroying, phospholipids 

8DA? F:7 .- AGF7D >738>7FU D7EB75F;H7>KT 1:7E7 A4E7DH3F;A@E EG997EF F:3F ;@ Z43?% ?GF3@F

prevention of lysis depends on the level of phospholipids at the OM outer leaflet. However, 

increased level of phospholipids at the OM outer leaflet does not rescue cell viability under 

AE?AF;5 E:A5=E EG997EF;@9 F:3F .- EF;88@7EE ;@ Z43?% Z?>3" ZB>6" ?GF3@F ;E EF;>>

compromised. Overall, the authors conclude that is the decreased OMPs level and the altered 

OMP network in the OM that mechanically destabilizes the OM pointing to an important role 

of the OM not only to the overall mechanical properties of the cell envelope but also in 

maintaining the cell shape. 

The manuscript nicely combines a very elegant genetic approach with advanced biophysical 

techniques to dissect the mechanical properties of the cell envelope and to understand at the 

molecular level the contribution of OM components/component network to the OM stiffness. 

We appreciate the support and helpful comments of the reviewer! 

My few comments are listed below: 

Lines 120-124 and Fig. 2B 

I understand that instantaneous growth rate indicates the increase in cell size in the time unit, 

what is not clear is how the coefficient of variation CV is calculated (it is not described in the 

figure legend nor in the Methods). From Fig. 2B it seems that instantaneous growth rate is 

E;9@;8;53@F>K >AI7D ;@ F:7 Z43?% 57>>E 5A?B3D76 FA F:7 B3D7@F3> 43?"&PQM+ 57>>E ;DD7EB75F;H7 A8

F:7 $2 B3D3?7F7DT 0;9@;8;53@57 ;E E:AI@ 47FI77@ B3;DE A8 Z43?% 3@6 43?"&PQM+ I;F: 3 9;H7@

morphology (CV) but not across pairs with different morphology (CV) as indicated in the text. 

Can the authors explain/comment? 

As described in the Methods, we used the Matlab package Morphometrics to determine 

the longitudinal axis of each cell contour and measured the width at equally spaced 



locations along the cell length. The coefficient of variation (CV) of cell width is 

calculated for each individual cell as the standard deviation of width measurements 

along the rod-shaped cell body divided by the mean width. CV was used as an 

indicator of shape irregularity. We have added more details about this analysis in the 

Methods section (see lines 486-495). 

We agree that showing the significance of differences between morphology groups 

would be useful and have added those indications to Fig. 2B. 

Lane 127 

Based on data reported in Fig. 2 the authors conclude that disrupting the BAM complex has a 

global effect on cell morphology. Have these morphology defects been observed in other Bam 

mutants as well? 

Thank you for the interesting question. We quantified the morphology of two other 

mutants that alter the BAM complex, bamA101 *6- AbamB. Both mutants showed 

disrupted morphology compared with bamAE470K during log-phase growth, as indicated 

by the distribution of CV of cell width (see below), suggesting that disruption of the 

BAM complex generally perturbs cell shape regulation. We have included this plot in as 

Fig. S2A in the results section. 

Line 159 and Figure 3AB 





Thanks for pointing out this issue. There was a typo in the figure reference in lines 202-

204 (lines 194-195 in the manuscript before revision), which was supposed to reference 

Fig. S1B. We have fixed this error by switching panels B and C. (Note that this Figure 

has become Fig. S3). 

Line 200 

1:7 3GF:ADE 5>3;? F:3F ;@ F:7 ?GF3@FE WZ?>3"U ZB>6" 3@6 Z?>3"YZB>6"X F:3F EGBBD7EE F:7

>KE;E B:7@AFKB7 F:7 >7H7> A8 .-/E 6A7E @AF 5:3@97 5A?B3D76 FA F:7 B3D7@F3> Z43?% ?GF3@FT

)AI7H7DU 3E E:AI@ ;@ ';9T O"U F:7 Z?>3"U ZB>6" 3@6 Z?>3"YZB>6" EGBBD7EEAD ?GF3@FE

appear to have an increased level of BamA and OmpC/F. Only in the lpxC101 suppressor 

?GF3@F F:7 >7H7> A8 .-/E ;E 5A?B3D34>7 FA F:3F A8 F:7 B3D7@F3> Z43?% ?GF3@FT $3@ F:7 3GF:ADE

comment on that? 

Thank you for your attention to detail! While it is true that the levels of BamA and 

OmpC/F slightly increased in the suppressor mutants, they did not return to wild-type 

levels, which was the comparison we intending to draw in the text. Hence, we believe 

that the suppression of lysis in the double mutant is due to the stabilized phospholipids 

in the membrane, instead of the slight increase in protein content. We have modified the 

text about this point (see lines 207-209). 

Lanes 302-307 

Based on results shown in Fig. 2 and 4 the authors conclude that in wild type strains a stiff OM 

contributes to the maintenance of cell shape and prevents the development of irregular shapes. 

$3@ F:7 3GF:ADE 7J5>G67 /( D7?A67>;@9 ;@ F:7 Z43?% ?GF3@F 3@6 ;FE 67D;H3F;H7E ;@ D7EBA@E7 FA

the OM alterations as a factor contributing to irregular cell shapes? 

Although we do not have any evidence pointing to PG remodeling, we agree that it is a 

87::2+4. .?84*6*;276 /79 ;1. *4;.9.- ,.44 :1*8. 26 ;1. AbamD mutant and its derivatives. 

If PG remodeling does occur and contributes to the irregular cell shapes, we propose 

that it is likely a downstream effect of a disrupted OM, which has very low stiffness in 

mutants carrying the bamD deletion. 

Minor comments 

Figure 2: there are 2 panels named “D”, one should be “E”. 

Thank you, we have fixed this error. 

Table S1 appears to be missing in the supplemental material. 

We apologize, we have now included Table S1. 



Line 194 

“spend media” should be “spent medium” 

Thank you, we have fixed the typo. 

Line 202 

“modified” should be “decreased” 

We have made this change. 

Lines 229, and 232 

Fig. 5B should be Fig. 4B 

Thank you, we have fixed this error. 

Line 293 

Fig. 5 should be Fig. 4 

We meant for this reference to be a callout to the model in Fig. 5. 

There is no reference in the text to Fig. 5 (Model of OM destabilization in bamD deleted cells) 

We have added reference to Fig. 5 in the discussion. 

Reviewer #2 (Remarks to the Author): 

In this article, the authors take advantage of the fact that BamD is non essential in bamAE470 

cells to investigate the impact of bamD deletion on cellular physiology. They found that deleting 

bamD impacts cell growth and causes cells to lyse during stationary phase or when resuspended 

in spent medium. bamD deletion also decreases OM integrity and alters cell shape. Using 

microfluidics and monitoring the release of fluorescent markers, the authors also show that the 

OM ruptures before the IM. As expected, bamD deletion was also found to decrease the levels of 

OMPs, altering OM composition. It is generally considered that when OMPs levels are down, 

phospholipids accumulate in the outer leaflet of the OM to fill the voids. Accordingly, the 

authors found that deleting pldA, a phospholipase that degrades phospholipids, and mlaA, a 

component of the mla system that transports phospholipids from the OM to the IM, abolished 

lysis. Deleting pldA and introducing the lpxC101 allele (which decreases LPS synthesis) also 





interpretation of the results complicated. Moreover, the deletion of asmA has been 

shown to impact LPS levels, further complicating the interpretation. While we 

appreciate the suggestion from the reviewer, we believe that further studies are needed 

to better understand the impact of asmA -.4.;276 26 ;1. AbamD mutant. 

3-why do the authors think that filling the voids when OMPs are down necessarily involves 

flipping phospholipids from the inner leaflet to the outer leaflet: one could fill the voids with LPS 

in the outer leaflet and PL in the inner leaflet. Could the authors comment on that? (I agree that 

the results obtained by deleting mlaA and pldA provide indirect evidence for the accumulation of 

PLs in the outer leaflet) 

Filling the voids with LPS in the outer leaflet is possible but requires an increase in LPS 

synthesis, which we did not observe (Fig. 3B). We think the results from the deletion of 

mlaA and pldA provide strong evidence for the translocation of PLs to the OM outer 

leaflet, since the direct effect of pldA deletion is to allow PLs to stay in the outer leaflet, 

which is required for the suppression of cell lysis (Fig. 3C,D). This interpretation has 

been used to support the above point in other published studies, such as Powers and 

Trent (2018) (ref. 18 in main text). 

4- To support their main claim, could the authors compare the proportion of PLs in the outer 

leaflet of the OM with or without bamD? One option could be to perform AFM-scanning to 

detect PLs islands, like in Benn et al. 

We appreciate the reviewer’s suggestion. However, we believe that AFM is not a 

suitable method for this purpose for two reasons. First, as demonstrated by Benn et al., 

when the OMP lattice network is disrupted, contrast is lost, meaning that non-network 

9.0276: ,*667; +. -2:;260<2:1.-B (.,76-C ;1. &% 7/ ;1. AbamD mutant is so fragile that 

AFM scanning would likely disrupt the membrane or even break it. 

5. What are we looking at in Fig.3A and B? Log or stat phase protein content? see lanes 154-

155. 

Fig. 3A,B focus on exponentially growing cells. Stationary phase protein content is 

difficult to interpret due to the contribution of lysing cells. We have now added this 

information to the figure legends as well. 

6-Line 285: how do they know flipping happens slowly 

The presence of PLs in the outer leaflet of the OM disrupts the permeability barrier, and 

the flipping of PLs from the inner to outer leaflet is not catalyzed by enzymes. 

Additionally, movement of the polar PL headgroup through the hydrophobic 





8-It would be interesting to test the OM in bamA101 cells, in which OMP levels are also down. 

1:7 D7EG>FE E:AG>6 47 >;=7 F:AE7 8DA? S43?% 57>>ET "@3>KE;@9 S43?# 57>>EU ;@ I:;5: ?3<AD

OMPs are down, but not LptD and BamA, would also be interesting to further test the model.  

Thanks for the interesting suggestion. We quantified the OM stiffness and log phase 

morphology of the bamA101 *6- AbamB mutants (see below) The plasmolysis/lysis 

assay showed that both mutants have a comparably stiff OM as bamAE470K, as indicated 

+@ :2524*9 -2:;92+<;276: 7/ G12 (length contraction from a turgid cell to a plasmolyzed 

,.44E *6- G23 (length contraction from a plasmolyzed cell to a lysed cell). This 

observation likely reflects that the extent of OMP reduction in both mutants are much 

4.:: :.=.9. ;1*6 26 ;1. AbamD mutant. Interestingly, both mutants showed disrupted 

morphology compared with bamAE470K during log-phase growth in a microfluidic flow 

cell, as indicated by the large tail in which CV>10%, suggesting that maintaining a stiff 

OM is not sufficient for cell width regulation. We have added these data as Figure S2. 

RYI:3F 34AGF F:7 >7H7>E A8 ,BA" 3@6 ,BA# ;@ S43?% 57>>EV *8 F:7K 3D7 6AI@U F:;E 5AG>6 3>EA

explain the cell shape defects.  

We have not specifically examined LpoA and LpoB levels, as we do not have any 

reason to expect them to be down. We agree that examining the levels of a variety of 

proteins that are associated with cell shape such as LpoA and LpoB could provide 

26:201; 26;7 4287897;.26 ,76;.6; 26 ;1. AbamD mutant and their connection to shape 

defects. Such an investigation would require substantial follow-up experiments that 

would be far beyond the scope of this study (which does not focus on the cell shape 

defects). We plan to follow up on this interesting question in future studies. 

10-Lanes 229 and 232: Fig 4B instead 5B 



Thank you, we have fixed this error. 


