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c-di-GMP inhibits the DNA binding activity of H-NS in

Salmonella



Reviewer #1 (Remarks to the Author): 

This is an an interesting manuscript that reports a new regulatory mechanism, and thus is 

potentially a good fit for Nature Communications. Essentially, it argues one key point, that a 

secondary messenger c-di-GMP directly binds to H-NS and H-NS-like proteins in Gram-negative 

bacteria and relieves xenogeneic silencing by interfering with H-NS binding to its target DNAs. The 

authors focus on T6SS in Salmonella, which is important for effector delivery into bacterial and 

eukaryotic cells, but H-NS and other NAPs control large numbers of genes, many of which are 

implicated in pathogenesis and responses to environmental signaling. 

The data are convincing, controls are in place, and approaches are rigorous. Classical genetic data 

indicate that c-di-GMP activates the T6SS expression in Salmonella, and that this activation is due 

to the relief of H-NS-mediated silencing. Based on docking, subsequently validated by 

mutagenesis, the authors conclude that H-NS directly binds c-di-GMP. Since this binding site 

partially overlaps with a well-defined DNA-binding interface, their findings that c-di-GMP interferes 

with H-NS-DNA interactions are not surprising, but are very well documented. 

The manuscript is overall well written, and figures are easy to follow. On the flip side, the 

manuscript is too long, and the figures are too many, in the end distracting from the main points. 

There are numerous redundancies throughout, and statements that lead nowhere, only add 

references. For example, starting on line 59 “RsmA acts as a negative translational regulator…ref 

17,18” – this is irrelevant for the current study. Along the same lines, the conclusions are 

presented in too many words. This is a straighforward and logical story, and the data speak for 

themselves – there is no need to explain every data point, figures exist for this purpose. The 

approaches are standard, for example published by the authors in Nat Comm 2022 paper on T3SS 

control, and do not require a lot of explanations. In my opinion, the authors should go through 

their manuscript, eliminate unnecessary statements, and simplify the necessary ones – from all 

sections, Abstract through Discussion. 

The same applies to figures, particularly in the Supplementary Data. There are many ITC figures, 

and they are unnecessary – ITC is not a novel method and, once shown (as in Fig. 3bc), these 

results should be summarized in a table (as done in Fig. 3f). Errors should be added to the table, 

and perhaps stoichiometry coefficients as well. 

General points that could benefit from explanation/clarification: 

The authors show that L-Arg and bile salts induce c-di-GMP production, but bile salts have a more 

potent effect. What is the reason to use both experimentally? 

The cellular concentration of c-di-GMP has been determined in Salmonella. The range needs to be 

stated. 

In Fig. 5, the authors compare genes that are controlled by H-NS and c-di-GMP. It is not surprising 

that c-di-GMP has many additional targets, as it binds to other proteins. But what can be inferred 

from the identity of genes uniquely controlled by H-NS, potentially independently from its DNA-

binding activity? 

In competition experiments, are E. coli cells dying (lysing) or simply fail to grow? And what is the 

reason to use DH5a? This is not a good example of a commensal gut bacterium. 

The authors show that V. parahaemolyticus, P. aeruginosa and P. putida also bind c-di-GMP, 

establishing this interaction as a general regulatory principle. Quite unexpectedly, however, the 

binding sites are not at all conserved, even if their importance is supported by experimental data. 

I think that more discussion of this point is warranted and perhaps analogous cases could be 

brought up. In general, given this diversity, I found the analysis of “other” H-NS silencers to be 

more distracting than helpful because it raises a long list of questions. 

Reviewer #2 (Remarks to the Author): 

This paper reports the important finding that c-di-GMP is a ligand that interferes with the H-NS 

protein’s ability to bind DNA. This discovery has implications for our understanding of the very 

many bacterial systems where H-NS-like nucleoid-associated proteins act to silence transcription. 

We must now take into account the possibility that the c-di-GMP second messenger is influencing 

their expression via modulation of the DNA binding activity of H-NS. 



As written, the key message of the paper concerning H-NS modulation by direct interaction with c-

di-GMP is submerged in a detailed story about type 6 secretion system (T6SS) gene regulation in 

Salmonella. Because far more investigators study H-NS than study Salmonella T6SS, the impact of 

the authors’ findings may be diminished if the report retains its current structure and title. Perhaps 

the authors could consider amending both to give more emphasis to the c-di-GMP and H-NS 

aspect? One might even be tempted to turn this report into two papers, one for a general journal 

such as Nature Comms on c-di-GMP binding to H-NS, and a separate paper for a microbial 

pathogenesis journal on T6SS regulation. 

Throughout the study, the experiments have been executed with great thoroughness. Appropriate 

controls are included, together with statements of reproducibility and, where required, statistical 

analysis of the data is provided. The authors place their findings in physiological context and 

consider their implications for our knowledge of Salmonella virulence and of competition with other 

gut microbes. However, there remain some surprising gaps in the investigation and the authors 

should be encouraged to address these prior to publication. 

One gap concerns the mechanism by which c-di-GMP affects H-NS activity. The paper contains 

copious data showing that the ligand interferes with H-NS binding to DNA. However, the reader 

will also want to know if c-di-GMP can displace H-NS from DNA. This requires experiments with H-

NS prebound to DNA targets that are treated with increasing concentrations of c-di-GMP. The point 

is important because we currently have two broad categories of interference with H-NS binding to 

DNA. One interference mechanism involves displacement of H-NS from DNA, usually by another 

DNA binding protein (PMID: 18757787) while the other mechanism involves inhibition of H-NS 

DNA binding activity while the H-NS protein is DNA-free. The Lon protease operates in this second 

way in Salmonella (PMID: 32209674). Could the Lon protease and c-di-GMP act to upregulate H-

NS-silenced silenced genes by contributing two independent modes of H-NS inhibition while the 

protein is off the DNA?. Both of these mechanisms have the effect of reducing the pool of DNA-

binding competent H-NS in the cell, increasing the probability that silenced genes will become 

transcribed. (They are distinct from mechanisms in which H-NS interaction with proteins of the 

Hha family influences DNA target selection by H-NS.) Some new EMSA experiments will allow the 

authors to test the c-di-GMP-dependent H-NS displacement hypothesis. 

A second gap arises because the authors do not seem to address the presence in Salmonella of 

StpA, a closely-related paralogue of H-NS, that is encoded by the chromosomally-located gene, 

stpA. Given the wide sweep of H-NS-like proteins that the authors have considered in their 

analysis, it seems strange that they have not mentioned this second H-NS-like protein in 

Salmonella. Of the five amino acids in Salmonella H-NS implicated in c-di-GMP binding that are 

highlighted in yellow in Fig 8c, two are not present in StpA. The tyrosine is replaced by 

phenylalanine and the valine by threonine. In the following alignment, the five amino acids are 

bracketed by spaces on either side to facilitate identification: 

H-NS(St) 91-AARPAKYS Y V D ENGET K TWTGQGR T-115 

StpA(St) 91-QPRPAKYR F T D FNGEE K TWTGQGR T-115 

Lysine K107 is present in both proteins. 

Given the ability of StpA to form heterodimers with H-NS, readers will be curious to know if c-di-

GMP can influence the binding of StpA to DNA, either as an StpA homodimer or as a heterodimer 

with H-NS. The heterodimer situation becomes even more complicated in Salmonella clinical 

isolates that have large plasmids expressing additional H-NS-like proteins (PMID: 20444106). 

There is considerable overlap between the regulons of genes controlled by StpA and H-NS and 

StpA has a key role in controlling the production of RpoS, a sigma factor whose gene can acquire 

compensatory mutations in hns knockout mutants (PMID: 19843227, PMID: 26631971). Indeed, 

the stpA gene is also prone to the acquisition of compensatory lesions when hns is disrupted 

(PMID: 25375226). Before branching out to a discussion of H-NS-like proteins in other bacterial 

species, perhaps the authors could make an assessment of StpA in Salmonella? 

Lines 168-170: In Salmonella, the Fur protein is a negative regulator of hns transcription (PMID: 



21075923, PMID: 22017966). The authors will need to adjust their description of the roles of the 

Fur and H-NS proteins in the control of T6SS gene expression to take into account this Fur-hns 

direct regulatory relationship. 

Lines 179-182: “Despite the lethality of the hns null mutation in S. Typhimurium strain ATCC 

14028s, S. Typhimurium strain LT2 has been shown to tolerate the hns mutation (15,26). 

Consistently, an hns deletion mutation was successfully constructed by the CRISPR-Cas9 system in 

strain SL1344.” Knockout mutations in the Salmonella hns gene are tolerated when compensatory 

mutations arise either in the rpoS gene or the phoPQ operon. Strain LT2 is already defective in 

expressing full levels of RpoS (the stress and stationary phase sigma factor of RNA polymerase) so 

it tolerates inactivation of hns because, genetically, it is ‘pre-compensated’. This is not the case 

with strain SL1344, used by the authors of the present study. Here, it is likely that the authors 

have isolated an SL1344 hns mutant that has compensatory lesions in either the phoPQ operon or 

the rpoS gene. This should be investigated because, if compensatory mutations are present, their 

data interpretation must be expanded to take into account the effects of these additional 

mutations. Both RpoS and PhoPQ exert widespread influence on the expression of Salmonella 

virulence genes, including many of the genes that the authors study in the present investigation. 

It should perhaps be mentioned that the K107A mutant H-NS can still be displaced from DNA by 

other mechanisms (e.g. the intervention of anti-repressor proteins). These mechanisms have been 

described in numerous bacterial systems (PMID: 18757787). 

Minor item 

Line 18, Gram-negative, not ‘gram-negative’ (Gram is a person’s name – Hans Christian Gram). 

Reviewer #3 (Remarks to the Author): 

This paper looks at the connection between the signaling molecule c-di-GMP and the DNA-binding, 

silencing factor H-NS in Salmonella. The authors argue that (i) c-di-GMP directly binds H-NS, 

preventing H-NS from binding DNA, (ii) high c-di-GMP levels lead to de-repression of H-NS-

silenced genes, (iii) de-repression of H-NS-silenced genes provides a fitness advantage because of 

increased Type VI secretion, and (iv) the functionally analogous MvaT protein from Pseudomonas 

is also bound and inhibited by c-di-GMP. These conclusions have major implications for our 

understanding of the role of c-di-GMP, and for how H-NS activity is modulated. The work is 

generally very thorough, and I have only one suggested experiment that would add an important 

control: 

- The authors should use ChIP-qPCR to test whether K107A H-NS binding is affected either by bile 

salts (or by a more direct modulation of c-di-GMP levels). 

Additional comments: 

1. I recommend moving Supplementary Figure 1 into Figure 1. 

2. Change “Relative gene expression” labels on rtPCR graphs to “Relative RNA level”. 

3. Data from Supplementary Figures 11 and 13 showing that the K107A H-NS mutant is unaffected 

by c-di-GMP are key to the main conclusions of the paper. I recommend moving these to the main 

figures. 

4. Many strains of LT2 are avirulent. Can the authors comment on the genotype of the strain they 

used? 

5. Are there RNA-seq data from Salmonella or Escherichia coli with altered c-di-GMP levels? If so, 

the authors could use those data as an independent test of their model, since H-NS-repressed 

genes are well characterized in these species. 

6. Can the authors comment on why increased c-di-GMP levels in the two tested Pseudomonas 

species has the same phenotype as deleting mvaT, despite the fact that MvaU would be expected 

to contribute to repression? Related to this, the authors should at least mention MvaU. 

7. Deletion of hns is lethal in other Salmonella strains and some other species, and leads to a 

growth defect in E. coli. Can the authors speculate on the impact of raised c-di-GMP levels on 



bacterial fitness, since their model indicates that high c-di-GMP levels would derepress all H-NS-

silenced genes? 

Reviewer #4 (Remarks to the Author): 

c-di-GMP is a widespread secondary messenger in bacteria, which regulates numerous different 

processes, e.g. related to the planktonic/biofilm life style, motility, pathogenicity and more. Over 

the last decades a number of different effector proteins have been identified that bind and thereby 

respond to c-di-GMP. In this study, the authors convincingly demonstrate that the highly 

conserved histone-like nucleoid structuring protein H-NS is, in fact, a c-di-GMP-binding regulator in 

Salmonella Enterica. The authors present in vitro and in vivo approaches that demonstrate direct 

c-di-GMP binding to H-NS and provide evidence that the c-di-GMP-binding site partly overlaps with 

the DNA-binding site of H-NS, so that DNA interaction of the protein is abrogated upon rising 

levels of c-di-GMP. In S. Typhimurium they show by RNAseq approaches that a number of factors 

are regulated by this mechanism, among them activation of a type VI secrection system (T6SS), 

which occurs upon exposure of the cells to signals such as bile acids. By mouse models they show 

that, in fact, the signaling cascade from bile acids to T6SS activiation likely functions via c-di-GMP 

and H-NS and provides an advantage in successful colonization of the host gut. They also present 

evidence that H-NS in other gammaproteobacteria such as Vibrio parahaemolyticus, Pseudomonas 

aeruginosa and P. putida binds and responds to c-di-GMP binding, so that this mechanism is likely 

highly conserved. 

The major and highly relevant finding that highly conversed H-NS serves as a c-di-GMP-binding 

regulator is convincing as it is supported by the results presented by the authors. The number of 

high-quality experiments is impressive and the manuscript is very well structured. I have only 

some minor comments with respect to this study. 

58, ‚RsmA acts as …‘; this passage does not really fit there and should be moved to somewhere 

else or could be omitted completely. 

153 and throughout manuscript, ‚significantly‘ could also be true to rather small differences. I 

suggest to at least sometimes mention the factor of changes (e.g. double, six-fold, ..) where 

apprpriate. 

173, Fig. 2a and throughout manuscript: There are many bar diagrams that provide complex sets 

of data. To make it a little bit easier for the reader, the authors may consider to add more 

information to the figure panels, e.g., already indicate in the panel which strain is used. 

233, please state that alanine substitutions were introduced. 

234, and general, it would be nice to see a presentation of the protein purifications to visualize the 

quality of the purification. It would also be nice if, for example, a SEC elution profile for the 

substitution variants could be presented to demonstrate that the structure of the mutated protein 

is preserved. 

259, is FLAG-H-NS functional? 

355, I would ask the authors to add a little bit of explanation here – who ist competing and under 

which conditions. 

389, strongly, better indicate a factor here (see above) 

390, Fig. S18 shows growth state-dependent, that should be mentioned here. 

456, please name the conserved residue 

Just as a final small remark: in basically all figures, axis labeling or the insets are sometimes really 



small and hard to make out in the PDF for reviewing. 
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Response to Reviewers

NT fXbW c^ QTVX] Qh cWP]ZX]V cWT U^da aTeXTfTab U^a cWTXa eTah bd__^acXeT P]S

R^]bcadRcXeT R^\\T]cb' @] cWT aTeXbTS \P]dbRaX_c% fT WPeT PSSaTbbTS P[[

R^]RTa]b Ua^\ cWT aTeXTfTab c^ ^da QTbc P]S W^_T ^da aTeXbX^] P]S

Tg_[P]PcX^]b R^d[S P]bfTa cWT aTeXTfTabs `dTbcX^]b' G[TPbT UX]S ^da STcPX[TS

aTb_^]bTb c^ TPRW ^U cWT R^\\T]cb QT[^f'

Reviewer #1 (Remarks to the Author):

KWXb Xb P] X]cTaTbcX]V \P]dbRaX_c cWPc aT_^acb P ]Tf aTVd[Pc^ah \TRWP]Xb\%

P]S cWdb Xb _^cT]cXP[[h P V^^S UXc U^a EPcdaT :^\\d]XRPcX^]b' <bbT]cXP[[h% Xc

PaVdTb ^]T ZTh _^X]c% cWPc P bTR^]SPah \TbbT]VTa R&SX&>DG SXaTRc[h QX]Sb c^

?&EJ P]S ?&EJ&[XZT _a^cTX]b X] >aP\&]TVPcXeT QPRcTaXP P]S aT[XTeTb

gT]^VT]TXR bX[T]RX]V Qh X]cTaUTaX]V fXcW ?&EJ QX]SX]V c^ Xcb cPaVTc ;E8b' KWT

PdcW^ab U^Rdb ^] K/JJ X] JP[\^]T[[P% fWXRW Xb X\_^acP]c U^a TUUTRc^a ST[XeTah

X]c^ QPRcTaXP[ P]S TdZPah^cXR RT[[b% Qdc ?&EJ P]S ^cWTa E8Gb R^]ca^[ [PaVT

]d\QTab ^U VT]Tb% \P]h ^U fWXRW PaT X\_[XRPcTS X] _PcW^VT]TbXb P]S

aTb_^]bTb c^ T]eXa^]\T]cP[ bXV]P[X]V'

Response: KWT PdcW^ab PaT eTah VaPcTUd[ U^a cWT _^bXcXeT UTTSQPRZ _a^eXSTS Qh

cWT aTeXTfTa% Pb fT[[ Pb cWT X]bXVWcUd[ R^\\T]cb P]S R^]bcadRcXeT bdVVTbcX^]b'

8b bdVVTbcTS% fT WPeT aTU^RdbTS cWT _P_Ta ^] cWT \PX] UX]SX]V cWPc R&SX&>DG

\^Sd[PcTb ;E8 QX]SX]V PRcXeXch ^U ?&EJ X] Salmonella'

KWT SPcP PaT R^]eX]RX]V% R^]ca^[b PaT X] _[PRT% P]S P__a^PRWTb PaT aXV^a^db'

:[PbbXRP[ VT]TcXR SPcP X]SXRPcT cWPc R&SX&>DG PRcXePcTb cWT K/JJ Tg_aTbbX^] X]

JP[\^]T[[P% P]S cWPc cWXb PRcXePcX^] Xb SdT c^ cWT aT[XTU ^U ?&EJ&\TSXPcTS

bX[T]RX]V' 9PbTS ^] S^RZX]V% bdQbT`dT]c[h eP[XSPcTS Qh \dcPVT]TbXb% cWT

PdcW^ab R^]R[dST cWPc ?&EJ SXaTRc[h QX]Sb R&SX&>DG' JX]RT cWXb QX]SX]V bXcT

_PacXP[[h ^eTa[P_b fXcW P fT[[&STUX]TS ;E8&QX]SX]V X]cTaUPRT% cWTXa UX]SX]Vb cWPc

R&SX&>DG X]cTaUTaTb fXcW ?&EJ&;E8 X]cTaPRcX^]b PaT ]^c bda_aXbX]V% Qdc PaT

eTah fT[[ S^Rd\T]cTS'
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Response: NT cWP]Z cWT aTeXTfTa U^a cWT bd__^acXeT P]S R^]bcadRcXeT

R^\\T]cb'

KWT \P]dbRaX_c Xb ^eTaP[[ fT[[ faXccT]% P]S UXVdaTb PaT TPbh c^ U^[[^f' F] cWT U[X_

bXST% cWT \P]dbRaX_c Xb c^^ [^]V% P]S cWT UXVdaTb PaT c^^ \P]h% X] cWT T]S

SXbcaPRcX]V Ua^\ cWT \PX] _^X]cb' KWTaT PaT ]d\Ta^db aTSd]SP]RXTb cWa^dVW^dc%

P]S bcPcT\T]cb cWPc [TPS ]^fWTaT% ^][h PSS aTUTaT]RTb' =^a TgP\_[T% bcPacX]V

^] [X]T .2 pIb\8 PRcb Pb P ]TVPcXeT caP]b[PcX^]P[ aTVd[Pc^anaTU *0%*1q o cWXb Xb

XaaT[TeP]c U^a cWT RdaaT]c bcdSh' 8[^]V cWT bP\T [X]Tb% cWT R^]R[dbX^]b PaT

_aTbT]cTS X] c^^ \P]h f^aSb' KWXb Xb P bcaPXVWU^afPaS P]S [^VXRP[ bc^ah% P]S

cWT SPcP b_TPZ U^a cWT\bT[eTb o cWTaT Xb ]^ ]TTS c^ Tg_[PX] TeTah SPcP _^X]c%

UXVdaTb TgXbc U^a cWXb _da_^bT' KWT P__a^PRWTb PaT bcP]SPaS% U^a TgP\_[T

_dQ[XbWTS Qh cWT PdcW^ab X] EPc :^\\ +)++ _P_Ta ^] K,JJ R^]ca^[% P]S S^

]^c aT`dXaT P [^c ^U Tg_[P]PcX^]b' @] \h ^_X]X^]% cWT PdcW^ab bW^d[S V^ cWa^dVW

cWTXa \P]dbRaX_c% T[X\X]PcT d]]TRTbbPah bcPcT\T]cb% P]S bX\_[XUh cWT

]TRTbbPah ^]Tb o Ua^\ P[[ bTRcX^]b% 8QbcaPRc cWa^dVW ;XbRdbbX^]'

Response: NT cWP]Z cWT aTeXTfTa U^a cWT X]bXVWcUd[ R^\\T]cb P]S

R^]bcadRcXeT bdVVTbcX^]b' NT WPeT T[X\X]PcTS d]]TRTbbPah bcPcT\T]cb P]S

bX\_[XUXTS cWT ]TRTbbPah ^]Tb Ua^\ P[[ bTRcX^]b X] cWT aTeXbTS \P]dbRaX_c'

KWT bP\T P__[XTb c^ UXVdaTb% _PacXRd[Pa[h X] cWT Jd__[T\T]cPah ;PcP' KWTaT PaT

\P]h @K: UXVdaTb% P]S cWTh PaT d]]TRTbbPah o @K: Xb ]^c P ]^eT[ \TcW^S P]S%

^]RT bW^f] #Pb X] =XV' ,QR$% cWTbT aTbd[cb bW^d[S QT bd\\PaXiTS X] P cPQ[T #Pb

S^]T X] =XV' ,U$' <aa^ab bW^d[S QT PSSTS c^ cWT cPQ[T% P]S _TaWP_b

bc^XRWX^\Tcah R^TUUXRXT]cb Pb fT[['

Response: NT cWP]Z cWT aTeXTfTa U^a cWXb X\_^acP]c _^X]c' 8b bdVVTbcTS% fT

WPeT bd\\PaXiTS @K: aTbd[cb X] P cPQ[T X] Figs. 2f, 3e, 4a P]S Supplementary

Figs. 10b, 13'

General points that could benefit from explanation/clarification:
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KWT PdcW^ab bW^f cWPc C&8aV P]S QX[T bP[cb X]SdRT R&SX&>DG _a^SdRcX^]% Qdc

QX[T bP[cb WPeT P \^aT _^cT]c TUUTRc' NWPc Xb cWT aTPb^] c^ dbT Q^cW

Tg_TaX\T]cP[[h7

Response: NT cWP]Z cWT aTeXTfTa U^a aPXbX]V cWXb X\_^acP]c `dTbcX^]' 8b Q^cW

C&PaVX]X]T P]S QX[T bP[cb WPeT QTT] aT_^acTS c^ X]SdRT R&SX&>DG _a^SdRcX^] X]

Salmonella X] _aTeX^db bcdSXTb #CX Tc P['% EPc :^\\d]' +)++% *,3//1-4 DX[[b Tc

P['% JRX JXV]P[' +)*.% 13aP.0$% fT dbTS cWTbT cf^ bdQbcaPcTb c^ ST\^]bcaPcT

cWPc T[TePcTS X]caPRT[[d[Pa R&SX&>DG [TeT[b X]SdRTS Qh SXUUTaT]c T]eXa^]\T]cP[

bXV]P[b RP] d_aTVd[PcT Tg_aTbbX^] ^U ?&EJ&aTVd[PcTS VT]Tb' KWT \^aT _^cT]c

TUUTRc ^U QX[T bP[cb cWP] C&PaVX]X]T \Ph QT PccaXQdcTS c^ cWTXa SXUUTaT]c

R^]RT]caPcX^]b dbTS Pb fT[[ Pb cWTXa SXUUTaT]c \TRWP]Xb\b c^ X]SdRT R&SX&>DG

_a^SdRcX^] X] Salmonella. 9X[T R^\_^]T]cb cPda^RW^[PcT P]S

cPda^ST^ghRW^[PcT fTaT bW^f] c^ X]RaTPbT R&SX&>DG R^]RT]caPcX^]b eXP

QX]SX]V c^ cWT bT]b^ah S^\PX] ^U cWT ;>: OTSH #CX Tc P['% EPc :^\\d]' +)++%

*,3//1-$% fWX[T C&PaVX]X]T fPb aT_^acTS c^ bcX\d[PcT cWT ;>: PRcXeXch ^U OTSH

X] P] X]SXaTRc fPh #DX[[b Tc P['% JRX JXV]P[' +)*.% 13aP.0$'

KWT RT[[d[Pa R^]RT]caPcX^] ^U R&SX&>DG WPb QTT] STcTa\X]TS X] JP[\^]T[[P'

KWT aP]VT ]TTSb c^ QT bcPcTS'

Response: NT cWP]Z cWT aTeXTfTa U^a cWXb X\_^acP]c _^X]c' 8b Xc Xb SXUUXRd[c c^

STcTa\X]T RT[[ e^[d\Tb% PQb^[dcT `dP]cXUXRPcX^] ^U cWT RT[[d[Pa [TeT[ ^U

R&SX&>DG Pb e^[d\TcaXR \^[Pa R^]RT]caPcX^] fPb _TaU^a\TS Qh P =I<K&QPbTS

R&SX&>DG QX^bT]b^a% fWXRW RWPaPRcTaXiTb cWT P\^d]c ^U R&SX&>DG X] [XeT

QPRcTaXP dbX]V \XRa^bR^_h ^a U[^f Rhc^\Tcah #DX[[b Tc P['% JRX JXV]P[' +)*.%

13aP.04 GTcTabT] Tc P['% Ga^R' EPc[' 8RPS' JRX' L J 8' +)*2% **/3/,,.&/,-)$'

?^fTeTa% cWT \TcW^S Xb R^\_[XRPcTS P]S SXUUXRd[c c^ \PbcTa% fWX[T cWT P\^d]cb

^U R&SX&>DG X] X]SXeXSdP[ RT[[b ePah VaTPc[h' @] cWT _aTbT]c bcdSh% fT PS^_cTS P

fXST[h dbTS aT[PcXeT `dP]cXcPcXeT \TcW^S P]S X]caPRT[[d[Pa [TeT[b ^U R&SX&>DG

PaT ]^a\P[XiTS c^ cWT ]d\QTa ^U QPRcTaXP[ RT[[b #8[\Q[PS Tc P['% EPc :^\\d]'

+)+*% *+3*21/4 CX Tc P['% EPc :^\\d]' +)++% *,3//1-$' 8b bdVVTbcTS% cWT
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P__a^gX\PcT R^]RT]caPcX^] aP]VT ^U R&SX&>DG X] Salmonella Pb STcTa\X]]TS

Qh cWT =I<K&QPbTS R&SX&>DG QX^bT]b^a WPeT QTT] VXeT] #Lines 193-194$'

@] =XV' .% cWT PdcW^ab R^\_PaT VT]Tb cWPc PaT R^]ca^[[TS Qh ?&EJ P]S

R&SX&>DG' @c Xb ]^c bda_aXbX]V cWPc R&SX&>DG WPb \P]h PSSXcX^]P[ cPaVTcb% Pb Xc

QX]Sb c^ ^cWTa _a^cTX]b' 9dc fWPc RP] QT X]UTaaTS Ua^\ cWT XST]cXch ^U VT]Tb

d]X`dT[h R^]ca^[[TS Qh ?&EJ% _^cT]cXP[[h X]ST_T]ST]c[h Ua^\ Xcb ;E8&QX]SX]V

PRcXeXch7

Response: NT cWP]Z cWT aTeXTfTa U^a cWXb eTah X]bXVWcUd[ _^X]c' @]STTS% X]

PSSXcX^] c^ Ud]RcX^]X]V Pb P aT_aTbb^a Qh QX]SX]V ;E8 SXaTRc[h% ?&EJ fPb P[b^

bW^f] c^ \TSXPcT VT]T Tg_aTbbX^] X]SXaTRc[h eXP aTVd[PcX]V Tg_aTbbX^] ^U

caP]bRaX_cX^] UPRc^ab #EPePaaT Tc P['% JRXT]RT' +))/% ,*,3+,/&+,1$ ^a X]cTaPRcX]V

fXcW Xcb Ud[[&[T]VcW ^a _PacXP[ _PaP[^VdTb bdRW Pb Jc_8% JUW% ?WP% OSVK% O\^8 ^a

?&EJK #Jc^TQT[ Tc P['% DXRa^QX^[^Vh% +))1% *.-3+.,,&+.-.$' =^a X]bcP]RT% cWT

?&EJ ^[XV^\TaXiPcX^] S^\PX] P[^]T RP] bX[T]RT Tg_aTbbX^] ^U b^\T VT]Tb eXP

X]cTaPRcX]V fXcW Xcb Ud[[&[T]VcW _PaP[^VdT Jc_8 X] E. coli #=aTT " ;^a\P]% A

9PRcTaX^[' *220% *0232)2&2*14 =aTT Tc P['% D^[ DXRa^QX^[' +))*% -+32),&2*0$'

F] cWT ^cWTa WP]S% fWX[T ST[TcX^] ^U hns R^\_[TcT[h PQ^[XbWTS cWT aT_aTbbXeT

TUUTRc ^U ?&EJ ^] Xcb cPaVTc VT]Tb% T[TePcTS X]caPRT[[d[Pa [TeT[b ^U R&SX&>DG

^][h _PacXP[[h aT[XTeTS cWT aT_aTbbXeT TUUTRc ^U ?&EJ' NWT] cWT bcPcXbcXRP[

bXV]XUXRP]RT cWaTbW^[S fPb bTc c^ p 5 )'). P]S j[^V+ U^[S&RWP]VTjx6x*% b^\T

VT]Tb d_aTVd[PcTS \^aT cWP] +&U^[S X] uhns MJ NK% Qdc d_aTVd[PcTS [Tbb cWP]

+&U^[S X] NK MJ NK#adrA$ fTaT XST]cXUXTS Pb VT]Tb d]X`dT[h R^]ca^[[TS Qh

?&EJ X] cWT _aTbT]c bcdSh'

@] R^\_TcXcX^] Tg_TaX\T]cb% PaT <' R^[X RT[[b ShX]V #[hbX]V$ ^a bX\_[h UPX[ c^ Va^f7

8]S fWPc Xb cWT aTPb^] c^ dbT ;?.P7 KWXb Xb ]^c P V^^S TgP\_[T ^U P

R^\\T]bP[ Vdc QPRcTaXd\'

Response: NT cWP]Z cWT aTeXTfTa U^a aPXbX]V cWXb X\_^acP]c `dTbcX^]' NWTcWTa

<' R^[X RT[[b PaT ShX]V #[hbX]V$ ^a UPX[ c^ Va^f Xb ST_T]ST]c ^] cWT Ud]RcX^] ^U
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K/JJ TUUTRc^a _a^cTX]b cWPc PaT ST[XeTaTS Qh Salmonella' Salmonella K/JJ

TUUTRc^a KPT- X]SdRTb QPRcTaXP[ [hbXb Qh R[TPeX]V cWT

v&;&V[dcP\h[&C&\Tb^&SXP\X]^_X\T[XR PRXS P\XST Q^]S ^U _T_cXS^V[hRP] P]S Xb

c^gXR fWT] Tg_aTbbTS X] E. coli #IdbbT[[ Tc P['% :T[[ ?^bc DXRa^QT' +)*+%

**3.,1&.-24 9T]i Tc P['% GC^J F]T' +)*,% 13T/0,/+$' KWdb% E. coli RT[[b RP] QT

[hbTS Qh S' Kh_WX\daXd\' NT dbTS ;?.P Pb _aTh U^[[^fX]V _aTeX^db \TcW^Sb

#JP]P Tc P['% Ga^R' EPc[' 8RPS' JRX' L J 8' +)*/% *,3<.)--&<.).*4 J^]V Tc P['%

EPc :^\\d]' +)+*% *+3-+,$' ETeTacWT[Tbb% fT WPeT aTU^RdbTS cWT _P_Ta ^]

cWT \PX] UX]SX]V cWPc R&SX&>DG SXaTRc[h QX]Sb c^ ?&EJ P]S X]cTaUTaTb fXcW ?&EJ

QX]SX]V c^ ;E8 X] Salmonella% P]S X]cTaQPRcTaXP[ R^\_TcXcX^] PbbPhb WPeT

QTT] aT\^eTS Ua^\ cWT aTeXbTS \P]dbRaX_c'

KWT PdcW^ab bW^f cWPc M' _PaPWPT\^[hcXRdb% G' PTadVX]^bP P]S G' _dcXSP P[b^

QX]S R&SX&>DG% TbcPQ[XbWX]V cWXb X]cTaPRcX^] Pb P VT]TaP[ aTVd[Pc^ah _aX]RX_[T'

HdXcT d]Tg_TRcTS[h% W^fTeTa% cWT QX]SX]V bXcTb PaT ]^c Pc P[[ R^]bTaeTS% TeT] XU

cWTXa X\_^acP]RT Xb bd__^acTS Qh Tg_TaX\T]cP[ SPcP' @ cWX]Z cWPc \^aT

SXbRdbbX^] ^U cWXb _^X]c Xb fPaaP]cTS P]S _TaWP_b P]P[^V^db RPbTb R^d[S QT

Qa^dVWc d_' @] VT]TaP[% VXeT] cWXb SXeTabXch% @ U^d]S cWT P]P[hbXb ^U p^cWTaq ?&EJ

bX[T]RTab c^ QT \^aT SXbcaPRcX]V cWP] WT[_Ud[ QTRPdbT Xc aPXbTb P [^]V [Xbc ^U

`dTbcX^]b'

Response: NT cWP]Z cWT aTeXTfTa U^a cWXb eTah X]bXVWcUd[ _^X]c' 8b _^X]cTS ^dc

Qh cWT aTeXTfTa% cWT P]P[hbXb ^U X]cTaPRcX^]b ^U R&SX&>DG fXcW ?&EJ&[XZT

_a^cTX]b X] ^cWTa QPRcTaXP[ b_TRXTb Xb SXbcaPRcX]V P]S% X] b^\T RPbTb% ]^c Pb

R^]eX]RX]V Pb cWT \PX] UX]SX]V cWPc R&SX&>DG \^Sd[PcTb ;E8 QX]SX]V PRcXeXch

^U ?&EJ X] Salmonella' KWdb% cWT R^]cT]c fXcW aTb_TRc c^ X]cTaPRcX^]b ^U

R&SX&>DG fXcW ^cWTa ?&EJ _a^cTX]b X] ^cWTa QPRcTaXP[ b_TRXTb WPb QTT]

aT\^eTS Ua^\ cWT aTeXbTS \P]dbRaX_c'

Reviewer #2 (Remarks to the Author):

KWXb _P_Ta aT_^acb cWT X\_^acP]c UX]SX]V cWPc R&SX&>DG Xb P [XVP]S cWPc
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X]cTaUTaTb fXcW cWT ?&EJ _a^cTX]sb PQX[Xch c^ QX]S ;E8' KWXb SXbR^eTah WPb

X\_[XRPcX^]b U^a ^da d]STabcP]SX]V ^U cWT eTah \P]h QPRcTaXP[ bhbcT\b fWTaT

?&EJ&[XZT ]dR[T^XS&Pbb^RXPcTS _a^cTX]b PRc c^ bX[T]RT caP]bRaX_cX^]' NT \dbc

]^f cPZT X]c^ PRR^d]c cWT _^bbXQX[Xch cWPc cWT R&SX&>DG bTR^]S \TbbT]VTa Xb

X]U[dT]RX]V cWTXa Tg_aTbbX^] eXP \^Sd[PcX^] ^U cWT ;E8 QX]SX]V PRcXeXch ^U ?&EJ'

Response: NT cWP]Z cWT aTeXTfTa U^a cWT bd__^acXeT P]S R^]bcadRcXeT

R^\\T]cb'

8b faXccT]% cWT ZTh \TbbPVT ^U cWT _P_Ta R^]RTa]X]V ?&EJ \^Sd[PcX^] Qh

SXaTRc X]cTaPRcX^] fXcW R&SX&>DG Xb bdQ\TaVTS X] P STcPX[TS bc^ah PQ^dc ch_T /

bTRaTcX^] bhbcT\ #K/JJ$ VT]T aTVd[PcX^] X] JP[\^]T[[P' 9TRPdbT UPa \^aT

X]eTbcXVPc^ab bcdSh ?&EJ cWP] bcdSh JP[\^]T[[P K/JJ% cWT X\_PRc ^U cWT

PdcW^abs UX]SX]Vb \Ph QT SX\X]XbWTS XU cWT aT_^ac aTcPX]b Xcb RdaaT]c bcadRcdaT

P]S cXc[T' GTaWP_b cWT PdcW^ab R^d[S R^]bXSTa P\T]SX]V Q^cW c^ VXeT \^aT

T\_WPbXb c^ cWT R&SX&>DG P]S ?&EJ Pb_TRc7 F]T \XVWc TeT] QT cT\_cTS c^

cda] cWXb aT_^ac X]c^ cf^ _P_Tab% ^]T U^a P VT]TaP[ Y^da]P[ bdRW Pb EPcdaT

:^\\b ^] R&SX&>DG QX]SX]V c^ ?&EJ% P]S P bT_PaPcT _P_Ta U^a P \XRa^QXP[

_PcW^VT]TbXb Y^da]P[ ^] K/JJ aTVd[PcX^]'

Response: NT cWP]Z cWT aTeXTfTa U^a cWT X]bXVWcUd[ R^\\T]cb P]S

R^]bcadRcXeT bdVVTbcX^]b' 8b bdVVTbcTS% fT WPeT aTU^RdbTS cWT _P_Ta ^] cWT

\PX] UX]SX]V cWPc R&SX&>DG SXaTRc[h QX]Sb c^ ?&EJ P]S \^Sd[PcTb ;E8 QX]SX]V

PRcXeXch ^U ?&EJ X] Salmonella' >XeT] cWPc R&SX&>DG QX]SX]V c^ ?&EJ WPb QTT]

aTeTP[TS QPbTS ^] R&SX&>DG&\TSXPcTS K/JJ aTVd[PcX^]% cWT R^]cT]c fXcW

aTb_TRc c^ K/JJ aTVd[PcX^] Xb aTcPX]TS X] cWT UXabc _Pac ^U cWT aTbd[cb'

KWa^dVW^dc cWT bcdSh% cWT Tg_TaX\T]cb WPeT QTT] TgTRdcTS fXcW VaTPc

cW^a^dVW]Tbb' 8__a^_aXPcT R^]ca^[b PaT X]R[dSTS% c^VTcWTa fXcW bcPcT\T]cb ^U

aT_a^SdRXQX[Xch P]S% fWTaT aT`dXaTS% bcPcXbcXRP[ P]P[hbXb ^U cWT SPcP Xb _a^eXSTS'

KWT PdcW^ab _[PRT cWTXa UX]SX]Vb X] _WhbX^[^VXRP[ R^]cTgc P]S R^]bXSTa cWTXa

X\_[XRPcX^]b U^a ^da Z]^f[TSVT ^U JP[\^]T[[P eXad[T]RT P]S ^U R^\_TcXcX^] fXcW
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^cWTa Vdc \XRa^QTb' ?^fTeTa% cWTaT aT\PX] b^\T bda_aXbX]V VP_b X] cWT

X]eTbcXVPcX^] P]S cWT PdcW^ab bW^d[S QT T]R^daPVTS c^ PSSaTbb cWTbT _aX^a c^

_dQ[XRPcX^]'

Response: NT PaT eTah VaPcTUd[ U^a cWT _^bXcXeT UTTSQPRZ _a^eXSTS Qh cWT

aTeXTfTa'

F]T VP_ R^]RTa]b cWT \TRWP]Xb\ Qh fWXRW R&SX&>DG PUUTRcb ?&EJ PRcXeXch'

KWT _P_Ta R^]cPX]b R^_X^db SPcP bW^fX]V cWPc cWT [XVP]S X]cTaUTaTb fXcW ?&EJ

QX]SX]V c^ ;E8' ?^fTeTa% cWT aTPSTa fX[[ P[b^ fP]c c^ Z]^f XU R&SX&>DG RP]

SXb_[PRT ?&EJ Ua^\ ;E8' KWXb aT`dXaTb Tg_TaX\T]cb fXcW ?&EJ _aTQ^d]S c^

;E8 cPaVTcb cWPc PaT caTPcTS fXcW X]RaTPbX]V R^]RT]caPcX^]b ^U R&SX&>DG' KWT

_^X]c Xb X\_^acP]c QTRPdbT fT RdaaT]c[h WPeT cf^ Qa^PS RPcTV^aXTb ^U

X]cTaUTaT]RT fXcW ?&EJ QX]SX]V c^ ;E8' F]T X]cTaUTaT]RT \TRWP]Xb\ X]e^[eTb

SXb_[PRT\T]c ^U ?&EJ Ua^\ ;E8% dbdP[[h Qh P]^cWTa ;E8 QX]SX]V _a^cTX]

#GD@;3 *10.0010$ fWX[T cWT ^cWTa \TRWP]Xb\ X]e^[eTb X]WXQXcX^] ^U ?&EJ ;E8

QX]SX]V PRcXeXch fWX[T cWT ?&EJ _a^cTX] Xb ;E8&UaTT' KWT C^] _a^cTPbT ^_TaPcTb

X] cWXb bTR^]S fPh X] JP[\^]T[[P #GD@;3 ,++)2/0-$' :^d[S cWT C^] _a^cTPbT

P]S R&SX&>DG PRc c^ d_aTVd[PcT ?&EJ&bX[T]RTS bX[T]RTS VT]Tb Qh R^]caXQdcX]V

cf^ X]ST_T]ST]c \^STb ^U ?&EJ X]WXQXcX^] fWX[T cWT _a^cTX] Xb ^UU cWT ;E87'

9^cW ^U cWTbT \TRWP]Xb\b WPeT cWT TUUTRc ^U aTSdRX]V cWT _^^[ ^U ;E8&QX]SX]V

R^\_TcT]c ?&EJ X] cWT RT[[% X]RaTPbX]V cWT _a^QPQX[Xch cWPc bX[T]RTS VT]Tb fX[[

QTR^\T caP]bRaXQTS' #KWTh PaT SXbcX]Rc Ua^\ \TRWP]Xb\b X] fWXRW ?&EJ

X]cTaPRcX^] fXcW _a^cTX]b ^U cWT ?WP UP\X[h X]U[dT]RTb ;E8 cPaVTc bT[TRcX^] Qh

?&EJ'$ J^\T ]Tf <DJ8 Tg_TaX\T]cb fX[[ P[[^f cWT PdcW^ab c^ cTbc cWT

R&SX&>DG&ST_T]ST]c ?&EJ SXb_[PRT\T]c Wh_^cWTbXb'

Response: NT cWP]Z cWT aTeXTfTa U^a cWT X]bXVWcUd[ R^\\T]cb P]S

R^]bcadRcXeT bdVVTbcX^]b' 8b bdVVTbcTS% fT WPeT _TaU^a\TS ]Tf R^\_TcXcXeT

<DJ8b Qh UXabc X]RdQPcX]V ?&EJ fXcW ;E8 cPaVTcb P]S cWT] PSSX]V X]RaTPbX]V

R^]RT]caPcX^]b ^U R&SX&>DG' Fda aTbd[cb bW^fTS cWPc R&SX&>DG WPb ]^ PQX[Xch c^

SXb_[PRT ?&EJ Ua^\ ;E8 #Supplementary Fig. 12$' KWdb% Pb _^X]cTS ^dc Qh
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cWT aTeXTfTa% cWT C^] _a^cTPbT P]S R&SX&>DG PRc c^ d_aTVd[PcT ?&EJ&bX[T]RTS

VT]Tb Qh R^]caXQdcX]V cf^ X]ST_T]ST]c \^STb ^U ?&EJ X]WXQXcX^] fWX[T cWT

_a^cTX] Xb ^UU cWT ;E8'

8 bTR^]S VP_ PaXbTb QTRPdbT cWT PdcW^ab S^ ]^c bTT\ c^ PSSaTbb cWT

_aTbT]RT X] JP[\^]T[[P ^U Jc_8% P R[^bT[h&aT[PcTS _PaP[^VdT ^U ?&EJ% cWPc Xb

T]R^STS Qh cWT RWa^\^b^\P[[h&[^RPcTS VT]T% bc_8' >XeT] cWT fXST bfTT_ ^U

?&EJ&[XZT _a^cTX]b cWPc cWT PdcW^ab WPeT R^]bXSTaTS X] cWTXa P]P[hbXb% Xc bTT\b

bcaP]VT cWPc cWTh WPeT ]^c \T]cX^]TS cWXb bTR^]S ?&EJ&[XZT _a^cTX] X]

JP[\^]T[[P' FU cWT UXeT P\X]^ PRXSb X] JP[\^]T[[P ?&EJ X\_[XRPcTS X]

R&SX&>DG QX]SX]V cWPc PaT WXVW[XVWcTS X] hT[[^f X] =XV 1R% cf^ PaT ]^c _aTbT]c X]

Jc_8' KWT cha^bX]T Xb aT_[PRTS Qh _WT]h[P[P]X]T P]S cWT eP[X]T Qh cWaT^]X]T' @]

cWT U^[[^fX]V P[XV]\T]c% cWT UXeT P\X]^ PRXSb PaT QaPRZTcTS Qh b_PRTb ^] TXcWTa

bXST c^ UPRX[XcPcT XST]cXUXRPcX^]3

?&EJ#Jc$ 2*&88IG8BOJ O M ; <E><K B KNK>H>I K&**.

Jc_8#Jc$ 2*&HGIG8BOI = K ; =E><< B KNK>H>I K&**.

ChbX]T B*)0 Xb _aTbT]c X] Q^cW _a^cTX]b'

Response: NT cWP]Z cWT aTeXTfTa U^a _^X]cX]V cWXb ^dc' Jc_8 _^bbTbbTb cWaTT

^U cWT U^da R^]bTaeTS aTbXSdTb O22% ;*)*% B*)0 P]S K**. X] ?&EJ cWPc PaT

X\_^acP]c U^a R&SX&>DG QX]SX]V #Supplementary Fig. 10a$' KWT cha^bX]T #O22$

X] ?&EJ Xb aT_[PRTS Qh _WT]h[P[P]X]T #=21$ X] Jc_8' 8[cW^dVW Q^cW _a^cTX]b

R^]cPX]b cWT ZTh [hbX]T aTbXSdT #B*)/ X] Jc_8 R^aaTb_^]SX]V c^ B*)0 X] ?&EJ$%

O22 ^U ?&EJ Xb P[b^ eTah X\_^acP]c U^a R&SX&>DG QX]SX]V #Fig. 2f$' 8RR^aSX]V c^

cWT \^ST[ ^U ?&EJ:cS X] R^\_[Tg fXcW R&SX&>DG #Fig. 2e$% O22 U^a\b cf^

WhSa^VT] Q^]Sb fXcW R&SX&>DG cWa^dVW cWT WhSa^gh[ Va^d_ cWPc Xb PQbT]c X]

_WT]h[P[P]X]T' NT cWdb b_TRd[PcT cWPc Jc_8 WPb [^f PUUX]Xch U^a R&SX&>DG' 8b

Tg_TRcTS% Jc_8 bW^fTS eTah [^f QX]SX]V PUUX]Xch U^a R&SX&>DG

#Supplementary Fig. 10b$% P]S \dcPcX^] ^U cWT ]^]&R^]bTaeTS aTbXSdT c^

R^]bTaeTS aTbXSdT fXcWX] Jc_8 #=21O$ X]RaTPbTS Xcb R&SX&>DG QX]SX]V PUUX]Xch

c^ P [TeT[ #)'/- l )')2 wD$ #Supplementary Fig. 10b$ R^\_PaPQ[T c^ cWPc ^U
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?&EJ #Fig. 2b$'

>XeT] cWT PQX[Xch ^U Jc_8 c^ U^a\ WTcTa^SX\Tab fXcW ?&EJ% aTPSTab fX[[ QT

RdaX^db c^ Z]^f XU R&SX&>DG RP] X]U[dT]RT cWT QX]SX]V ^U Jc_8 c^ ;E8% TXcWTa Pb

P] Jc_8 W^\^SX\Ta ^a Pb P WTcTa^SX\Ta fXcW ?&EJ' KWT WTcTa^SX\Ta bXcdPcX^]

QTR^\Tb TeT] \^aT R^\_[XRPcTS X] JP[\^]T[[P R[X]XRP[ Xb^[PcTb cWPc WPeT [PaVT

_[Pb\XSb Tg_aTbbX]V PSSXcX^]P[ ?&EJ&[XZT _a^cTX]b #GD@;3 +)---*)/$'

Response: NT cWP]Z cWT aTeXTfTa U^a cWXb X]bXVWcUd[ R^\\T]c' @] R^]caPbc c^

?&EJ% Jc_8 bW^fTS eTah [^f QX]SX]V PUUX]Xch U^a R&SX&>DG #Supplementary

Fig. 10b$' NWX[T cWT X]caPRT[[d[Pa R&SX&>DG R^]RT]caPcX^]b X] S' Kh_WX\daXd\

WPeT QTT] bW^f] c^ ePah Ua^\ cT]b ^U ]P]^\^[Pa c^ [^f \XRa^\^[Pa [TeT[b

#DX[[b Tc P['% JRX JXV]P[' +)*.% 13aP.04 GTcTabT] Tc P['% Ga^R' EPc[' 8RPS' JRX' L J

8' +)*2% **/3/,,.&/,-)$% cWT KS eP[dTb _aTbT]cTS WTaT bdVVTbc cWPc R&SX&>DG

Xb P _WhbX^[^VXRP[[h aT[TeP]c [XVP]S U^a ?&EJ% Qdc ]^c Jc_8' KWTaTU^aT%

R&SX&>DG ^QeX^db[h RP] ]^c X]U[dT]RT cWT QX]SX]V ^U cWT Jc_8 W^\^SX\Tab c^

;E8' NWT] Jc_8 U^a\b WTcTa^SX\Tab fXcW ?&EJ% cWT X]cTaUTaT]RT fXcW ?&EJ

QX]SX]V c^ ;E8 Qh R&SX&>DG \Ph aTbd[c X] P UPX[daT ^U cWT Jc_8&?&EJ

WTcTa^\Tab c^ _PacXRX_PcT X] ;E8&_a^cTX]&;E8 QaXSVX]V% cWdb P[cTaX]V cWT

bcadRcdaT ^U cWT WTcTa^\TaXR _a^cTX]&;E8 R^\_[TgTb P]S PUUTRcX]V Tg_aTbbX^]

^U VT]Tb R^]ca^[[TS Qh cWT Jc_8&?&EJ WTcTa^SX\Tab' 8b bdVVTbcTS Qh cWT

TSXc^a% fT S^ ]^c PSS ]Tf SPcP ^] cWT _^cT]cXP[ a^[Tb ^U Jc_8% Qdc SXbRdbb cWXb

_^X]c X] cWT aTeXbTS \P]dbRaX_c #Lines 347-357$'

KWTaT Xb R^]bXSTaPQ[T ^eTa[P_ QTcfTT] cWT aTVd[^]b ^U VT]Tb R^]ca^[[TS Qh

Jc_8 P]S ?&EJ P]S Jc_8 WPb P ZTh a^[T X] R^]ca^[[X]V cWT _a^SdRcX^] ^U I_^J%

P bXV\P UPRc^a fW^bT VT]T RP] PR`dXaT R^\_T]bPc^ah \dcPcX^]b X] W]b

Z]^RZ^dc \dcP]cb #GD@;3 *21-,++0% GD@;3 +//,*20*$' @]STTS% cWT bc_8 VT]T

Xb P[b^ _a^]T c^ cWT PR`dXbXcX^] ^U R^\_T]bPc^ah [TbX^]b fWT] W]b Xb SXbad_cTS

#GD@;3 +.,0.++/$' 9TU^aT QaP]RWX]V ^dc c^ P SXbRdbbX^] ^U ?&EJ&[XZT _a^cTX]b

X] ^cWTa QPRcTaXP[ b_TRXTb% _TaWP_b cWT PdcW^ab R^d[S \PZT P] PbbTbb\T]c ^U
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Jc_8 X] JP[\^]T[[P7

Response: NT cWP]Z cWT aTeXTfTa U^a cWT X]bXVWcUd[ R^\\T]cb P]S

R^]bcadRcXeT bdVVTbcX^]b' 8[cW^dVW cWT _aTeX^db bcdSh #GD@;3 +.,0.++/$

bW^fTS cWPc cWT stpA VT]T Xb _a^]T c^ cWT PR`dXbXcX^] ^U R^\_T]bPc^ah [TbX^]b

fWT] hns Xb SXbad_cTS% ]^ \dcPcX^]b X] stpA fTaT STcTRcTS X] cWT uhns \dcP]c'

?^fTeTa% \IE8 [TeT[ ^U stpA fPb d_aTVd[PcTS \^aT cWP] +&U^[S X] uhns

R^\_PaTS c^ cWT fX[S ch_T #Supplementary Fig. 6$% fWXRW \Ph _PacXP[[h

R^\_T]bPcT U^a cWT [^bb ^U ?&EJ X] aTVd[^]b ^U VT]Tb R^]ca^[[TS Qh Q^cW Jc_8

P]S ?&EJ' =dacWTa\^aT% fT U^d]S cWPc Jc_8 bW^fTS eTah [^f QX]SX]V PUUX]Xch

U^a R&SX&>DG #Supplementary Fig. 10b$% bdVVTbcX]V cWPc R&SX&>DG Xb ]^c P

_WhbX^[^VXRP[[h aT[TeP]c [XVP]S U^a Jc_8' 8b bdVVTbcTS Qh cWT TSXc^a% fT WPeT

aTU^RdbTS cWT _P_Ta ^] cWT \PX] UX]SX]V cWPc R&SX&>DG SXaTRc[h QX]Sb c^ ?&EJ

P]S \^Sd[PcTb ;E8 QX]SX]V PRcXeXch ^U ?&EJ X] Salmonella% P]S cWT R^]cT]c

fXcW aTb_TRc c^ X]cTaPRcX^]b ^U R&SX&>DG fXcW ^cWTa ?&EJ&[XZT _a^cTX]b X] ^cWTa

QPRcTaXP[ b_TRXTb WPb QTT] aT\^eTS Ua^\ cWT aTeXbTS \P]dbRaX_c'

R&SX&>DG&\TSXPcTS aTVd[PcX^] ^U VT]Tb R^]ca^[[TS Qh Q^cW Jc_8 P]S ?&EJ% Pb

fT[[ Pb cWT Jc_8&?&EJ WTcTa^SX\Tab fX[[ QT UdacWTa bcdSXTS X] UdcdaT f^aZ'

CX]Tb */1&*0)3 @] JP[\^]T[[P% cWT =da _a^cTX] Xb P ]TVPcXeT aTVd[Pc^a ^U W]b

caP]bRaX_cX^] #GD@;3 +*)0.2+,% GD@;3 ++)*02//$' KWT PdcW^ab fX[[ ]TTS c^

PSYdbc cWTXa STbRaX_cX^] ^U cWT a^[Tb ^U cWT =da P]S ?&EJ _a^cTX]b X] cWT R^]ca^[

^U K/JJ VT]T Tg_aTbbX^] c^ cPZT X]c^ PRR^d]c cWXb =da&W]b SXaTRc aTVd[Pc^ah

aT[PcX^]bWX_'

Response: NT cWP]Z cWT aTeXTfTa U^a cWXb X\_^acP]c _^X]c' 8b bdVVTbcTS% fT

WPeT PSYdbcTS cWT STbRaX_cX^] ^U cWT a^[Tb ^U cWT =da P]S ?&EJ _a^cTX]b X] cWT

R^]ca^[ ^U K/JJ VT]T Tg_aTbbX^] c^ cPZT X]c^ PRR^d]c cWT =da&hns SXaTRc

aTVd[Pc^ah aT[PcX^]bWX_ #Lines 116-118$'

CX]Tb *02&*1+3 p;Tb_XcT cWT [TcWP[Xch ^U cWT W]b ]d[[ \dcPcX^] X] J' Kh_WX\daXd\

bcaPX] 8K:: *-)+1b% J' Kh_WX\daXd\ bcaPX] CK+ WPb QTT] bW^f] c^ c^[TaPcT
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cWT W]b \dcPcX^] #*.%+/$' :^]bXbcT]c[h% P] W]b ST[TcX^] \dcPcX^] fPb

bdRRTbbUd[[h R^]bcadRcTS Qh cWT :I@JGI&:Pb2 bhbcT\ X] bcaPX] JC*,--'q

B]^RZ^dc \dcPcX^]b X] cWT JP[\^]T[[P W]b VT]T PaT c^[TaPcTS fWT]

R^\_T]bPc^ah \dcPcX^]b PaXbT TXcWTa X] cWT a_^J VT]T ^a cWT _W^GH ^_Ta^]'

JcaPX] CK+ Xb P[aTPSh STUTRcXeT X] Tg_aTbbX]V Ud[[ [TeT[b ^U I_^J #cWT bcaTbb P]S

bcPcX^]Pah _WPbT bXV\P UPRc^a ^U IE8 _^[h\TaPbT$ b^ Xc c^[TaPcTb X]PRcXePcX^] ^U

W]b QTRPdbT% VT]TcXRP[[h% Xc Xb r_aT&R^\_T]bPcTSs' KWXb Xb ]^c cWT RPbT fXcW

bcaPX] JC*,--% dbTS Qh cWT PdcW^ab ^U cWT _aTbT]c bcdSh' ?TaT% Xc Xb [XZT[h cWPc

cWT PdcW^ab WPeT Xb^[PcTS P] JC*,-- W]b \dcP]c cWPc WPb R^\_T]bPc^ah

[TbX^]b X] TXcWTa cWT _W^GH ^_Ta^] ^a cWT a_^J VT]T' KWXb bW^d[S QT

X]eTbcXVPcTS QTRPdbT% XU R^\_T]bPc^ah \dcPcX^]b PaT _aTbT]c% cWTXa SPcP

X]cTa_aTcPcX^] \dbc QT Tg_P]STS c^ cPZT X]c^ PRR^d]c cWT TUUTRcb ^U cWTbT

PSSXcX^]P[ \dcPcX^]b' 9^cW I_^J P]S GW^GH TgTac fXSTb_aTPS X]U[dT]RT ^]

cWT Tg_aTbbX^] ^U JP[\^]T[[P eXad[T]RT VT]Tb% X]R[dSX]V \P]h ^U cWT VT]Tb

cWPc cWT PdcW^ab bcdSh X] cWT _aTbT]c X]eTbcXVPcX^]'

Response: NT cWP]Z cWT aTeXTfTa U^a cWT X]bXVWcUd[ R^\\T]cb P]S

R^]bcadRcXeT bdVVTbcX^]b' 8b bdVVTbcTS% fT WPeT TgP\X]TS fWTcWTa cWT

JC*,-- hns \dcP]c WPb R^\_T]bPc^ah [TbX^]b X] TXcWTa cWT phoPQ ^_Ta^] ^a

cWT rpoS VT]T' ?^fTeTa% ]TXcWTa \dcPcX^]b ]^a RWP]VTb X] cWT caP]bRaX_cX^]

[TeT[b ^U rpoS ^U P]S phoPQ fTaT STcTRcTS X] cWT uhns \dcP]c R^\_PaTS c^

cWT fX[S ch_T JC*,-- #Supplementary Fig. 6$'

@c bW^d[S _TaWP_b QT \T]cX^]TS cWPc cWT B*)08 \dcP]c ?&EJ RP] bcX[[ QT

SXb_[PRTS Ua^\ ;E8 Qh ^cWTa \TRWP]Xb\b #T'V' cWT X]cTaeT]cX^] ^U

P]cX&aT_aTbb^a _a^cTX]b$' KWTbT \TRWP]Xb\b WPeT QTT] STbRaXQTS X]

]d\Ta^db QPRcTaXP[ bhbcT\b #GD@;3 *10.0010$'

Response: NT cWP]Z cWT aTeXTfTa U^a cWXb X\_^acP]c _^X]c' 8b bdVVTbcTS% fT

WPeT SXbRdbbTS cWT P]cX&?&EJ P]cX&bX[T]RX]V \TRWP]Xb\b STbRaXQTS X] cWT

aTeXTf PacXR[T #GD@;3 *10.0010$ P]S _^X]cTS ^dc cWPc cWT B*)08 \dcP]c ?&EJ

RP] bcX[[ QT SXb_[PRTS Ua^\ ;E8 Qh ;E8&QX]SX]V P]cX&bX[T]RX]V _a^cTX]b #Lines
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344-346$'

Minor item

CX]T *1% >aP\&]TVPcXeT% ]^c rVaP\&]TVPcXeTs #>aP\ Xb P _Tab^]sb ]P\T o ?P]b

:WaXbcXP] >aP\$'

Response: NT cWP]Z cWT aTeXTfTa U^a aPXbX]V cWXb X\_^acP]c `dTbcX^]'

rVaP\&]TVPcXeTs WPb QTT] R^aaTRcTS Pb r>aP\&]TVPcXeTs X] cWT aTeXbTS

\P]dbRaX_c'

Reviewer #3 (Remarks to the Author):

KWXb _P_Ta [^^Zb Pc cWT R^]]TRcX^] QTcfTT] cWT bXV]P[X]V \^[TRd[T R&SX&>DG

P]S cWT ;E8&QX]SX]V% bX[T]RX]V UPRc^a ?&EJ X] JP[\^]T[[P' KWT PdcW^ab PaVdT

cWPc #X$ R&SX&>DG SXaTRc[h QX]Sb ?&EJ% _aTeT]cX]V ?&EJ Ua^\ QX]SX]V ;E8% #XX$

WXVW R&SX&>DG [TeT[b [TPS c^ ST&aT_aTbbX^] ^U ?&EJ&bX[T]RTS VT]Tb% #XXX$

ST&aT_aTbbX^] ^U ?&EJ&bX[T]RTS VT]Tb _a^eXSTb P UXc]Tbb PSeP]cPVT QTRPdbT

^U X]RaTPbTS Kh_T M@ bTRaTcX^]% P]S #Xe$ cWT Ud]RcX^]P[[h P]P[^V^db DePK

_a^cTX] Ua^\ GbTdS^\^]Pb Xb P[b^ Q^d]S P]S X]WXQXcTS Qh R&SX&>DG' KWTbT

R^]R[dbX^]b WPeT \PY^a X\_[XRPcX^]b U^a ^da d]STabcP]SX]V ^U cWT a^[T ^U

R&SX&>DG% P]S U^a W^f ?&EJ PRcXeXch Xb \^Sd[PcTS' KWT f^aZ Xb VT]TaP[[h eTah

cW^a^dVW% P]S @ WPeT ^][h ^]T bdVVTbcTS Tg_TaX\T]c cWPc f^d[S PSS P]

X\_^acP]c R^]ca^[3

Response: KWT PdcW^ab PaT eTah VaPcTUd[ U^a cWT _^bXcXeT UTTSQPRZ _a^eXSTS Qh

cWT aTeXTfTa'

& KWT PdcW^ab bW^d[S dbT :W@G&`G:I c^ cTbc fWTcWTa B*)08 ?&EJ QX]SX]V Xb

PUUTRcTS TXcWTa Qh QX[T bP[cb #^a Qh P \^aT SXaTRc \^Sd[PcX^] ^U R&SX&>DG

[TeT[b$'

Response: NT cWP]Z cWT aTeXTfTa U^a cWXb eTah X]bXVWcUd[ _^X]c' 8b bdVVTbcTS%

:W@G&`G:I WPb QTT] dbTS c^ cTbc fWTcWTa B*)08 ?&EJ QX]SX]V Xb PUUTRcTS

TXcWTa Qh QX[T bP[cb ^a Qh ^eTaTg_aTbbX^] ^U adrA #Fig. 4h, i$.
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Additional comments:

*' @ aTR^\\T]S \^eX]V Jd__[T\T]cPah =XVdaT * X]c^ =XVdaT *'

Response: NT cWP]Z cWT aTeXTfTa U^a cWXb X\_^acP]c _^X]c' 8b C&PaVX]X]T P]S

QX[T bP[cb WPeT QTT] aT_^acTS c^ X]SdRT R&SX&>DG _a^SdRcX^] X] Salmonella X]

_aTeX^db bcdSXTb #CX Tc P['% EPc :^\\d]' +)++% *,3//1-4 DX[[b Tc P['% JRX JXV]P['

+)*.% 13aP.0$% Jd__[T\T]cPah =XVdaT * fPb dbTS c^ R^]UXa\ cWT _aTeX^db

UX]SX]Vb' NWX[T cWTaT PaT P[aTPSh ]X]T VaP_Wb X] =XVdaT * X] cWT aTeXbTS

\P]dbRaX_c% fT ZTT_ Jd__[T\T]cPah =XVdaT * X] cWT Jd__[T\T]cPah

@]U^a\PcX^]'

+' :WP]VT pIT[PcXeT VT]T Tg_aTbbX^]q [PQT[b ^] acG:I VaP_Wb c^ pIT[PcXeT

IE8 [TeT[q'

Response: NT cWP]Z cWT aTeXTfTa U^a cWXb X\_^acP]c _^X]c' 8b bdVVTbcTS%

pIT[PcXeT VT]T Tg_aTbbX^]q [PQT[b ^] acG:I VaP_Wb WPeT QTT] RWP]VTS c^

pIT[PcXeT IE8 [TeT[q'

,' ;PcP Ua^\ Jd__[T\T]cPah =XVdaTb ** P]S *, bW^fX]V cWPc cWT B*)08 ?&EJ

\dcP]c Xb d]PUUTRcTS Qh R&SX&>DG PaT ZTh c^ cWT \PX] R^]R[dbX^]b ^U cWT _P_Ta'

@ aTR^\\T]S \^eX]V cWTbT c^ cWT \PX] UXVdaTb'

Response: NT cWP]Z cWT aTeXTfTa U^a cWXb X]bXVWcUd[ R^\\T]c' 8b bdVVTbcTS%

Jd__[T\T]cPah =XVdaTb ** P]S *, WPeT QTT] \^eTS c^ cWT \PX] UXVdaTb Pb Fig.

4a P]S Fig. 4b-e% aTb_TRcXeT[h'

-' DP]h bcaPX]b ^U CK+ PaT PeXad[T]c' :P] cWT PdcW^ab R^\\T]c ^] cWT

VT]^ch_T ^U cWT bcaPX] cWTh dbTS7

Response: NT cWP]Z cWT aTeXTfTa U^a aPXbX]V cWXb X\_^acP]c `dTbcX^]' NWX[T

b^\T bcaPX]b ^U Salmonella Kh_WX\daXd\ PaT PeXad[T]c% fT dbTS S'

Kh_WX\daXd\ bcaPX] JC*,--% P WXVW[h eXad[T]c bcaPX] X] \XRT #?P]TSP Tc P['% :T[[

DXRa^QX^[' +)*+% *-3-1.&-224 CX Tc P['% EPc :^\\d]' +)++% *,3//1-$'
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.' 8aT cWTaT IE8&bT` SPcP Ua^\ JP[\^]T[[P ^a <bRWTaXRWXP R^[X fXcW P[cTaTS

R&SX&>DG [TeT[b7 @U b^% cWT PdcW^ab R^d[S dbT cW^bT SPcP Pb P] X]ST_T]ST]c

cTbc ^U cWTXa \^ST[% bX]RT ?&EJ&aT_aTbbTS VT]Tb PaT fT[[ RWPaPRcTaXiTS X]

cWTbT b_TRXTb'

Response: NT cWP]Z cWT aTeXTfTa U^a cWT R^]bcadRcXeT bdVVTbcX^]b' 8b ]^

IE8&bT` SPcP Ua^\ Salmonella fXcW P[cTaTS R&SX&>DG [TeT[b WPeT QTT]

aT_^acTS% fT WPeT _TaU^a\TS IE8&bT` c^ X]eTbcXVPcT fWTcWTa RWP]VTb X]

X]caPRT[[d[Pa R&SX&>DG R^]RT]caPcX^] X]U[dT]RT cWT Tg_aTbbX^] ^U

?&EJ&aT_aTbbTS VT]Tb cWa^dVW^dc cWT T]cXaT VT]^\T #Fig. 5a$' NT P[b^ U^d]S

]^ IE8&bT` SPcP Ua^\ Escherichia coli fXcW P[cTaTS R&SX&>DG [TeT[b'

/' :P] cWT PdcW^ab R^\\T]c ^] fWh X]RaTPbTS R&SX&>DG [TeT[b X] cWT cf^

cTbcTS GbTdS^\^]Pb b_TRXTb WPb cWT bP\T _WT]^ch_T Pb ST[TcX]V \ePK%

STb_XcT cWT UPRc cWPc DePL f^d[S QT Tg_TRcTS c^ R^]caXQdcT c^ aT_aTbbX^]7

IT[PcTS c^ cWXb% cWT PdcW^ab bW^d[S Pc [TPbc \T]cX^] DePL'

Response: NT cWP]Z cWT aTeXTfTa U^a aPXbX]V cWXb X\_^acP]c `dTbcX^]' @] cWT

^aXVX]P[ \P]dbRaX_c% fT U^RdbTS ^] cWT mvaT VT]T Pb K/JJ VT]Tb WPeT QTT]

XST]cXUXTS Pb DePK cPaVTc VT]Tb X] P _aTeX^db bcdSh #:PbcP]V Tc P['% Ga^R EPc[

8RPS JRX L J 8% +))1%1053*12-0&*12.+$' 8b _^X]cTS ^dc Qh cWT aTeXTfTa% VXeT]

cWPc DePK P]S DePL QX]S cWT bP\T RWa^\^b^\P[ aTVX^]b P]S R^aTVd[PcT cWT

Tg_aTbbX^] ^U Wd]SaTSb ^U cPaVTc VT]Tb% fWTcWTa DePL aTVd[PcTb K/JJ VT]T

Tg_aTbbX^] X] aTb_^]bT c^ R&SX&>DG bW^d[S QT X]eTbcXVPcTS' ETeTacWT[Tbb% Pb

bdVVTbcTS Qh cWT TSXc^a% fT WPeT aTU^RdbTS cWT _P_Ta ^] cWT \PX] UX]SX]V cWPc

R&SX&>DG SXaTRc[h QX]Sb c^ ?&EJ P]S X]cTaUTaTb fXcW ?&EJ QX]SX]V c^ ;E8 X]

Salmonella% P]S cWT R^]cT]c fXcW aTb_TRc c^ X]cTaPRcX^]b ^U R&SX&>DG fXcW ^cWTa

?&EJ&[XZT _a^cTX]b X] ^cWTa QPRcTaXP[ b_TRXTb WPb QTT] aT\^eTS Ua^\ cWT

aTeXbTS \P]dbRaX_c'

0' ;T[TcX^] ^U W]b Xb [TcWP[ X] ^cWTa JP[\^]T[[P bcaPX]b P]S b^\T ^cWTa b_TRXTb%
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P]S [TPSb c^ P Va^fcW STUTRc X] <' R^[X' :P] cWT PdcW^ab b_TRd[PcT ^] cWT

X\_PRc ^U aPXbTS R&SX&>DG [TeT[b ^] QPRcTaXP[ UXc]Tbb% bX]RT cWTXa \^ST[

X]SXRPcTb cWPc WXVW R&SX&>DG [TeT[b f^d[S STaT_aTbb P[[ ?&EJ&bX[T]RTS VT]Tb7

Response: NT cWP]Z cWT aTeXTfTa U^a cWXb X]bXVWcUd[ R^\\T]c' @] UPRc% ST[TcX^]

^U hns R^\_[TcT[h PQ^[XbWTS cWT aT_aTbbXeT TUUTRc ^U ?&EJ ^] Xcb cPaVTc VT]Tb%

fWTaTPb T[TePcTS X]caPRT[[d[Pa [TeT[b ^U R&SX&>DG ^][h _PacXP[[h aT[XTeTS cWT

aT_aTbbXeT TUUTRc ^U ?&EJ' IPXbTS R&SX&>DG [TeT[b \Ph [TPS c^ \X]^a ^a ]^

STcaX\T]cP[ TUUTRc ^] QPRcTaXP[ UXc]Tbb' 8[cW^dVW gT]^VT]TXR bX[T]RX]V Qh ?&EJ

Xb cW^dVWc c^ _aTeT]c cWT X]P__a^_aXPcT Tg_aTbbX^] ^U W^aXi^]cP[[h PR`dXaTS

VT]Tb P]S cWdb bd__aTbb cWTXa STcaX\T]cP[ TUUTRc ^] QPRcTaXP[ UXc]Tbb% QPRcTaXP

]TTS c^ _PacXP[[h STaT_aTbb ?&EJ&bX[T]RTS VT]Tb X] ^aSTa c^ QT]TUXc Ua^\ cWTXa

Tg_aTbbX^] X] b_TRXUXR RXaRd\bcP]RTb' =^a X]bcP]RT% ?&EJ&bX[T]RTS K/JJ

VT]Tb ]TTS c^ QT STaT_aTbbTS fWT] cWT QPRcTaXd\ RPaahX]V cWXb fTP_^]

R^\_TcTb fXcW ^cWTa QPRcTaXP U^a bdaeXeP[' ?&EJ&bX[T]RTS eXad[T]RT VT]Tb ]TTS

c^ QT STaT_aTbbTS fWT] QPRcTaXP[ _PcW^VT]b T]cTa cWT W^bc T]eXa^]\T]c' KWdb%

T]eXa^]\T]cP[ RdT&X]SdRTS T[TePcTS X]caPRT[[d[Pa R&SX&>DG [TeT[b fX[[ P[[TeXPcT

cWT ?&EJ&ST_T]ST]c aT_aTbbX^] ^U VT]T Tg_aTbbX^] fWT] aT`dXaTS' NWT] cWT

T]eXa^]\T]c RWP]VT% aTSdRTS R&SX&>DG [TeT[b fX[[ P[[^f U^a aP_XS aTR^eTah ^U

cWT aT_aTbbXeT PRcXeXch ^U ?&EJ'

Reviewer #4 (Remarks to the Author):

R&SX&>DG Xb P fXSTb_aTPS bTR^]SPah \TbbT]VTa X] QPRcTaXP% fWXRW aTVd[PcTb

]d\Ta^db SXUUTaT]c _a^RTbbTb% T'V' aT[PcTS c^ cWT _[P]Zc^]XR(QX^UX[\ [XUT bch[T%

\^cX[Xch% _PcW^VT]XRXch P]S \^aT' FeTa cWT [Pbc STRPSTb P ]d\QTa ^U SXUUTaT]c

TUUTRc^a _a^cTX]b WPeT QTT] XST]cXUXTS cWPc QX]S P]S cWTaTQh aTb_^]S c^

R&SX&>DG' @] cWXb bcdSh% cWT PdcW^ab R^]eX]RX]V[h ST\^]bcaPcT cWPc cWT WXVW[h

R^]bTaeTS WXbc^]T&[XZT ]dR[T^XS bcadRcdaX]V _a^cTX] ?&EJ Xb% X] UPRc% P

R&SX&>DG&QX]SX]V aTVd[Pc^a X] JP[\^]T[[P <]cTaXRP' KWT PdcW^ab _aTbT]c X]

eXca^ P]S X] eXe^ P__a^PRWTb cWPc ST\^]bcaPcT SXaTRc R&SX&>DG QX]SX]V c^ ?&EJ

P]S _a^eXST TeXST]RT cWPc cWT R&SX&>DG&QX]SX]V bXcT _Pac[h ^eTa[P_b fXcW cWT
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;E8&QX]SX]V bXcT ^U ?&EJ% b^ cWPc ;E8 X]cTaPRcX^] ^U cWT _a^cTX] Xb PQa^VPcTS

d_^] aXbX]V [TeT[b ^U R&SX&>DG' @] J' Kh_WX\daXd\ cWTh bW^f Qh IE8bT`

P__a^PRWTb cWPc P ]d\QTa ^U UPRc^ab PaT aTVd[PcTS Qh cWXb \TRWP]Xb\% P\^]V

cWT\ PRcXePcX^] ^U P ch_T M@ bTRaTRcX^] bhbcT\ #K/JJ$% fWXRW ^RRdab d_^]

Tg_^bdaT ^U cWT RT[[b c^ bXV]P[b bdRW Pb QX[T PRXSb' 9h \^dbT \^ST[b cWTh

bW^f cWPc% X] UPRc% cWT bXV]P[X]V RPbRPST Ua^\ QX[T PRXSb c^ K/JJ PRcXeXPcX^]

[XZT[h Ud]RcX^]b eXP R&SX&>DG P]S ?&EJ P]S _a^eXSTb P] PSeP]cPVT X]

bdRRTbbUd[ R^[^]XiPcX^] ^U cWT W^bc Vdc' KWTh P[b^ _aTbT]c TeXST]RT cWPc ?&EJ

X] ^cWTa VP\\P_a^cT^QPRcTaXP bdRW Pb MXQaX^ _PaPWPT\^[hcXRdb%

GbTdS^\^]Pb PTadVX]^bP P]S G' _dcXSP QX]Sb P]S aTb_^]Sb c^ R&SX&>DG

QX]SX]V% b^ cWPc cWXb \TRWP]Xb\ Xb [XZT[h WXVW[h R^]bTaeTS'

Response: NT f^d[S [XZT c^ cWP]Z cWT aTeXTfTa U^a RPaTUd[ P]S cW^a^dVW

aTPSX]V ^U cWXb \P]dbRaX_c P]S U^a cWT R^\_aTWT]bXeT bd\\Pah ^U ^da f^aZ'

KWT \PY^a P]S WXVW[h aT[TeP]c UX]SX]V cWPc WXVW[h R^]eTabTS ?&EJ bTaeTb Pb P

R&SX&>DG&QX]SX]V aTVd[Pc^a Xb R^]eX]RX]V Pb Xc Xb bd__^acTS Qh cWT aTbd[cb

_aTbT]cTS Qh cWT PdcW^ab' KWT ]d\QTa ^U WXVW&`dP[Xch Tg_TaX\T]cb Xb

X\_aTbbXeT P]S cWT \P]dbRaX_c Xb eTah fT[[ bcadRcdaTS' @ WPeT ^][h b^\T \X]^a

R^\\T]cb fXcW aTb_TRc c^ cWXb bcdSh'

Response: NT PaT eTah VaPcTUd[ U^a cWT _^bXcXeT UTTSQPRZ _a^eXSTS Qh cWT

aTeXTfTa'

.1% tIb\8 PRcb Pb nr4 cWXb _PbbPVT S^Tb ]^c aTP[[h UXc cWTaT P]S bW^d[S QT

\^eTS c^ b^\TfWTaT T[bT ^a R^d[S QT ^\XccTS R^\_[TcT[h'

Response: NT cWP]Z cWT aTeXTfTa U^a cWXb X\_^acP]c _^X]c' 8b bdVVTbcTS% cWT

_PbbPVT WPb QTT] ^\XccTS R^\_[TcT[h'

*., P]S cWa^dVW^dc \P]dbRaX_c% tbXV]XUXRP]c[hr R^d[S P[b^ QT cadT c^ aPcWTa b\P[[

SXUUTaT]RTb' @ bdVVTbc c^ Pc [TPbc b^\TcX\Tb \T]cX^] cWT UPRc^a ^U RWP]VTb #T'V'

S^dQ[T% bXg&U^[S% ''$ fWTaT P__a_aXPcT'
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Response: NT cWP]Z cWT aTeXTfTa U^a aPXbX]V cWXb X\_^acP]c `dTbcX^]' 8b

bdVVTbcTS% cWT UPRc^a ^U RWP]VTb WPeT QTT] \T]cX^]TS X] bTeTaP[ _[PRTb X] cWT

aTeXbTS \P]dbRaX_c #Lines 88, 106, 109, 132, 182$'

*0,% =XV' +P P]S cWa^dVW^dc \P]dbRaX_c3 KWTaT PaT \P]h QPa SXPVaP\b cWPc

_a^eXST R^\_[Tg bTcb ^U SPcP' K̂ \PZT Xc P [Xcc[T QXc TPbXTa U^a cWT aTPSTa% cWT

PdcW^ab \Ph R^]bXSTa c^ PSS \^aT X]U^a\PcX^] c^ cWT UXVdaT _P]T[b% T'V'%

P[aTPSh X]SXRPcT X] cWT _P]T[ fWXRW bcaPX] Xb dbTS'

Response: NT cWP]Z cWT aTeXTfTa U^a cWXb X\_^acP]c _^X]c' 8b bdVVTbcTS% fT

WPeT X]SXRPcTS fWXRW bcaPX] Xb dbTS X] cWT UXVdaT _P]T[b ^U P[[ =XVdaTb P]S

Jd__[T\T]cPah =XVdaTb'

+,,% _[TPbT bcPcT cWPc P[P]X]T bdQbcXcdcX^]b fTaT X]ca^SdRTS'

Response: NT cWP]Z cWT aTeXTfTa U^a _^X]cX]V cWXb ^dc' NT WPeT PSSTS cWXb

X]U^a\PcX^] X] cWT aTeXbTS \P]dbRaX_c #Line 180$'

+,-% P]S VT]TaP[% Xc f^d[S QT ]XRT c^ bTT P _aTbT]cPcX^] ^U cWT _a^cTX]

_daXUXRPcX^]b c^ eXbdP[XiT cWT `dP[Xch ^U cWT _daXUXRPcX^]' @c f^d[S P[b^ QT ]XRT XU%

U^a TgP\_[T% P J<: T[dcX^] _a^UX[T U^a cWT bdQbcXcdcX^] ePaXP]cb R^d[S QT

_aTbT]cTS c^ ST\^]bcaPcT cWPc cWT bcadRcdaT ^U cWT \dcPcTS _a^cTX] Xb

_aTbTaeTS'

Response: NT cWP]Z cWT aTeXTfTa U^a cWXb X\_^acP]c _^X]c' KWT J;J&G8><

_a^UX[Tb TeP[dPcX]V cWT `dP[Xch ^U cWT _daXUXRPcX^] U^a ?&EJ P]S Xcb U^da ePaXP]cb

Pb fT[[ Pb cWTXa J<: T[dcX^] _a^UX[Tb WPeT QTT] _aTbT]cTS X] Supplementary

Fig. 9'

+.2% Xb =C8>&?&EJ Ud]RcX^]P[7

Response: NT cWP]Z cWT aTeXTfTa U^a cWXb X\_^acP]c _^X]c' =C8>&?&EJ

bW^fTS bX\X[Pa [TeT[b ^U ;E8& P]S R&SX&>DG&QX]SX]V PRcXeXch Pb cWT cPV&UaTT

?&EJ #Supplementary Fig. 13a$% P]S cWT Tg_aTbbX^] ^U cWT U^da
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?&EJ&aT_aTbbTS VT]Tb fPb ]^c P[cTaTS X] =C8>&cPVVTS bcaPX] JC*,--

R^\_PaTS c^ d]cPVVTS JC*,-- #Supplementary Fig. 14$% X]SXRPcX]V cWPc cWT

Ud]RcX^] ^U ?&EJ fPb ]^c X\_PXaTS Qh cWT _aTbT]RT ^U cWT =C8> cPV'

,..% @ f^d[S PbZ cWT PdcW^ab c^ PSS P [Xcc[T QXc ^U Tg_[P]PcX^] WTaT o fW^ Xbc

R^\_TcX]V P]S d]STa fWXRW R^]SXcX^]b'

Response: NT cWP]Z cWT aTeXTfTa U^a cWXb X\_^acP]c _^X]c' ETeTacWT[Tbb% fT

WPeT aTU^RdbTS cWT _P_Ta ^] cWT \PX] UX]SX]V cWPc R&SX&>DG SXaTRc[h QX]Sb c^

?&EJ P]S \^Sd[PcTb ;E8 QX]SX]V PRcXeXch ^U ?&EJ X] Salmonella% P]S cWT

R^]cT]c fXcW aTb_TRc c^ X]cTaQPRcTaXP[ R^\_TcXcX^] WPb QTT] aT\^eTS Ua^\ cWT

aTeXbTS \P]dbRaX_c'

,12% bca^]V[h% QTccTa X]SXRPcT P UPRc^a WTaT #bTT PQ^eT$

Response: NT cWP]Z cWT aTeXTfTa U^a _^X]cX]V cWXb ^dc' ETeTacWT[Tbb% fT WPeT

aTU^RdbTS cWT _P_Ta ^] cWT \PX] UX]SX]V cWPc R&SX&>DG SXaTRc[h QX]Sb c^ ?&EJ

P]S \^Sd[PcTb ;E8 QX]SX]V PRcXeXch ^U ?&EJ X] Salmonella% P]S cWT R^]cT]c

fXcW aTb_TRc c^ R&SX&>DG&\TSXPcTS PRcXePcX^] ^U cWT S. Kh_WX\daXd\ K/JJ

fXcWX] cWT \^dbT Vdc WPb QTT] aT\^eTS Ua^\ cWT aTeXbTS \P]dbRaX_c'

,2)% =XV' J*1 bW^fb Va^fcW bcPcT&ST_T]ST]c% cWPc bW^d[S QT \T]cX^]TS WTaT'

Response: NT cWP]Z cWT aTeXTfTa U^a _^X]cX]V cWXb ^dc' @] UPRc% fT bT[TRcTS P

Va^fcW _WPbT fWTaT cWT Tg_aTbbX^] ^U S. Kh_WX\daXd\ K/JJ VT]Tb aTPRW cWT

\PgX\P[ [TeT[ fWT] Rd[cdaTS d]STa X] eXca^ R^]SXcX^]b #X] C9 \TSXd\ c^ F;/))

^U ,') PUcTa X]RdQPcX^] Pc ,0 k: U^a *+ W$' ETeTacWT[Tbb% cWT R^]cT]c fXcW

aTb_TRc c^ R&SX&>DG&\TSXPcTS PRcXePcX^] ^U cWT S. Kh_WX\daXd\ K/JJ fXcWX]

cWT \^dbT Vdc WPb QTT] aT\^eTS Ua^\ cWT aTeXbTS \P]dbRaX_c'

-./% _[TPbT ]P\T cWT R^]bTaeTS aTbXSdT

Response: NT cWP]Z cWT aTeXTfTa U^a _^X]cX]V cWXb ^dc' 8b bdVVTbcTS Qh cWT

TSXc^a P]S ^cWTa aTeXTfTab% cWT R^]cT]c fXcW aTb_TRc c^ X]cTaPRcX^]b ^U R&SX&>DG
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fXcW ^cWTa ?&EJ&[XZT _a^cTX]b X] ^cWTa QPRcTaXP[ b_TRXTb WPb QTT] aT\^eTS Ua^\

cWT aTeXbTS \P]dbRaX_c'

Adbc Pb P UX]P[ b\P[[ aT\PaZ3 X] QPbXRP[[h P[[ UXVdaTb% PgXb [PQT[X]V ^a cWT X]bTcb

PaT b^\TcX\Tb aTP[[h b\P[[ P]S WPaS c^ \PZT ^dc X] cWT G;= U^a aTeXTfX]V'

Response: NT cWP]Z cWT aTeXTfTa U^a cWXb X\_^acP]c _^X]c' NT WPeT X]RaTPbTS

cWT U^]c bXiT ^U cWT [PQT[b X] P[[ UXVdaTb'



Reviewer #1 (Remarks to the Author): 

This manuscript describes a hitherto unknown regulatory mechanism through direct interactions 

between two global regulators, H-NS and c-di-GMP. In my opinion, the authors have adequately 

addressed the concerns/questions raised during the first review cycle and re-focused the 

manuscript on their most important findings, which have broad implications for our understanding 

of gene expression control in bacteria. 

Reviewer #2 (Remarks to the Author): 

The authors have addressed all of the points raised in my review in a satisfactory way. 

Reviewer #3 (Remarks to the Author): 

The authors have responded well to the reviewer comments. There are several valuable data 

additions, most notably the StpA data, investigation of whether c-di-GMP can displace DNA-bound 

H-NS, and the more detailed assessment of the H-NS K107A mutant in Figure 4. Moreover, the 

manuscript is much easier to read now that the sections on interbacterial competition and H-NS 

analogues in other species have been removed (these will make for interesting follow-up papers). I 

think the more focused nature of the paper will increase its impact on the field by making it more 

accessible. 

Minor comments: 

- The authors use an LT2 reference genome for their RNA-seq analysis, but the strain they used is 

SL1344. I recommend reanalyzing the data using the SL1344 reference. 

- Another reviewer pointed out that hns is expected to be essential in SL1344, suggesting that 

there is a suppressor mutation. I suggest whole-genome sequencing of the hns deletion strain. 

Reviewer #4 (Remarks to the Author): 

In this revised version of the manuscript the authors have adequately addressed my concerns. I 

have no further remarks. 
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Response to Reviewers

We wish to begin by thanking the four reviewers for the very supportive and 

constructive comments. In the revised manuscript, we have addressed the 

concerns from the reviewers to our best and hope our revision and 

explanations could answer the reviewer’s questions. Please find our detailed 

responses to each of the comments below.

Reviewer #1 (Remarks to the Author):

This manuscript describes a hitherto unknown regulatory mechanism through 

direct interactions between two global regulators, H-NS and c-di-GMP. In my 

opinion, the authors have adequately addressed the concerns/questions 

raised during the first review cycle and re-focused the manuscript on their most 

important findings, which have broad implications for our understanding of 

gene expression control in bacteria.

Response: We would like to thank the reviewer for the very positive comments 

on our study, and no further issues were raised by the reviewer.

Reviewer #2 (Remarks to the Author):

The authors have addressed all of the points raised in my review in a 

satisfactory way.

Response: The authors are very grateful for the positive feedback provided by 

the reviewer. No further issues were raised by the reviewer.

Reviewer #3 (Remarks to the Author):

The authors have responded well to the reviewer comments. There are several 

valuable data additions, most notably the StpA data, investigation of whether 

c-di-GMP can displace DNA-bound H-NS, and the more detailed assessment 

of the H-NS K107A mutant in Figure 4. Moreover, the manuscript is much 

easier to read now that the sections on interbacterial competition and H-NS 

analogues in other species have been removed (these will make for interesting 
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follow-up papers). I think the more focused nature of the paper will increase its 

impact on the field by making it more accessible.

Response: We would like to thank the reviewer for the very positive comments 

on our study.

Minor comments:

- The authors use an LT2 reference genome for their RNA-seq analysis, but 

the strain they used is SL1344. I recommend reanalyzing the data using the 

SL1344 reference.

Response: We thank the reviewer for pointing this out. While Salmonella 

enterica serovar Typhimurium includes many strains, LT2 is the most widely 

used strain in genetic studies and many researchers are customary to refer to 

the gene ID numbers of LT2 when they name genes from other strains such as 

SL1344 and ATCC 14028 (Mills et al., Sci Signal. 2015, 8:ra57; Zheng et al., 

Mol Microbiol. 2013, 89:403-419; Navarre et al., Science. 2006, 313:236-238; 

Li et al., Nat Commun. 2022, 13:6684). In fact, the genomic differences 

between LT2 and SL1344 are very small. While our study does not focus on 

the very few differential genes between them, an LT2 reference genome used 

for the RNA-seq analysis of SL1344 are also acceptable.

- Another reviewer pointed out that hns is expected to be essential in SL1344, 

suggesting that there is a suppressor mutation. I suggest whole-genome 

sequencing of the hns deletion strain.

Response: We thank the reviewer for this insightful comment. Previous 

studies have showed that deletion of hns tends to result in compensatory 

lesions in stpA, rpoS, or the phoPQ operon (Navarre et al., Science. 2006, 

313:236-238; Ali et al., PLoS Pathog. 2014, 10:e1004500; Lucchini et al., Mol. 

Microbiol. 2009, 74:1169-1186). However, no mutations in these genes were 

#$+$"+$# ') +&$ ,hns mutant of SL1344. We found that mRNA level of stpA

was upregulated more than 2-%*(# ') ,hns compared to the wild type 
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(Supplementary Fig. 6), which may partially compensate for the loss of H-NS 

in regulons of genes controlled by both StpA and H-NS. Indeed, as mentioned 

by the reviewer, we can not eliminate the possibility that a compensatory 

mutation occurs in other regions of the genome. While our core finding that 

c-di-GMP inhibits the DNA binding activity of H-NS has been well 

demonstrated by in vitro and in vivo experiments, whole-genome sequencing 

of the hns deletion strain will take a lot of time and in the end distract from the 

main points.

Reviewer #4 (Remarks to the Author):

In this revised version of the manuscript the authors have adequately 

addressed my concerns. I have no further remarks.

Response: The authors are very grateful for the positive feedback provided by 

the reviewer. No further issues were raised by the reviewer.


