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Reviewer #1 (Remarks to the Author):

In this manuscript the authors investigate the role of a mexZ inactivating mutation in 

Pseudomonas aeruginosa in epithelial cell colonization. Using transcriptomics the authors find that 

lecA lectin is upregulated in the mexZ mutant and go on to show that the mexZ mutant invades 

epithelial cells in a polarized air liquid interface epithelial cell model. Using genetics, the authors 

show that increased mexZ epithelial invasion is dependent upon lecA and lecA expression can be 

restored to wild-type levels by either deleting mexY or overexpressing oprM. Furthermore, deleting 

mexB also increased lecA expression. All together these data support a model whereby mexZ 

mutants lead to over expression of mexXY which sequester oprM away from mexAB, causing 

reduced mexAB activity and increasing mexAB-dependent quorum sensing gene expression. 

Finally, using antibiotic killing assays during epithelial cell infections, the authors show that the 

mexZ mutant is more resistant to ceftazidime and tobramycin during epithelial cell infection. All 

together these data suggest that mexZ mutations may benefit P. aeruginosa by promoting 

intracellular invasion which would protect these bacteria from killing by antibiotics that fail to 

penetrate epithelial barriers. Some missing MIC data would help clarify some of the results, but 

otherwise few weaknesses are noted. Altogether this is an interesting study that provides new 

insights into the role of mexZ mutants and why they may be under selection during chronic cystic 

fibrosis infections.

Major comments:

Are the ALI cultures made with wild type or CF epithelial cells? This is an important distinction 

because CF epithelial cells have been shown to be more susceptible to intracellular invasion. Since 

the mexZ mutations are found frequently in CF isolates, the type of cells used for the experiments 

are important to consider.

It would be helpful to present in vitro MIC data for tobramycin, ceftazidime, and ciprofloxacin for 

all the P. aeruginosa mutant strains used in the study for cell infections and gene expression 

analyses. This could be done with a table. This would also help verify that the mutants are 

properly constructed, based on expected antibiotic susceptibilities for the different efflux pump 

mutants. These data would also help confirm phenotypes since complementation strains were not 

made for the mexZ* mutant or others.

In the discussion, it would be interesting to consider how selection for strains that invade epithelial 

cells might impact cystic fibrosis lung disease. There is much ongoing controversy regarding the 

roles of intracellular P. aeruginosa, especially in CF infections. These data support the notion that 

the intracellular niche is under selection because mexZ mutants are highly prevalent and clearly 

increase intracellular invasion by P. aeruginosa.

It would also be interesting to consider how lasR mutations could affect the phenotypes of mexZ 

mutants. In the previous study were mexZ and lasR mutations ever detected in the same strain? If 

so, would you expect lasR mexZ double mutants to still invade more, or would they no longer 

invade due to reduced quorum sensing activity?

Reviewer #2 (Remarks to the Author):

The manuscript is well written and well discussed. The authors could consider few things listed 

below to be discussed or addressed

Things to be noted :

MexZ mutations are very common in CF isolates were as found less in other common infections.

The authors have tested their MICs in the MH broth which nowhere matches to the conditions in 



host. The same hypothesis could be tested in different medium (Artificial CF medium or so) and 

see if their results make any changes.

Similarly, the amount of oxygen the bacteria gets is far different in lab grown condition to host. 

Which means an oxygen deprived condition along with medium mimicking host conditions could 

lead to mexZ mutations ( different studies have partly shown).

Why not the author use some clinically relevant mutations of mexZ and test their hypothesis to 

strengthen their results. For example; frequently observed clinical mutants of mexZ

Further if mexZ mutations alter QS signaling, it may then also impact on biofilm production which 

may help the adhesion of mexZ mutants when compared to lab strain PAO1

Reviewer #3 (Remarks to the Author):

• What are the noteworthy results?

The observation that mexZ mutations (which are commonly seen in CF isolates) change the 

colonization behavior of Pa is noteworthy because a) these mutations are common b) the 

interaction between the efflux pump systems, QS and virulence isn’t very well understood and is a 

fundamental biologic question.

• Will the work be of significance to the field and related fields? How does it compare to the 

established literature? If the work is not original, please provide relevant references.

The work is original (to my knowledge). The work is significant as follows: a) it may lead to further 

studies in the role of efflux pumps during physiologic growth conditions b) it also shows another 

mechanism for antimicrobial tolerance (location of the bugs in the tight junction space) due to 

mexZ mutations

• Does the work support the conclusions and claims, or is additional evidence needed? Are there 

any flaws in the data analysis, interpretation and conclusions? Do these prohibit publication or 

require revision?

Major Comment

- The main weakness of the work (which does not necessarily mean that it should not be 

published) is the absence of human histopathology showing bacterial localization along the tight 

junctions in the epithelium in the lung. Most of the published pathology focuses on bacterial 

aggregates suspended in sputum or around the airway surface liquid. The general experimental 

plan is logical and well done. The confocal imaging results in Fig 1C (and other figures) are 

striking. Genetic (but not biochemical) evidence is shown to support the competition for OprM as a 

mechanism – which is reasonable in a short publication.

Minor Comments

- The fold-change in attached bacteria in Figure 1B is modest (2-fold), and PsA (especially as a 

biofilm) can be very clumpy. Please show that the attached bacteria are in a single cell suspension 

for both genotypes prior to plating for CFU counting.

- Figure 1B Suggests a change in overall growth rate between the genotypes under these 

conditions as the total number of recovered CFU varies by genotype. Please discuss further.

- Please report the absolute values for TEER in Figure S1

- Line 124 - My understanding is LDH is released when the plasma membrane is breached, so you 

are not directly measuring tight junction function or paracellular permeability here, but rather 

epithelial viability.

- The manuscript might be easier to read if you include a Supp Figure summarizing the QS related 

gene expression changes. Otherwise readers will need to download the excel, sort columns etc.



- I couldn’t find descriptions of the antibiotic exposures in Figure 3 in the Methods section. If 

missing, please elaborate.

- The tobramycin concentration used in Fig 3 is lower than concentrations obtained through 

inhalation (usual delivery route). It is also hard to tell how killing dynamics are changed because 

only a single drug dose is shown (with no discussion of if these are the in vivo concentrations seen 

in the airway lumen). For tobramycin, please provide a at least one higher concentration closer to 

the airway concentration (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3621259/). The results 

around 0.5 MIC (from liquid culture) suggest that in this particular model the high biofilm tolerance 

to antibiotics seen in other co-culture models isn’t in play which makes it harder to extrapolate the 

data to human pathophysiology

- The y-axis in Fig B one is difficult to read (and similar graphs through the paper). Consider 

showing using scientific notation.

- Show absolute values for TEER in Fig 3B as well

- Line 236-238. Were these experiments run as competition assays? From the methods, it looks 

like the susceptibility testing was done in mono-culture. Consider alternative wording.

-



K>OB>P>K <HFF>GML

PX Y\aW \g \`cbegTag gb X`c[Tf\mX gb T__ eXi\XjXef g[Tg g[X biXeT__ checbfX bY g[\f \aiXfg\ZTg\ba jTf gb

eXfb_iX Ta \`cbegTag cTeTWbk bUfXeiXW \a ceXi\bhf Vb``ha\VTg\baf7 g[X TccTeXag fgebaZ fX_XVg\ba Ybe

mexZ `hgTg\baf \a Pseudomonas aeruginosa \aYXVg\aZ <? T\ejTlf) WXfc\gX g[X `TeZ\aT_ \aVeXTfX \a

Tag\U\bg\V eXf\fgTaVX bY g[XfX iTe\Tagf &fXX ?e\`bWg*Ft__Xe C) Xg T_+) /-.5) LV\ KXc+ Wb\7 .-+.-05,f1.265*

-.5*0-64/*l'+ PX [TiX TccebTV[XW g[\f cTeTWbk Yeb` T U\b_bZ\VT_ cXefcXVg\iX \a g[\f Vb``ha\VTg\ba)

TaW jX [TiX W\fVbiXeXW T U\b_bZ\VT_ `XV[Ta\f`) j[\V[ fTg\fYTVgbe\_l TaW fhece\f\aZ_l Xkc_T\af [bj

mexZ*`hgTgXW UTVgXe\T TeX TU_X gb cXef\fg \a g[X _haZf bY Tag\U\bg\V geXTgXW cTg\Xagf * WXfc\gX g[X\e _bj

_XiX_ bY V_\a\VT_ Tag\U\bg\V eXf\fgTaVX+

KXi\XjXe $. &KX`Te^f gb g[X :hg[be'7

Ba g[\f `TahfVe\cg g[X Thg[bef \aiXfg\ZTgX g[X eb_X bY T `XkS \aTVg\iTg\aZ `hgTg\ba \a IfXhWb`baTf

TXehZ\abfT \a Xc\g[X_\T_ VX__ Vb_ba\mTg\ba+ Nf\aZ geTafVe\cgb`\Vf g[X Thg[bef Y\aW g[Tg _XV: _XVg\a \f

hceXZh_TgXW \a g[X `XkS `hgTag TaW Zb ba gb f[bj g[Tg g[X `XkS `hgTag \aiTWXf Xc\g[X_\T_ VX__f \a T

cb_Te\mXW T\e _\dh\W \agXeYTVX Xc\g[X_\T_ VX__ `bWX_+ Nf\aZ ZXaXg\Vf) g[X Thg[bef f[bj g[Tg \aVeXTfXW `XkS

Xc\g[X_\T_ \aiTf\ba \f WXcXaWXag hcba _XV: TaW _XV: XkceXff\ba VTa UX eXfgbeXW gb j\_W*glcX _XiX_f Ul

X\g[Xe WX_Xg\aZ `XkR be biXeXkceXff\aZ bceF+ ?heg[Xe`beX) WX_Xg\aZ `Xk; T_fb \aVeXTfXW _XV:

XkceXff\ba+ :__ gbZXg[Xe g[XfX WTgT fhccbeg T `bWX_ j[XeXUl `XkS `hgTagf _XTW gb biXe XkceXff\ba bY

`XkQR j[\V[ fXdhXfgXe bceF TjTl Yeb` `Xk:;) VThf\aZ eXWhVXW `Xk:; TVg\i\gl TaW \aVeXTf\aZ

`Xk:;*WXcXaWXag dhbeh` fXaf\aZ ZXaX XkceXff\ba+ ?\aT__l) hf\aZ Tag\U\bg\V ^\__\aZ TffTlf Whe\aZ

Xc\g[X_\T_ VX__ \aYXVg\baf) g[X Thg[bef f[bj g[Tg g[X `XkS `hgTag \f `beX eXf\fgTag gb VXYgTm\W\`X TaW

gbUeT`lV\a Whe\aZ Xc\g[X_\T_ VX__ \aYXVg\ba+ :__ gbZXg[Xe g[XfX WTgT fhZZXfg g[Tg `XkS `hgTg\baf `Tl

UXaXY\g I+ TXehZ\abfT Ul ceb`bg\aZ \ageTVX__h_Te \aiTf\ba j[\V[ jbh_W cebgXVg g[XfX UTVgXe\T Yeb`

^\__\aZ Ul Tag\U\bg\Vf g[Tg YT\_ gb cXaXgeTgX Xc\g[X_\T_ UTee\Xef+ Lb`X `\ff\aZ FB< WTgT jbh_W [X_c V_Te\Yl

fb`X bY g[X eXfh_gf) Uhg bg[Xej\fX YXj jXT^aXffXf TeX abgXW+ :_gbZXg[Xe g[\f \f Ta \agXeXfg\aZ fghWl g[Tg

cebi\WXf aXj \af\Z[gf \agb g[X eb_X bY `XkS `hgTagf TaW j[l g[Xl `Tl UX haWXe fX_XVg\ba Whe\aZ

V[eba\V Vlfg\V Y\Uebf\f \aYXVg\baf+

FT]be Vb``Xagf7

:eX g[X :EB Vh_gheXf `TWX j\g[ j\_W glcX be <? Xc\g[X_\T_ VX__f9 M[\f \f Ta \`cbegTag W\fg\aVg\ba UXVThfX

<? Xc\g[X_\T_ VX__f [TiX UXXa f[bja gb UX `beX fhfVXcg\U_X gb \ageTVX__h_Te \aiTf\ba+ L\aVX g[X `XkS

`hgTg\baf TeX YbhaW YeXdhXag_l \a <? \fb_TgXf) g[X glcX bY VX__f hfXW Ybe g[X XkcXe\`Xagf TeX \`cbegTag

gb Vbaf\WXe+

:afjXe7 :f cTeg bY g[X bcg\`\mTg\ba cebVXff Ybe g[\f \aYXVg\ba flfgX`) iTe\bhf glcXf bY VX__ Vh_gheXf

jXeX TffXffXW) \aV_hW\aZ Vh_gheXf WXe\iXW Yeb` ce\`Tel [h`Ta VX__f \fb_TgXW Yeb` cXbc_X j\g[ <?+ M[X

Vb_ba\mTg\ba UX[Ti\be bY P. aeruginosa \a <? VX__ Vh_gheXf cebi\WXW g[X Y\efg Xi\WXaVX Ybe g\ffhX \aiTf\ba

Ul g[X mexZ `hgTag UTVgXe\T \a VbageTfg gb g[X fheYTVX _bVTg\ba bY j\_W*glcX UTVgXe\T+ Bg \f \`cbegTag gb

abgX) g[bhZ[) g[Tg g[XfX ce\`Tel VX__f VTa ba_l UX cTffTZXW T _\`\gXW ah`UXe bY g\`Xf UXYbeX _bf\aZ g[X\e

W\YYXeXag\Tg\ba VTcTV\gl) `T^\aZ aXVXffTel T eXVheeXag cTg\Xag fT`c_\aZ+ @\iXa g[X TiT\_TU\_\gl bY T VX__

_\aX &;<\*GL.+.' g[Tg cebi\WXf T Yh__l W\YYXeXag\TgXW cfXhWbfgeTg\Y\XW Xc\g[X_\h` TaW WbXf abg

f\Za\Y\VTag_l TYYXVg g[X eXfh_gf VbaVXea\aZ UTVgXe\T_ UX[Ti\be) jX bcgXW gb hg\_\mX g[X ;<\*GL.+. VX__ _\aX

gb V[TeTVgXe\mX g[X cTeg\Vh_Te mexZ `hgTag UTVgXe\T_ Vb_ba\mTg\ba c[XabglcX Tf jX__ Tf \gf VThfXf TaW

VbafXdhXaVXf+ M[X eXfh_gf Yeb` g[X <? VX__ Vh_gheXf TeX abj \aV_hWXW \a g[X `TahfVe\cg &?\ZheX .:') Tf

jX__ Tf Ta Xkc_TaTg\ba Ybe g[X V[b\VX bY g[X ;<\*GL.+. VX__f Ybe T__ fhUfXdhXag XkcXe\`Xagf &_\aXf ./.*

.05 TaW 16.*2-1'+

Bg jbh_W UX [X_cYh_ gb ceXfXag \a i\geb FB< WTgT Ybe gbUeT`lV\a) VXYgTm\W\`X) TaW V\cebY_bkTV\a Ybe T__

g[X I+ TXehZ\abfT `hgTag fgeT\af hfXW \a g[X fghWl Ybe VX__ \aYXVg\baf TaW ZXaX XkceXff\ba TaT_lfXf+ M[\f



Vbh_W UX WbaX j\g[ T gTU_X+ M[\f jbh_W T_fb [X_c iXe\Yl g[Tg g[X `hgTagf TeX cebcXe_l VbafgehVgXW) UTfXW

ba XkcXVgXW Tag\U\bg\V fhfVXcg\U\_\g\Xf Ybe g[X W\YYXeXag XYY_hk ch`c `hgTagf+ M[XfX WTgT jbh_W T_fb [X_c

VbaY\e` c[XabglcXf f\aVX Vb`c_X`XagTg\ba fgeT\af jXeX abg `TWX Ybe g[X `XkS( `hgTag be bg[Xef+

:afjXe7 Ba eXfcbafX gb KXi\XjXe .vf fhZZXfg\ba) jX [TiX abj \aV_hWXW T gTU_X \a g[X fhcc_X`XagTel

`TgXe\T_ &Lhcc_X`XagTel MTU_X 0') ceXfXag\aZ g[X in vitro FB< WTgT Ybe gbUeT`lV\a) VXYgTm\W\`X) TaW

V\cebY_bkTV\a Ybe T__ P. aeruginosa `hgTag fgeT\af hfXW \a g[\f fghWl+ M[X eXfh_gf VbaY\e` g[Tg g[X `hgTag

fgeT\af Xk[\U\g g[X XkcXVgXW Tag\U\bg\V fhfVXcg\U\_\g\Xf) Vbaf\fgXag j\g[ g[X\e XYY_hk ch`c T_gXeTg\baf)

Yheg[Xe fhccbeg\aZ g[X iT_\W\gl bY g[XfX `hgTagf+

Ba g[X W\fVhff\ba) \g jbh_W UX \agXeXfg\aZ gb Vbaf\WXe [bj fX_XVg\ba Ybe fgeT\af g[Tg \aiTWX Xc\g[X_\T_ VX__f

`\Z[g \`cTVg Vlfg\V Y\Uebf\f _haZ W\fXTfX+ M[XeX \f `hV[ baZb\aZ VbagebiXefl eXZTeW\aZ g[X eb_Xf bY

\ageTVX__h_Te I+ TXehZ\abfT) XfcXV\T__l \a <? \aYXVg\baf+ M[XfX WTgT fhccbeg g[X abg\ba g[Tg g[X

\ageTVX__h_Te a\V[X \f haWXe fX_XVg\ba UXVThfX `XkS `hgTagf TeX [\Z[_l ceXiT_Xag TaW V_XTe_l \aVeXTfX

\ageTVX__h_Te \aiTf\ba Ul I+ TXehZ\abfT+

:afjXe7 M[X _\`\gXW \aYbe`Tg\ba ba g[X \ageTXc\g[X_\T_ _\YXfgl_X bY P. aeruginosa `Tl) \a cTeg) fgX`

Yeb` g[X _\`\gTg\baf bY fT`c_Xf Yeb` \aYXVgXW cTg\Xagf+ HUgT\a\aZ <? _haZ g\ffhX fT`c_Xf j\g[ fhYY\V\Xag

`TgXe\T_ Ybe \a*WXcg[ TaT_lf\f bY \aYXVg\aZ `\VebbeZTa\f`f \f haVb``ba+ M[XfX fT`c_Xf hfhT__l

be\Z\aTgX Yeb` _haZ Xkc_Tagf) T fbheVX g[Tg [Tf UXVb`X _Xff ceXiT_Xag WhX gb TWiTaVX`Xagf \a <? cTg\Xag

geXTg`Xag TaW `TaTZX`Xag &Ul `bWh_Tgbe g[XeTcl'+ FbeXbiXe) _haZ Xkc_Tagf TeX WXe\iXW Yeb` XaW*fgTZX

<? _haZ W\fXTfX cTg\Xagf) T VbaW\g\ba g[Tg `Tl abg YT\g[Yh__l eXceXfXag `bfg <? \aW\i\WhT_f j\g[ V[eba\V

\aYXVg\baf &fXX FT_Xg D) Xg T_+ ;\bKk\i) /-/0) [ggcf7,,Wb\+beZ,.-+..-.,/-/0+-5+.4+22/640'+ ;l hf\aZ

bhe \aYXVg\ba `bWX_ flfgX`) jX jXeX TU_X gb biXeVb`X g[XfX V[T__XaZXf TaW \aiXfg\ZTgX g[X c[Xabglc\V

W\YYXeXaVXf bY W\YYXeXag fgeT\af haWXe Vbageb__XW VbaW\g\baf `\`\V^\aZ Tf `hV[ Tf cbff\U_X g[X

VbaW\g\baf \a g[X \aYXVgXW _haZ+ Bg \f \`cbegTag gb abgX [XeX g[Tg) Tf f[bja \a g[X `TahfVe\cg Y\ZheXf) jX

bUfXeiXW UTVgXe\T TVVh`h_Tg\aZ \a g[X \ageTXc\g[X_\T_ Vb`cTeg`Xag) fheebhaW\aZ g[X [h`Ta VX__f) Uhg

abg \ageTVX__h_Te_l) fb`Xg[\aZ Ybe j[\V[ <? Xc\g[X_\T jXeX T_fb bUfXeiXW gb UX `beX fhfVXcg\U_X &fXX

LT]]Ta N) Xg T_+) /--1) BaYXVg B``ha+ Wb\7 .-+../5,B:B+4/+4+1.55*1.66+/--1'+ :VVbeW\aZ gb bhe

Y\aW\aZf) `hgTg\baf \a mexZ fXX` gb \aWhVX g[\f W\fg\aVg UTVgXe\T_ UX[Ti\be g[Tg Vbh_W Xa[TaVX UTVgXe\T_

eXVT_V\geTaVX Whe\aZ \aYXVg\ba Ul cebi\W\aZ \aVeXTfXW cebgXVg\ba TZT\afg fb`X Tag\U\bg\Vf+ M[X j[b_X

\`c_\VTg\baf bY g[\f UX[Ti\be UXf\WXf g[X \aVeXTfXW UTVgXe\T_ eXVT_V\geTaVX &\+X+) cbff\U_X TWiTagTZXf bY

g[X c[XabglcX TZT\afg \``haX VX__f be YTV\_\gTg\aZ TVVXff gb T ahge\Xag a\V[X W\fg\aVg Yeb` g[X `hVhf

_TlXe') \f YTe Yeb` g[X bU]XVg\iX bY g[\f Teg\V_X TaW eX`T\af gb UX WXXc_l X_hV\WTgXW \a YhgheX jbe^f+ :f

fhZZXfgXW) jX [TiX XkcTaWXW bhe W\fVhff\ba ba g[XfX \ffhXf) f\aVX jX T_fb UX_\XiX g[Tg bhe fghWl `Tl

\afc\eX Yheg[Xe eXfXTeV[ &_\aXf 025*036'+

Bg jbh_W T_fb UX \agXeXfg\aZ gb Vbaf\WXe [bj _TfK `hgTg\baf Vbh_W TYYXVg g[X c[XabglcXf bY `XkS

`hgTagf+ Ba g[X ceXi\bhf fghWl jXeX `XkS TaW _TfK `hgTg\baf XiXe WXgXVgXW \a g[X fT`X fgeT\a9 BY fb)

jbh_W lbh XkcXVg _TfK `XkS WbhU_X `hgTagf gb fg\__ \aiTWX `beX) be jbh_W g[Xl ab _baZXe \aiTWX WhX

gb eXWhVXW dhbeh` fXaf\aZ TVg\i\gl9

:afjXe7 ;l TaT_lm\aZ g[X `hgTg\baf WXgXVgXW \a g[X V_\a\VT_ fgeT\a Vb__XVg\ba Yeb` g[X <bcXa[TZXa <?

<XageX Tg K\Zf[bfc\gT_Xg &fXX FTei\Z K) Xg T_+ GTg @XaXg /-.2+ Wb\7 .-+.-05,aZ+0.15') jX YbhaW g[Tg

.60 fgeT\af [TW TVdh\eXW `hgTg\baf \a mexZ Whe\aZ g[X VbhefX bY g[X \aYXVg\ba) j[\_X `hgTg\baf \a lasR

jXeX TVdh\eXW \a 2- V_\a\VT_ fgeT\af bY g[X Vb__XVg\ba+ M[\f `TWX mexZ g[X `bfg YeXdhXag_l `hgTgXW ZXaX)

TaW lasR jTf eTa^XW //aW \a YeXdhXaVl bY `hgTg\ba+ M[X YTVg g[Tg g[XfX / ZXaXf TeX T`baZ g[bfX

YeXdhXag_l `hgTgXW `Tl Xkc_T\a j[l g[XeX TeX T YXj eTaWb` V_\a\VT_ fgeT\af j\g[ Ubg[ ZXaXf `hgTgXW

&/- fgeT\af'+ PX Wb abg Vbaf\WXe g[\f eTeX Vb`U\aTg\ba bY g[X `hgTg\baf Tf Ta \aW\VTgbe bY fcXV\T_

fX_XVg\ba TaW Xae\V[`Xag+ ;Xf\WXf) \g \f \`cbegTag gb [\Z[_\Z[g g[Tg chU_\f[XW \aYbe`Tg\ba cb\agf gb T



Vb`c_Xk eXZh_Tg\ba bY dhbeh` fXaf\aZ \a P. aeruginosa) j[\V[ \aib_iXf `beX TVgbef TaW abg ba_l ETfK

&fXX EXX) Xg T_+) /-.0) GTg+ <[X` ;\b_) Wb\7 .-+.-05,aV[X`U\b+.//28 TaW @eb_XTh) Xg T_+) /-/-)

`LlfgX`f) Wb\7 .-+../5,`LlfgX`f+--.61*/-'+ ?heg[Xe`beX) \g \f jbeg[ abg\aZ g[Tg g[X ce\aV\cT_

eXZh_Tgbef bY lecA TeX K[_K TaW Idf>+ M[XeXYbeX) Tal \aY_hXaVX XkXegXW Ul ETfK ba lecA XkceXff\ba

jbh_W _\^X_l bVVhe \aW\eXVg_l+ <baf\WXe\aZ g[\f) g[X \`cTVg bY T ETfK `hgTg\ba ba lecA XkceXff\ba)

cTeg\Vh_Te_l \a T mexZ `hgTag T_eXTWl W\fc_Tl\aZ ha\dhX lecA XkceXff\ba cTggXeaf) `\Z[g UX bUfVheXW Ul

Vb`cXafTgbel `XV[Ta\f`f j\g[\a g[X JL eXZh_Tgbel aXgjbe^ g[ebhZ[ K[_K TaW Idf>+

M[X f\Za\Y\VTaVX bY Xkc_be\aZ g[\f TfcXVg \a YhgheX eXfXTeV[ \f abj [\Z[_\Z[gXW \a g[X `TahfVe\cg%f

W\fVhff\ba &_\aXf 060*064'+



KXi\XjXe $/ &KX`Te^f gb g[X :hg[be'7

M[X `TahfVe\cg \f jX__ je\ggXa TaW jX__ W\fVhffXW+ M[X Thg[bef Vbh_W Vbaf\WXe YXj g[\aZf _\fgXW UX_bj

gb UX W\fVhffXW be TWWeXffXW

M[\aZf gb UX abgXW 7

FXkS `hgTg\baf TeX iXel Vb``ba \a <? \fb_TgXf jXeX Tf YbhaW _Xff \a bg[Xe Vb``ba \aYXVg\baf+

:afjXe7 :f [\Z[_\Z[gXW Ul KXi\XjXe /) `hgTg\baf \a mexZ TeX iXel ceXiT_Xag \a <? \fb_TgXf+ M[X

UX[Ti\be _\a^XW gb `hgTg\baf \a mexZ) X_hV\WTgXW \a g[\f fghWl) `\Z[g Vbage\UhgX gb g[\f bUfXeiXW cTggXea+

Ba YTVg) Tf cb\agXW bhg Ul KXi\XjXe . \a baX bY g[X Vb``Xagf) g[X fhfVXcg\U\_\gl bY Xc\g[X_\T Ybe`XW Ul

<? VX__f gb UTVgXe\T_ \aiTf\ba \f [\Z[Xe &fXX LT]]Ta N) Xg T_+) /--1) BaYXVg B``ha+ Wb\7

.-+../5,B:B+4/+4+1.55*1.66+/--1') j[\V[ Vbh_W UX YTibe\aZ \a fb`X XkgXag g[X fX_XVg\ba bY `hgTg\baf

\a mexZ+ ?b__bj\aZ g[X Vb``Xagf Yeb` KXi\XjXef . TaW /) jX [TiX abj \aVbecbeTgXW T fgTgX`Xag

f[bj\aZ g[\f TcceXV\Tg\ba \agb g[X `TahfVe\cg) Xae\V[\aZ g[X WXcg[ bY \gf W\fVhff\ba &_\aXf 023*026'+

Ha g[X bg[Xe [TaW) `hgTg\baf \a mexZ TeX _Xff YeXdhXag \a bg[Xe \aYXVg\baf) fhV[ Tf P. aeruginosa

\aYXVg\aZ cTg\Xagf j\g[ <[eba\V HUfgehVg\iX Ih_`baTel =\fXTfX &<HI=' &fXX >^_oY C) Xg T_++ <_\a

F\VebU\b_ BaYXVg+ /-// Wb\7 .-+.-.3,]+V`\+/-//+-.+-.4+'+ Ba g[\f VTfX) g[X XkgXaf\iX g\ffhX WXfgehVg\ba

j\g[\a g[X _haZf bY <HI= cTg\Xagf `Tl VeXTgX Ta Xai\eba`Xag j[XeX T [X\Z[gXaXW VTcTV\gl Ybe UTVgXe\T_

g\ffhX \aiTf\ba) VbaYXeeXW Ul mexZ `hgTg\baf) \f abg Tf TWiTagTZXbhf+

M[X Thg[bef [TiX gXfgXW g[X\e FB<f \a g[X FA Uebg[ j[\V[ abj[XeX `TgV[Xf gb g[X VbaW\g\baf \a [bfg+

M[X fT`X [lcbg[Xf\f Vbh_W UX gXfgXW \a W\YYXeXag `XW\h` &:eg\Y\V\T_ <? `XW\h` be fb' TaW fXX \Y g[X\e

eXfh_gf `T^X Tal V[TaZXf+

:afjXe7 :f cb\agXW bhg Ul KXi\XjXe /) g[X FB<f bY g[X `hgTagf hfXW \a g[\f jbe^ jXeX cXeYbe`XW \a

FA) g[X fgTaWTeW `Xg[bWb_bZl hfXW \a g[X Y\X_W gb `XTfheX fXaf\g\i\gl gb Tag\U\bg\Vf+ :f eXi\XjXe /

fgTgXW) FB<f `Tl UX WXcXaWXag ba g[X ahge\Xag TiT\_TU\_\gl TaW `XW\T Vb`cbf\g\ba) Tf jX [TiX

ceXi\bhf_l WXfVe\UXW &fXX ETUbeWT I) Xg T_ F\VebU\b_ LcXVge+ /-//+ Wb\7 .-+../5,fcXVgeh`+--/14*//'+

?b__bj\aZ KXi\XjXe /vf bUfXeiTg\ba) T gTU_X j\g[ g[X FB<f bY T__ g[X `hgTagf hfXW \a g[\f fghWl

`XTfheXW \a W\YYXeXag `XW\T) \aV_hW\aZ L<?F g[Tg `\`\Vf g[X ahge\g\baT_ VbaW\g\baf XaVbhagXeXW Whe\aZ

\aYXVg\ba) TeX abj \aV_hWXW \a g[X fhcc_X`XagTel `TgXe\T_ &Lhcc_X`XagTel MTU_X 0'+ :f \aW\VTgXW \a g[X

fhcc_X`XagTel gTU_X) j[\_X FB<f Wb iTel \a W\YYXeXag `XW\T) g[X W\YYXeXaVXf UXgjXXa `hgTagf TaW g[X

j\_W*glcX fgeT\a eX`T\a Vbaf\fgXag TaW) `beX \`cbegTag_l) g[\f aXj WTgT VbaY\e`f g[Tg g[X `hgTag fgeT\af

Xk[\U\g g[X XkcXVgXW Tag\U\bg\V fhfVXcg\U\_\g\Xf) Vbaf\fgXag j\g[ g[X\e XYY_hk ch`c T_gXeTg\baf) Yheg[Xe

fhccbeg\aZ g[X iT_\W\gl bY g[X `hgTagf hfXW+ M[\f \aYbe`Tg\ba \f abj \aV_hWXW \a g[X eXfh_gf fXVg\ba bY

g[X `TahfVe\cg &_\aXf /46*/52'+

L\`\_Te_l) g[X T`bhag bY bklZXa g[X UTVgXe\T ZXgf \f YTe W\YYXeXag \a _TU Zebja VbaW\g\ba gb [bfg+ P[\V[

`XTaf Ta bklZXa WXce\iXW VbaW\g\ba T_baZ j\g[ `XW\h` `\`\V^\aZ [bfg VbaW\g\baf Vbh_W _XTW gb `XkS

`hgTg\baf & W\YYXeXag fghW\Xf [TiX cTeg_l f[bja'+

:afjXe7 KXi\XjXe /%f bUfXeiTg\ba eXZTeW\aZ bklZXa _XiX_f \f Xag\eX_l iT_\W f\aVX bklZXa TiT\_TU\_\gl

W\YYXef UXgjXXa \aYXVg\ba VbaW\g\baf TaW _TUbeTgbel fXgg\aZf+ Bg \f jbeg[ abg\aZ g[Tg `hgTg\baf \a mexZ

`Tl \aWXXW cebi\WX TWiTagTZXf haWXe iTel\aZ bklZXa VbaW\g\baf XaVbhagXeXW Whe\aZ \aYXVg\ba) j[\V[

ceXfXagf Ta \age\Zh\aZ TiXahX Ybe Xkc_beTg\ba+ M[\f \f baX bY g[X cTeT`XgXef g[Tg g[\f \aYXVg\ba flfgX`)

\a \gf VheeXag fgTZX) WbXf abg T__bj gb Vbaf\WXe+ Hhe _TUbeTgbel \f TVg\iX_l \aiXfg\ZTg\aZ g[X \`cTVg bY

mexZ `hgTg\baf Whe\aZ UTVgXe\T_ \aYXVg\baf \a W\iXefX VbagXkgf) \aV_hW\aZ g[\f baX TaW g[X\e \aY_hXaVX



ba cebgXVg\ba TZT\afg \``haX VX__f+ ?b__bj\aZ KXi\XjXevf Vb``Xag) jX [TiX abj \aVbecbeTgXW g[\f

W\fVhff\ba bhg_\a\aZ YhgheX TiXahXf Ybe T `beX Vb`ceX[Xaf\iX Xkc_beTg\ba bY g[X \`c_\VTg\baf bY mexZ

`hgTg\baf \a g[X VbagXkg bY \aYXVg\ba j\g[\a g[X `TahfVe\cg &_\aXf 025*036'+

P[l abg g[X Thg[be hfX fb`X V_\a\VT__l eX_XiTag `hgTg\baf bY `XkS TaW gXfg g[X\e [lcbg[Xf\f gb

fgeXaZg[Xa g[X\e eXfh_gf+ ?be XkT`c_X8 YeXdhXag_l bUfXeiXW V_\a\VT_ `hgTagf bY `XkS

:afjXe7 Bg \f jbeg[ abg\aZ g[Tg `hgTg\baf \a g[X mexZ ZXaX YbhaW \a V_\a\VT_ fgeT\af TeX W\iXefX) but a

common trend is their frequent involvement in the C-terminal region of the protein &fXX FTei\Z K) Xg

T_+ GTg @XaXg /-.2+ Wb\7 .-+.-05,aZ+0.15'+ ?be g[\f eXTfba) jX bcgXW gb XaZ\aXXe T `hgTg\ba g[Tg gTeZXgXW

g[\f YeXdhXag_l TYYXVgXW eXZ\ba \a bhe fghWl+ Ba beWXe gb bUgT\a V_XTeVhg \aYbe`Tg\ba TUbhg g[X UTVgXe\T_

c[XabglcX Whe\aZ \aYXVg\ba jX WXV\WXW gb WXf\Za T `hgTag fgeT\a bY I:H. j\g[ T gbgT_ _bff bY g[X

`Xag\baXW eXZ\ba bY FXkS+

M[\f [Tf UXXa Yheg[Xe V_Te\Y\XW \a g[X `TahfVe\cg gb TWWeXff Tal cbgXag\T_ VbaVXeaf bY YhgheX eXTWXef

&_\aXf 64*../'+

?heg[Xe \Y `XkS `hgTg\baf T_gXe JL f\ZaT_\aZ) \g `Tl g[Xa T_fb \`cTVg ba U\bY\_` cebWhVg\ba j[\V[ `Tl

[X_c g[X TW[Xf\ba bY `XkS `hgTagf j[Xa Vb`cTeXW gb _TU fgeT\a I:H.

:afjXe7 :f abgXW Ul KXi\XjXe /) g[X JL flfgX` c_Tlf T f\Za\Y\VTag eb_X \a eXZh_Tg\aZ iTe\bhf i\eh_XaVX

YTVgbef bY P. aeruginosa) \aV_hW\aZ U\bY\_` Ybe`Tg\ba+ PX [TiX VbaWhVgXW `XTfheX`Xagf bY Ta

Xfg\`Tg\ba bY U\bY\_` Ybe`Tg\ba VTcTV\gl \a g[X `hgTagf ZXaXeTgXW Whe\aZ g[\f jbe^+ M[\f jTf cXeYbe`XW

Ul `XTfhe\aZ g[X UTVgXe\T_ TZZeXZTg\ba gb cXZ _\Wf) Tf ceXi\bhf_l WXfVe\UXW &fXX ;TegX__ C:) Xg T_+) /-.6)

GTg <b``ha) Wb\7 .-+.-05,f1.134*-.6*-52-1*4+' Ba ZXaXeT_) jX bUfXeiXW ba_l `\abe W\YYXeXaVXf \a

U\bY\_` Ybe`Tg\ba Xfg\`Tg\ba j[Xa Vb`cTe\aZ g[X `hgTagf gb I:H. j\_W glcX fgeT\a) Tf f[bja \a g[X

\`TZX UX_bj+

Estimated biofilm formation capacity by the mutants used during this work+ ?b_W V[TaZXf bY
U\bY\_` Ybe`Tg\ba Xfg\`Tg\ba bY mexZ() mexZ( }lecA) mexZ( }mexY TaW }mexB `hgTag fgeT\af eXfcXVg

gb g[X j\_W*glcX fgeT\a I:H. TeX eXceXfXagXW+ >eebe UTef \aW\VTgX g[X fgTaWTeW WXi\Tg\ba bY g[X eXfh_g bY
TaT_lm\aZ gjX_iX gXV[a\VT_ eXc_\VTgXf+ FXTfheXW iT_hXf bY H=26-a` hfXW Ybe Xfg\`Tg\aZ g[X U\bY\_`



Ybe`Tg\ba VTcTV\gl bY XTV[ fgeT\a jXeX g[X Yb__bj\aZ7 I:H.7 .+05 r -+//8 mexZ(7 .+2 r -+.68 mexZ(

}lecA7 .+.4 r -+/48 mexZ( }mexY7 .+/5 r -+/.8 }mexB7 .+.4 r -+/2+

Ba g[\f eXZTeW) \g \f \`cbegTag gb TV^abj_XWZX g[X \age\VTgX \agXec_Tl UXgjXXa W\YYXeXag eXZh_Tgbel

cTg[jTlf j\g[\a g[X JL flfgX` TaW g[X `bWh_Tg\ba bY i\eh_XaVX YTVgbef) j[\V[ WXcXaWf ba fXiXeT_

iTe\TU_Xf &fXX =X^\`cX Xg T_+) /--6) F\VebU\b_bZl) Wb\7 .-+.-66,`\V+-+-//431*-8 TaW PTaZ) Xg T_+)

/-.5) LV\ KXc+) Wb\7 .-+.-05,f1.265*-.5*0-5.0*l'+ <bafXdhXag_l) T_gXeTg\baf \a g[X Xkgehf\ba bY VXegT\a

JL `b_XVh_Xf be g[X\e ceXVhefbef `\Z[g _XTW gb W\YY\Vh_g gb ceXW\Vg V[TaZXf \a g[X eXZh_Tg\ba bY i\eh_XaVX

YTVgbef+ M[\f Vb`c_Xk\gl [Tf UXXa bUfXeiXW \a `hgTagf biXeXkceXff\aZ iTe\bhf XYY_hk ch`cf bY P.

aeruginosa \aib_iXW \a g[X Xkgehf\ba bY JL `b_XVh_Xf &fXX :_VT_WX*K\Vb F) Xg T_+) /-.5) ?ebag

F\VebU\b_) Wb\7 .-+0056,Y`\VU+/-.5+-/42/8 :_VT_WX*K\Vb F) Xg T_+) /-/-) >ai\eba F\VebU\b_) Wb\7

.-+....,.13/*/6/-+.2.448 Fhnbm*<TmT__T :) Xg T_+) /-/0) F\VebU ;\bgXV[ab_) /-/0) Wb\7

.-+....,.42.*46.2+.1/2/'+

Ha g[X bg[Xe [TaW) EXV: [Tf UXXa WXfVe\UXW gb [TiX T eb_X \a U\bY\_` Ybe`Tg\ba bY P. aeruginosa+

AbjXiXe) \gf YhaVg\ba jTf X_hV\WTgXW gb c_Tl T eb_X \a g[X `TgheTg\ba c[TfX eTg[Xe g[Ta g[X \a\g\T_

TggTV[`Xag gb g[X fhUfgeTgh` &fXX =\ZZ_X LI) Xg T_+) /--3 >ai\eba F\VebU\b_) Wb\7 .-+....,]+.13/*

/6/-+/--3+--.--.+k'+ @\iXa g[Tg jX Xfg\`TgXW g[X U\bY\_` Ybe`Tg\ba VTcTV\gl g[ebhZ[ UTVgXe\T_

TZZeXZTg\ba) Tf \f VbaiXag\baT__l ceTVg\VXW) ab V[TaZXf jXeX bUfXeiXW \a g[\f cTeT`XgXe+



KXi\XjXe $0 &KX`Te^f gb g[X :hg[be'7

p P[Tg TeX g[X abgXjbeg[l eXfh_gf9

M[X bUfXeiTg\ba g[Tg `XkS `hgTg\baf &j[\V[ TeX Vb``ba_l fXXa \a <? \fb_TgXf' V[TaZX g[X Vb_ba\mTg\ba

UX[Ti\be bY IT \f abgXjbeg[l UXVThfX T' g[XfX `hgTg\baf TeX Vb``ba U' g[X \agXeTVg\ba UXgjXXa g[X

XYY_hk ch`c flfgX`f) JL TaW i\eh_XaVX \favg iXel jX__ haWXefgbbW TaW \f T YhaWT`XagT_ U\b_bZ\V

dhXfg\ba+

p P\__ g[X jbe^ UX bY f\Za\Y\VTaVX gb g[X Y\X_W TaW eX_TgXW Y\X_Wf9 Abj WbXf \g Vb`cTeX gb g[X XfgTU_\f[XW

_\gXeTgheX9 BY g[X jbe^ \f abg be\Z\aT_) c_XTfX cebi\WX eX_XiTag eXYXeXaVXf+

M[X jbe^ \f be\Z\aT_ &gb `l ^abj_XWZX'+ M[X jbe^ \f f\Za\Y\VTag Tf Yb__bjf7 T' \g `Tl _XTW gb Yheg[Xe

fghW\Xf \a g[X eb_X bY XYY_hk ch`cf Whe\aZ c[lf\b_bZ\V Zebjg[ VbaW\g\baf U' \g T_fb f[bjf Tabg[Xe

`XV[Ta\f` Ybe Tag\`\VebU\T_ gb_XeTaVX &_bVTg\ba bY g[X UhZf \a g[X g\Z[g ]haVg\ba fcTVX' WhX gb `XkS

`hgTg\baf

p =bXf g[X jbe^ fhccbeg g[X VbaV_hf\baf TaW V_T\`f) be \f TWW\g\baT_ Xi\WXaVX aXXWXW9 :eX g[XeX Tal

Y_Tjf \a g[X WTgT TaT_lf\f) \agXeceXgTg\ba TaW VbaV_hf\baf9 =b g[XfX ceb[\U\g chU_\VTg\ba be eXdh\eX

eXi\f\ba9

FT]be <b``Xag

* M[X `T\a jXT^aXff bY g[X jbe^ &j[\V[ WbXf abg aXVXffTe\_l `XTa g[Tg \g f[bh_W abg UX chU_\f[XW' \f

g[X TUfXaVX bY [h`Ta [\fgbcTg[b_bZl f[bj\aZ UTVgXe\T_ _bVT_\mTg\ba T_baZ g[X g\Z[g ]haVg\baf \a g[X

Xc\g[X_\h` \a g[X _haZ+ Fbfg bY g[X chU_\f[XW cTg[b_bZl YbVhfXf ba UTVgXe\T_ TZZeXZTgXf fhfcXaWXW \a

fchgh` be TebhaW g[X T\ejTl fheYTVX _\dh\W+ M[X ZXaXeT_ XkcXe\`XagT_ c_Ta \f _bZ\VT_ TaW jX__ WbaX+

M[X VbaYbVT_ \`TZ\aZ eXfh_gf \a ?\Z .< &TaW bg[Xe Y\ZheXf' TeX fge\^\aZ+ @XaXg\V &Uhg abg U\bV[X`\VT_'

Xi\WXaVX \f f[bja gb fhccbeg g[X Vb`cXg\g\ba Ybe HceF Tf T `XV[Ta\f` u j[\V[ \f eXTfbaTU_X \a T f[beg

chU_\VTg\ba+

:afjXe7 PX TZeXX g[Tg g[XeX \f T gbgT_ TUfXaVX bY [h`Ta _haZ [\fgbcTg[b_bZl WXfVe\UXW \a g[\f

`TahfVe\cg+ AbjXiXe) g[X j[b_X cb\ag bY X`c_bl\aZ T W\YYXeXag\TgXW _haZ VX__ Vh_gheX \a bhe

\aiXfg\ZTg\baf bY g[X UX[Ti\be bY mexZ `hgTag UTVgXe\T eX_Tg\iX gb j\_W glcX UTVgXe\T &gjb \fbZXa\V

fgeT\af XkVXcg Ybe g[X mexZ ZXaX' [Tf UXXa gb \aiXfg\ZTgX g[X c[Xabglc\V W\YYXeXaVXf bY g[X gjb fgeT\af

haWXe fgTaWTeW Vbageb__TU_X VbaW\g\baf `\`\V^\aZ Tf `hV[ Tf cbff\U_X g[X VbaW\g\baf \a g[X \aYXVgXW

_haZ+ M[\f V_XTe_l VbageTfgf j\g[ g[X fgTaWTeW V_\a\VT_ \aiXfg\ZTg\baf bY g[X fT`X fgeT\af) j[\V[ Vbh_W

abg cebi\WX Tal fTg\fYTVgbel Xkc_TaTg\baf Ybe g[X TccTeXag fgebaZ fX_XVg\ba Ybe mexZ `hgTg\baf \a g[X

\aYXVgXW <? cTg\Xagf+ PX g[XeXYbeX TeZhX g[Tg jX [TiX gT^Xa T fgebaZ fgXc YbejTeW \a g[X TaT_lf\f) j[\V[

\a YTVg gT^Xf TWiTagTZX bY T `bWX_ flfgX` eXY_XVg\aZ g[X [\fgbcTg[b_bZ\VT_ VbaW\g\baf \a g[X <? _haZ)

TaW bhe fghWl haWXe g[XfX _haZ `\`\V^\aZ VbaW\g\baf [Tf cebi\WXW T Vbai\aV\aZ TaW fhece\f\aZ

Xkc_TaTg\ba Ybe g[X fX_XVg\iX fhVVXff bY mexZ `hgTag UTVgXe\T Whe\aZ geXTg`Xag j\g[ Tag\U\bg\Vf \a <?

cTg\Xagf+

F\abe <b``Xagf

* M[X Yb_W*V[TaZX \a TggTV[XW UTVgXe\T \a ?\ZheX .; \f `bWXfg &/*Yb_W') TaW If: &XfcXV\T__l Tf T U\bY\_`'

VTa UX iXel V_h`cl+ I_XTfX f[bj g[Tg g[X TggTV[XW UTVgXe\T TeX \a T f\aZ_X VX__ fhfcXaf\ba Ybe Ubg[

ZXabglcXf ce\be gb c_Tg\aZ Ybe <?N Vbhag\aZ+

:afjXe7 PX VbaWhVgXW Ta TaT_lf\f bY VX__ fhfcXaf\baf Ul i\fhT_\mTg\ba \a Ta Xc\Y_hbeXfVXaVX

`\VebfVbcX ce\be gb cXeYbe`\aZ <?N c_Tg\aZ+ M[X \`TZXf W\fc_TlXW UX_bj f[bj g[X @?I*gTZZXW

UTVgXe\T_ fhfcXaf\baf [TeiXfgXW TYgXe .1 [bhef bY \aYXVg\ba bUfXeiXW haWXe Ta Xc\Y_hbeXfVXaVX

`\VebfVbcX+ M[XfX \`TZXf \__hfgeTgX g[Tg g[X UTVgXe\T_ VX__f jXeX \a T f\aZ_X VX__ fhfcXaf\ba) \aW\VTg\aZ





:afjXe7 : gTU_X VbagT\a\aZ g[X TUfb_hgX M>>K iT_hXf \f abj \aV_hWXW \a g[X fhcc_X`XagTel `TgXe\T_

&Lhcc_X`XagTel MTU_X 1'+

* E\aX ./1 * Fl haWXefgTaW\aZ \f E=A \f eX_XTfXW j[Xa g[X c_Tf`T `X`UeTaX \f UeXTV[XW) fb lbh TeX

abg W\eXVg_l `XTfhe\aZ g\Z[g ]haVg\ba YhaVg\ba be cTeTVX__h_Te cXe`XTU\_\gl [XeX) Uhg eTg[Xe Xc\g[X_\T_

i\TU\_\gl+

:afjXe7 PX g[Ta^ KXi\XjXe 0 Ybe [\Z[_\Z[g\aZ g[\f cbgXag\T_ cb\ag bY VbaYhf\ba+ PX [TiX eXi\fXW g[\f

fXagXaVX Ybe UXggXe V_Te\gl bY g[X gXkg &_\aXf .2-*.20'+

Bg \f \`cbegTag gb X`c[Tf\mX g[Tg \a g[\f fghWl) jX [TiX \aV_hWXW Ubg[ E=A TaW M>>K `XTfheX`Xagf

UXVThfX g[Xl cebi\WX W\fg\aVg \aYbe`Tg\ba+ E=A) Tf cb\agXW bhg Ul KXi\XjXe 0) fXeiXf Tf Ta \aW\VTgbe

bY WT`TZX gb \aW\i\WhT_ Xc\g[X_\T_ VX__f+ Ha g[X bg[Xe [TaW) M>>K `XTfheX`Xagf \aW\VTgX g[X W\fehcg\ba

bY g[X Xc\g[X_\T_ UTee\Xe Tf T j[b_X+ ;l TffXff\aZ Ubg[ g[XfX cTeT`XgXef) jX T\` gb W\fg\aZh\f[ UTVgXe\T_

fgeT\af g[Tg `Tl W\fehcg g[X Xc\g[X_\T_ UTee\Xe j\g[bhg VThf\aZ [Te` gb \aW\i\WhT_ VX__f) be i\VX iXefT+

* M[X `TahfVe\cg `\Z[g UX XTf\Xe gb eXTW \Y lbh \aV_hWX T Lhcc ?\ZheX fh``Te\m\aZ g[X JL eX_TgXW ZXaX

XkceXff\ba V[TaZXf+ Hg[Xej\fX eXTWXef j\__ aXXW gb Wbja_bTW g[X XkVX_) fbeg Vb_h`af XgV+

:afjXe7 Ba TVVbeWTaVX j\g[ g[X eXVb``XaWTg\ba bY KXi\XjXe 0) jX [TiX XkgeTVgXW g[X ZXaX XkceXff\ba

V[TaZXf eX_TgXW gb JL Yeb` g[X Lhcc_X`XagTel WTgT TaW ceXfXagXW g[X` \a T fhcc_X`XagTel gTU_X

&Lhcc_X`XagTel MTU_X /'+ Mb Xa[TaVX V_Te\gl TaW haWXefgTaW\aZ) jX [TiX T_fb \aVbecbeTgXW T fV[X`Tg\V

fhcc_X`XagTel Y\ZheX \__hfgeTg\aZ g[X WXgXVgXW V[TaZXf \aib_iXW \a g[X `XV[Ta\f` haWXe_l\aZ g[X

fghW\XW c[XabglcX &Lhcc_X`XagTel ?\ZheX 0'+

* B Vbh_Wavg Y\aW WXfVe\cg\baf bY g[X Tag\U\bg\V XkcbfheXf \a ?\ZheX 0 \a g[X FXg[bWf fXVg\ba+ BY `\ff\aZ)

c_XTfX X_TUbeTgX+

:afjXe7 PX g[Ta^ KXi\XjXe 0 Ybe cb\ag\aZ bhg g[\f) j[\V[ [Tf abj UXXa V_Te\Y\XW TVVbeW\aZ_l &_\aXf

211*222'+

* M[X gbUeT`lV\a VbaVXageTg\ba hfXW \a ?\Z 0 \f _bjXe g[Ta VbaVXageTg\baf bUgT\aXW g[ebhZ[ \a[T_Tg\ba

&hfhT_ WX_\iXel ebhgX'+ Bg \f T_fb [TeW gb gX__ [bj ^\__\aZ WlaT`\Vf TeX V[TaZXW UXVThfX ba_l T f\aZ_X

WehZ WbfX \f f[bja &j\g[ ab W\fVhff\ba bY \Y g[XfX TeX g[X \a i\ib VbaVXageTg\baf fXXa \a g[X T\ejTl

_h`Xa'+ ?be gbUeT`lV\a) c_XTfX cebi\WX T Tg _XTfg baX [\Z[Xe VbaVXageTg\ba V_bfXe gb g[X T\ejTl

VbaVXageTg\ba &[ggcf7,,jjj+aVU\+a_`+a\[+Zbi,c`V,Teg\V_Xf,IF<03/./26,'+ M[X eXfh_gf TebhaW -+2 FB<

&Yeb` _\dh\W Vh_gheX' fhZZXfg g[Tg \a g[\f cTeg\Vh_Te `bWX_ g[X [\Z[ U\bY\_` gb_XeTaVX gb Tag\U\bg\Vf fXXa

\a bg[Xe Vb*Vh_gheX `bWX_f \favg \a c_Tl j[\V[ `T^Xf \g [TeWXe gb XkgeTcb_TgX g[X WTgT gb [h`Ta

cTg[bc[lf\b_bZl

:afjXe7 M[X ce\`Tel bU]XVg\iX \a g[\f cTeg bY g[X Vb``ha\VTg\ba jTf gb TffXff g[X cbgXag\T_ \`cTVg bY

g[X mexZ `hgTg\ba ba P. aeruginosa%f Tag\U\bg\V gb_XeTaVX Whe\aZ \aYXVg\ba VbaW\g\baf+ P[Xa TWWeXff\aZ

g[\f fXVg\ba bY g[X ceb]XVg) jX VbaWhVgXW XkcXe\`Xagf X`c_bl\aZ W\YYXeXag Tag\U\bg\V VbaVXageTg\baf) TaW

\g \f \`cbegTag gb abgX g[Tg T Vbaf\fgXag geXaW jTf bUfXeiXW TVebff T__ VbaW\g\baf+ PX bcgXW gb ceXfXag

g[X fcXV\Y\V VbaVXageTg\ba YXTgheXW \a g[X Teg\V_X) f\aVX \g eXWhVXW g[X Zebjg[ bY g[X j\_W*glcX fgeT\a

j[\_X abg Vb`c_XgX_l \a[\U\g\aZ \g+ M[\f TccebTV[ jTf V[bfXa gb YTV\_\gTgX T Vb`cTeTg\iX TffXff`Xag bY

Tag\U\bg\V gb_XeTaVX T`baZ g[X W\YYXeXag fgeT\af haWXe \aYXVg\ba VbaW\g\baf+ M[\f [Tf abj UXXa V_Te\Y\XW

\a g[X `TahfVe\cg &_\aXf /20*/21 TaW _\aXf 211*222'+



?b__bj\aZ KXi\XjXe 0vf fhZZXfg\ba) jX [TiX abj cXeYbe`XW Ta TWW\g\baT_ XkcXe\`Xag \a j[\V[ [\Z[Xe

gbUeT`lV\a VbaVXageTg\baf jXeX hfXW &./5) /23 TaW 2./ sZ,`E'+ M[X eXfh_gf eXiXT_XW g[Tg g[XfX

VbaVXageTg\baf Vb`c_XgX_l XeTW\VTgXW Ubg[ g[X j\_W*glcX TaW mexZ( `hgTag fgeT\af+ M[\f eXfh_g cb\agf

gb g[X \aYbe`Tg\ba `Xag\baXW UXYbeX7 Whe\aZ g[\f fghWl jX TeX abg hf\aZ V_\a\VT_ fgeT\af &g[Tg `Tl XiTWX

Tag\U\bg\V geXTg`Xagf Ul Yheg[Xe `XV[Ta\f`f `XW\TgXW Ul `Tal bg[Xe `hgTg\baf' UXVThfX g[X ZbT_ bY

g[\f XkcXe\`Xag jTf abg gb eXcebWhVX g[X Tag\U\bg\V geXTg`Xag VbaW\g\baf Uhg gb UX TU_X gb Vb`cTeX g[X

XYYXVg bY T fcXV\Y\V `hgTg\ba \a g[X UTVgXe\T_ Tag\U\bg\V gb_XeTaVX+ ?b__bj\aZ KXi\XjXe 0vf Vb``Xag) g[\f

[Tf abj UXXa Yheg[Xe V_Te\Y\XW \a g[X `TahfVe\cg Tib\W\aZ cbgXag\T_ `\f\agXeceXgTg\baf bY YhgheX eXTWXef

&_\aXf /20*/21 TaW _\aXf 211*222'+

* M[X l*Tk\f \a ?\Z ; baX \f W\YY\Vh_g gb eXTW &TaW f\`\_Te ZeTc[f g[ebhZ[ g[X cTcXe'+ <baf\WXe f[bj\aZ

hf\aZ fV\Xag\Y\V abgTg\ba+

:afjXe7 M[X l*Tk\f bY g[X Y\ZheXf [Tf UXXa V[TaZXW TVVbeW\aZ gb KXi\XjXe 0vf Vb``Xag) j[\V[ [Tf

V_Te\Y\XW g[X\e Vb`ceX[Xaf\iXaXff+

* L[bj TUfb_hgX iT_hXf Ybe M>>K \a ?\Z 0; Tf jX__

:afjXe7 : gTU_X VbagT\a\aZ g[X TUfb_hgX M>>K iT_hXf \f abj \aV_hWXW \a g[X fhcc_X`XagTel `TgXe\T_+

:WW\g\baT__l) gb Yheg[Xe \aVeXTfX g[X geTafcTeXaVl bY bhe fghWl) jX [TiX T_fb \aV_hWXW E=A) BE*5 TaW

<?N iT_hXf `XTfheXW \a XTV[ \aYXVg\ba \a g[X fT`X fhcc_X`XagTel gTU_X &Lhcc_X`XagTel MTU_X 1') Tf

jX__ Tf g[X eXfg bY cTeT`XgXef `XTfheXW Whe\aZ g[\f jbe^ \a fhUfXdhXag fhcc_X`XagTel gTU_Xf+

* E\aX /03*/05+ PXeX g[XfX XkcXe\`Xagf eha Tf Vb`cXg\g\ba TffTlf9 ?eb` g[X `Xg[bWf) \g _bb^f _\^X g[X

fhfVXcg\U\_\gl gXfg\aZ jTf WbaX \a `bab*Vh_gheX+ <baf\WXe T_gXeaTg\iX jbeW\aZ+

:afjXe7 :f abgXW Ul KXi\XjXe 0) g[X XkcXe\`Xagf jXeX abg Vb`cXg\g\ba TffTlf+ M[\f [Tf abj UXXa

eXc[eTfXW Ybe V_Te\Y\VTg\ba &_\aXf /4/*/40'+



Reviewer #1 (Remarks to the Author):

The authors have done an excellent job responding to the prior critiques.

Reviewer #2 (Remarks to the Author):

I am satisfied with the responses the authors have made. The manuscript looks solid with great 

discussion.

Reviewer #3 (Remarks to the Author):

The authors responded in a comprehensive and acceptable manner to all of my critiques. I have no 

further concerns.


