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Salicylidene acylhydrazides and hydroxyquinolines act as inhibitors of type three
secretion systems in Pseudomonas aeruginosa by distinct mechanisms.

Authors:

Ahalieyah Anantharajah’, Julien M. Buyck', Charlotta Sundin?, Paul M. Tulkens', Marie-Paule

Mingeot-Leclercq', Frangoise Van Bambeke'”
Affiliations:

" Pharmacologie cellulaire et moléculaire, Louvain Drug Research Institute, Université

catholique de Louvain, Brussels, Belgium ; 2 Creative Antibiotics, Umeda, Sweden

SUPPLEMENTAL MATERIAL



Anantharajah et al., Inhibitors of T3SS in P. aeruginosa; Page 2 of 10

Table S1 : MICs values and susceptibility patterns? of the clinical strains of Pseudomonas aeruginosa

. AntibioticsP
Strains
GEN AMK TOB MEM ATM TIC PIP TZP CAZ FEP cIP CST
13846184 4 16 0.5 16 64 128 16 16 32 16 0.125 1
9101/2 16 128 256 32 32 256 128 32 8 16 64 1
14081972 2 4 0.5 16 8 32 8 4 2 4 0.25 1
T3SS+ 14241108 >512 128 128 32 >512 >512 >512 256 256 256 8 1
ExoU+ 2504/6 32 1 32 2 16 128 128 64 16 16 1 1
24138438 4 4 1 8 16 64 32 32 8 4 0.5 2
24139146 2 4 0.5 1 16 32 4 8 2 4 0.125 4
e 24138943 64 1 32 2 32 128 512 128 16 16 8 2
k] NSIH 4603 4 4 1 1 16 32 8 8 4 8 0.125 2
_8 9101/ 0.5 1 0.125 64 512 512 32 32 8 64 0.5 1
- ZIV8s9 4 4 0.5 4 16 64 4 8 2 8 0.5 1
‘é’ 24134699 2 4 1 4 8 32 4 16 2 4 0.125 4
5 24140250 4 4 1 0.25 16 32 8 8 2 4 0.125 1
T3SS+ 05/1592 4 8 0.5 32 64 128 32 32 8 16 4 0.25
ExoU- 15031978 1 4 1 0.5 32 128 16 16 8 8 0.25 1
24128193 0.5 1 0.25 1 32 64 16 16 8 8 0.5 2
BG0501/9344 1 2 1 0.5 8 32 8 8 2 2 0.25 0.25
24138431 1 4 0.5 8 32 64 16 8 4 4 0.5 1
24137296 4 4 1 0.5 1 32 8 8 2 4 0.5 1
ZKT097 2 4 0.5 0.5 4 16 4 4 2 4 0.125 4

@ values in bold characters are above the susceptibility breakpoints of CLSI (black), EUCAST (blue), or both CLSI and EUCAST

(red), highlighting resistance

® GEN: gentamicin; AMK: amikacin; TOB: tobramycin; MEM: meropenem; ATM: aztreonam; TIC: ticarcillin; PIP: piperacillin: TZP:

piperacillin-tazobactam; CAZ: ceftazidime : FEP : cefepime ; CIP : ciprofloxacin ; CST : colistin
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Figure S1: Pictorial view of the physiopathology of cytotoxicity mediated by iT3SS and
fT3SS and of the putative targets of INP0341 and INP1750.

The bacterium is represented in violet at the top of the figure; the eukaryotic cell (focusing on a
cell expressing the NLRC4 inflammasome), in brown on the bottom.

In control conditions (no inhibitor), iT3SS (injectisome) can inject several proteins into the host
cell cytosol (see white arrows pointing to secretion/translocation), among which the exoenzymes
S, T, Y or U, the negative regulator ExsE, and the FIiC protein (monomeric subunit of flagellum).
The latter can activate the NLRC4 inflammasome, causing caspase-1 activation. The active
enzyme cleaves pro-IL-1f to IL-13 and pro-IL-18 to IL-18, which are released out of the cell and
inhibit IL-17 signaling. LPS or fT3SS (flagellum) can activate the NFkB pathway via TLR4 or TLR5
signaling and phosphorylation of IkBa.

This work suggests that INP0341 acts on iT3SS by inhibiting iT3SS transcription via a still
unknown mechanism, while INP1750 inhibits a core protein of the basal body of iT3SS and fT3SS,
presumably their ATPase. Both molecules inhibit the secretion/translocation of proteins by iT3SS
(including FIliC), which prevents caspase-1 activation and subsequent IL-13 release. INP1750
also impairs flagellar motility.
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Adapted with permission from: Anantharajah A., E. Faure, J. M. Buyck, C. Sundin, T. Lindmark, J. Mecsas,
T. L. Yahr, P. M. Tulkens, M. P. Mingeot-Leclercq, B. Guery, and R1.5.F. Van Bambeke. 2016. Inhibition
of the injectisome and flagellar type Il secretion systems by INP1855 impairs Pseudomonas aeruginosa
pathogenicity and inflammasome activation. J. Infect. Dis. 214:1105-1116. PMID: 27412581
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A. bacteria (CHA) growth curve: influence of medium and INPs

control growth
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Figure S2: Influence of
INP0341 and INP1750 on
bacterial growth and on

eukaryotic cell viability.

A. Influence of the culture
medium and of INP0341
and INP1750 on growth

rate of bacteria, as
assessed by following
over time the optical

density at 620 nm of a
suspension of CHA in
different media and in the
absence or in the
presence of 250 uM of
inhibitors or of 25 %
DMSO (vehicle).

B. Effect of INP0341 and
INP1750 on viability of

eukaryotic cells, as
assessed by measuring
the release of lactate

dehydrogenase (LDH) in
the culture medium after 5
h (THP-1) or 7 h (A549) of
incubation with increasing
concentrations of inhibi-
tors. The vertical dotted
line corresponds to the
concentration of 80 uM
used in most experi-
ments.
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Figure S3: Influence of INP0341 and INP1750 on TNF-a secretion induced by P. aeruginosa

strains

THP-1 monocytes were pre-incubated during 4 h in the presence of LPS (100 ng/mL) and
Brefeldin A (10 ug/mL), after which cells were centrifuged, washed and incubated during 5 h with
different bacterial strains (10 bacteria/cell) or of nigericin (0.02 uM) in the presence of 0.8 %
DMSO (vehicle) or 80 uM INP0341 or INP1750 in 0.8 % DMSO. TNF-a was then measured in
the supernatant. All values are the mean £ SEM (n=2).
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Figure S4: Influence of INP0341 and INP1750 on CHA phagocytosis by THP-1 cells.

Bacteria were pretreated with 80 uM INP0341 or INP1750 or exposed to 0.8 % DMSO during 3 h
and then opsonized with human serum during 1 h. Phagocytosis was allowed during 2 h using an
initial inoculum of 10 bacteria/cell in medium containing 80 uM INP0341 or INP1750 or 0.8 %
DMSO, after which non-phagocytosed bacteria were eliminated by incubation with 200 ug/mL
tobramycin during 1h. Values are mean + SEM of 2 experiments performed in triplicates.
Statistical analyses (two-way ANOVA, Bonferroni post-test; comparison between conditions
[DMSO, open bars] and cells incubated with INP0341 or INP1750: * p<0.05
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Figure S5: Influence of INP0341 and INP1750 on medium-dependent iT3SS transcription.

iT3SS transcriptional activation of the exsCEBA operon was followed by measuring the
bioluminescence signal of the reporter strain CHA pC::lux. Left: Evolution of bioluminescence
over time for bacterial cultured in presence only of eukaryotic cell culture medium (RPMI-1640 +
10 % FCS or DMEM + 10 % FCS; plain lines) or in the presence of THP-1 monocytes (10
bacteria/cell) or of A549 epithelial cells (10 bacteria/cell) in their respective medium. Right:
Inhibition of the transcriptional activation of exsCEBA operon by increasing concentrations of
INP0341 or INP1750 as measured after 5 h of incubation of in the presence of RPMI-1640 + 10
% FCS or after 7 h of incubation in the presence of DMEM + 10 % FCS. Values are expressed
in percentage of inhibition of the bioluminescence signal recorded in the absence of inhibitors. All
values are mean + SEM of 2 or 3 experiments.

Statistical analyses (two-way ANOVA, Bonferroni post-test; comparison between cells incubated
with INP0341 and cells incubated with INP1750): ##p<0.001, #p<0.01.
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Figure S6: Influence of culture conditions on iT3SS transcriptional activation and its
inhibition by INP0341 and INP1750.

iT3SS transcriptional activation of the exsCEBA operon was followed by measuring the
bioluminescence signal of the reporter strain CHA pC:: lux after 9 h of incubation in RPMI-1640
or DMEM supplemented by 10 % FCS and increasing concentrations of Fe** and in the presence
of 0.8 % DMSO (vehicle) or of 80 uM INP0341 or INP1750.

Statistical analyses (two-way ANOVA with Bonferroni post-test comparing each of the inhibitors
with cells incubated with DMSO; *** p<0.001, ** p<0.01, * p<0.05 and comparing the effect of
INP0341 and of INP1750 on each concentration: ## p < 0.001, # p < 0.01, # p < 0.05).
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Figure S7: Influence of INP0341 and INP1750 on iT3SS transcription in low calcium broth.

Left: Evolution of bioluminescence of the reporter strain CHA pC::lux over time in control
conditions (0.8 % DMSO) or in the presence of 80 uM INP0341 or INP1750 (expressed in arbitrary
units [RLU]) for bacteria cultured in low calcium medium (LB broth + EGTA 5 mM + MgCl, 20
mM). Right: Influence of INP1855 on mRNA levels of the iT3SS toxins (exoS, exoU and exoT),
iT3SS translocation apparatus (popB, popD, pcrV) or QS transcriptional activator (lasR and rhiR)
genes as determined by real-time PCR. CHA was grown from ODe20nm 0.1 to 0.8 with constant
shaking in the presence of 0.8 % DMSO (vehicle) or of 80 uM of INP0341 or INP1750 in 0.8 %
DMSO in low calcium medium at 37°C to stimulate /T3SS expression and secretory activity.
Results are expressed as relative mRNA expression levels when compared to controls (CHA
grown in the absence of inhibitors).
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Figure S8: Influence of INP0341 and INP1750 on pyocyanin production.

Pyocyanin concentration in the supernatant of bacteria grown overnight with constant shaking in
the presence of 0.8 % DMSO (vehicle) or of 80 uM of INP0341 or INP1750 in 0.8 % DMSO in LB
medium at 37°C. Values are mean + SEM of 4 experiments performed in duplicates.

3.0
3 DMSO
I =3 +INP0341
2.51 I mm +INP1750
£
) 2.0
=
c
‘£ 1.54
©
>
(8]
o 1.0
>
Q
0.5 III [
0.0 r r r

PAO1 CHA CHAAExsA




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [14400.000 12755.905]

>> setpagedevice



