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Supplementary Figures 1-8
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Fig. 1. Effect of short exposure (30 min) to AtrialNatriuretic Peptide (hANP) on P.
aeruginosa PA14 pre-formed biofilms in flow cell system. a3D-shadow representations of
24 h-old pre-formedP. aeruginosaPAl4 biofilm structures unexposed (control coraijior
exposed (30 min) to hANP (10 nM or 1 nM), COMSTAT image analyses of biofilms
structures oP. aeruginosa@Al14 control or exposed for 30 min to hANP (100, nM, 1
nM or 0.1 nM). Data are the result of the analg$i8 views from three independent biological
experiments (hANP 100 nM), 9 views from three irelegient biological experiments (hANP
10 nM), 28 measurements from nine independent expats (hANP 1 nM), and 9 views from
three independent biological experiments (hAANPD/A). Statistics were achieved by ordinary
one-way ANOVA followed by Dunnett’'s multiple-comson test. Asterisks indicate values

that are significantly different as follows: ***B < 0.0001.
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Fig. 2. Impact of Atrial Natriuretic Peptide (hANP) on pre-formed biofilm of P.
aeruginosa PAK and H103 strains.a, 3D-shadow representations of the 24 h pre-forRed
aeruginosaPAK biofilm untreated (control condition) or tredtto hANP at 10 nM for 2 I,
COMSTAT image analyses of biofilms &f aeruginosaPAK upon exposure to hANP (10
nM). c, 3D-shadow representations of the 24 h pre-forrRecheruginosaH103 biofilm
untreated (control condition) or treated to hANP1atnM for 2 h.d, COMSTAT images
analyses of biofilm structures Bf aeruginosaH103 upon exposure to hANP (10 nM). Data
are the result of the analysis of three indepenbiehtgical assays (n=3) with three views each.
Statistics were achieved by a two-tailegest. Asterisks indicate values that are sigmifilga

different as follows: **** P < 0.0001.
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Fig. 3. Effect of Atrial Natriuretic Peptide (hANP) on pre-formed biofilm of P. aeruginosa
clinical strains. a, COMSTAT images analyses of 24 h established bmotructures oP.
aeruginosaCF 8.19 and CF 9.19 clinical strains upon expog2ing to hANP at 100 nM and
10 nM. Data are the result of the analysis of thnelependent biological assays (n=3) with
three views each. Statistics were achieved by argiane-way ANOVA followed by Dunnett’s
multiple-comparison test. Asterisks indicate valtlest are significantly different as follows:
*xk P < 0.0001;" not significant P > 0.05). b, COMSTAT image analyses of 24 h
established biofilms d?. aeruginos@AL 0.1 and PAL 1.1 clinical isolates upon expesi2h)

to hANP at 100 nM and 10 nM. Data are the resulthef analysis of three independent
biological assays (n=3) with three views each.i§tes were achieved by ordinary one-way
ANOVA followed by Dunnett's multiple-comparison te#\sterisks indicate values that are
significantly different as follows: **** P < 0.0001c, COMSTAT image analyses of 24 h pre-
formed MUC-N1, MUC-N2, MUC-P4, and MUC-F®. aeruginoseclinical strains untreated
(control condition) or treated to hANP at 10 nM fbh. Data are the result of the analysis of
three independent biological assays (n=3) witheast three views each unless for MUC-N1
isolate for which only two independent biologicalsays were performed. Statistics were
achieved by a two-tailetl test. Asterisks indicate values that are signifiigadifferent as
follows: **, P < 0.01; **** P < 0.0001;", not significant P > 0.05).
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Fig. 4. Effect of Atrial Natriuretic Peptide (hANP) on P. aeruginosa cell growth and
viability, and membrane fluidity . a, Growth of PA14 under hANP exposufeulture growth
curves were measured at €bm Absorbance was recorded every 15 min for 24 hvé&uare
color-coded as follow: PA14 strain used as confipble), PA14 exposed to hANP (1 pM)
(orange) and PA14 exposed to hANP (0.1 uM) (griegsults are the mean of eight replicates
from three independent experimerisMembrane fluidity ofP. aeruginoséP?Al14 exposed to
hANP. The fluorescence anisotropy valuesfdr PA14 strain used as control (blue bar) and
PA14 exposed to hANP at 0.1 uM (orange bar). Ther évars represent the standard error of
the means (SEMs) and are the result of the analy$isee independent biological assays with
eight measurements each. Statistics were achigvadveo-tailedt test.", not significant P >
0.05).c, d, ande, Effect of hANP on 24 h-old biofilm cell viabilityQuantification of alive and

dead cells was assessed using the Live/Dead Badtitgh
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Figure 4. Impact of ANP on P. aeruginosa matrix composition. a, COMSTAT image
analyses of bacterial biovolume (left panel) angolysaccharides (right panel) matrix
components ofP. aeruginosaPA14 biofilms structures unexposed (control caodjt or
exposed to ANP (1 nM) for 2 h at 37°K.COMSTAT image analyses of bacterial biovolume
(left panel) andbroteins (right panel) matrix components &f aeruginosaPAl14 biofilms
structures unexposed (control condition) or expdseiNP (1 nM) for 2 h at 37°C. Bacterial
cells within biofiims were stained using SYTOA. polysaccharides were stained using
Concanavalin A. Proteins were stained using SYRR®.Polysaccharides and Proteins values
are normalized to biofilm biomass. Data are thelted the analysis of nine views from three
independent biological experiments (n=3). Stassticere achieved by a two-taild@dtest.
Asterisks indicate values that are significantlffedent as follows: ****, P < 0.0001;", not
significant @ > 0.05).
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Fig. 6. Ligplot image representing the interactiorbetween hANP and AmiC.Interactions
between the human ANP peptide and the AfiGeruginosgrotein were determined using
LigPlot+ (Laskowski and Swindells, 201Key: green dotted lines: hydrogen bonds between
a side chain and main chain; pink dotted linest katlge; pink dashed arc: hydrophobic
interactions (hANP); red dashed arc: hydrophobieractions (AmiC). The direction of the
arcs indicates the residues on the other partratrttie hydrophobic interactions are formed

between.
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Fig. 7. Impact of Atrial Natriuretic Peptide (hANP) on P. aeruginosa virulence. a,
Percentage of lactate dehydrogenase (LDH) reldas@®49 lung cells after 5 h infection with
P. aeruginosaPAl4 unexposed (control; blue bar) or exposedatidous concentrations of
hANP (orange bars). Data are the result of theyarsabf three independent biological assays
with four replicates each. Statistics were achigdwgardinary one-way ANOVA followed by
Dunnett’'s multiple-comparison te$g, not significant P > 0.05).b, HCN/CN production in
PA14 control condition (dark blue bar), PA14 exgbsehANP at 1 uM (brown bar), 100 nM
(orange bar), and 10 nM (light orange bar). Data thie result of the analysis of three
independent biological assays with three replicates. Statistics were achieved by ordinary
one-way ANOVA followed by Dunnett's multiple-compson test."s, not significant P >
0.05).c, Kaplan-Meier survival plots of. elegan<hallenged by PA14 unexposed to hANP
(black squares; n = 194) or exposed to hANP at J(yeidiamonds; n = 228), 0.1 uM (inversed
green triangle; n = 192) or 10 nM (blue diamonds; 173). For each condition, the median

survival was obtained at 6 h.
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Fig. 8. a, Concentration response curves for hAANPha E-4031.hANP binding to the human
Ether-a-go-go Related Gene (hERG) channel was ses$assing fluorescence polarization
(FP). The binding of hANP (green circles) to hERRamnel was determined at various
concentrations (100 nM to 0.001 nM). E-4031 (redasqs) is a compound that is known to
bind to the hERG channel, and was used as a posititrol molecule. The FP values were
recorded using the Spark 20M multimode Microplagaéer. FP values were plotted against
compound concentratioithe high FP values evoke no binding of the ligdndNP) to hERG
channel, whereas a decrease of FP values in adépssdent manner reveal a displacement by
an hERG binding molecule (E-403b).Impact of hAANP on A549 lung cellsPercentage of
lactate dehydrogenase (LDH) released by A549 |atig after 18 h exposure te@ (solvent

for hANP), hANP (1 uM) or hANP (0.1 uM). Data ateetresult of the analysis of three
independent biological assays (n=3) with four oo t@plicates each. Statistics were achieved
by ordinary one-way ANOVA followed by Dunnett's ntiiple-comparison test’s, not
significant ¢ > 0.05).



Supplementary Tables 1-2

Supplementary Table 1. Bacterial strains and plasndis used in this study

Strain or plasmid Genotype or relevant characteristics

Reference or
source

Pseudomonas aeruginosa strains

Hancock and

H103 Wild-type; gprototroph derivative of PAO1 Carey, 1979
PA14 Wild-type Rahmet al 1995
. Takeya and
PAK Wild-type Amaka. 1966
CNR résistance aux
CF 8.19 Clinical strain Cystic Fibrosis MDR antibiotiques CHU
Besancon, France
CNR résistance aux
CF9.19 Clinical strain Cystic Fibrosis MDR antibiotiques CHU
Besancon, France
. . Grandjearet al
PALO.1 Clinical strain 2018
. . Grandjearet al
PAL 1.1 Clinical strain 2018
MUC-N1 Clinical strain Boukerlet al 2020
MUC-N2 Clinical strain Boukerlet al 2020
MUC-P4 Clinical strain Boukerbt al 2020
MUC-P5 Clinical strain Boukerbt al 2020
AamiC PAl144amiC, ID 36129 Liberatiet al2006
AamiC Comp (F;,SRM-AamlC harboring pBBR-MCS4amiC, Rosayet al, 2015
AamiR PAl44amiR deletion mutant This study
AmiR+ PA14 harboring pBBR-MCS4miR CR This study
PA14-EV PA14 harboring pBBR-MCS4; €b This study
Escherichia cali strains
TOP10 Competent cells used as cloning host Inw@tnog
S17.1 recA pro(RP4-2_Tet::Mu I_<an::_Tn7), donor Simonet al, 1983
and helper strain for conjugation
Plasmids
pBBR-MCS4 Cloning vector; Cb Kovachet al, 1995

pBBR-MCS4:amiC
pBBR-MCS4:amiR

pPBBR-MCS4 containing inta@miC, Ct}
pPBBR-MCS4 containing inta@miR CBH?

10

Rosayet al, 2015
This study



pGEM-T
pPpGEM-T::amiR
pPEX100Tlink

PEXT100TIlink:amiR

Hith-copy-number cloning vectdnla, lacZ
SEEM-T containing 5’ and 3’ flanking
sequence admiRgene; AR
&%%’Qégggegp%ene replacement vector Wiﬂbuénéeet al, 2005
EeE(;(uTelni(;T(glrlr(“cRo;etﬁgl;lrfg and 3’ flanking This study

Promega

This study

@ multiple cloning site
R antibiotic resistance

E. coli strains were grown in the presence of ampicillip;(A0Oug/mL). P. aeruginosastrains were
grown in LB liquid medium in the presence of carb#im (Cb; 300 ug/mL) or on LB agar medium
containing Cb (60@g/mL).

11



Supplementary Table 2. List of primers used in thistudy

Primer name Sequence (5'-39 Lenght

Construction of th€. aeruginosPAl4-AamiRdeletion mutant strain

amiR_1-SactF taataagagctc-CATCGGCTCGGACTACATCTATCCG 37
amiR_1-R TCAGGCGGAGGCGCTCATGGGAGCGCT 27
amiR 2-F ATGAGCGCCTCCGCCTGAGCGATACCGG 28
amiR 2Hindlll-R taataaaagctt-GGAAACCTTGTCGTTCGGTTTCGG 36

Construction of th®. aeruginosdPAl14-AmiR+ overexpressing strain

AmiR-XhotF taataactcgag-GCATCGCGGAAATCGATG 30
AmiR-XbaiR taataatctaga-ACAGGCCGGTATCGCTCA 30

@ All the primers used in this study were synthegiby Eurogentec and are basedPomeruginosa
UCBPP-PA14 genome sequence (http://www.pseudonmerak. Bold underlined nucleotides indicate
restriction endonuclease sites inserted within erisequences.
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Supplementary Methods
Caenorhabditis elegans virulence assay

The Caenorhabditis elegansvild-type Bristol strain N2 was obtained from the
CaenorhabditisGenetics Center (Minneapolis, MN, USA) which isided by NIH Office of
Research Infrastructure Programs (P40 OD0104£1@legansvere maintained under standard
culturing conditions at 22°C on nematode growth inedagar plates wittiescherichia coli
OP50 as a food source (Sulston and Hodgkin, 198ghchronous worm cultures were
generated as previously described (Blier et al120Racterial virulence was evaluated using
the liquid killing assay as previously describedhnslight modifications (Chua et al., 2014).
Briefly, from an overnight bacterial growtR, aeruginosd?A14 was inoculated at Q8 nm=
0.08 into LB supplemented with hANP as appropriateer two hours, bacteria were collected
by centrifugation (2 min at 8 0Qf), cells were resuspended into CELKA medium tos&kx
= 0.1 and used for virulence assaytrelegangChua et al., 2014). Twenty to twenty-five L4
(48 hours old) synchronized worms, harvested with 9dlution, were added to 80 uL Bf
aeruginosaPA14 previously exposed to hANP (at different amtcations) and non-exposed
controls and incubated at 22°C. Worm survival e@sed at 1 hour and each following hour
using an Axiovert S100 optical microscope (Zeisbe@®ochen, Germany). The worms were
considered dead when they remained static withantdgr movements for 20 s or did not
respond to light flashes. Results are expressadpascentage of living worms. The results are
the average of three independent assays. FOC tleéeganilling assay, nematode survival
was calculated by the Kaplan-Meier method (GrapH®&in version 9.0; GraphPad Software,

San Diego, California, USA).
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Hydrogen cyanide assay

Hydrogen cyanide concentration fh aeruginosaPAl14 cultures, unexposed (control
condition) or exposed to various concentrationsAiflP, was determined by the polarographic
technique described by Bliet al. (2012). Bacterial cultures were centrifuged 10 atii8000
g and the supernatant was passed through a 0.2dtgntd remove all bacterial bodies. The
filtered supernatant was then diluted in 0.2 midldorate electrolyte (pH=10.2). The solution
was purged with bifor 3 min to remove dissolved oxygen and ther2fds more between each
addition of cyanide potassium (KCN) that was usedaa internal standard. A scan of the
electric potential was carried out in the cathatkgative sense from -0.1 V to -0.5 V with a
sweep rate of 10 mV/s. The pulse amplitude was U.0bth a pulse duration of 0.04 s. The
peak height of cyanide was measured at -200 mVdifferential pulse mode and the cyanide
concentration was determined by the addition oludcsssive aliquots of 10 mgitLKCN

standards.

Cell culture

The human A549 lung epithelial cell type Il lineTBC-CCL185TM) (American Type
Culture Collection Manassas, VA) was grown at 3t1G% CQ atmosphere in Dulbecco's
modified Eagle's medium (DMEM, Lonza) supplementath 10% fetal calf serum (Lonza)
and 1% (w/v) penicillin and streptomycin (Penisirepnza). Routinely, cells were seeded in a
25 mL flask and used at 80% confluence. For cyioityxassays, cells were seeded in 24 well
plates at a final density of 3x3€ells per well and grown for 48 h before use. Aimim of
24 h before infection assays, cells were depriexhtibiotics and fetal calf serum by addition

of a fresh serum-free medium.
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Measurement of the release of cytosolic lactate dgtirogenase (LDH) by A549 cells

Lactate dehydrogenase (LDH) is a stable cytosalyme released into the culture
medium after cell lysis. The amount of LDH releabgdeukaryotic cells in the presence of the
bacteria, exposed to various concentration of hAN&s determined using the Cytotox 96
enzymatic assay (Promega, Charbonnieres, Fran&dp Aells were incubated for 6 h with
control or pre-treate®. aeruginosaPAl4 at a multiplicity of infection of 10. A lysisuffer,
consisting of a solution of Triton X-100 (9 % (v/iw) water), was employed to determine the
maximum LDH release by A549 cells in our experinaénbnditions (100 % LDH release). A
background level was established using culture omedilone, and defined as 0 % LDH release,
to eliminate the contribution of the culture mediurhe percentage of LDH release in the cell

population was then calculated using the equation:

OD sample

YLDH = 55 100%

X 100

The assay was sufficiently sensitive to measum@naentration of LDH equivalent to the lysis

of 1 % of the cell population.

Determination of hANP binding on human ether-a-go-g (hERG) channel

Affinity of hANP for the hERG channel was determinesing the Predictor'™MERG
fluorescence polarization (FP) assay kit (Thermeer8ific) following the manufacturer’'s
instructions. Briefly, when the red-shifted fluotest tracer is bound to the hERG channel, the
FP value produced is high. If tested compoundsdigplace the tracer interacting with the
hERG channel, the FP value is low. The hANP assegadentrations ranged between 100 nM
(the highest concentration) to 0.001 nM. The E-406®iecule used as a positive control was

diluted from the stock solution (18M) to a concentration of M. The plate was read using

15



the Spark 20M multimode Microplate Reader (Tecanu@rLtd., Mannedorf, Switzerland),
with the excitation and emission wavelengths s&B%nm (25 nm bandwidth) and 595 nm (35

nm bandwidth), respectively.

Membrane fluidity

Fluorescence anisotropy analysifofaeruginos@?A14 unexposed (control condition)
or exposed to hANP was performed as described bgevit et al. (Vincent et al., 2004) with a
few modifications.P. aeruginosaPAl14 strain was grown in 10 mL LB broth at 37°Clen
agitation (180 rpm). After 2 h growth, the bactkcaltures were untreated (control condition)
or hANP-treated at the required concentration. bheterial cultures were allowed for an
additional 3 h incubation. Bacterial cells weretharvested by centrifugation (5 min, 75§)0
washed twice in 10 mM MgS£and resuspended in the same wash solution to asOfD.1.
Next, 1 pL of a 4 mM stock solution of 1,6-dipheiiy8,5-hexatriene (DPH) (Sigma-Aldrich)
in tetrahydrofuran was added to a 1 mL aliquothaf tesuspended cultures and incubated in
the dark for 30 min at 37°C to allow the probe riearporate into the membrane bilayer.
Measurement of the fluorescence polarization wa®peed using the Spark 20M multimode
Microplate Reader (Tecan) equipped with the Te-@battive temperature regulation system.
Excitation and emission wavelengths were set to &8 425 nm, respectively, and the
anisotropy(r) was calculated according to Lakowicz (Lakowicz, @0Mata were recorded
using SparkContro¥ software (Version 2.1, Tecan). Fluorescence pa#on and membrane
fluidity are inversely related since increasingsattiopy values correspond to a less fluid
membrane environment and vice versa. All valuesnted for each sample are means of eight

measurements of at least three independent expgsme
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