@~ 7 INTRODUCTION

—— Antibiofic resistance Is a growing global concern, with the
World Health Organization ranking Pseudomonas

MOdU'CIﬁOn Of PSEUdOMOnGS deruginOSG BiOfiIm aeruginosaamong into the high-priority pathogens'. This
Architecture Using Natural Carotenoids:

et de Pharmacie

Gram-negative opportunistic bacterium is a major cause of
An hospital-acquired infections, largely due to its ability fo form
biofilms#. Carotenoids have emerged as promising candidates

Innquﬁve AppquCh 'l'o Enhqnce An'l'ibiO'I'ic Efficqcy for disrupting biofilm architecture, thereby potentially
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JUIIC L AUICTIC ' ' this confext, our research focuses on evaluating the potential
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METHODS Bacterial motility is evaluated through swimming, swarming, and twitching assays, each are performed on
@ media with specific agar concentrations: swimming in soft agar (0.3%) within the liquid—-agar matrix, swarming
The MIC/B test identifies the lowest antimicrobial concentration - across the surface of semi-solid agar (0.5%), and twitching at the agar-plastic interface of solid medium.
that inhibits growth (MIC) and kills 299.9% of bacteria (MBC). Motility capacity is assessed by measuring the diameter of the bacterial halos formed.
Turbidity reveals the MIC, while subculturing confirms the MBC, . . . . - .
distinguishing bacteriostatic from bactericidal effects. Scanning Eleciron Microscopy (SEM). SEM (JEOL JSM- 7200F) provides high-resolution images of bacterial

biofilms by scanning metal-coated (Pt/Au- 60:40) samples with an electron beam.
Bacterial growth monitoring is performed by measuring the opfical

density (OD,,) of cultures every 30 minutes over 24 hours thanks to Digital Optical Microscopy. Digital light microscopy (HIROX HRX O1)enables direct observation of 48h biofilms

BioTek SYNERGY H1 microplate reader. under hydrated conditions, capturing global morphology and coverage on abiotic surfaces.
— Pyocyanin production. Pyocyanin is quantified from culture .‘0 Extraction procedure. Depending on their water content, fruits were used fresh, oven-dried, or lyophilized. The
ol [ supernatants by chloroform extraction followed by acid back- 1)1 pulp was exiracted several fimes with acetone unfil no more color appeared, and all extracts were combined.
' ? extraction; the acidified phase’s absorbance is read at 520 nm A second exiraction was then carried out with petroleum ether (60-40), and the solvent was finally
A and normalized to culture density (ODggo). evaporated

The crystal violet (0,1%) assay quantifies biofilm formation by °'§ Carotenoid-rich extracts were analyzed by HPLC-MS using an Agilent Technologies 1260 Infinity Il DAD detector

staining surface-attached cells with crystal violet dye. After
washing and solubilization, absorbance measurement reflects
biofilm biomass.

RESULTS

Astaxanthin & p-carotene (200uM) Carotenoid-Rich Plant Extracts (100 ug/mL)

(253nm). Separation was performed on a Phenomenex YMC Carotenoid C30 column (150 x 4.6 mm, 3 um) with
two mobile phases: methanol/water (95:5, viv) and methanol/methyl tert-butyl ether (30:70, v:v).

. . Effect of Compounds _ Effect of Compounds Effect of C nd o Bacterial arowth
Bacterial arowth n=3 Swimming n=9 on Biofilm Formation =3 on n=9 on Bin?“m::,‘ﬁ:ﬁﬁ: n=3 Swimming n=3 Swarming n=3 Twitching 9
’ 150 150 - 150 - Pre-formed 24h Biofilms 5o 50 150 150 2.0
2.5 7
_ il Eegts — — — 1.5 4 i_.,i—j-'l"i"i!'! !
2.0- L] Hhidiih S £ 0 £ 0o 3 9 9 9 . -
Attt . . . £ 400- = 100- = 100 - o = 100 B i THiyy
E 1.5- *i & e 5 wox T -] 1 g ' > 100 _T_ e > T & 2 1.0 1
§ 8 kW m o 8 5 ' 4
L"IE Wy S E E g % T £ : 8 "
1.0 [/ . _ O gq i 8 g O gp- - S 504 4
c:”_ y/ gsu [ £51:; § 5 g = r.l_-; g g = g s o5 Y,
IE IJI:-.-H+-—-—1—-—-—-—H—-|—|—|+&
I R R . 0 , 0- 0- : 0 0.0 . T e
0 10 20 30 oo & o s @
—=— Tobramycin 8,5 uM «  Astaxanthin CJC.PJ @(b&ﬁin@& G'”?h“ QSS““Q ..:.--.,’3**":~ l‘;:'“:?Elll ﬁ ¥ n"'?{h 3
= DMSO 1% * B-carotene & d;.:? q?s? Q@" h_&'" & .G@?’ cg“? ﬁp& s <+ Tobramycine 8,5 uM ~ Solanum
v v R v n . |pomoea batatas L. yeopersicum L
) Cucurbita moschata
Duchesne
=3 Twitchi n=4  Swarmin Pyocyanin .
:ﬁu RS 150 ° n=1 production All  experiments were performed
N 7 0.8 - . .
s e g using Pseudomonas aeruginosa PAO]
g E £ 00 %u.a- §1_5- wild-type (ATCC 15692). Prior to each
L - nE o — .
§= ﬁr < 4 2 assay, a pre-culture was prepared In
5 . s A £ 8 Luria-Bertani (LB) broth and incubated
& g gﬂ-z- § 05- for 18 h at 37 °C with agitation at 175
0.0- 8 o rom. The values are expressed as the
0- . 0 . N SN : : .
als £ & = &
S S 5 +${§a~ & < o #ﬁ & arithmetic mean ;’rqndord deymhon
Qﬁ*" & qe"?@ Qée?g;i‘? Qe,c?" & ?E;E‘a & F & Solanum lycopersicum L. ‘Ruby ’ Ipomoea batatas L. (meon T SD) Statistical CIﬂC”YSIS WAas

performed using GraphPad Prism 8.0.2
software and One-way ANOVA
followed by Tukey's multiple
comparison test. Asterisks indicate
samples that are significantly different
from DMSQO, dimethyl sulfoxide
(P-values < 0.001).

* 4 ‘ & & \ i = =
y 8 50.0 - 2 17.1pm T - »> 26,
500 7 AR - Aif@um 1000 e 318 z ~ - 0.0
bk of o S 3 3150um . . s
1000 %t > 315.0um 2000 o 2500 s, " 8000
3500 : 2000 o) 5 3 706D
5 X 1500 < 4 ” 6000
' 2500 3000 ¥ - sy
. s - o 3000 o ; 5000
2000 00 5 - 4000 .
A é 4200jim 5000 o0
25(
o0 150.0 x 9009 2000
3000 2000 1000
1000 837.6pm
3500 x
protie Profe
s 15 OH
m
10 10 30
. - 20
. . 5 . .
s "Height 6.6ym * Heigit 9.3ym 10
3 0 0
o ' 2 10, ‘\H ‘\"\ \\"\. \“\. L‘\-.. \"-\. ‘\‘- \ \\"\
0 20 40 60 80 100 120 140 160 180 200 220 240 260 0 50 100 150 200 250 300 350 50 100 150 200 250 300 350 400 450 500 550 600 650
j ‘ ’ Ipomoea batatas L j H
olanum iycopersicum L. upy P . ucurpita moscnata vuchesne

o : _ Lutein
DMSO 1% Astaxanthin B-carotene HPLC Profiles of the extracts

3D Digital microscopy

B-carotene

— : OH

jL NIRRT R R

HO

Astaxanthin

B-carotene 1mg/ml

DMSO 1% Astaxanthin

B-carotene

Lycopen

DISCUSSION TAKE HOME MESSAGE

Astaxanthin and B-carotene neither altered the growth of Pseudomonas aeruginosa nor  Antivirulence rather than antimicrobial: neither astaxanthin, ﬁ—caro’rene

displayed a minimum inhibitory concentration (MIC) within the tested range, supporting an
antivirulence rather than antimicrobial mode of acfion. Astaxanthin primarily perturbed Or p|CIﬂT exiracts affects grOWTh‘

flagellum-dependent motilities (swimming, swarming), had little effect on twitching, and Astaxanthin: inhibits flogellu mM-driven motilities (swimming, swarming).

paradoxically increased pyocyanin—unlike lutein/zeaxanthin, which typically reduce _ . I A IR . . . .
pyocyanin via quorum-sensing (QS) inhibition and limit early biofilm formation3. This pattern B carotene: INNIDIfs ﬂcgellum driven motilities (SW|mm|ng, SWOrmlﬂg),

could point to compound-induced membrane stress that activates QS-regulated €SS ACTive on nascent biofilms but destabilizes 24-h pre-formed biofiims.

pyocyanin biosynthesis; such membrane perturbation might also alter membrane . : — RPN . -
permeability and thereby the diffusion/partitioning of acyl-homoserine lactones, the QS Plant exiracts: Cucurbifa best antibiofiim OCTIVITY (>5O%) ana

autoinducers®. However, these latter observations require replication and should be STFOHQGST iInhibifion of swimming; Solanum and Ipomoea mdinly impoir

interpreted with caution. B-carotene more strongly reduced swarming; while less active on . . . . . . .
nascent Dbiofiims, it more effecfively destabilzed 24-h Dbiofiims. Among plant SWARITIIE), TWITChIﬂg s overall the least atfected; MICTOSCOPY SUQQ@STS

extracts, Cucurbita showed the most pronounced antibiofiim effect (>50%) and the Interaction with the biofilm maitrix.
strongest inhibition of swimming, whereas Solanum and Ipomoea more markedly impaired

swarming; fwitching was generally the least affected phenotype. These profiles are

consistent with structure—function relationships: xanthophylls (lutein, zeaxanthin) can target

QS circuitry?3, whereas carotenes (B-carotene, lycopene) more often perturb

membrane/matrix-dependent motility and biofilm traifs®. Microscopy further suggests

Inferactions with the biofilm matrix, in line with the literature. The data may also point to c-

di-GMP-mediated switching and, for swarming, possible effects on the Rhl/rhamnolipid

pathway—supporting targeted exploration of naturally occurring carotenoids and

carotenoid-rich extracts as promising antivirulence scaffolds.

Contact information: julie.carette@umons.ac.be
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