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Abstract

The multi-drug resistant pathogen Pseudomonas aeruginosa has been designated by the WHO as a
high-priority for the development of new anti-infective treatments. Among Gram-negative bacteria, this species
secretes a characteristic cytotoxic pigment called pyocyanin and is able to form biofilms that act as protective
barriers against the immune system and antibiotics. Such pathogenicity is mainly regulated by the quorum sensing
(QS) pathways that orchestrate the bacterial communication according to the population density. P. aeruginosa
possesses a specific QS system : pgs. In this circuit, the transcription factor PgsR stimulates the expression of
virulence-related genes via recognition of its auto-inducer PQS (Pseudomonas Quinolone Signal). This notably
controls the secretion of pyocyanin and the establishment of biofilms. Therefore, the development of QS inhibitors
as anti-virulence agents (AVA) able to tackle P. aeruginosa without affecting bacterial growth appears as a
promising strategy to circumvent the selection pressure mediated by conventional antibiotherapy. Ultimately, they
could restore the efficacy of antibiotics in dual therapy or potentiate the immune system response in
monotherapy. In particular, the design of PgsR inhibitors seems like a sustainable approach to combat P
aeruginosa specifically. In the literature, benzamide-benzimidazole, indole-naphtalene and benzofurane-
aminoquinoline hybrids have been reported as such quenchers. Meanwhile, our team discovered a hit 2-
heteroaryl-4-quinolone that displays interesting anti-biofilm and anti-pyocyanin activities. By structural analogy
with these bi-aromatic molecules, we have recently developed a new family of 2-heteroaryl-4-aminoquinolines
with promising anti-virulence properties. The presentation describes the synthesis of our new AVA as well as their
physicochemical and biological evaluation.

Keywords: Multi-resistant bacteria; Pseudomonas aeruginosa; Biofilm; Quorum Sensing; anti-virulence agents.

2



The 9th International Electronic Z
’ Conference on Medicinal Chemistry MD\Py

01-30 November 2023 | Online

e,
RS
-

New 2-heteroaryl-4-aminoquinolines to tackle

Pseudomonas aeruginosa virulence
Graphical Abstract

Specific pgs communication network N Immune system

OH r;‘g\\ inactivation
‘ Persistence .Y
‘ H C7zHys

@) PQS

Autoinductionl@ Signaling molecule y T
: ? ntibiotolerance

n
Transcription factor m. \
Viruten, fac P ATB
. ct
Virulence genes ecret, or %0 <«— Protective

extracellular matrix
MONOTHERAPY \pyocyapm \

P. aeruginosa ;

Host tissue damage : .
Potentiating the immune Persistent sessile

system response / Anti-virulence agents (AVA) bacteria

DUAL THERAPY Development of new 2-heteroaryl-4-aminoquinolines
Restoring the antibiotic z r
ATB) efficac )(J/ n== :
(ATB) Y unEn Z=NH,, NHR,, NR,R,, ... v" No effect on bacterial growth

X=H, (CH,)4,CO0R,, ... v Promising hit AVA properties
* Anti-biofilm activity : 67% inhibition at 50 pM
* Anti-pyocyanin activity : 42% inhibition at 50 uM




The 9th International Electronic 7
Conference on Medicinal Chemistry MD\Py

01-30 November 2023 | Online

Introduction

Design strategy of novel 2-heteroaryl-4-aminoquinolines as anti-virulence agents (AVA)
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Results & Discussion

Synthesis of 2-heteroaryl-4-aminoquinolines
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OJ\{'\'_X 3 0.5-1h 5a-g la.1-7
2 80% Key aminoquinoline hybrids Final products
X =W 78% X n 5  Yield(%) la Yield (%)  Purity* (%)
H 1 5a 54 la.1 75 92
H 2 5b 45 la.2 96 99
H 3 5c 46 la.3 93 93
H 4 5d 31 la.4 81 91
H 5 S5e 28 la.5 59 96
H 6 5f 68 la.6 88 93
H 7 5g 40 la.7 55 96
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Results & Discussion

Biological prerequisite study

No effect on pseudomonal growth - Validation of the biological prerequisite for the development of AVA

Anti-virulence evaluation

Anti-biofilm activity (PAO1 strain) - Biofilm staining with crystal violet and quantification via UV/Vis spectrometry

120

S 100 &+ I u Anti-biofilm activities at 50 uM
ETw fins T ﬂ Lo I [}- QL I.. la.1-7 > M64 & 1Q0-1
g 'E' - kK I R e . a.l- Q -
L g T Anti-pyocyanin activities at 50 uM
§ g 40 *KK
ER I la.1-7 << M64
5 20
o la.1-7 > 1Q0-1
Me64 1Q0 1 la.1 la.2 \ la.3 la.4 la.5 la.6 \ la.7 ) Most potent compounds: 1a.3 & la.7
m Control 5uM 10pM m25uM m50uM
Anti-pyocyanin activity (PAO1 strain) = Pyocyanin extraction and quantification via UV/Vis spectrometry Anti-swarming activity (PAO1 strain)
120 p— — = S ——
c
.0 100
G : %k
-§ e 8 2 * % folub * kK ****** * ok ok ra
*5_ § 60
o
= ‘Q 40
2R 2
9 — ok kg e s
Mé64 100-1 la.l la.2 la.3 la.4 la.5 1a.6 la.7

m Control m25uM  m50uM



7
Conference on Medicinal Chemistry mI\D\Py

’ ' The 9th International Electronic
01-30 November 2023 | Online

SNeN
-

Conclusion & Perspectives

Synthesis of seven new 2-heteroaryl-4-aminoquinolines

“ v’ 5 steps
J; n=1-7 Global yields : 5-21 %
HN n = NHZ
X X=H v' lonizable functions at physiological pH (in silico and experimental results)
O -> Facilitated penetration of the outer membrane via porins
Cl

~ SIS
N %
N ! X Compounds l1a.3 & 1a.7(h=3 & 7)
v No bacteriostatic activity on P. aeruginosa

v’ Potent anti-virulence activity on the PAO1 strain
- Anti-biofilm activity : 47 & 67% inhibition at 50 uM
- Anti-pyocyanin activity : 40 & 42% inhibition at 50 uM
- Anti-swarming activity from 25 uM

1Q0-1 Mé64 1a.3 (n=3) la.7 (n=7)

Eukaryotic cytotoxicity on a human HepG2 cell line

97+5 58 +7 8+3 39+2
CCso (HM)

Moderate cytotoxicity on human cells for hybrid 1a.7 (vs 1a.3)
- New hit AVA

- Ongoing pharmacomodulations on the bi-aromatic scaffold to expand the efficacy screening
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