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Background: Novel therapies for the prevention and treatment of infectious diseases are
needed to address the problems of multi-drug resistant bacteria including P. acruginosa
(PA). In PA, the MarA(AraC) family transcription factor ExsA is an important virulence
reguhator of the type III secretion (TTS) system. We developed small molecule inhibitors of
ExsA which reduced infection by the organism. Methods: An in vitro DNA-protein
binding assay was used to identify compounds with potency against the PA ExsA protein.
Compounds were additionally screened for inhibition of TTS dependent cytotoxicity
toward infected 1774.1 cells. A PA murine model of acute lethal pneumonia was used to
assess the efficacy of the compounds. Results: Benzimidazole derivatives were
synthesized with good in vitro potency and activity in bacterial mediated cytotoxicity
assays. In the severe PA murine pneumonia model, there was a significant increase in
survival of mice (4-fold p<0.05) treated daily IP for four days post-infection with
compound P00563 1 over vehicle alone. Conclusion: Targeting MarA-like proteins with
small mokecule drugs is a new paradigm for anti-infective chemotherapy. The effectiveness
of MarA inhibitors in a model of bacterial pneumonia demonstrates the conceptual validity
and operational feasibilty of this therapeutic approach.
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ExsA Mutants are Avirulent in Whole Cell and
Animal Models of Infection

Whole Cell Cytotoxicity Assay

Whole Cell Cytotonicity Assay: J774.1 cells were
w infected for 1.75 hours with PA103 or PA103AESSA.
bacteriaat an MOlof~10. Lactate dehydrogenase
(LDH) released into the culture media was measured
using a standard kt. Cytotonicity results are expressed
2 as apercentage of the total LDH released from
uninfected wells ysed with detergent.
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Murine Pneumonia Model: Groups of § Swiss Webster
mice were infected intranasally with the indicated
numbers of bacteria in 0L PBS.
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Identification of ExsA Inhibitors
ExsA is a member of the MarA(AraC) family of transcription regulators
o Defined by 2 conserved helix-turn-helix DNA binding domains

o The MarA(AraC) family s conserved among bacteria, not found in
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ExsA Inhibitors are Non-Antibacterial
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Screen Compounds for Inhibition of
P. aeruginosa Cytotoxicity
o Type III Secretion dependent cytotoxicity — AExsA mutant positive control

o Culture wild type bacteria under Type Il Secretion inducing conditions with
ExsA inhibitor or equal volume vehicle

o Infect J774.1 cells in the presence of ExsA inhibitor - measure
dehydrogenase (LDH) release
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Cytotoxicity of P. aeruginosa Toward J774.1 Cells +/-

Structure - Activity Relationship Overview
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1774.1 cells were infected with vehicle or ExsA inhibitor treated PA103 (wild type) or vehicle
treated PAIO3AENSA P aeruginosa. Results are expressed as a % of the LDH released by
infection with the vehicle treated PA103 control Infection with untreated wild type PA103
bacteria typically resulted in the release of 75-90% of the total LDH activity.
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Efficacy of ExsA Inhibitors in a Lethal
P. aeruginosa Pneumonia Model
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Efficacy of PO0S631 and P00S301, prototypic ExsA inhibitors, vs. Pseudomonas acruginosa
PAI03 in a mouse lethal pneumonia model (10° organisms inoculated intranasally). P00S631
was administered IP at 25 mgkg at -18, -1, 2, 5, 20, 26, and 44 hours post-infection. Mortaliy.
was assessed at various times post infection. A statistcally significant difference was noted
between the untreated (vehicle) and the P00S631 treated groups. ** p<0.05, * p<0.1 by Chi-
Square analysis, n = 22 mice/group. PO05301 was administered IP at 25 mgkg at -18, -1, 5, 20,
26, and 44 hours post-infection. Mortality was assessed at various times post infection, n = 6-8
mice/group.

CONCLUSIONS

o The MarA(AraC) family transcription factor ExsA is required for
full virulence in tissue culture and animal models of P. aeruginosa
infection.

o Treatment with ExsA inhibitors attenuates virulence and protects
animals from P, aeruginosa pneumonia.

o ExsA inhibitors are non-antibacterial and thus not under the same
lection pressure for resi: as traditional antibioti

o Inhibitors that act against multiple members of the MarA(AraC)
family of transcription factors may further inhibit P. aeruginosa
virulence and could be used as broad spectrum agents against
multiple bacterial pathogens




