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ABSTRACT

Yersinia pseudotuberculosis (Yptb) mutants defective in type 111 secretion (TTS) show
dramatically attenuated virulence in a mouse model of pneumonia. Expression of the Yptb
TTS system is dependent on activation by LcrF (VirF), a transcription factor in the AraC
protein family. To identify anovel, non-antibacterial strategy to prevent/reat Yptb
infection, an in vitro assay was used to screen a library of small molecules designed to
interfere with the DNA binding activity of LcrF (VirF). All of the compounds lack intrinsic
antibacterial activity, as judged by standard MIC assays, and do not show toxicity against
mammalian tissue culture cells. Treatment of Yptb bacteria with a subset of these
compounds inhibited TTS of Yop proteins and TTS dependent cytotoxicity toward infected

in whole cel i Selected were used to treat mice prior
to and during intranasal infection with Yptb bacteria in a pneumonia model. Treatment with
a number of compounds substantially reduced the bacterial burden in the lungs in 3 day
infection model and afforded a dramatic survival advantage in studies that monitored
“This work demonstrates that treatment with small molecule inhibitors of a
transcription factor can attenuate virulence and thus prevent or
Since the AraC family of transcription factors themselves are well conserved and play
central roles in pathogenesis across bacterial genera, the inhibitors could have broad
applicability.
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Identification of LcrF Inhibitors

LerF is amember of the AraC family of transcription regulators
0 Defined by 2 conserved helix-turn-helix DNA binding domains
o AraC Family is conserved among bacteria, not found in eukaryotes

Paratek previously developed small molecule inhibitors of E. coli AraC family
proteins MarA, Rob, and SoxS

0 Docked combinatorial chemistry scaffolds to published crystal
structure of E. coli MarA DNA binding domain.
(Davies, et al., PNAS USA 1998, 95:10413.)

o 5 classes of small (<500 Da) molecules with activity

o Pursued hydroxy benzimidazoles

0 Inhibitors are non-antibacterial in routine MIC panel testing

Exploring the Structure — Activity Relationship
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0 Extended the molecule with different linkers
o Explored different X & R groups
o Replaced phenyl groups with heterocycles
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Virulence Attenuation of LcrF Mutant in a
Non-lethal Lung Infection Model
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6-8 week old female BALBJc mice were infected intranasally with ~700 CFU of wild type
(WT, IP2666pIBL1) or ALcrF (JMB1SS) Y. pseudotuberculosis. Mice were sacrificed 5 days

post-infection. Lung tissues were homogenized and ser
(Model: Fisher et al., Infect. & Immun. 2007, 75:429-442.)
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Screen Compounds for Inhibition of
Y. pseudotuberculosis Cytotoxicity

o Type

Secretion dependent cytotoxicity - ALcrF mutant positive control

o Culture
LerF inh

d type bacteria under Type
1 or equal volume vehicle

Secretion inducing conditions with
o Infect J774.1 cells in the presence of inhibitor - measure lactate
dehydrogenase (LDH) release
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774.1 cells were infected with vehicle or LerF inhibitor treated wild type (WT, YPIIIpIBI) or
vehicle treated ALCrF (WS163) Y. pseudotuberculosis. Results are expressed as a % of the
LDH released by infection with the vehicle treated WT control. Infection with untreated WT
bacteria typically resulted in the release of 75-909% of the total LDH activity.

Efficacy of LcrF Inhibitors in a Non-Lethal
Lung Infection Model
LerF inhibitors that exhibited activity in the cell free DNA binding assay and

Y. pseudotuberculosis cytotoxicity assay were tested for in vivo efficacy using a non-lethal
lung infection model

Groups of 4 CD-1 mice (7-8 week old males) were treated with a single subcutaneous dose of
vehicle or LerF inhibitor (25 mg/kg) 1 day prior to infection, at the time of infection, at 8 h post
infection, then once daily for a further 2 days. Mice were infected intranasally with ~700 CFU
of WT (IP2666p1B1) or ALcrF (JMB5S) Y. pseudotuberculosis. Mice were sacrificed 3 days
post infection and serial dilutions of lung tissue homogenates were plated.

Efficacy of LcrF Inhibitors in a Lethal
Y. pseudotuberculosis Pneumonia Model
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Groups of 4 CD1 mice (7-8 week old males) were dosed subcutaneously with either vehicle or
compound (25 mg/kg) 1 day prior to infection, at the time of infection (Oh), at 8, and then daily
for 8 days following intranasal infection with ~120 CFU of wild type (WT, IP2666pIB1) or
ALcrF (IMBI5S) Y. pseudotuberculosis. Note that % Survival data for P005260 and P005330
un on top of each other.

CONCLUSION

o LerF is required for full virulence in tissue culture and animal models of

Inhibitor LcrF ECso % <<.._. Log Decrease in
(uM) Cytotoxicity® | CFU/g Lung Tissue®
P004816 114 99.2 Non-efficacious
P005203 12.8 45.4 15
P005181 14.3 30.3 Non-efficacious
P005450 318 28.1 Non-efficacious
ALcrF 15-22

+ Percent of cytotoxicity relative to vehicle treated cells infected with wild type (WT)
Y.

Phenyl or
Heterocycles

Amide (NHCO) &

Acrylic Amide (NHCOCH=CH)

Incubation with wild type Y. pseudotuberculosis yields >75%

cytotoxicity.
> Decrease relative to vehicle treated mice infected with wild type Y. pseudotuberculosis.

Y. fection.

o Treatment with LcrF inhibitors attenuates virulence and protects animals from
infection with Y. pseudotuberculosis.

o LerF inhibitors are non-antibacterial and thus not under the same selection pressure
for resistance as traditional anti

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