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B
ackground:  N

ovel therapies for the prevention and treatm
ent of infectious diseases are

needed to address the problem
s of m

ulti-drug resistant bacteria including P. aeruginosa
(PA

). In PA
, the M

arA
(A

raC
) fam

ily transcription factor ExsA
 is an im

portant virulence
regulator of the type III secretion (TTS) system

. W
e developed sm

all m
olecule inhibitors of

ExsA
 w

hich reduced infection by the organism
. M

ethods:  A
n in vitro D

N
A

-protein
binding assay w

as used to identify com
pounds w

ith potency against the PA
 ExsA protein.

C
om

pounds w
ere additionally screened for inhibition of TTS dependent cytotoxicity

tow
ard infected J774.1 cells. A PA m

urine m
odel of acute lethal pneum

onia w
as used to

assess the efficacy of the com
pounds. R

esults:  B
enzim

idazole derivatives w
ere

synthesized w
ith good in vitro potency and activity in bacterial m

ediated cytotoxicity
assays. In the severe PA

 m
urine pneum

onia m
odel, there w

as a significant increase in
survival of m

ice (4-fold p<0.05) treated daily IP for four days post-infection w
ith

com
pound P005631 over vehicle alone. C

onclusion:  Targeting M
arA

-like proteins w
ith

sm
all m

olecule drugs is a new
 paradigm

 for anti-infective chem
otherapy.  The effectiveness

of M
arA

 inhibitors in a m
odel of bacterial pneum

onia dem
onstrates the conceptual validity

and operational feasibility of this therapeutic approach.

ExsA R
egulates Expression of

the Type III Secretion System

ExsA M
utants are Avirulent in W

hole C
ell and

A
nim

al M
odels of Infection

Identification of ExsA
 Inhibitors

ExsA
 is a m

em
ber of the M

arA
(A

raC
) fam

ily of transcription regulators

o
D

efined by 2 conserved helix-turn-helix D
N

A
 binding dom

ains

o
The M

arA
(A

raC
) fam

ily is conserved am
ong bacteria, not found in

eukaryotes

o
Several M

arA
(A

raC
) fam

ily proteins regulate virulence factor expression
in bacterial pathogens (M

unson, et al., 2001, I&
I 69:186-193; C

asaz, et
al., 2006, M

icrobiology 152:3643-3650)

Paratek previously developed sm
all m

olecule inhibitors of E. coli A
raC

 fam
ily proteins

M
arA

, Rob, and SoxS (Bow
ser, et al., Bioorganic &

 M
ed. C

hem
. Letters, in press.)

o
D

ocked com
binatorial chem

istry scaffolds to published crystal structure of
E. coli M

arA
 D

N
A

 binding dom
ain. (D

avies, et al., PN
AS U

SA
 1998,

95:10413.)

o
Pursued hydroxy benzim

idazoles

ExsA Inhibition in C
ell Free D

N
A B

inding A
ssay

 Exploring the Structure – A
ctivity R

elationship

Structure - A
ctivity R

elationship O
verview

o
Extended the m

olecule w
ith different linkers

o
Explored different X

 groups

Screen C
om

pounds for Inhibition of
P. aeruginosa C

ytotoxicity
o

Type III Secretion dependent cytotoxicity – ∆ExsA  m
utant positive control

o
C

ulture w
ild type bacteria under Type III Secretion inducing conditions w

ith
ExsA

 inhibitor or equal volum
e vehicle

o
Infect J774.1 cells in the presence of ExsA

 inhibitor - m
easure lactate

dehydrogenase (LD
H

) release

Efficacy of ExsA
 Inhibitors in a Lethal

P. aeruginosa Pneum
onia M

odel

o
The M

arA
(A

raC
) fam

ily transcription factor ExsA
 is required for

full virulence in tissue culture and anim
al m

odels of P. aeruginosa
infection.

o
Treatm

ent w
ith ExsA

 inhibitors attenuates virulence and protects
anim

als from
 P. aeruginosa pneum

onia.

o
ExsA

 inhibitors are non-antibacterial and thus not under the sam
e

selection pressure for resistance as traditional antibiotics.

o
Inhibitors that act against m

ultiple m
em

bers of the M
arA

(A
raC

)
fam

ily of transcription factors m
ay further inhibit P. aeruginosa

virulence and could be used as broad spectrum
 agents against

m
ultiple bacterialpathogens.

J774.1 cells w
ere infected w

ith vehicle or ExsA
 inhibitor treated PA

103 (w
ild type) or vehicle

treated PA
103∆ExsA

  P. aeruginosa. R
esults are expressed as a %

 of the LD
H

 released by
infection w

ith the vehicle treated PA
103 control. Infection w

ith untreated w
ild type PA

103
bacteria typically resulted in the release of 75-90%

 of the total LD
H

 activity.

ExsA Inhibitors are N
on-A

ntibacterial
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M
urine Pneum

onia M
odel: Groups of 5 Sw

iss W
ebster

m
ice w

ere infected intranasally w
ith the indicated

num
bers of bacteria in 50µL PBS.

∆

∆

M
urine Pneum

onia M
odel

0 20 40 60 80

100

120

0
24

48
72

96
120

H
ours Post Infection

% Survival

PA
103  1.9  x 10  cfu

PA
103  9.4  x 10  cfu

PA
103  1.9  x 10  cfu

   ExsA
 1.4  x 10  cfu

W
hole Cell Cytotoxicity A

ssay: J774.1 cells w
ere

infected for 1.75 hours w
ith PA

103 or PA
103∆ExsA

bacteria at an M
O

I of ~10. Lactate dehydrogenase
(LD

H
) released into the culture m

edia w
as m

easured
using a standard kit. Cytotoxicity results are expressed
as a percentage of the total LD

H
 released from

uninfected w
ells lysed w

ith detergent.
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Efficacy of P005631 and P005301, prototypic ExsA
 inhibitors, vs. Pseudom

onas aeruginosa
PA

103 in a m
ouse lethal pneum

onia m
odel (10

6 organism
s inoculated intranasally).  P005631

w
as adm

inistered IP at 25 m
g/kg at -18, -1, 2, 5, 20, 26, and 44 hours post-infection. M

ortality
w

as assessed at various tim
es post infection.  A statistically significant difference w

as noted
betw

een the untreated (vehicle) and the P005631 treated groups. ** p<0.05, * p<0.1 by C
hi-

Square analysis, n = 22 m
ice/group. P005301 w

as adm
inistered IP at 25 m

g/kg at -18, -1, 5, 20,
26, and 44 hours post-infection.  M

ortality w
as assessed at various tim

es post infection, n = 6-8
m

ice/group.
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o Electronic properties or size of X
   groups have no apparent effect

o A
m

ide and acrylic am
ide

   linkers show
 the best activity.

o Lipophilic X / Y groups are
   favorable for in vitro activity.

M
IC

 Values (µg/m
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P004712 
H
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oxazole 
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C
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3  
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7.0 
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N
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