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Yersinia pseudotuberculosis (Yptb) m
utants defective in type III secretion (TTS) show

dram
atically attenuated virulence in a m

ouse m
odel of pneum

onia. Expression of the Yptb
TTS system

 is dependent on activation by LcrF (VirF), a transcription factor in the A
raC

protein fam
ily.  To identify a novel, non-antibacterial strategy to prevent/treat Yptb

infection, an in vitro assay w
as used to screen a library of sm

all m
olecules designed to

interfere w
ith the D

N
A

 binding activity of LcrF (VirF). A
ll of the com

pounds lack intrinsic
antibacterial activity, as judged by standard M

IC
 assays, and do not show

 toxicity against
m

am
m

alian tissue culture cells. Treatm
ent of Yptb bacteria w

ith a subset of these
com

pounds inhibited TTS of Yop proteins and TTS dependent cytotoxicity tow
ard infected

m
acrophages in w

hole cell experim
ents. Selected com

pounds w
ere used to treat m

ice prior
to and during intranasal infection w

ith Yptb bacteria in a pneum
onia m

odel. Treatm
ent w

ith
a num

ber of com
pounds substantially reduced the bacterial burden in the lungs in a 3 day

infection m
odel and afforded a dram

atic survival advantage in studies that m
onitored

m
ortality. This w

ork dem
onstrates that treatm

ent w
ith sm

all m
olecule inhibitors of a

bacterial transcription factor can attenuate virulence and thus prevent or lim
it infection.

Since the A
raC

 fam
ily of transcription factors them

selves are w
ell conserved and play

central roles in pathogenesis across bacterial genera, the inhibitors could have broad
applicability.
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6-8 w
eek old fem

ale BA
LB/c m

ice w
ere infected intranasally w

ith ~700 C
FU

 of w
ild type

(W
T, IP2666pIB1) or ∆LcrF (JM

B155) Y. pseudotuberculosis. M
ice w

ere sacrificed 5 days
post-infection. Lung tissues w

ere hom
ogenized and serial dilutions w

ere plated.
(M

odel: Fisher et al., Infect. &
 Im

m
un. 2007, 75:429-442.)

Identification of L
crF Inhibitors

LcrF is a m
em

ber of the A
raC

 fam
ily of transcription regulators

o
D

efined by 2 conserved helix-turn-helix D
N

A
 binding dom

ains

o
A

raC
 Fam

ily is conserved am
ong bacteria, not found in eukaryotes

Paratek previously developed sm
all m

olecule inhibitors of E. coli A
raC

 fam
ily

proteins M
arA

, R
ob, and SoxS

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
Identified 5 classes of sm

all (<500 D
a) m

olecules w
ith activity

in vitro

o
Pursued hydroxy benzim

idazoles

o
Inhibitors are non-antibacterial in routine M

IC
 panel testing
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Screen C
om

pounds for Inhibition of
Y. pseudotuberculosis C

ytotoxicity
o

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

o
C

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

ith
LcrF inhibitor or equal volum

e vehicle

o
Infect J774.1 cells in the presence of inhibitor - m

easure lactate
dehydrogenase (LD

H
) release

C
ytotoxicity of Y. pseudotuberculosis Tow

ard J774.1
C

ells +/- L
crF Inhibitors

E
fficacy of L

crF Inhibitors in a L
ethal

Y. pseudotuberculosis Pneum
onia M

odel

o
LcrF is required for full virulence in tissue culture and anim

al m
odels of

Y. pseudotuberculosis infection.

o
Treatm

ent w
ith LcrF inhibitors attenuates virulence and protects anim

als from
infection w

ith Y. pseudotuberculosis.

o
LcrF 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 A
raC

 fam
ily of transcription factors

m
ay further inhibit Y. pseudotuberculosis virulence and could be used as broad spectrum

agents against m
ultiple bacterial pathogens.
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D
ose response curve –

EC
50

J774.1 cells w
ere infected w

ith vehicle or LcrF inhibitor treated w
ild type (W

T, Y
PIIIpIB1) or

vehicle treated ∆LcrF (W
S163) Y. pseudotuberculosis. R

esults are expressed as a %
 of the

LD
H

 released by infection w
ith the vehicle treated W

T control. Infection w
ith untreated W

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

 of the total LD
H

 activity.

G
roups of 4 C

D
1 m

ice (7-8 w
eek old m

ales) w
ere dosed subcutaneously w

ith either vehicle or
com

pound (25 m
g/kg) 1 day prior to infection, at the tim

e of infection (0h), at 8h, and then daily
for 8 days follow

ing intranasal infection w
ith ~120 C

FU
 of w

ild type (W
T, IP2666pIB

1) or
∆LcrF (JM

B155) Y. pseudotuberculosis.  N
ote that %

 Survival data for P005260 and P005330
run on top of each other.

E
fficacy of L

crF Inhibitors in a N
on-L

ethal
L

ung Infection M
odel

L
crF inhibitors that exhibited activity in the cell free D

N
A

 binding assay and
Y. pseudotuberculosis cytotoxicity assay w

ere tested for in vivo efficacy using a non-lethal
lung infection m

odel.

G
roups of 4 C

D
-1 m

ice (7-8 w
eek old m

ales) w
ere treated w

ith a single subcutaneous dose of
vehicle or LcrF inhibitor (25 m

g/kg) 1 day prior to infection, at the tim
e of infection, at 8 h post

infection, then once daily for a further 2 days. M
ice w

ere infected intranasally w
ith ~700 C

FU
of W

T (IP2666pIB1) or ∆LcrF (JM
B155) Y. pseudotuberculosis. M

ice w
ere sacrificed 3 days

post infection and serial dilutions of lung tissue hom
ogenates w

ere plated.

a  Percent of cytotoxicity relative to vehicle treated cells infected w
ith w

ild type (W
T)

   Y. pseudotuberculosis. Incubation w
ith w

ild type Y. pseudotuberculosis yields >75%
   cytotoxicity.
b  D

ecrease relative to vehicle treated m
ice infected w

ith w
ild type Y. pseudotuberculosis.
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o Electronic properties or size of X
   groups have no apparent effect
   on in vitro activity.

o The para position is optim
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o Lipophilic X
 / Y

 groups are
   favorable for in vitro activity.
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