Chemical Biology approach to identification of
a small-molecule inhibitor of BamA function
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Gram-negative Challenge

The Threat of Antibiotic Resistance
in the United States

Antibiotic resistance—when germs (bacteria, fungi) develop the ability
to defeat the antibiotics designed to kill them—is one of the greatest
global health challenges of modern time.

New National Estimate*

Each year, antibiotic-resistant Clostridioides difficile is
bacteria and fungi cause at + related to antibiotic use and
least an estimated: antibiotic resistance:

infections cases

oL 2,868,700 % 223,900
S’é: 35,900 deaths :;% 12,800 deaths

New Antibiotic Resistance Threats List

Updated urgent, serious, and concerning threats—totaling 18

NEW:
5 urgent threats 2 new threats Watch List with threats

@ Antibiotic resistance remains a significant One Health problem, affecting
humans, animals, and the environment. Data show infection prevention
and control is saving lives—especially in hospitals—but threats may

‘a' Q undermine this progress without continued aggressive action now.

Antibiotic resistance remains an increasing threat to
public health and three of the five urgent threat
pathogens are gram-negative bacteria
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*National burden reflects de-duplicated infection and death estimates.
Source: US Department of Health and Human Services, Centers for Disease Control and Prevention�www.cdc.gove/DrugResistance/Biggest-Threats

https://www.cdc.gov/drugresistance/pdf/threats-report/acinetobacter-508.pdf

https://www.cdc.gov/drugresistance/pdf/threats-report/CRE-508.pdf

https://www.cdc.gov/drugresistance/pdf/threats-report/gonorrhea-508.pdf


Gram-negative Cha”enge Gram-negative antibiotic discovery is additionally
challenged by the Outer Membrane (OM)

cell processes that the antibioticawith . | | bychangingthe « Asymmetric bilayer (Outer Leaflet =
avoid using the enzymes, proteins that ent ays or limitin . . -
antibiokics Gargit. feslk ot diig. o bar of ||p0p0|ysacchar|des, Inner Leaflet = phospho||p|ds)

entryways.

.- ' « MDR efflux pumps

Targeting the OM as a strategy

Environment MNew antibiotics

: .,-,\Z/

. Mw
P

A
Cytoplasm Nascent OMP .JSW

Germs change the antibiotic’'s target so Germs get rid of antibiotics NeW anthIOtICS target baCte”al envelope
the drug can no longer fit and do its job. using pumps. M. C SOUSH, Nature 2019 V576 p389
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https://www.cdc.gov/drugresistance/pdf/threats-report/How-Germs-Fight-Back-Against-Antibiotics.pdf


Approach and Identification of MRL-494 N'“*mr“m NN Z/l N

F MRL-494

Hypothesis: compounds with similar activity on efflux and permeability competent and impaired cells may evade
efflux and the OM permeability barrier due to chemical nature and/or the surface location of their target

2.2 MM

E. coli (AtolC, IpxC107)
140 K
Hela Clicklt EdU E. coli (AtolC, IpxC107) Spectrum

50 K

E. coli (WT)

MRL-494
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Profiling MRL-494 LY Z/l It

F MRL-494

Spectrum activity of MRL-494

Classification MIC (M)

E. coli (WT) 25 . '
E. coli (AtolC) 25 ot efflux substrate
No permeability issue
E. coli (AtolC, IpxC101) 25
. K. pneumoniae 100
Gram-negative :
A. baumannii (WT) 200
A. baumannii (AlpxC) 200
P. aeruginosa (WT) 100
P. aeruginosa (efflux deficient) 100
y Staphylococcus aureus (methicillin-resistant) 12.5
Gram-positive . N
Bacillus subtilis rpoB18 25
Hela Mammalian - Clicklt EdU (EC50) >99
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FM4-64: membrane

Initiating MOA Deconvolution DAP: nucleic acid

Sytox: nucleic acid, non-permeable
2hr compound exposure

Bacterial Cytological Profiling (Linnaeus)

2% DMSO 1XMIC 3XMIC SX MIC

FM4-64/DAPI

» Membrane foci at the cell poles * Some cells lysing » Cells permeabilized
« Some abnormally long » Cells lysing

The compound does not closely match known controls.
Suggests novel MOA.
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MRL-494 impacts OM and decreases OMP abundance

MRL-494 potentiates rifampicin

E. coli MIC (uM)

Condition

Rifampicin 25.000 <0.049
Rifampicin + 0.195
6.25 uM MRL-494

Rifampicin: RNA polymerase inhibitor which
does not penetrate OM

IpxC101: mutation which decreases LPS
on OM and potentiates rifampicin activity

MRL-494 decreases OMPs
Veh MRL-A-QJ,

- = w  Bamd,

— ——— — Lp‘tD

- o mee | OmpA

1.5h treatment

Observe increase in DegP
Indication of extracellular envelope stress
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MRL-494 increases stress response

Batimastat targets RseP and inhibits
the oE pathway

—8~|

a0 ] h | OMP synthasis
ok
' % + FOMP assambly + UOMEs

1 uOMP degradation

PNAS 2018 115 (28) E6614

SigmaE Activity (Fold to DMSO)

MRL-494 increases oF activity

2 -

DMSO
0.125X MIC
(0. 25X MIC
(). 5X MIC
1.5 1
1
0.5

30 60 90
Time post-treatment (min)

oE-GFP readout

o
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MRL-494 inhibits OMP biogenesis

Batimastat targets RseP and inhibits Batimastat potentiates MRL-494

the oE pathway MRL-494 +
Veh Batimastat Batimastat

oM

RN

‘ Trimer
—
Q
3
— Unfolded [|%
Monomer
“— MBP

—% |

—Total LamB

—MBP

all ] h OMP synthesis
I -:-b- THOMP assambly o MRL-494 prevents formation of trimer & decreases

total amount of LamB
Batimastat increases accumulation of unfolded OMP

PNAS 2018 115 (28) E6614 6 MERCK 10
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MRL-494 stabilizes BamA by 2D-CETSATM e

! e - ||/
U o ‘) Lyse cells and isolate
. - luble protein
Aliquot samples for Treat samples ’\/r\j/_\I 50l

shift curve or ITDRF with compound 1
___ii Measure soluble protein
Heat Samples torange of by mass spec
temperatures
Cellular Thermal Shift Assay: BamA
100uM
DMSO 100nM 10uM 100uM TmM ‘A
ATC o - —
37.6°C 60.2°C — —
39°C
) 41.5°C
= o |092 B2 1°C |7 e e a——
= bl N 12
L 54.1°C
= 58.5°C 63.6°C |« — — —
|£> 61.8°C
64.7°C
66.2°C BASC | v e e c—
67°C
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BamA genetic status impacts resistance to MRL-494

0.35!

OD600

0.035
2

BamAE4"%K confers resistance

w— ADamMA Tn7att::bamAEmK
. = AbamA Tn7att::bamA

4 8 16 32 64
MRL-494 (ma/L)

BamA WT OE confers resistance

0.35:

OD600

0.035
2

=eepamA* Tn7att::bamA
==/\DamA Tn7att::bamA

4 8 16 32 64
MRL-494 (ma/L)
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BamAE4/0 Mutation

Observed 470 amino acid charge impacts MRL-494 activity and BamA stability

035

ODB00

0.035

1 ==pbamA
pbamA

- pbamﬂﬂm

1 ==pbamA__. .

==pbamA_,. .-

we D OAMA Lo —

E470G

2 4 8 16 32 64

MRL-494 (mg/L)

Unfolded

Folded

100°C

E470

==

-+

- + -+ - +
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BamAE4/0 Mutation

Batimastat targets RseP and inhibits
the oE pathway E470K mutant suppresses batimastat/MRL-494

=] =2

) | ” N\ oM | MRL-494 +
{ ’ \eh Batlmastat Batimastat
l/{% Batimastat

Trimer
-
o
precursor SRMA gj
— Unfolded
I — S "\l Monomer
AR oE “— MBP

a7l ] h OMP synthosis
I h T HOMP assambly OMEs

uCHAP degradation

—Total LamB

—MBP
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BamAF470 mutation may act as hypermorph

BME

chase (min) 0

L ptDaosso

BME
0

chase (min)

L ptDoosse

WT BamA

+

0 5 10 15 20 25 30 40 50 &0

—[1,3][2.4] LptD
—Reduced LptD
Li1,2]LptD

~[1,3][2,4] LptD
—Reduced LptD
111,21 LptD

BamABme

I 1
0 5 10 15 20 25 30 40 50 B0

~[1,3][2.4] LptD

—Reduced LptD
[1,2] LptD

—[1,3][2.4] LptD 4

—Reduced LptD
Li1,2]LptD

Lee et al. eLife 2019;8:49787

Pulse chase experiment recently reported from
Kahne, et. al.

* = approximately 50% of the LptD has
converted to the mature form, containing the
[1,3][2,4] disulfide bond configuration

BamA WT ~ 50 min
BamAE470G ~ 25 min
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Summary

v MRL-494 identified as tool which functionally inhibits BamA in Gram-negative bacteria
v BamAF4 identified as mutant which demonstrates MIC shift for MRL-494

v BamAF4%K does not have impaired function in the assembly of wild-type OMPs under
laboratory conditions

v BamAF4% does have both altered conformation and activity

> Correlates with resistance to MRL-494
Neither the conformational change nor the altered activity sufficient to explain the
MRL-494 resistance

v" Recent publication demonstrates opportunity for how MRL-494 could be a mechanistic
tool to inform on new biology — how would different mutations impact MRL-494 activity?
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", 2% DMSO0, 2 hours

Bacterial Cytological Profiling 2% DMSO Control [k
Linnaeus

» For BCP, we grew samples of E.coli AtolC in rich media (LB) at
30°C to an ODg,, ~0.15. These cultures were then split and each
sample treated with the appropriate concentration of test
compound.

» We collected samples after 30 minutes or 2 hours of exposure,
stained and then imaged them.

« Below, we have included images showing the predominant
phenotype produced by each of the test compounds at 2 hours of
exposure.

- Merck AtolC | Linnaeus AtolC
MlC M MlC M

| L494 |
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|-494 at 1X, 3X and 5X the MIC

E.coli AiolC, L-494 12.5 uM, 2 hours E.coli AiolC, L-494 375 uM, 2 hours E.coli AiolC, L-494 62.5 puM, 2 hours




BamAE47K shifts MRL-494 potency

BamAE4"0K shifts MIC to solubility limit

0.35;

o :

(=]

w

i

S >
= phamA
mmpbhamA

0.035 P ek : .
2 4 8 16 32 64

MRL-494 {mg/L)

OD600

BamAE470K ghifts MIC in AbamB

==pbamB
==MNbamB bamAE470K

0.354

00385 b0—— 0o
012502505 1 2 4 & 16 32 64
MRL-494 (mg/L)
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