
To ascertain these observations, resistant mutants raised on E. coli strain BW25113 and mmutations
conferring resistance maps to different loci on NfsB protein
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Background

 Antimicrobial resistance (AMR) is an increasingly serious global
public health threat that requires urgent action from all sections
of society [1].

 We have developed a novel method to dial-out efflux mediated
resistance, thereby yielding potent anti-bacterial leads.

 The lead compound is a pro-drug and the activating enzyme in E.
coli was identified to be nitroreductase.

 The antibacterial activity of the compounds via their activation
by E. coli NfsA and NfsB was confirmed by nitroreductase
knockout mutants as well as complementation.

Primary Screen and Hit Evaluation

 A set of 3000 diverse compounds from various well-known
chemical vendors were obtained and screened against E. coli
wild type, efflux pump mutants ∆acrB and ∆tolC.

 Seven ‘hits’ that showed activity with the ∆acrB were
evaluated against a panel of known efflux pump mutants.

 Rationale behind this screening method was to eliminate the
hits that possess multiple efflux pump liability and select the
compounds that are selectively effluxed by acrB for further
optimization.

Lead generation and optimization

Compound ID R1 R2 R3 R4 R5 X

WT ΔacrB ΔtolC

MIC (µg/ml)

7 CH3 H H H H CH >40 1.25 1.25

11 H F H F H CH 0.6 0.3 0.15

12 H F F H H CH 0.6 0.3 0.15

14 H CN H H H CH >40 20 20

15 H F H H H CH 1.25 0.6 0.6

20 H Cl H OCH3 H CH 0.6 0.3 0.3

Efflux mitigation strategy

Tight Binding to 
Primary Target

E. coli WT MIC = >40 µg/ml
Efflux pump deletion mutant MIC = 2.5 µg/ml 

Tight Binding to 
AcrB

Tight Binding to 
Primary Target

E. coli WT MIC = 0.6 µg/ml
Efflux pump deletion mutant MIC = 0.3 µg/ml 

Weak binding 
to AcrB

 Autodock molecular docking followed by MD simulations

methods were used to determine binding mode of compounds

with AcrB as well as the activating enzyme NfsB.

 Modifications made on LHS phenyl ring provided SAR handle to
mitigate the AcrB efflux and to achieve WT activity in E. coli as
predicted by molecular docking and molecular dynamics
simulations (Please refer Poster No: 35 for further details).

Resistant mutation: frequency & mapping

 MIC experiments in E. coli strain with about 700 non-essential
single gene knockouts [2] were carried out with Compound 7.

 Single gene knockout of nfsB showed a significantly elevated MIC
(>40µg/ml) as compared to the WT strain.

 Compounds having wildtype MICs are efficiently converted by
NfsB into their active forms compared to NfsA.

 Nitrofurantoin was activated by both NfsA and NfsB with equal
efficiency implying lack of specificity.

Enzyme kinetics experiments

Nitroreductase Enzyme reaction
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 E. coli nitroreductases are known to reduce nitroaromatics [3] to
amines via highly reactive nitroso and hydroxylamine
intermediates. These intermediates may be responsible for the
antibacterial activity.

 Work presented here started with compounds that are
selectively effluxed by AcrAB-TolC complex.

 Optimization led to mitigation of efflux liability resulting in
compounds that are potent against wildtype E. coli.

 Target identification by single knockout and mutation analyses
revealed nitroreductase as the putative target.

 Compounds with wildtype MICs are efficiently converted by NfsB
into their active forms compared to NfsA.

 Conservation of NfsB across the various Gram negative
pathogens were demonstrated by the complementation and
MICs in clinical isolates.

Conclusions

 Molecular docking predicted that the nitro group of our
compounds occupy identical position to that of the
nitrofurazone warhead.

 The rest of the NTC derivative bridges the dimer interface of
NfsB

 High sequence identity (≥ 80%) as well as active site pocket
similarity was observed with nfsB homologs of Klebsiella
pneumoniae, Shigella flexneri, Shigella sonnei and
Salmonella typhimurium strains.

NfsB Binding mode & hotspot recognition

Antibacterial activity on other pathogens

 Triple knockout (∆nfsAB & ∆acrB) and nfnB
complementation experiments revealed that K.
pneumoniae NfnB (homolog of E. coli NfsB) potentially
activates the NTC derivatives.

 Similarly, potent MICs were observed against Shigella
flexneri, Shigella sonnei and Salmonella typhimurium
clinical isolates

Compounds
Eco 

BW25113
∆acrB

∆nfsAB

&∆acrB

+nfnB

Kpn

ATCC 

13883

Shigella

flexneri

Shigella 

sonnei

Salmonella 

typhimurium

12 0.6 0.3 0.3 2.5 10 5 2.5

15 1.25 0.6 0.6 5 ND ND ND

20 1.25 0.3 0.6 10 ND ND 10
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Fold 
MIC

CFUs 
recovered

Resistance 
frequency

Compound  11

3*109 CFU 
plated

2x 206 1.03E-07
4x 58 2.90E-08
8x 85 4.25E-08

16x 16 8.00E-09

Compound 15

2*109 CFU 
plated

2x 127 6.35E-08
4x 79 3.95E-08
8x 48 2.40E-08

16x 11 5.50E-09

Mutations mapped to 
nfsB:
• V143F
• deletion at bp 347
• insertion at bp 423
• substitution at  bp 138 

Target identification

 Resistant mutants raised in E. coli strain BW25113.

 The mutations conferring resistance mapped to nfsB.

Gene knockout studies to confirm target 

 Single (ΔnfsA, ΔnfsB) and double knockouts (ΔnfsA & ΔnfsB)
of nitroreductases was generated to assess the biological
relevance of the target.

 The compounds within the series showed moderate MIC
elevation in single knockout strains and were completely
inactive in the double knockout strain.

 In contrast, the MIC for Nitrofurantoin was only partially
elevated even in the double knockout strains, showing the
superior specificity of NTC.

Compound ID

MIC (µg/ml)

Eco BW25113 

(WT)
∆nfsB ∆nfsA

∆nfsA + 

∆nfsB

7 >40 >40 >40 >40

12 0.6 2.5 0.6 >40

14 >40 >40 >40 >40

15 1.25 5 0.6 >40

20 1.25 2.5 0.6 >40

Nitrofurantoin 2.5 2.5 5 20
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