Nitro-Thiophene Carboxamides Exert Antibacterfattivity #37
through the Activation by Nitroreductases

Nainesh Katagihallimath, Sreevalli Sharma, Radha Nandishaiah, Teby Thomas, Riya Narjari, Maitrayee Sarma, Purnendu Bhowmik, Shahul
Hameed P, Nagakumar Bharatham, Vasanthi Ramachandran, V. Balasubramanian®, Santanu Datta

BUGWORKS Research India Private Ltd., CCAMP, GKVK Campus, Bangalore 560065 *Presenting Author

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
coliwas 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
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» A set of 3000 diverse compounds from various well-known
chemical vendors were obtained and screened against E col
wild type, efflux pump mutants AacrB and AtolC.

» Seven ‘hits’ that showed activity with the AacrB 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
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Target identification

» 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 nfsBshowed a significantly elevated MIC
(>40ug/ml) as compared to the WT strain.

Gene knockout studies to confirm target
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» Single (AnfsA, AnfsB) and double knockouts (AnfsA & AnfsB)
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.

Resistant mutation: frequency & mapping

» Resistant mutants raised in E colistrain BW25113.
» The mutations conferring resistance mapped to nfsB.
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Ainsertion at bp 423

» 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).

Efflux mitigation strategy
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E. coli WT MIC = >40 pg/ml E. coli WT MIC = 0.6 pg/ml
Efflux pump deletion mutant MIC = 2.5 pg/ml Efflux pump deletion mutant MIC = 0.3 pg/m

» 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.
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» E colinitroreductases are known to reduce nitroaromatics [3] to

amines

via

highly reactive nitroso and hydroxylamine

intermediates. These intermediates may be responsible for the
antibacterial activity.

Enzyme kinetics experiments
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» 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.
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NfsB Binding mod&: hotspot recognition
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K. pneumoniae ] MDIVSVALKRYSTKAFDATKKLTASEAEOLKTLLOYSPSSTNSOPWHFIVASTDEGKARVAKAASGTYVFNERKILDASHV 81
S. flexneri 1 MNIISVALKRHSTKAFDASKKLTPEQOAEQIKTLLOYSPSSTNSOPWHFIVASTEEGKARVAKSAAGNYVFNKRKILDASHV 81
S. sonnei 1 MDIISVALKRHSTKAFDASKKLTPEQAEQIKTLLOYSPSSTNSOPWHFIVASTEEGKARVAKSAAGNYVFNERKILDASHV 81
S. typhimurium 1 MDIVSVALQRYSTKAFDPSKKLTAEEADKIKTLLQYSPSSTNSQPWHFIVASTEEGKARVAKSAAGNYTFNERKMLDASHV 81

E. coli (1YKI) 82 VVFCAKTAMDDVWLKLVVDOEDADGRFATPEAKAANDKGRKFFADMHRKDLHDDAEWMAK@VELNVGNFLLGVAALGLDAM 162
K. pneumoniae g; yyFCAKTAMDDAWLORVVDOEEADGRFATPDAKAANHKGRTFFADMHRKELKDDDOWMAK NVGNFLLGVAAMGLDANM 162
S. flexneri 82 VVFCAKTAMDDAWLKLVVDOEDADGRFATPEAKAANDKGRKFFADMHRKDLHDDAEWMAK@VELNVGNFLLGVAALGLDAM 162
S. sonnei 82 VVFCAKTAMDDAWLKLVVDOEDADGRFATPEAKAANDKGRKFFADMHRKDLHDDAEWMAK@VELNVGNFLLGVAALGLDAM 162
S. typhimurium 82 VVFCAKTAMDDAWLERVVDQEDADGRFATPEAKAANDKGRRFFADMHRVSLKDDHQWMAKQVELNVGNFLLGVAAMGLDAM 162

E. coli (1YKI) 163 GFDAAILDAEFGLKEKGYTSLMVVPVGHHSVEDFNATLPRSRLPONITLTEV 217

K. pneumoniae , ;. GIDFAILDEEFDLKAKGYTSLMVVPVGHHSVEDFNATLPRSRLPOSTTITEI 217 84%
S. flexneri 163 GFDAAILDAEFGLKEKGYTSLMVVPVGHHSVEDFNATLPRSRLPONTTLTEV 217 98%
S. sonnei 163 GFDAAILDAEFGLKEKGYTSLMVVPVGHHSVEDFNATLPRSRLPONITLTEV 217 99%
S. typhimurium 163 GFDAEVLDAEFGLKEKGYTSLMVVPVGHHSVEDFNAGLPKSRLPLETTLTEV 217 ggoy,

NTC binding pocket residues [l FMN binding pocket residues

» 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 sonnel and
Salmonellayphimuriumstrains.

Antibacterial activity on othemathogens
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» Triple knockout (AnfsAB & AacrB) and nfnB
complementation experiments revealed that K
pneumoniaeNfnB (homolog of E coli NfsB) potentially
activates the NTC derivatives.

» Similarly, potent MICs were observed against Shigella
flexner] Shigellasonneiand Salmonellatyphimurium
clinical isolates

Conclusions

» 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 col..

» 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.
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