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Helen Zgurskaya

Helen I. Zgurskaya is the George Lynn Cross Research Professor in the
Department of Chemistry and Biochemistry at the University of Oklahoma,
USA. She is also a fellow of the American Academy for Microbiology and
leads a research programme on antibiotic resistance, multidrug efflux
mechanisms, and efflux pump inhibitors.

Helen has written more than 60 papers and has also helped prepare
various conferences. She is an associate editor of the ACS Infectious
Diseases journal and a member of the editorial board for the journals;
Antimicrobial Agents and Chemotherapy and Frontiers in Microbiology.
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Bacterial cell envelopes are diverse, but rules are the same
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1: Active efflux is synergistic with the limitations on transmembrane
diffusion but only if the two fluxes occur across the same membrane

(the cytoplasmic membrane top!
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2. Transporters are synergistic with transporters in the other membr:
and additive with transporters acting across the same membrane

Paradox #1: synergistic not in clinics, but additive are
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3: Enzymatic inactivation of an antibiotic could be either additive or
synergistic with efflux and transmembrane diffusion
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Take home message #1

A Efflux pumps in combination with diffusion barriers and
enzymatic inactivation can generate either additive or
multiplicative changes in intracellular concentrations of
antibiotics and hence, their antibacterial activities.




Major contributors to clinical antibiotic resistanpelyspecifidResistance
nodulationdivision (RND) efflux transporters
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RND pumps can be inhibited at different steps of assembly and drug
transport
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Antibacterial compound series display a spectrum of recognition by efflux pu
Substrates==p Inhibitors =———p  Avoiders

Paradox #2: there is no clear distinction between efflux substrates and efflux inhibitors
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What is the difference between efflux avoiders, substrates and inhibitors?

Chemical library of antibacterials
and efflux pump inhibitors (EPIS)

source/description number
1 | Dihydroimidazoline EPIs 174
2 |2,7-diaminoquinoline EPIs 68
3 |2-aminobenzothiazoles antibacterial 79
4 |Benzoylimidazolines EPls 14
5 |Cinnamoyl derivatives EPl/antibacterial 74
6 |Basilea 8
7 | Thienylpiperidines EP1 8
8 | Diamino pyrimidines EPI 50
9 |Condensin inhibitors antibacterial 108
10| Known Antibiotics 17
11 | Fluoroquinolone 19
12 | Beta-lactam 56
13 | Oxadiazoles 9
14 [Rempex 255
15| Enamine Screening compounds 160
16| Miscellaneous 161

Total 1260
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What properties of compounds do correlate with antibacterial and EPI activ
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Predictors of permeation across the outer membrari@ aeruginosa

Maximum prediction accuracy 96%

optimal combination
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Predictors of efflux avoidance and recognition

260 Rempex compounds

Discovered blicrocide
further developed by
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Biopharma
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EPIs share interactions with substrates
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Efflux ligands fit into the substrasehibitor spectrum depending on their
physicechemical structures and properties

[l Outer AP [l Inner AP [l Interface [_]DP Groove []DP Cave Substrates

Inhibition

Region importance
o
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Ligands engaging a combination of polar and charged residMesBbinding sites are effectively
expelled into the exit funnel
Ligands engaging aromatic and hydrophobic residues slow down or hinder the next step in the

transporter cycle and can act as inhibitors : :
Gervasoni et al., mBio, 2023



Conclusions

AlIntegrated antibiotic permeation and resistance model explains laboratory and
clinical observations

ANew experimental tools to assess contributions of efflux, permeation and other
mechanisms in antibiotic resistance and intracellular accumulation

AEfflux pumps make sense only in physiological environments

AEfflux pump ligands (EPIs and substrates) imysicechemical and molecular
level properties that are distinct from efflux avoiders

A Liganddit into the substrateinhibitor spectrum depending on thehysico
chemical structures and properties

APermeation, efflux avoidance and inhibition models are predictive of such
properties among unrelated compounds
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Thank you!



Ruben Hartkoorn

Ruben Hartkoorn leads a research team on antibiotic drug discovery,
development and innovation at the Institut Pasteur of Lille, France. His
group focuses on discovering and developing novel approaches to combat
bacterial infections, with a particular focus on discovering novel antibiotic
classes and improving the penetration of antibiotics into bacteria.

Ruben received his PhD from the University of Liverpool in the UK after
research studying the role of eukaryotic efflux and influx pumps on the
pharmacology of drugs against HIV and tuberculosis. Before joining
INSERM in 2015 and launching his group, Ruben performed postdoctoral
research investigating rifampicin tolerance at EPFL and also investigating
drugs against toxoplasma and malaria at the University of Geneva, both in
Switzerland.
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ram-negative bacteria
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ram-negative bacteria
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Asymmetric Trimer (' O)
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Catalytic cycling of trimeric AcrB pump
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Inhibitors of AcrAB-TolC efflux
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