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• Ranked # 1 in lung infection of cystic fibrosis (CF) 
patients (1:2,500 newborns)

• Ranked # 1 in intensive care unit (ICU) infections

• Ranked # 3 in non-ICU hospital-acquired (HA) infections

• Ranked # 2 in HA bacterial pneumonia

• Severity of infection

• Intrinsic antibiotic resistance

• Acquired antibiotic resistance (HGT)

• Pan-resistance in nosocomial and CF strains

Pseudomonas aeruginosa
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L-cysteine is fundamental for many biological processes
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L-cysteine metabolism as target for antibiotic development

Bacteria, differently from humans, are able to synthesise aminoacids, including L-Cys, from inorganic salts.
The pathway has been characterized in Mycobacteria and some gram-negative bacteria…
…but it has been overlooked in Pseudomonas aeruginosa

Martedì R., D'Angelo J., Sassi G., Marchetti M., Hijazi S., Percudani R.,
Bettati S., Campanini B., Frangipani E. De novo cysteine biosynthesis in
Pseudomonas aeruginosa: characterization of the two main cysteine
synthase isoforms. Under review in iScience.
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L-cysteine metabolism as target for antibiotic development

CysH crystal structure is available

How could we assay inhibitor activity



CysH virtual screening

Enzyme in the open/inactive conformation Enzyme in the closed/active conformation

❑ Lack the C-terminal region in X-ray structures
❑ Missing catalytic C256  

❑ Prediction of the C-terminal region through 
AlphaFold2.

APS
APS

?

ACTIVITY

Prof. Giovanni Bottegoni - Dr. Gian Marco Elisi – Matilda Ymeraj



Modelling of the C-terminal loop
and position of the catalytic cysteine

QM/MM minimizations of the
Michaelis complexes
retrieving optimized geometries
and charges

Building of the pharmacophore
model to position the reactive
warhead and reproduce substrate
interactions

Covalent docking calculations to
prioritize commercially available
compounds

Well-tempered metadynamics
simulations
to estimate pose stability and
ligand interactions

Computational workflow retrieving APSR covalent inhibitors

Prof. Giovanni Bottegoni - Dr. Gian Marco Elisi – Matilda Ymeraj



Results of virtual screening protocol

Strategies

❑ Retrieval of warheads with varied reactivity

❑ Acceleration of covalent docking via starting reactive docking poses

❑ Prioritization of compounds with Binding-Pose Metadynamics, prioritizing stable binding modes (RMSD<2Å)

Prof. Giovanni Bottegoni - Dr. Gian Marco Elisi – Matilda Ymeraj



CysHPa activity (and inhibition) can be investigated
through different in vitro assays

Prof. Barbara Campanini - Dr. Marialaura Marchetti – Francesco Guggino - Prof. Stefano Bettati

Protein recombinant production in E. coli (C-terminal Strep-tag). Purification under aerobic conditions, good yields (30 mg/L) 

O05927 · CYSH_PSEAE

https://www.uniprot.org/uniprotkb/O05927/entry

MLPFATIPATERNSAAQHQDPSPMSQPFDLPALASSLADKSPQDILKA

AFEHFGDELWISFSGAEDVVLVDMAWKLNRNVKVFSLDTGRLHPETYR

FIDQVREHYGIAIDVLSPDPRLLEPLVKEKGLFSFYRDGHGECCGIRK

IEPLKRKLAGVRAWATGQRRDQSPGTRSQVAVLEIDGAFSTPEKPLYK

FNPLSSMTSEEVWGYIRMLELPYNSLHERGYISIGCEPCTRPVLPNQH

EREGRWWWEEATHKECGLHAGNLISKAENLYFQ↓SAWSHPQFEK

https://www.uniprot.org/uniprotkb/O05927/entry


CysH is catalytically active and forms a covalent adduct with 319 that involves the 
catalytic cysteine

Prof. Barbara Campanini - Dr. Marialaura Marchetti – Prof. Stefano Bettati – Prof. Michele Menotta



What we have done about CysH in Pseudomonas aeruginosa…

We have successfully generated a cysH in-frame deletion mutant and characterized its phenotype

Prof. Emanuela Frangipani – Rebecca Martedì - Dr. Sarah Hijazi

Generation of the deletion fragment
(containing the upstream and the downstream regions of cysH gene)

• Generation of a suicide plasmid containing the deletion of interest
• Tranfer (conjugation) in P. aeruginosa
• Various subcultures…. 
• PCR/sequencing to confirm the mutation

P. aeruginosa WT chromosomecysHthrH PA1755 cysB



What we have done about CysH in Pseudomonas aeruginosa…

We successfully set-up the assay conditions
Growth in the M9 medium ± L-cysteine 40 µg/ml (optimal L-cysteine concentration able to restore the growth of the cysH deletion
mutant) can be considered as suitable test conditions for putative CysH-inhibitors
We have genetically complemented the cysH deletion mutant
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CysH inhibitor assay to impair L-cysteine synthesis, hence P. aeruginosa growth
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Conclusions and future perspectives

• We have successfully identified a lead compound targeting P. aeruginosa CysH with good activity in
vitro and in bacterial cells, in line with the primary aim of WP1 (Development of a third party-
accessible, enabling platform for efficient preclinical drug discovery)

• We plan to solve CysH crystal structure in complex with 319 to gain insights on the functional and
catalytic properties of the C-terminal region (in collaboration with Yvain Nicolet, IBS, Grenoble) and
guide further med chem efforts

• Further validate the microbiological data on 319 by increasing the number of experimental replicates

• Assay 319 derivatives that possess the same warhead to investigate a putative increase in efficacy
319
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MODELING OF THE CATALYTIC PORTION OF APSR
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