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In recent decades there was a drastic drop in the development of new antibiotics. This has increased
the difficulty to counter the growing resistance to currently available antibiotics of many pathogens,
such as Gram-negative bacteria. Such a situation highlights the importance of developing
alternative strategies aimed at looking for new scaffolds characterized by desired properties.
Gram-negative bacteria are characterized by the presence of an outer membrane (OM) representing
an additional defense for polar antibiotics, making them challenging system for drug discovery.
Water-filled porins have been identified as the main access route to internal targets for β-lactam
antibiotics and β-lactamase inhibitors; therefore a better understanding of the permeability
mechanism is needed. The development of β-lactamase inhibitors may play a key role in giving βlactam antibiotics a chance to fight bacteria due to the presence, in the periplasmic space, of the βlactamase enzymes that recognize this type of antibiotics rendering them inactive.
Molecular Dynamics Simulations (MD) of porins and small molecules at an all-atom level allow
investigating the physical-chemical parameters involved in their mutual interactions. However, the
permeation occurs on the millisecond time scale, not reachable with standard MD techniques. The
complexity of the hypersurface describing the potential of the process limits the ergodicity of the
sampling. The well-tempered metadynamics through Plumed 2.2 plug-in allows overcoming these
limitations.
In this work we did an in silico study of the permeability of three β-lactamase inhibitors through
OmpF, the most studied porin from E. Coli. The free energy surface of the permeation process was
reconstructed in order to identify the main path and the main interaction between the porin and
substrates through the analysis of energy minima.
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