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Peptides have attracted increasing attention over the past decade as a viable alternative to small 
molecules for developing drug molecules capable of interfering with protein-protein interactions 
particularly  well.  While  linear  peptides  composed  of  only  natural  amino  acids  suffer  from 
degradation,  cyclic  peptides  display  a  stronger  resistance  to  the  proteases.  In  addition,  their 
conformational space is usually more restricted than that of linear peptides, reducing the entropy 
loss upon binding, and leading to a stronger binding affinity.
The conformational space explored by cyclic peptides can be characterized in-silico with molecular 
dynamics, Monte-Carlo simulations and other sampling methods. In the past our group worked on 
sampling algorithms for cyclic peptides inspired from robotics  (Jusot et al., 2018);  as well as on 
advanced molecular  dynamics (MD) simulations of  cyclic  peptides  using replica-exchange MD 
(REMD) and simulated tempering (ST) (Murail et al., 2025).
For this internship, we propose to go one step further by simulating the association and dissociation 
of  protein  –  cyclic  peptide  complexes  using  another  class  of  advanced  molecular  dynamics 
simulations:  the  metadynamics  approach using collective  variables  to  accelerate  the  process  of 
association and dissociation. The metadynamics approach has been invented already more than 20 
years ago by the group of Parrinello (Laio and Parrinello, 2002) and with more than 6.000 citations 
this physics based method has been widely used and is continuously improved. The success of a  
metadynamics simulation depends often on the careful choice of collective variables (CVs) that 
describe the  a priori unknown slow motions. Suboptimal CVs cause long convergence times and 
makes  the  application  of  a  standardized  metadynamics  protocol  to  many  systems  impractical. 
Therefore,  the  Parrinello  group developed recently  an  improved metadynamics  method,  named 
“On-the-fly  Probability  Enhanced  Sampling”  (OPES)  (Invernizzi  et  al.,  2020;  Invernizzi  and 
Parrinello, 2022) reducing the convergence times for suboptimal CVs. Building on that, the group 
of Gervasio combined OPES with REMD into “OneOPES”  (Rizzi et al., 2023) to further reduce 
convergence times.  They applied OneOPES to predict  with a  high accuracy the free energy of 
binding  of  protein  –  ligand  (=small  molecules)  complexes  (Karrenbrock  et  al.,  2024) and 
demonstrated also on small ligand receptors that this method can be automatized (Febrer Martinez 
et al., 2024).
In  collaboration  with  Valerio  Rizzi  of  the  Gervasio  group  and  Fabio  Pietrucci  from Sorbonne 
University, our former M2 master student, Alessandro Iannitti, combined OneOPES with a special 
treatment for the hydration layer  (Schulze et al., 2025) and tested this protocol on a set of seven 
protein-cyclic peptide complexes for which the experimental free energy of binding was already 
known. While this protocol gave already promising results, the sampling of the conformations of 
the unbound cyclic peptide was still too limited. Therefore the current internship will consist in 
extending our existing protocol with CVs for the internal degree of freedom of the cyclic peptides 
or alternatively to combine OneOPES with the pre-sampling of the unbound peptides with REMD 
or ST.
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Skills required : 
• having  followed  a  computational  physics  course  or  a  course  on  molecular  dynamics 

simulations
• basic programming skills, preferably in python, but any programming language is welcome

Skills that will be acquired during the internship :
• molecular dynamics simulations with GROMACS
• metadynamics OneOPES protocol with PLUMED
• analysis of the MD trajectories with mdanalysis python package, pymol and VMD
• usage of a computational cluster via SLURM

Some presentations and tutorials to know more on :
• Funnel-metadynamics: 

https://www.plumed-tutorials.org/lessons/22/001/data/NAVIGATION.html
Click on “Lecture I” for an introduction to kinetics and free energy of binding

• OneOPES: https://github.com/valeriorizzi/OneOPES_tutorial/
• PLUMED: https://www.plumed-tutorials.org/masterclass.html
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