
Mixed-solvents MD 
simlations and hotspots 

identification

https://sourceforge.net/projects/mdmix/
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Motivation and scope
● Importance of identifying 

binding hotspots in drug 
discovery

● Limitations of static 
structural methods (e.g. 
docking)

● PyMDMix as a mixed 
solvent MD-based 
framework tailored for 
practical hotspot discovery

Arcon JP et al. (2017) J. Chem. Inf. Model. 57, 846–863
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● Origins in Multiple 
Solvent Crystal 
Structures (MSCS)

● From rigid mapping 
(FTMap) to MD-based 
methods (SILCS, 
mixed-solvent MD)

● Development of 
pyMDMix by Barril’s 
group

Historical context

Mattos C et al. (2006) J. Mol. Biol. 357, 1471–1482 Brenke R et al. (2009) Bioinformatics 25, 621–627
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Core principles of pyMDMix
● Simulating proteins in 

water + low-concentration 
organic probes

● Probes mimic 
pharmacophoric groups 
(e.g. hydrophobic, polar, 
charged)

● Competition with water 
highlights high-affinity 
hotspots

● Supports protein flexibility, 
realistic solvent behaviour

Alvarez-Garcia D et al. (2014) J. Chem. Theory Comput. 10, 2608–2614 Alvarez-Garcia D et al. (2014) J. Med. Chem. 57, 8530–8539



5

Standard workflow in pyMDMix
● Input: protein structure
● Solvation with water + 

defined probe types
● AMBER simulations 

across replicates
● Density map 

generation
● Energy conversion
● Hotspot identification

Arcon JP et al. (2017) J. Chem. Inf. Model. 57, 846–863
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Analysis and visualization

● 3D probe density 
maps

● Clustering and 
interpretation with 
PyMOL/VMD

● Chemical profiling of 
hotspots (H-bonding, 
hydrophobicity)
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Multi-probe strategy

● Diverse probe types = broader interaction 
coverage

● Single-probe vs combined probe simulations

Arcon JP et al. (2017) J. Chem. Inf. Model. 57, 846–863
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Applications – Orthosteric sites

● Recovery of known 
ligand binding sites

● Confidence in 
fragment starting 
points and vector 
direction

Schlick T (2010) Springer, New York Buller A. R. et al. (2013) Proc. Natl. Acad. Sci. U.S.A. 110(8), E653–E661
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Applications – Allosteric and cryptic pockets

● Hotspot detection in 
flexible or hidden 
regions

● PyMDMix as an 
alternative to long 
enhanced MD runs

Martinez-Rosell G et al. (2020) J. Chem. Inf. Model. 60, 2314–2324
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Fragment-based design

● Probe simulate 
fragment behavior

● Hotspots guide 
growth/linking 
strategies

Ghanakota P et al. (2016) J. Med. Chem. 59, 10383–10399
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Applications – Water displacement and 
optimization

● Identifying displaceable structural waters
● Improving binding affinity and selectivity

Ghanakota P et al. (2016) J. Med. Chem. 59, 10383–10399
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Applications – Integration with virtual screening

● Filtering docked 
poses using 
pyMDMix maps

● Prioritizing high-
affinity hotspots 
for scoring

Cornell WD et al. (1995) J. Am. Chem. Soc. 117, 5179–5197 Lyubartsev A. P. et al. (2016) Biochim. Biophys. Acta Biomembr. 1858(10)
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Case study – Mycobacterium tuberculosis PknG
● pyMDMix recovers acetyl-

lysine site
● Validates fragment vectors 

and expansion paths

Burastero O et al. (2022) J. Med. Chem. 65, 9691–9705
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Case study – ATP synthase (E. coli)

● pyMDMix maps 
used to guide 
inhibitor design 
against β subunit

● Virtual screening 
focused on hotspot 
clusters

● Identification of 
micromolar ligands 
confirmed by 
bioassays

Avila-Barrientos LP et al. (2022) Antibiotics 11, 557
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Case study – Aurovertin binding site

● pyMDMix reveals 
allosteric pocket stability 
and interaction potential

● Free energy 
decomposition supports 
druggability of hidden 
site

Cofas-Vargas LF et al. (2022) Front. Pharmacol. 13, 1012008
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Strengths and limitations

● Strengths: realistic solvation, flexible systems, 
interpretable data

● Limitations: slow-pocket transitions, sampling 
bias, probe coverage

● Best used alongside docking, FEP, machine 
learning

Leach AR. (2001) Molecular Modelling: Principles and Applications. Rapaport DC. (2004) The Art of Molecular Dynamics Simulation.
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Future perspectives

● AI-driven hotspot prediction models trained on 
pyMDMix outputs

● Automated workflows and integration in 
discovery pipelines

Leach AR. (2001) Molecular Modelling: Principles and Applications. Rapaport DC. (2004) The Art of Molecular Dynamics Simulation.
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