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BioExcel: Gromacs
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BioExcel: Haddock
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BioExcel: QM/MM
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BioExcel: Workflows

Vytautas Gapsys BioExcel/pmx/Alchemistry



BioExcel: Training, Events, Consultancy, Webinars
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pmx: Free Energy Calculations

pmx Alchemistry for
Proteins, DNA and Ligands
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pmx Amino Acids

Amino Acid Mutations
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Hybrid Structure/Topology

Gapsys, Michielssens, Seeliger, de Groot, JCC, 2015
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Application: Protein Thermostability

Application:
Protein Thermostability
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Application: Protein Thermostability
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Application: Barnase Thermostability Mutation Scan

Gapsys, Michielssens, Seeliger, de Groot, Angewandte Chemie Int. Ed., 2016
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Application: Force Field Comparison

Vytautas Gapsys BioExcel/pmx/Alchemistry



Application: Force Field Combination

Vytautas Gapsys BioExcel/pmx/Alchemistry



Application: Drug Resistant Mutations

Application:
Large Scale Drug Resistant Mutation Scan

Aldeghi, Gapsys, de Groot, ACS Central Science, 2018

Aldeghi, Gapsys, de Groot, ACS Central Science, 2019
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Application: Drug Resistant Mutations

Change in the ligand binding free energy upon an

amino acid mutation

∆∆Gmutation = ∆G2 - ∆G3 = ∆G4 - ∆G1
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Application: Drug Resistant Mutations

17 systems

134 mutations

27 ligands
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Application: Drug Resistant Mutations

The overall averaged accuracy in terms of
RMSE reaches 1-1.2 kcal/mol
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pmx DNA

DNA Mutations
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DNA: Nucleic Acid Mutations

Amino acid mutations DNA nucleotide mutations

Gapsys, de Groot, JCTC, 2017
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DNA: Nucleic Acid Mutations

A2G, A2C, A2T

G2A, G2C, G2T

C2A, C2G, C2T

T2A, T2C, T2G
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Application: Protein-DNA Binding

Application:
Protein-DNA Binding

Gapsys, de Groot,

JCTC, 2017
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Application: Protein-DNA Binding

Change in the Protein-DNA binding free energy

upon nucleotide mutation

∆∆Gmutation = ∆G2 - ∆G3 = ∆G4 - ∆G1
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Application: Protein-DNA Binding

16 systems

397 mutations
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Application: Protein-DNA Binding
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pmx Ligands

Ligand Modifications
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pmx Ligands

atoms to morph.py

Identifies atoms to
be morphed

make hybrid.py

Builds hybrid
topology

build mst graph.py

Suggests ligand
pairs

Open source toolkit for cheminformatics
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Protein-Ligand Binding

Application:
482 ligand modifications in protein-ligand binding

Gapsys, Perez-Benito, Aldeghi, Seeliger,
van Vlijmen, Tresadern, de Groot,

under review
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Protein-Ligand Complexes

11 systems

482

modifications
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Overall Results
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D3R: Cathepsin S

D3R: Free Energy Calculations
Cathepsin S

Elisée, Gapsys, Mele,
Chaput, Selwa, de Groot, Iorga

in revision
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D3R: Cathepsin S

Poses generated by Eddy Elisée based on the

crystallographic poses released in the previous

D3R-GC3
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D3R: Ligand Mapping

One ligand was selected as a reference.
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D3R: Ligand Mapping

Redundancies were included.
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D3R: Calculation

Setup

Non-equilibrium protocol

109 edges

3 repeats per edge

44 ns per repeat

2 force fields: Gaff 2.1,

CGenFF 4.1

Gromacs2018 + pmx
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D3R: Results (RMSE)
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D3R: Results (Pearson correlation)
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D3R: Results (Spearman correlation)
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D3R: Results (Kendall correlation)
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Summary
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pmx and free energies

Dr. Servaas Michielssens

Dr. Daniel Seeliger

Dr. Matteo Aldeghi

Dr. Yuriy Khalak

Professor Dr. Bert de Groot

Small molecule study

Dr. Laura Benitez

Dr. Gary Tresadern

Professor Dr. Herman van Vlijmen

D3R: Cathepsin S

Dr. Bogdan I. Iorga

Eddy Elisee

Dr. Nawel Mele

Dr. Ludovic Chaput

Dr. Edithe Selwa

Funding
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