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Steered Molecular Dynamics (SMD) simulations are widely used to study protein-ligand
interactions. Traditional methods often rigidly constrain pro- tein backbones, leading to 18007
artificial behavior. This study proposes a novel restraining approach that better mimics
natural ligand unbinding processes, offering insights critical for rational drug design.
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Objectives
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" Examine the impact of different restraining methods on SMD outcomes.
" Propose an optimized restraining method for accurate simulations of lig-protein
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Restraint ApproaCheS: Unbinding Barriers Across Modes
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= Mode 1: Fixing all heavy atoms. e Barer kel

" Mode 2: Fixing all Car atoms. 250}

" Mode 3-6: Gradual flexibility by restraining Ca atoms at specific distances from
the ligand.
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Simulation Parameters:

= System: Six protein-ligand complexes: 4JNJ, 2JFZ, 1PYE, 1TSL, 2YDV and 1EVE
" Tools: GROMACS, Amber ff99SB-ILDN force field.
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Residue Contacts During Unbinding

Figure 1. (2) fixing all Ca atoms of protein; (3) fixing all Ca atoms jof " Residues n Contact
with a distance to ligand greater than 1.2 nm; (4) fixing all Ca atoms 6o
with the perpendicular distance in the pulling direction to ligand
greater than 1.2 nm; (5) fixing all Ca atoms with the perpendicular
distance in the pulling direction to ligand greater than 1.2 nm and
all Ca atoms with the perpendicular distance in the x-y direction to
ligand smaller than 1.2 nm, and (6) fixing all Ca atoms with the
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perpendicular distance in the pulling direction to ligand greater than T Wedel  Wedez  Wedes — Woded  Wodes  Modes
1.8 nm and all Ca atoms with the perpendicular distance in the x-y _
direction to ligand smaller than 1.2 nm. Figure 4.

Conclusions

Results

= Fully rigid restraints (Modes 1 2) are unsuitable for realistic SMD simulations.

" Flexible restraints, particularly Mode 3, provide physiologically relevant insights.
® Recommendations:

1. Use flexible restraints in SMD to ensure accurate ligand unbinding pathways.

2. Extend findings to refine drug design methodologies.

Flexibility Enhances Accuracy

= Rigid modes (1 & 2) produced higher rupture forces and unbinding barriers, deviating
from natural behaviours.

= Flexible modes (3-6) showed reduced barriers, aligning with physiological prepcesses.
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