
Supplementary Material 

Methods for Molecular Dynamic Simulations 

In order to help resolve the issue that Lys 180 is compatable with ATP binding we used molecular 
dynamic simulation to determine if the lid region of sacsin could be compatable with bound ATP. The 
starting structure was prepared using the Protein Preparation Wizard tool in Schrodinger-Maestro suit 
(1, 2). Original hydrogens were removed, and protonation states were optimized at pH = 7 +/– 2 (Glu, 
Asp, His tautomer) with PROPKA. Then, H-bond geometries were adjusted considering the calculated 
protonation states. Water molecules were removed except for the ones placed in a 6 Å shell centred 
on the ligand (ATP, AUY922, or Geldanamaycin). Ligands were prepared using the LigPrep tool in 
Schrodinger-Maestro suite (3), protonation states were calculated at pH = 7 +/– 2 with PROPKA. 

The systems obtained through this procedure were solvated in a cubic box of 20 Å using TIP3P water 
molecules and neutralized with the required number of Na+ cations using the “System Builder” tool in 
Desmond (4). Both the protein and ligand were parametrized using OPLS4 force field (5). 

In order to optimize the active site structure, we minimized the system (100 ps) with a soft restraint 
(5 kcal/mol) on the ligand and on residues not belonging to the binding site (defined by a shell of 6 Å 
from the ligand). In other words, residues within 6 Å from the ligand were free to move, whereas the 
rest of the protein and the ligand were restrained. In this framework, minimization uses a hybrid 
method of the steepest decent and the limited-memory Broyden-Fletcher-Goldfarb-Shanno (LBFGS) 
algorithms. Since both ATP and Geldanamycin present many steric clashes in the starting systems, 
three additional steps were carried out: 1), 100 ps of minimization with soft restraint (5 kcal/mol, 
using a hybrid method of the steepest decent and the LBFGS algorithms) on the whole protein, leaving 
the ligand free to move. 2), 1 ns of minimization of the whole system without restraints. 3), 10 ns of 
molecular dynamics simulation with soft restraint (0.5 kcal/mol) applied on the ligand. 

After the minimization, Molecular Dynamic (MD) simulation was performed using Desmond (4): the 
recording interval was set to 50 ps and the overall simulation time was 500 ns, producing a simulation 
of 10000 frames. The NPT ensemble was chosen with T = 300 K and P = 1 atm. Before trajectory 
production, the following (standard) relaxation protocol was carried out: 1), 100 ps of Brownian 
dynamics in the NVT ensemble at 10 K with restraint on solute heavy atoms (force constant = 50.0 
kcal/mol). 2), 12 ps simulation in the NVT ensemble at 10 K (Langevin thermostat, 𝜏 = 0.1; (6) with 
restraint on solute heavy atoms (force constant = 50.0 kcal/mol). 3), 12 ps simulation in the NPT 
ensemble at 10 K (Langevin thermostat, 𝜏 = 0.1;(6) and 1 atm (Langevin barostat, 𝜏 = 50.0; (7)) with 
restraint on solute heavy atoms (force constant = 50.0 kcal/mol). 4), 12 ps simulation in the NPT 
ensemble at 300 K (Langevin thermostat, 𝜏 = 0.1; (6)and 1 atm (Langevin barostat, 𝜏 = 50; (7)) with 
restraint on solute heavy atoms (force constant = 50.0 kcal/mol). 5), 24 ps simulation in the NPT 
ensemble at 300 K (Langevin thermostat, 𝜏 = 0.1; (6) and 1 atm (Langevin barostat, 𝜏 = 2.0; (7)). 

Once the minimization, heating and equilibration steps are done, the MD production starts and lasts 
for 500 ns at 300 K (MTK thermostat, 𝜏 = 1.0) and 1 atm (MTK thermostat, 𝜏 = 1.0). 

Protein-ligand interactions analysis were performed using the “Simulation interaction diagram” tool 
and PyMol analysis of the structures. Interactions are categorized into four types: Hydrogen Bonds 
(green), Hydrophobic (lilac), Ionic (pink) and Water Bridges (blue). These interactions are summarized 
in stacked bar charts and normalized over the course of the entire trajectory. Here, a value of 0.5 
indicates that a specific interaction is maintained for 50% of the simulation time. Values over 1.0 are 
possible as some protein residue may make multiple contacts of same subtype with the ligand. 
Clustering analyses were carried out with “Desmond trajectory clustering” tool. RMSD-based matrix 
was centred on residues 176-191 was carried out on the whole trajectory (every frame was 
considered) and 5 clusters were identified. 
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