
Supplemental Methods – 

PDB structure and model preparation 

Protein structures of ubiquitin, TATA binding protein (TBP) (PDB: 1cdw)(1), BRAF kinase bound 

to the drug sorafenib (PDB: 1uwh)(2), SARS-CoV-2 receptor binding domain bound to 

angiotensin converting enzyme 2 (ACE2)(PDB:6m17)(3), and the allosteric RTX cysteine 

protease domain of the Vibrio cholera toxin (PDB:3eeb)(4) were obtained from the Protein Data 

Bank (PDB). After downloading the structures from the PDB database, any crystallographic 

reflections, ions, and other solvents used in the crystallization process were removed. Any 

missing loop structures in the protein structures were inferred using the MODELLER homology 

modelling server in UCSF Chimera. pdb4amber (AmberTools20) was employed to add hydrogen 

atoms (i.e. reduce the structure) and remove crystallographic waters.   

Molecular dynamic simulation protocols 

For each molecular dynamic comparison (monomer vs. dimer, wildtype vs. mutant protease; 

protease bound and unbound to drug),  accelerated molecular dynamic (MD) simulations were 

performed (5). MD simulation protocol was followed as previously described, with slight 

modifications(6–9, 9–12). In brief, for each MD comparison, large replicate sets of accelerated 

MD simulation were prepared and then conducted using the particle mesh Ewald method 

implemented on NVIDIA graphical processor units by pmemd.cuda running Amber20 (13–17) 

and/or Langevin integration using mixed precision implementation via OpenMM (18). 

Alternative settings for OpenMM integrators such as Langevin, Verlet and aMD (19, 20) were 

also compared (see Supplemental Figures 8-9). The MD simulations were done on a high 

performance computing workstation mounting dual Nvidia 2080Ti graphics processor units. All 

comparative MD analysis via our ATOMDANCE was based upon 100 randomly resampled 

windows collected on of 10ns of accelerated MD in each comparative state, e.g., monomer vs. 

dimer, wildtype vs. mutant, protease bound to drug vs. protease unbound to drug). Explicitly 

solvated protein systems were first prepared using teLeap (AmberTools 20), using ff14SSB 

protein force field, in conjunction with modified GAFF2 small molecule force field (21, 22). 

Solvation was generated using the Tip3p water model in a 12nm octahedral water box. Charge 

neutralization was performed using Na+ and Cl- ions using the AmberTools22 teLeap program. 

Force field modifications for the small molecule ligands were generated using scaled quantum 

mechanical optimization via the sqm version 17 program in antechamber/AmberTools22 (23). 

For each MD comparison, an energy minimization was first performed, then heated to 300K for 

300 pico seconds, followed by 10 ns of equilibration, and then finally a replicate set of 100 MD 

production run was created for each comparative state. Each MD production run was 

simulation for 1 ns of time. All simulations were regulated using the Andersen thermostat at 

300k and 1atm (24). Root mean square atom fluctuations were conducted in CPPTRAJ using the 

atomicfluct command (25). All molecular color-mapping of our results were conducted in UCSF 

ChimeraX (26, 27).   Any x-ray crystal protein structures requiring missing loop refinement were 

corrected using MODELLER prior to preparation for molecular dynamics simulations (28).  



Additional information about the ATOMDANCE software suite for comparative molecular 

dynamics simulations 

ATOMDANCE is available at GitHub/GitHub page 

https://github.com/gbabbitt/ATOMDANCE-comparative-protein-dynamics 

https://gbabbitt.github.io/ATOMDANCE-comparative-protein-dynamics/ 

Examples presented in this manuscript were generated from structure, topology, and trajectory 

files deposited here 

https://zenodo.org/record/7679282#.Y_wIK9LMJ9A  

DOI 10.5281/zenodo.7679282 

makeMovie.py 

A supplemental python GUI program for making molecular dynamics movies that are weighted 

by the normalized MMD in atom fluctuation between two functional states.  The program first 

creates a multi-frame PDB file representing the true dynamics of the protein system, then it 

creates a multi-frame PDB file where the noise in the trajectories is dampened or amplified 

according to MMD.  This creates a purely visual effect in a color-mapped movie of protein 

motion that demonstrates what the MMD filter captures.  We have demonstrated this in 

examples of both dampening of atom motion during TATA binding protein interaction with DNA 

and with amplification of motion in the activation loop of BRAF kinase during cancer drug 

binding.     https://people.rit.edu/gabsbi/img/videos/MMDmovie.mp4 

MDgui.py 

We also provide a full python GUI for running MD simulations using open source AmberTools 

and openMM.  The user can generate MD trajectory and topology files using any software they 

prefer.  Other options include Amber (licensed), NAMD/QwikMD (free), CHARMM (licensed), or 

openMM (free). The cpptraj software available on GitHub or in AmberTools can be used to 

convert common trajectory file formats to the binary format (.nc) used by ATOMDANCE. We 

also offer a useful python+perl-based GUI for licensed versions of Amber available here. 

https://gbabbitt.github.io/amberMDgui/ 

Note on the naming of things: 
DROIDS – acronym for Detecting Relative Outlier Impacts in Dynamics Simulations 
 
maxDemon – abbreviated from Maxwell’s Demon, a 19th century thought experiment 
connecting the concepts of information and entropy in thermodynamics involving a mythical 
demon watching/assessing the motion of every atom in a system. 
 
ChoreoGraph – evokes a notion of when motions of atoms at amino acids site ‘move together’ 
in a coordinated manner, in much the same way dancers may move together in choreography. 

https://github.com/gbabbitt/ATOMDANCE-comparative-protein-dynamics
https://gbabbitt.github.io/ATOMDANCE-comparative-protein-dynamics/
https://zenodo.org/record/7679282#.Y_wIK9LMJ9A
https://people.rit.edu/gabsbi/img/videos/MMDmovie.mp4


 
ATOMDANCE – an homage to a song composition by Icelandic singer Bjork Guomundsdottir 
from her 2015 album Vulnicura (One Little Indian Records) 
 

Supplemental File  – video overview with dynamics of DNA-bound TATA binding protein and 

sorafenib drug-bound B-Raf kinase domain weighted in accordance with maximum mean 

discrepancy in atom fluctuation.   https://people.rit.edu/gabsbi/img/videos/MMDmovie.mp4 
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