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POVME 3.0: Software for Mapping Binding Pocket Flexibility 
 
Supporting Information. 
 
User Notes and Best Practices 
Effect of structure alignment on pocket analysis 
In the course of performing this work, we determined that robust alignment of the protein pocket is a prerequisite 
for successful POVME analysis. Many trajectory-handling programs such as VMD can perform RMSD 
alignments, and most default to alignments based on the entire protein (e.g., all alpha carbons). However, some 
proteins undergo significant domain motion, so care should be taken to perform the alignment such that the 
binding pocket remains in the same location in Cartesian space. This may require performing an alignment of 
only the domain containing the binding pocket, or restricting the alignment to a set of pocket-lining residues. 
During the development and testing of POVME 3.0, inappropriate alignment of the protein trajectory/ensemble 
was a common problem. Misalignment is usually noticed during clustering and PCA, and is represented by 
difference regions that line surfaces on opposite sides of the binding pocket. In these cases, one entire face of the 
pocket is seen to lose volume over its surface, and the opposite face is seen to gain it. This type of change is likely 
an artifact, adding noise to the interpretation of pocket dynamics. As a solution, we investigated the possibility of 
providing tools for alignment of pocket shapes, but POVME’s voxel-based representation was found to be poorly 
suited for this task. 
 
We advise against interpretation of scalar volume values 
The value that POVME provides for pocket volume is simply the sum of the volumes of the voxels comprising 
the pocket. Because heuristics are used to define the outer boundary of the pocket, the numerical value of the 
pocket volume is difficult to meaningfully compare between programs, or even significantly different pockets 
analyzed by the same program. Users should take caution when comparing the POVME-provided volumes to 
anything except highly similar pockets. Without knowing how users plan to interpret or compare volume numbers 
we cannot ensure that they are fit for a specific purpose. Instead, we encourage users to compare pockets in 3D. 
POVME provides directly visualizable outputs as well as Python functions for performing mathematical 
operations on sets of pocket shapes. Given the frame-by-frame output files provided by POVME, users with 
Python knowledge can load the sets of pockets as lists of points, then use POVME functions to compute their 
difference and output it as a pdb or dx file for visualization.  
 
Inclusion and seed regions must be identically defined for successful post-analysis 
As the clustering and PCA processes consider variation in pocket shape, it is important that the volume eligible to 
be part of the pocket is consistently defined for all frames being studied. In other words, post-processing requires 
that the inclusion and seed regions be identically defined for all of the trajectories being analyzed. The provided 
workflows take care of this step automatically, by taking as input a user-defined inclusion and seed region. 
However, when running POVME analysis separately on multiple trajectories with the intent of combining their 
results in post-analysis, it is essential that their inclusion and seed regions be the same.  
 
Post-processing analysis will not work if the pockets being analyzed have different boundaries. 
The outer boundary of the pocket is defined both by the edge of the inclusion region, and if the 
“ConvexHullExclusion” keyword is used, by the convex hull of the protein. When comparing pocket volumes 
within the same trajectory, users should ensure that the boundary of the pocket is consistently defined. 
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Recalculating a different convex hull for each frame of a trajectory adds noise to quantitative analysis, as the 
convex hull definition is sensitive to movements of surface residues. Because many pockets widen as they 
approach the surface of the protein, small changes in how the outer boundary is defined can lead to large numbers 
of points being added to or removed from the pocket. During quantitative analysis, this large number of variable 
points will outweigh the smaller changes corresponding to pocket dynamics and shape change inside the cavity.  
 
To instruct POVME to use a single definition of this outer boundary, users should ensure that the 
ConvexHullExclusion option is set to a keyword other than “each”. The default keyword, “none”, is 
recommended. While this choice may lead to a large number of points being defined outside of the pocket, 
POVME’s clustering and PCA scripts focus on differences in pocket shape, thus points that lie outside of the 
protein and are never removed from the pocket do not affect the results of the analysis. 
 
On the inner barrier of a pocket, users should be mindful of another potential source of noise. When a pocket of 
interest is near another cavity, the protein atoms will sometimes rearrange during MD to join the two. When this 
joining occurs, the pocket region defined by POVME can become much larger, thereby adding noise to post-
processing. Two options to avoid this situation are: 1) If a ligand is present, use the “DefinePocketByLigand” 
keyword to define the pocket as the area immediately around the ligand, or 2) carefully define inclusion and seed 
regions so that the unwanted cavity is not included in the analysis. 
 
 
Advice for difficult pockets 
 
All pocket definition algorithms that we know of, POVME included, have trouble meaningfully describing very 
shallow or very narrow pockets. As “binding pocket” is an abstract concept, there is no single definition for where 
one ends. However, for an algorithm to successfully make conclusions about a region of a protein responsible for 
binding does not require such a definition. We propose the following techniques to overcome shortcomings in 
pocket definition: 
 
For very narrow pockets or channels, we recommend that users define an inclusion region which covers the 
pocket of interest, and also extends outside the protein. Users should also place the seed region exclusively 
outside of the protein (but in the inclusion region), and disable the convex hull algorithm. It should be noted that 
the pocket volume (in cubic Angstroms) calculated by this approach are meaningless, though the fluctuations in 
pocket volume are real. For each frame analyzed by this technique, the POVME pocket “definition” will begin 
outside the protein and grow inwards, until the pocket becomes too narrow to continue. This technique is also 
useful when analyzing adjacent pockets to find frames in which they are connected. 
 
For shallow pockets, a certain property of clustering and PCA (that only variance in features is analyzed) largely 
solves the definition problem. Users should define an inclusion region which extends well outside the protein and 
disable the convex hull. While the volume in cubic Angstroms will again be meaningless in this technique, the 
changes in pocket shape will reflect the true motions of the protein surface. Therefore, when POVME clustering / 
PCA is performed on such data, the large constant set of voxels outside of the pocket has no quantitative effect (as 
it never varies, and is therefore “erased” by mean normalization), while the meaningful changes in pocket shape 
on the surface define the voxels that are clustered / described in the principal components. 
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Figure S1: All HSP90 ligands used in this work 
 



4 
 

 
Figure S2: POVME cluster assignments for all frames from HSP90 trajectories.  
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Figure S3: “Kinetic network” depiction of the 20 HSP90 trajectories. Black numbers indicate cluster index (0-14). 
Red circles indicate the number of frames assigned to each cluster. Edges indicate the number of transitions 
observed between clusters in the MD trajectories (light blue dashes = 1 or 2, dark blue dashes = 3 to 5, solid black 
line = greater than 5). Clusters are arranged in 2D according to a force-based layout, in which each pair of clusters 
is pulled together by a force proportional to the number of observed transitions.  
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Figure S4: Explained variance plot of Principal Component Analysis of HSP90 trajectories. 
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Figure S5: Trajectories in Principal Component Space. A) Evenly-sampled HSP90 frames are overlaid on 
Principal Components 1 and 2. Each simulation is indicated by a figure of its bound ligand with an arrow pointing 
to the centroid of its frames in PC space. B) The same data as A, shown as a contour plot. C and D) Same as A 
and B, for PCs 3 and 4.  
 
 
 
 
$SCHRODINGER/utilities/prepwizard -keepfarwat -disulfides -fillsidechains -fillloops -mse -
metal_binding -samplewater -propka_pH 7 -label_pkas ${PDBID} ${PDBID}_prepped.pdb -
reference_pdbid 1BYQ -LOCAL  
Scheme S1: An example prep command using Schrodinger Protein Prep Wizard 
 
 
S01-Min01-Proton.in 



11 
 

Minimization 01 - Proton 
 &cntrl 
   imin = 1,            ! Minimization (Yes) 
   ntmin = 1,           ! Minimization Method (Steepest descent/Conjugate gradient) 
   maxcyc = 2000,       ! Maximum number of minimization cycles (2000 cycles) 
   ncyc = 1000,         ! Cycle of switch from steepest descent to conjugate gradient (at cycle 1000) 
   cut = 10,            ! Non-bonding Cut-off (10 A) 
   ntb = 1,             ! Periodic Conditions (Yes) 
   ntr = 1,             ! Harmonic constraints in Cartesian space (Yes) 
   restraint_wt = 10.0  ! Positional restraints weight ( 10 kcal/mol-A^2) 
   restraintmask = "!@H=",  ! Restrained atoms (Not protons) 
 / 
 
 
 
S02-Min02-Solvent.in 
Minimization 02 - Solvent 
 &cntrl 
   imin = 1,                ! Minimization (Yes) 
   ntmin = 1,               ! Minimization Method (Steepest descent/Conjugate gradient) 
   maxcyc = 2000,           ! Maximum number of minimization cycles (2000 cycles) 
   ncyc = 1000,             ! Cycle of switch from steepest descent to conjugate gradient (at cycle 
1000) 
   cut = 10,                ! Non-bonding Cut-off (10 A) 
   ntb = 1,                 ! Periodic Conditions (Yes) 
   ntr = 1,                 ! Harmonic constraints in Cartesian space (On) 
   restraint_wt = 10.0,     ! Positional restraints weight ( 10 kcal/mol-A^2) 
   restraintmask = ":1-213 & :adp",      ! Restrained atoms (protein and ligand) 
 / 
 
 
S03-Min03-Focused.in 
Minimization 03 - Focused 
 &cntrl 
   imin = 1,                ! Minimization (Yes) 
   ntmin = 1,               ! Minimization Method (Steepest descent/Conjugate gradient) 
   maxcyc = 2000,           ! Maximum number of minimization cycles (2000 cycles) 
   ncyc = 1000,             ! Cycle of switch from steepest descent to conjugate gradient (at cycle 
1000) 
   cut = 10,                ! Non-bonding Cut-off (10 A) 
   ntb = 1,                 ! Periodic Conditions (Yes) 
   ntr = 1,                 ! Harmonic constraints in Cartesian space (On) 
   restraint_wt = 10.0,     ! Positional restraints weight ( 10 kcal/mol-A^2) 
   restraintmask = ":1-213",       ! Restrained atoms (protein) 
 / 
 
 
 
S04-Min04-Sidechains.in 
Minimization 04 - Sidechains and Solvent 
 &cntrl 
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   imin = 1,                ! Minimization (Yes) 
   ntmin = 1,               ! Minimization Method (Steepest descent/Conjugate gradient) 
   maxcyc = 2000,           ! Maximum number of minimization cycles (2000 cycles) 
   ncyc = 1000,             ! Cycle of switch from steepest descent to conjugate gradient (at cycle 
1000) 
   cut = 10,                ! Non-bonding Cut-off (10 A) 
   ntb = 1,                 ! Periodic Conditions (Yes) 
   ntr = 1,                 ! Harmonic constraints in Cartesian space (On) 
   restraint_wt = 10.0,     ! Positional restraints weight ( 10 kcal/mol-A^2) 
   restraintmask = ":1-213@CA,N,C,O",     ! Restrained atoms (protein backbone) 
 / 
 
 
S05-Min05-All.in 
Minimization 05 - All Atoms 
 &cntrl 
   imin = 1,                ! Minimization (Yes) 
   ntmin = 1,               ! Minimization Method (Steepest descent/Conjugate gradient) 
   maxcyc = 5000,           ! Maximum number of minimization cycles (5000 cycles) 
   ncyc = 1000,             ! Cycle of switch from steepest descent to conjugate gradient (at cycle 
1000) 
   cut = 10,                ! Non-bonding Cut-off (10 A) 
   ntb = 1,                 ! Periodic Conditions (Yes) 
 / 
 
 
 
 
S06-Eql01-Heating-NTV.in 
Restrained Heating 250 ps NVT MD  
 &cntrl 
   ig = -1,                 ! Pseudo-random number generator (random seed based on time) 
   irest = 0,               ! Restart the Simulation? (No) 
   ntx = 1,                 ! Read in only initial coordinates (ASCII) 
   cut = 10,                ! Non-bonding Cut-off (10 A) 
   ntc = 2,                 ! SHAKE bond length constraints (constrain bonds with H) 
   ntf = 2,                 ! SHAKE force evaluation (omit bonds with H) 
                            ! Note: SHAKE set for TIP-type waters (e.g. TIP3P) 
   ntb = 1,                 ! PBC (Constant Volume) 
   ntt = 3,                 ! Temperature scaling (Langevin dynamics) 
   gamma_ln = 1.0,          ! Collision frequency (1 ps^-1) 
   tempi = 0.0,             ! Initial temperature (O K, velocities assigned according to forces)    
   temp0 = 100.0,           ! Reference temperature (100 K) 
   ntr = 1,                 ! Harmonic constraints in Cartesian space (On) 
   restraint_wt = 5.0,      ! Positional restraints weight ( 5 kcal/mol-A^2) 
   restraintmask = ":1-213@CA,N,C,O",      ! Restrained atoms (protein backbone) 
   dt = 0.002,              ! Simulation time-step (0.002 ps or 2 fs)  
   nstlim = 25000,          ! Simulation length (25000 steps or 50 ps) 
   ntpr = 1000,             ! Energy save interval (every 1000 steps or 2 ps) 
   ntwx = 5000,             ! Coordinate/trajectory save interval (every 5000 steps or 10 ps) 
   ntwr = 25000,            ! Restart file only at end of run. 
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   iwrap = 1,               ! Coordinates to be "wrapped" into primary box (on) 
   ioutfm = 1,              ! Trajectory file format (Binary NetCDF) 
   nmropt = 1,              ! Turn on NMR restraints - so we can control temp increase (see below). 
 / 
 &wt type = 'TEMP0',        ! Variable Conditions Type (Temp)  
   istep1 = 0,              ! Start Change Step (0)  
   istep2 = 25000,          ! Last Change Step (25000 steps or 50 ps) 
   imult = 0                ! Interplation (Linear (Default)) 
   value1 = 0.0,            ! Start State (0 K) 
   value2 = 100.0 /         ! End State (100 K) 
 &wt type='END' / 
 
 
S07-Eql02-Heating-NTP.in 
Restrained Heating 250 ps NVT MD  
 &cntrl 
   ig = -1,                 ! Pseudo-random number generator (random seed based on time) 
   irest = 1,               ! Restart the Simulation? (Yes) 
   ntx = 5,                 ! Read coordinates, velocities, and box 
   cut = 10,                ! Non-bonding Cut-off (10 A) 
   ntc = 2,                 ! SHAKE bond length constraints (constrain bonds with H) 
   ntf = 2,                 ! SHAKE force evaluation (omit bonds with H) 
                            ! Note: SHAKE set for TIP-type waters (e.g. TIP3P) 
   ntb = 2,                 ! PBC (Constant Pressure) 
   ntp = 1,                 ! Constant Pressure MD (Isotropic position scaling) 
   barostat = 1,            ! Berendsen Barostat used for equilibration  
   pres0 = 1.0,             ! Reference Pressure (1 bar) 
   taup = 5.0,              ! Pressure relaxation time (5 ps) 
   ntt = 3,                 ! Temperature scaling (Langevin dynamics) 
   gamma_ln = 1.0,          ! Collision frequency (1 ps^-1) 
   tempi = 100.0,           ! Initial temperature  
   temp0 = 300.0,           ! Reference temperature (300 K) 
   ntr = 1,                 ! Harmonic constraints in Cartesian space (On) 
   restraint_wt = 5.0,      ! Positional restraints weight ( 5 kcal/mol-A^2) 
   restraintmask = ":1-213@CA,N,C,O",     ! Restrained atoms (protein backbone) 
   dt = 0.002,              ! Simulation time-step (0.002 ps or 2 fs)  
   nstlim = 100000,         ! Simulation length (100000 steps or 200 ps) 
   ntpr = 1000,             ! Energy save interval (every 1000 steps or 2 ps) 
   ntwx = 5000,             ! Coordinate/trajectory save interval (every 5000 steps or 10 ps) 
   ntwr = 100000,           ! Restart file only at end of run. 
   iwrap = 1,               ! Coordinates to be "wrapped" into primary box (on) 
   ioutfm = 1,              ! Trajectory file format (Binary NetCDF) 
   nmropt = 1,              ! Turn on NMR restraints - so we can control temp increase (see below). 
 / 
 &wt type = 'TEMP0',        ! Variable Conditions Type (Temp)  
   istep1 = 0,              ! Start Change Step (0)  
   istep2 = 75000,          ! Last Change Step (75000 steps or 150 ps) 
   imult = 0                ! Interplation (Linear (Default)) 
   value1 = 100.0,          ! Start State (100 K) 
   value2 = 300.0 /         ! End State (300 K) 
 &wt type='END' / 
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S08-Eql03-EqlOnlyStage01.in 
Restrained Equilibration Stage 1 250 ps NPT MD 
 &cntrl 
   ig = -1,                 ! Pseudo-random number generator (random seed based on time) 
   irest = 1,               ! Restart the Simulation? (Yes) 
   ntx = 5,                 ! Read coordinates, velocities, and box 
   cut = 10,                ! Non-bonding Cut-off (10 A) 
   ntc = 2,                 ! SHAKE bond length constraints (constrain bonds with H) 
   ntf = 2,                 ! SHAKE force evaluation (omit bonds with H) 
                            ! Note: SHAKE set for TIP-type waters (e.g. TIP3P) 
   ntb = 2,                 ! PBC (Constant Pressure) 
   ntp = 1,                 ! Constant Pressure MD (Isotropic position scaling) 
   ntp = 1,                 ! Constant Pressure MD (Isotropic position scaling) 
   barostat = 1,            ! Berendsen Barostat used for equilibration  
   pres0 = 1.0,             ! Reference Pressure (1 bar) 
   taup = 5.0,              ! Pressure relaxation time (2 ps) 
   ntt = 3,                 ! Temperature scaling (Langevin thermostat) - Gives real dynamics 
   gamma_ln = 5.0,          ! Collision frequency (5 ps^-1) 
   temp0 = 300.0,           ! Reference temperature (300 K)  
   ntr = 1,                 ! Harmonic constraints in Cartesian space (On) 
   restraint_wt = 5.0,      ! Positional restraints weight ( 5 kcal/mol-A^2) 
   restraintmask = ":1-213@CA,N,C,O",     ! Restrained atoms (protein backbone)  
   dt = 0.002,              ! Simulation time-step (0.002 ps or 2 fs)  
   nstlim = 125000,         ! Simulation length (125000 steps or 250 ps) 
   ntpr = 1000,             ! Energy save interval (every 1000 steps of 2 ps) 
   ntwx = 5000,             ! Coordinate/trajectory save interval (every 5000 steps of 10 ps) 
   ntwr = 125000,           ! Restart file only at end of run. 
   iwrap = 1,               ! Coordinates to be "wrapped" into primary box (on) 
   ioutfm = 1,              ! Trajectory file format (Binary NetCDF) 
 / 
 
 
S09-Eql04-EqlOnlyStage02.in 
Unrestrained Equilibration Stage 2 500 ps NPT MD 
 &cntrl 
   ig = -1,                 ! Pseudo-random number generator (random seed based on time) 
   irest = 1,               ! Restart the Simulation? (Yes) 
   ntx = 5,                 ! Read coordinates, velocities, and box 
   cut = 10,                ! Non-bonding Cut-off (10 A) 
   ntc = 2,                 ! SHAKE bond length constraints (constrain bonds with H) 
   ntf = 2,                 ! SHAKE force evaluation (omit bonds with H) 
                            ! Note: SHAKE set for TIP-type waters (e.g. TIP3P) 
   ntb = 2,                 ! PBC (Constant Pressure) 
   ntp = 1,                 ! Constant Pressure MD (Isotropic position scaling) 
   barostat = 2,            ! Monte Carlo Barostat - Optimal for GPU runs 
   mcbarint = 1000,         ! Steps between volume changes for the barostat 
   pres0 = 1.0,             ! Reference Pressure (1 bar) 
   taup = 2.0,              ! Pressure relaxation time (2 ps) 
   ntt = 3,                 ! Temperature scaling (Langevin thermostat) - Gives real dynamics 
   gamma_ln = 5.0,          ! Collision frequency (5 ps^-1) 
   temp0 = 300.0,           ! Reference temperature (300 K)  
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   dt = 0.002,              ! Simulation time-step (0.002 ps or 2 fs)  
   nstlim = 250000,         ! Simulation length (250000 steps or 250 ps) 
   ntpr = 5000,             ! Energy save interval (every 5000 steps of 10 ps) 
   ntwx = 5000,             ! Coordinate/trajectory save interval (every 5000 steps of 10 ps) 
   ntwr = 250000,           ! Restart file only at end of run. 
   iwrap = 1,               ! Coordinates to be "wrapped" into primary box (on) 
   ioutfm = 1,              ! Trajectory file format (Binary NetCDF) 
 / 
 
 
S10-Pro01-MD_10ns.in 
10 ns NTP MD 
 &cntrl 
   ig = -1,                 ! Pseudo-random number generator (random seed based on time) 
   irest = 1,               ! Restart the Simulation? (Yes) 
   ntx = 5,                 ! Read coordinates, velocities (ASCII) 
   cut = 10,                ! Non-bonding Cut-off (10 A) 
   ntc = 2,                 ! SHAKE bond length constraints (constrain bonds with H) 
   ntf = 2,                 ! SHAKE force evaluation (omit bonds with H) 
                            ! Note: SHAKE set for TIP-type waters (e.g. TIP3P) 
   ntb=2,                   ! PBC (Constant Pressure) 
   ntp = 1,                 ! Constant Pressure MD (Isotropic position scaling) 
   barostat = 2,            ! Monte Carlo Barostat - Optimal for GPU runs 
   mcbarint = 1000,         ! Steps between volume changes for the barostat 
   pres0 = 1.0,             ! Reference Pressure (1 bar) 
   taup = 2.0,              ! Pressure relaxation time (2 ps) 
   ntt = 3,                 ! Temperature scaling (Langevin thermostat) - Gives real dynamics 
   gamma_ln = 5.0,          ! Collision frequency (5 ps^-1) 
   temp0 = 300.0,           ! Reference temperature (300 K)  
   dt = 0.002,              ! Simulation time-step (0.002 ps or 2 fs)  
   nstlim = 5000000,        ! Simulation length (5000000 steps or 10 ns) 
   ntpr = 5000,             ! Energy save interval (every 5000 steps or 10 ps) 
   ntwx = 5000,             ! Coordinate/trajectory save interval (every 5000 steps or 10 ps)  
   ntwr = 5000,             ! Restart file save interval (every 5000 steps or 10 ps) 
   iwrap = 1,               ! Coordinates to be "wrapped" into primary box (on) 
   ioutfm = 1,              ! Trajectory file format (Binary NetCDF) 
 / 
 
 
S10-Pro01-MD_50ns.in 
50 ns NTP MD 
 &cntrl 
   ig = -1,                 ! Pseudo-random number generator (random seed based on time) 
   irest = 1,               ! Restart the Simulation? (Yes) 
   ntx = 5,                 ! Read coordinates, velocities (ASCII) 
   cut = 10,                ! Non-bonding Cut-off (10 A) 
   ntc = 2,                 ! SHAKE bond length constraints (constrain bonds with H) 
   ntf = 2,                 ! SHAKE force evaluation (omit bonds with H) 
                            ! Note: SHAKE set for TIP-type waters (e.g. TIP3P) 
   ntb=2,                   ! PBC (Constant Pressure) 
   ntp = 1,                 ! Constant Pressure MD (Isotropic position scaling) 
   barostat = 2,            ! Monte Carlo Barostat - Optimal for GPU runs 
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   mcbarint = 1000,         ! Steps between volume changes for the barostat 
   pres0 = 1.0,             ! Reference Pressure (1 bar) 
   taup = 2.0,              ! Pressure relaxation time (2 ps) 
   ntt = 3,                 ! Temperature scaling (Langevin thermostat) - Gives real dynamics 
   gamma_ln = 5.0,          ! Collision frequency (5 ps^-1) 
   temp0 = 300.0,           ! Reference temperature (300 K)  
   dt = 0.002,              ! Simulation time-step (0.002 ps or 2 fs)  
   nstlim = 25000000,       ! Simulation length (25000000 steps or 50 ns) 
   ntpr = 5000,             ! Energy save interval (every 5000 steps or 10 ps) 
   ntwx = 5000,             ! Coordinate/trajectory save interval (every 5000 steps or 10 ps)  
   ntwr = 5000,             ! Restart file save interval (every 5000 steps or 10 ps) 
   iwrap = 1,               ! Coordinates to be "wrapped" into primary box (on) 
   ioutfm = 1,              ! Trajectory file format (Binary NetCDF) 
 / 
 
Scheme S2: Scripts used for MD simulation 
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