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Supplementary Discussion 1
Benchmark test systems

In the following sections, we present the results of the free energy calcula-
tion for the benchmark test systems of alanine dipeptide and butane. The
details of all the parameters chosen to perform the enhanced sampling
simulation of these are summarized in Supplementary Table 1.

Alanine Dipeptide
The first test system involves alanine dipeptide in vacuum (Supplementary
Figure 1), a benchmark system for enhanced sampling methods that is
frequently used in the literature.
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Supplementary Figure 1: Free energy landscape of alanine dipeptide (Amber f f99SB [1]) in
vacuum as a function of the dihedral angles 𝜙 and 𝜓 obtained with PySAGES and OpenMM
via different enhanced sampling methods: ABF, Metadynamics, Spectral ABF, ANN, FUNN,
CFF. Each panel also indicates the length of the simulation necessary for the free energy to
converge. The long ABF simulations represent the ground truth.
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Butane
As a second test system, we compute the free energy profile along the C-C-
C-C dihedral angle, 𝜙𝐶𝐶𝐶𝐶, of a butane molecule (in vacuum), Figure Sup-
plementary Figure 2.
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ABF (16.0 ns)
ANN (8.0 ns)
CFF (4.0 ns)
FUNN (8.0 ns)
WTMD (16.0 ns)
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Supplementary Figure 2: Free energy profile along the dihedral angle of a butane molecule
(using an OPLS [2]-based force field) obtained via different enhanced sampling methods
with PySAGES and HOOMD-blue: adaptive biasing force, artificial neural networks sampling,
combined force frequency sampling, force-biasing using neural networks, well-tempered
metadynamics, and Spectral adaptive biasing force. The legend also indicates the length
of the simulation. Each free energy profile is the mean of three independent runs and the
standard deviation is reported as shaded area (note that in some cases it is too small to be
noticed). The long adaptive biasing force simulations represent the ground truth.
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Example System Details

Supplementary Table 1: Parameters and methods details for the various examples. For all
methods but Metadynamics, we used a grid with 50 points along each collective variable
(CV) for alanine dipeptide (ADP) and with 64 points along the collective variable (CV) for
butane. The parameter 𝑁 for ABF is the threshold before accounting for the full average of
the adaptive biasing force.

System Backend collective variable (CV) Method Settings Fig.

ADP OpenMM 𝜙 and 𝜓

ABF 𝑁 = 500 (default)

Supplementary Figure 1

ANN topology = (8, 8)
CFF topology = (14, )
FUNN topology = (14, )

Metadynamics
𝜎 = 0.35 rad
ℎ = 1.2 kJ/mol
stride = 500

Spectral ABF —

Butane HOOMD-blue 𝜙𝐶𝐶𝐶𝐶

ANN topology = (8, 8)

Supplementary Figure 2

CFF topology = (8, )
FUNN topology = (8, )

WTMD
𝜎 = 0.10 rad
ℎ = 0.01 kJ/mol
stride = 50
Δ𝑇 = 5000

Spectral ABF —
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Supplementary Discussion 2
Collective variable for the distance to an interface

Implementation of the CV described in Section “Example applications of
enhanced sampling with PySAGES,” that is, the distance between a group of
atoms to an interface defined by another group of atoms.

class DistanceToInterface(TwoPointCV):
def __init__(self, indices, axis, sigma, scope, bins=100, coeff=1):

super().__init__(indices)
self.axis = axis
self.sigma = sigma
self.scope = scope
self.bins = bins
self.coeff = coeff

@property
def function(self):

return lambda r1, r2: distance_to_interface(
r1, r2, axis=self.axis,
sigma=self.sigma, scope=self.scope,
bins=self.bins, coeff=self.coeff

)

def distance_to_interface(p1, p2, axis, sigma, scope, bins, coeff):
mobile_axis = barycenter(p1)[axis]
positions_axis = p2.flatten()[axis::3]
centers = np.linspace(scope[0], scope[1], bins)
centers = np.expand_dims(centers, 1)
positions_axis = np.expand_dims(positions_axis, 0)
diff = positions_axis - centers
mass = np.exp(-0.5 * (diff / sigma) ** 2)
mass = np.sum(mass, axis=1)
mass_diff = np.abs(mass[1:] - mass[:-1])
centers = np.squeeze(centers)
centers_mean = (centers[1:] + centers[:-1]) / 2
probability = nn.softmax(mass_diff * coeff)
interface = np.sum(probability * centers_mean)
return mobile_axis - interface
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