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Convergence of M-WEM simulation of Alanine Dipeptide

The convergence of the mean first passage times (MFPT) of the conformational transition

of alanine dipeptide, computed from M-WEM simulation, is shown in Fig. S1. For all

three trials the results converge in about 50 iterations which incur a computational cost of

about 40 ns, more than one order of magnitude less than the length of the conventional MD

simulation. The error bars of the MFPT results overlap with the error bars of the regular

MD data except for the trial 1 where it falls slightly above the the error bar.
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Figure S1: Convergence of the MFPT for the conformational transition in alanine dipeptide
as a function of M-WEM iterations.

Details of meta-eABF simulation of Trypsin-Benzamidine complex

To compare the free energy profile of ligand unbinding for the trypsin-benzamidine complex

obtained from M-WEM simulation, we performed a long well tempered meta-eABF simula-

tion to independently calculate the one dimensional free energy profile along the milestoning

coordinate described in the main manuscript. In meta-eABF approach, two biasing tech-

niques, metadynamics and extended system adaptive biasing force (eABF) are employed
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simultaneously for an accelerated sampling of the configurational space and a quicker con-

vergence of the free energy. In well tempered meta-eABF (WTM-eABF) technique, the

metadynamics is replaced by well tempered metadynamics which ensures a smooth conver-

gence of the free energy landscape. Details of this method can be found elsewhere.1–3 The

equilibrated bound state structure was used as a starting point. Gaussian hills of width

0.6 Å were deposited every 2 ps along the distance between the Benzamidine ligand and the

trypsin binding pocket. The initial heights of the hills were 0.2 kcal/mol which was gradually

reduced during the course of the simulation using a bias factor of 6.0. The adaptive biasing

force was applied on a fictitious particle coupled to the original reaction coordinate via stiff

spring of force constant 1500 kcal mol −1 Å −2 with an oscillation period of 200 fs. External

forces are applied only when at least 1000 samples are recorded in each bin of width 0.2 Å

along the reaction coordinate. The WTM-eABF simulation is propagated for ∼ 550 ns. The

convergence of the free energy profile is monitored by measuring the RMS deviation of the

curve with respect to the final curve. The RMS deviation remained under 1 kcal/mol over

the second half of the trajectory and went below 0.25 kcal/mol in last 50 ns (Fig. S2). The

error bars of reported in the main manuscript is the 95 % confidence interval of 5 free energy

profiles sampled at 8 ns interval from the last part of the meta-eABF trajectory.

3



Figure S2: Convergence plot of WTM-eABF simulation of the trypsin-benzamidine complex.

Discussion on appropriate placement of milestones based on veloc-

ity auto-correlation.

For calculating the kinetics and free energy profile from milestoning based methods the mile-

stones need to be placed sufficiently far apart so the trajectories arriving at a given milestone

looses the memory if the previously visited milestones.4 To ensure this, the transition times

between a pair of milestones should be larger than the decay time of the velocity auto-

correlation function of the reaction coordinate.5 But the velocity auto-correlation functions

can have different values at different regions of the configurational space. So we computed the

velocity auto-correlation function for each individual cell for the trypsin-benzamidine com-

plex from 20 ns of regular MD simulation (Fig. S3). We also depict the average timescales

(τα) of milestone to milestones transitions from M-WEM simulations for each cell computed

as

τα =
Tα

Λ∑
β

Nα,β
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where Nα,β is the number of transitions from cell α to cell β recorded from a trajectory

propagated for time Tα in cell α. We observe that in our choice of milestone positions the

velocity auto-correlations decays close to zero before completing a transition between two

nearby milestones (Fig. S3).
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Figure S3: Velocity autocorrelation function of the reaction coordinate for each individ-
ual cell. The dashed vertical line indicate the average timescale of milestone to milestone
transition in those cells in the M-WEM calculation.
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