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NOE violations calculation

NOE distance restraints from Pin1-WWwere used to assess the quality of the ensemble of MSMmacrostate
structures. Proton-proton distances were computed using AQUA [3], and then ensemble averaged (using
1/r6 scaling) using a python script. Only restraints for residues 1-29 were included in this analysis as the
NOEs were measured with the longer construct.

NOE upper bound violations were computed over the population-weighted “ensemble” of represen-
tative structures from the MSM, as in the text. As these distributions of NOE violations are typical of
molecular dynamics simulations started from NMR structures [4–6], these results in combination with
the agreement with the relaxation data suggest that the MSM ensemble of 40 macrostates serves as a
reasonable proxy for the full conformational ensemble.

H-bond calculation

We consider H-bonds to exist if donor and acceptor atoms are within a distance of 3.5 Å and if the bond
angle is larger or equal than 150◦. Tcl and VMD [7] scripts were implemented to detect the presence of
Loop 1 hydrogen bonds for each conformation of the simulated trajectory.

Structural metric

This metric is defined as:

C(m) =
A(m)RMSD −H(m)RMSD

max
m∈V

H(m)RMSD − min
m∈V

A(m)R
(1)

where H(m)RMSD and A(m)RMSD are the RMSD values for each macrostate m with respect to holo and
apo respectively. The holo structure is model 0 of the NMR PDB 1i8g, and the apo structure is model
0 of the NMR PDB 1i6c. The latter is also the starting point of the MD simulations. A value of C(m)
close to −1 means that a macrostate is closer to apo and further away from holo and viceversa for C(m)
close to 1. Loop and whole protein RMSD values of representative macrostate structures with respect to
APO and HOLO experimental structures are shown in Table S1.
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Data Sampling and Model Robustness

We applied our methodology to 3 different simulation data sets of increasing sampling length ( 0.5, 2,
and 30µs). Figure S6 compares the original trajectory T1, the Extended 1 and Extended 2 sets. This
figure shows an improvement on p-value and actual correlation when adding more macrostates, and also
when adding more sampling, particularly between the original simulation and Extended 1 set used in the
paper. The data from Extended 2 improves both correlation and statistical significance of our results.

Another important point is the observation that a two-state MSM cannot achieve significant correla-
tions with experimental Rex. Figure S4 shows the detailed estimations of Rex for all the residues in the
WW domain. It can be seen that a poor correlation when compared with experimental data and the 40
macrostate MSM using the Extended 2 sampling data. This performance is mainly due to the fact that
relaxation dispersion is predicted to exist in regions outside the loop.

For the MSM of the Extended 1 set we also computed a minimum spanning tree based on the be-
tweenness centrality measure described in the paper. The key role of Macrostate 16 is retained in this
dataset. Again, macrostates of higher populations have to visit Macrostate 16, a low population state, in
order to visit other conformational states. This suggests an inherent robustness on the results obtained
by both data sets Extended 1 and Extended 2 and highlights the conclusions of our findings.

Correlated Motions

As explained in the paper, we use the “MutInf” method [10] to quantify correlations between residues’
conformations from equilibrium simulations. Briefly, this method calculates the mutual information
between pairs of residues, applies statistical corrections and tests of significance for the mutual information
values, and then clusters the matrix of mutual information between residues to identify groups of residues
showing similar patterns of correlations.

We followed the same protocol as the previously published method [10], with the following modifica-
tions. We split the APO Extended 1 ensemble into six equal-sized segments, after removing the 10%
of snapshots where the WW domain’s heavy atoms were within 5 Å of those of a periodic image. Also,
we added a statistical bootstrapping approach to the protocol as an additional statistical filter to require
the reproducibility of a correlation between a pair of torsions. We split the full trajectory into six time
segments, and take four out of six segments at a time as a sample ensemble, or “block”, from which
we aggregate the histogram counts for the two torsions and calculate the mutual information for each
sample ensemble. This bootstrapping approach is similar to block-averaging; our “blocks” are composed
of multiple, not-necessarily contiguous, and large time segments. The Wilcoxon signed-rank test is used
to test the null hypothesis that the average (corrected) mutual information is zero against a one-sided
alternative. If the p-value is less than or equal to α = 0.01, the average of the mutual information values
for the “blocks” is reported, otherwise it is zeroed.

To calculate the mutual information between each pair of residues, we take the sum of the mutual
information over all pairs of φ, ψ, and χ dihedral angles, each pair comprising one angle from each residue
[10]. We then clustered the mutual information between pairs of residues using the “heatmap” function
in the R statistical package with a Euclidean distance metric.

Additionally, we calculated the mutual information between residues’ C-α coordinates using the same
procedure as above, using x, y, and z coordinates in place of φ, ψ, and χ. Rotational and translational
motion was removed prior to analysis by a rotational/translational fit involving only C-α atoms.

Video S1

Video S1. A movie with all 40 representative macrostate structures shows the diverse, slowly-interconverting
Pin1-WW domain conformations. Major state and Minor state membership and macrostate number are
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indicated in each frame. Residues are colored as in Figure 1 in the text, i.e. according to the MutInf
cluster to which they belong.
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