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Pablo Herrera-Nietoa, Adrià Péreza, and Gianni De Fabritiisa,b

aComputational Science Laboratory,Barcelona biomedical research park (PRBB),
Universitat Pompeu Fabra, C Dr Aiguader 88, Barcelona 08003, Spain
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Figure 1: Secondary structure profile for all MSM macrostates.
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Figure 2: Residue-residue contacts for all MSM macrostates.
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Figure 3: Free Energy surface of p53 in a) p53, and microstates centers in b). Microstates are
color mapped according to their macrostates.

Figure 4: Radius of gyration (Rg) by macrostate. Rg was computed as
Rg =

√∑n
i=1mi ∗ s2i /

∑n
i=1mi for a molecule of n atoms, where si is the distance to the

center of mass of each atom. Theoretical upper (in red) and lower (in blue) bounds were
solely calculated based on the peptide length (N) using Rg = 2.54 ∗N0.522 for the upper and
Rg = (3/5)1/2 ∗ 4.75 ∗N0.29 for the lower bound [1].
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Figure 5: Comparison against NMR data. Chemical shift difference between MD-derived calcu-
lations for a), d) Cα, b), e) Cβ , and c), f) NH atoms and the experimentally measured for the
N-terminal of p53 (Biological Magnetic Resonance Data Bank entry number 17760). Experimental
data was obtained for the full length N-terminal domain (residues 1-96) but only data corresponding
to residues 10 to 40 was used for the comparison. Calculations were performed with SPARTA+ (top
row) and SHIFTX2 (bottom row).

Figure 6: Model selection. The generalized matrix Rayleigh quotient (GMRQ) yields a score that
allows to compare different MSMs built with the same data, hence it offers a way to perform parameter
selection [2]. We computed ∼ 160 MSM with different number of TICA components (projected at a
fixed lag time of 2 ns) and clusters. For each model we report the mean GMRQ value for 10 rounds
of cross validation. The procedure shows similar trends across all lag times: the GMRQ peaks using
9, 11 or 13 TICA dimension. A final model with 9 TICA dimensions and 600 clusters was selected.
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Figure 7: Model parameters: cluster selection. The effect of the number of clusters shows a
maximum score with 600 clusters.
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Figure 8: Markov State Model parametrization. a) Implied times scales. A final lag time of 120
ns was used to create the MSM. b) TICA space for the first and the second TICA dimensions. c)
Starting conformations location on the TICA space. d) Macrostate distribution on the TICA
space. Microstates are located based on their centers and color mapped following their macrostates
assignment. e) Discretization of the TICA space by incrementing the number of macrostates.
A final number of 11 macrostates was chosen.
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Figure 9: Chapman-Kolmogrov test. Chapman-Kolmogorov test shown for all transitions on the
600-microstate MSM. The Chapman-Kolmogorov test is performed to know whether the model make
predictions (dashed lines) which are consistent with the data (solid lines).
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