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Protein Sequence

NTL9 MKVIFLKDVKGMGKKGEIKNVADGYANNFLFKQGLAIEA

NuG2b DTYKLVIVLNGTTFTYTTEAVDAATAEKVFKQYANDAGVDGEWT

YDAATKTFTVTE

CspA SGKMTGIVKWFNADKGFGFITPDDGSKDVFVHFSAIQNDGYKSLDE

GQKVSFTIESGAKGPAAGNVTSL

Table S1. Amino acid sequences of proteins in this work.
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Figure S1. Schematic description of the P-ITS MD simulation for protein folding/unfolding.
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Proteins Replicas Temp. (K) Ni,k’s Simulation Time 

(μs)

280-320 80 4.3
320-360 80 4.0

NTL9
3

360-430 50 4.2
280-370 100 3.6NuG2b 2
370-430 100 3.7
280-320 80 2.6
320-360 80 2.6CspA 3
360-430 50 2.6

Table S2. Simulation parameters for P-ITS MD simulations under study.
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Figure S2. The distribution of potential energies and RMSDs sampled in individual replicas of P-ITS 

MD simulations for the three proteins under study (top: NTL9, middle: NuG2b, bottom: CspA). 
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Figure S3. Average distance from the native structure in the unfolded state at 300 K (with a smaller 

value indicating more native-like for a residue) for (A) NTL9 and (B) NuG2b (Black line: results 

from the present P-ITS simulations, red line: results from previous extensive MD simulations by 

Lindorff-Larsen et al.). (C-D) Representative structures of the unfolded states of NTL9 and NuG2b 

from the present P-ITS simulations and (E-F) the comparison to those from the extensive MD 

simulations by Lindorff-Larsen et al.
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Figure S4. Two-dimensional free-energy landscapes spanning along the fraction of native contacts 

among the individual hairpins/helices (Qtertiary) and the fraction of secondary structure contents (Psec. 

struct.) for (A) NTL9, (B) NuG2b, and (C) CspA. The contours are spaced at intervals of 0.5 kBT.
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Figure S5. Two-dimensional free-energy landscapes spanning along Qtertiary and Psec. struct. for 

individual hairpins and helix of NTL9. The contours are spaced at intervals of 0.5 kBT.
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Figure S6. Comparison of the representative conformations of the unfolded (U) and folded (F) states 

of CspA. The C-terminal β-strand that is misfolded and packed to the first β-strand of hairpin 1 in the 

unfolded state is colored in red.
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Figure S7. Structural ensembles of the nonnative β-sheet structures of NTL9. Colors code the 

secondary structural elements as defined in VMD software (purple: α-helix; blue: 310-helix; yellow: 

β-sheet; cyan: turn; silver: coiled).
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Figure S8. Top: time series of the potential energy (PE) in the trajectory of ITS MD simulations of 

the isolated structural segment including hairpin 1 and the loop of NTL9. Middle: time series of the 

RMSD of hairpin 1 and bottom: time series of the RMSD of the loop of NTL9.
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Figure S9. Time series of the potential energy (PE) and the RMSD in the trajectory of ITS MD 

simulations of the isolated helix of NTL9. 
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