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EDS simulations

Enveloping distribution sampling (EDS) simulations1,2 were conducted in the present work

with the aim to remove a sampling issue related to the use of a dual topology in previous

work,3 in which two copies of the side chain are present that do not interact with each other

but with the environment. In many cases, these two copies (one belonging to the native and

one to the ester end state) sampled different conformations at a particular time step leading

to strong solute-solvent overlap and strong modifications of the potential energy landscape

through the need to use a low EDS smoothness parameter (see Table S1 in [3]). Through the

application of distance restraints that keep the two copies of the side chain within the same

conformation (see Table S1), this sampling issue can be removed allowing an EDS smoothness

parameter of unity to be used for all cases. The sampling quality is improved considerably

as demonstrated in Figures S1 to S3 for the case of tri- to heptapepdides (see previous work3

for computational details and Figures S4 to S9 therein for an analysis of sampling quality).

However, as is discussed in the main text of the present work, the use of distance restraints

does not remedy the observed starting structure dependence and might even hamper the

sampling of conformational transitions in the backbone. Therefore, we resorted to a single

topology approach in the present work combined with an enhanced sampling method.
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Table S1: Overview of applied distance restraints between corresponding side
chain atoms of the two non-interacting side chain branches (dual topology ap-
proach) in the EDS simulations. A force constant of 500 kJ mol−1 nm−2 and a
zero reference distance was applied for the harmonic restraining potential.

Mutation Residue Type a Restrained Atoms a

L7λ LEU -
W11ω TRP CD1, CE3, CZ2
E12ε GLU CB, CG, CD
K13κ LYSH CE
R14ρ ARG CD, NH1, NH2
M15µ MET CG, CE
S16σ SER -
R17ρ ARG CD, NH1, NH2
S19σ SER -
V22$ VAL -
Y23ψ TYR CG, CE1, CE2
Y24ψ TYR CG, CE1, CE2
F25φ PHE CG, CE1, CE2
N26ν ASN CG
H27η HISA/HISB CG, CD2, CE1
N30ν ASN CG
A31α ALA -
S32σ SER -
Q33θ GLN CB, CG, CD
W34ω TRP CD1, CE3, CZ2

a Naming convention of residue types (protonation states) and atoms according to the GROMOS force field.
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Figure S1: Upper panel: Time series of the potential energy differences, sampled from the
EDS reference state simulations in case of tripeptides. The y-axes for all rows cover a range
from -2000 to +2000 kJ mol−1. For improved sampling, distance restraints between atoms
of the two non-interacting copies of the side chains (dual topology approach) were applied,
as specified in Tab. S1. Lower panel: Corresponding energy difference distributions for the
reference state (black), the amide (green) and the ester state (red). Distributions of the two
end states were obtained from reweighting of the reference state distribution.3
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Figure S2: Upper panel: Time series of the potential energy differences, sampled from the
EDS reference state simulations in case of pentapeptides. The y-axes for all rows cover a
range from -2000 to +2000 kJ mol−1. For improved sampling, distance restraints between
atoms of the two non-interacting copies of the side chains (dual topology approach) were
applied, as specified in Tab. S1. Lower panel: Corresponding energy difference distributions
for the reference state (black), the amide (green) and the ester state (red). Distributions of
the two end states were obtained from reweighting of the reference state distribution.3
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Figure S3: Upper panel: Time series of the potential energy differences, sampled from the
EDS reference state simulations in case of heptapeptides. The y-axes for all rows cover a
range from -2000 to +2000 kJ mol−1. For improved sampling, distance restraints between
atoms of the two non-interacting copies of the side chains (dual topology approach) were
applied, as specified in Tab. S1. Lower panel: Corresponding energy difference distributions
for the reference state (black), the amide (green) and the ester state (red). Distributions of
the two end states were obtained from reweighting of the reference state distribution.3
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Figure S4: Agreement between alchemical free-energy differences for the unfolded states
(∆Gu

mw), as obtained from EDS simulations and the combination of stratification and Hamil-
tonian replica exchange (HRE) simulations as used in the present study. The two data sets
correspond to different peptide-lengths as used to approximate the unfolded state (tri-, pen-
tapeptides). The solid line is intended as guide to the eye along ∆Gu

mw(EDS) = ∆Gu
mw(HRE).
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Figure S5: Dependence of the alchemical free-energy change (∆Gu
mw) obtained from EDS

simulations on the type of the perturbed residue and on the length of the peptide as used to
approximate the unfolded state (tri-, penta-, heptapeptides).
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Figure S6: Alchemical free energy difference ∆Gf
mw of the mutation Y24ψ in the folded state,

as function of the simulation time per λ-point. The different data sets correspond to different
folded state starting structures (X-ray structure, NMR set). In case of the X-ray structure,
further comparison is made between (i) simulations, where all λ-points are initiated from a
single structure (single) and (ii) simulations, where each λ-point is initiated with a slightly
perturbed structure from a synthetically generated conformational set (multi).
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Figure S7: Correlation between alchemical free energy differences in the unfolded stated
(∆Gu

mw from tripeptide simulations) and the folded state (∆Gf
mw). The two data sets corre-

spond to simulations based on different folded state starting structures (X-ray, NMR). The
solid line is intended as guide to the eye along ∆Gu

mw = ∆Gf
mw. The inset shows a closer

look at the highly populated medium-free energy region in case of the X-ray data set. The
dashed line corresponds to a linear-least squares fit to the complete X-ray data set.
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Table S2: Results from a thermodynamic analysis, conducted for tripeptides of
a selected subset of A-to-E mutations, in terms of enthalpic (∆Hu

mw), entropic
(T0 ∆Su

mw with T0 = 278 K) and free energy differences (∆Gu
mw).

Mutation ∆Gu
mw [kJ mol−1] ∆Hu

mw T0∆Su
mw

278 K 298 K 318 K 338 K [kJ mol−1] [kJ mol−1]
W11ω 107.1 106.9 106.9 106.6 109.2 2.1
E12ε 79.0 79.5 78.9 78.6 81.0 2.0
N26ν 35.7 35.5 35.1 34.7 40.4 4.7
N30ν 9.5 9.4 9.0 9.0 12.0 2.5
Y23ψ 81.6 81.6 81.2 80.9 85.1 3.6
Y24ψ 81.7 80.7 80.6 80.3 87.7 6.0
S19σ 116.8 116.6 116.3 116.3 119.2 2.4
S32σ 142.2 141.8 142.0 141.8 143.7 1.4
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Figure S8: Time evolution of secondary structure elements, obtained from 10 ns MD simu-
lations (isobaric, isothermal) of the protein wild-type, initiated from two conformers of the
NMR model set ((a): conformer C14, (b): conformer C15). Every residue is assigned to
a particular secondary structure element according to the DSSP algorithm:6 coil (white),
β-sheet (red), β-bridge (black), bend (green), turn (yellow).
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