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Supplementary Methods

Definition of the native contact fraction

A pair (7, j) of SOD1y,, Ca carbon atoms ¢ and j separated by at least three amino acid
residues in the peptide sequence was considered a native contact if positioned at a distance
d;;f lower than 10 A in the crystal structure. The fraction of native contacts for a given

SOD1,,, conformation was then calculated as

On = —

Z exp [—0.5 (max(0, d;; — di;f))Q} (1)

(i)
where the sum runs over all the native contacts in the crystal structure, Ny is the number

of these native contacts, and d;; is the distance of the atom pair in the given conformation.
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Obtaining a stability curve from a two-state model

As the CHARMM36m REST2 simulations exhibited two relatively well-separated popu-
lations of folded and unfolded states (see Figures S4-S5), it was possible to set a threshold
value Qn = 0.4 separating native-like conformations from denaturated ones in order to
calculate the temperature-dependent fraction r(7') of folded states. The free energy of
unfolding, that is, the difference in the free energies of the folded- and unfolded states in

the two-state model, equaled:

AGW(T) = ksT'In 1i(—TT()T) 2)

The AG,(T) was fit with the modified Gibbs-Helmholtz equation:

AGL(T) = —=AC, [T <1n <%) - 1) + Tm] + AH,, (1 - T—Tm) (3)

where T}, stands for the melting temperature, AH,, expresses the melting enthalpy, and
AC}, is the specific heat of unfolding. Given a limited statistics in regions where r closely
approached 1 or 0, we only included such temperatures in the fit for which r(7") < 0.99
and r(7") > 0.01.
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Supplementary Figures
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Figure S1: Convergence of the fraction Qn of SODIWVT and SOD12* native contacts
in REST2 simulations. The individual curves were obtained from 50 ns blocks spanning
(light gray to blue) the 400—1500 ns interval for a99SB-disp and the 400—1000 ns interval

for CHARMMS36m.
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Figure S2: Temperature-dependent distributions of the fraction Qn of SODIWWT native
contacts sampled with a99SB-disp.
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Figure S3: Temperature-dependent distributions of the fraction Qx of SOD1354 native
contacts sampled with a99SB-disp.
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Figure S4: Temperature-dependent distributions of the fraction Qn of SODIWWT native
contacts sampled with CHARMM36m.
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Figure S5: Temperature-dependent distributions of the fraction Qx of SOD1354 native
contacts sampled with CHARMM36m.
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Figure S6: Stability curves obtained from a two-state model for the CHARMM36m
REST?2 simulations. The lines represent fits using the modified Gibbs-Helmholtz equation
(see Supplementary Methods for details).
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Figure S8: Correlation between the number of water contacts of the 135 side chain and
the free-energy differences arising from the I35A alchemical transformation for individual
unfolded geometries.
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Figure S9: Overall histogram of the [-sheet secondary-structure content in individual
B-strands of SODI\WT as a function of the native contact fraction @n and obtained with

the CHARMM36m force field. The values are normalized with respect to the crystal
structure.
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Figure S10: Free-energy landscapes of SOD1VT unfolding at different temperatures of
the CHARMM36m REST?2 simulation. The two collective variables correspond to the
number of residues with the S-sheet secondary structure in the S-sheet 1 (formed by the
f-strands 1, 52, 3, and $6) and the S-sheet 2 (54, 85, 57, and 58).
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Supplementary Tables

Step | Length [ns] | At [fs] Restraints | kg [kJ mol™ nm™?] | kgc [kJ mol™! nm™2]
1 0.1 1 | heavy atoms 1000 500
2 0.1 1 | heavy atoms 500 250
3 0.1 1 | heavy atoms 250 100
4 0.5 2 | heavy atoms 100 50
) 0.5 2 | heavy atoms 50 0
6 0.5 2 none 0 0

Table S1: Relaxation protocol used to obtain the initial protein geometry. kg and
ksc — force constants of harmonic restraint potentials applied to the heavy atoms of the
backbone and the side chains, respectively. At — time step.
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To | 300 | Tha | 465
Ty | 311 | Ths | 482
Ty | 323 | Ty | 500
T5 | 335 | Ths | 519
T, | 347 | The | 538
T5 | 360 | Th7 | 558
T | 373 | T | 579
Tg | 387 | Thg | 600
Ts | 402 | Ty | 623
Ty | 417 | Ty | 647
T | 432 | Thy | 672
Thy | 448 | Ths | 698

Table S2: Solute temperatures [K] used in the REST2 simulations.
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