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Figure S1. Free energy in CV space obtained from twehus long WFMetaD simulations
of mastoparan XThe CVs are denoted on the and yaxis as @ radius of gyration and
n u mb e rhelix Hydrogen bonds. The protein/water force field combination used in each

simulation is indicated in the top right cormérthe free energy surface.
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Figure S2 Free energy in CV space obtained from twelyes long WFMetaD simulations
of tryptophan zipper .2ZThe CVs are denoted on theand yaxis as @ radius of gyration and
number of3 sheethydrogen bonds. The protein/water force field combination used in each

simulation is indicated in the top right corner of the free energy surface.
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Figure S3 Free energy in CV space obtained from twelyes long WTFMetaD simulations
of the minimal betahairpin peptideThe CVs are denoted on theand yaxis as @ radius of
gyration and number db sheethydrogen bonds. The protein/water force field combination

used in each simulation is indicated in the top right corner of the free energy surface.



Table S1 (a) Al1.2 fit parameters before setting the r@sonant amplitude and phase and the
low frequency vibrational modes (wl and w2) to zero. (b) Fit parameters used for the

comparison to theoretical VSFG spectra.

(a) (b) ((a) (b)
NR (0.3 0O 0.1 0
phil2.7 0 2.6 0
Al |-0.5 0 0.8 0
wl [1586 1586|1586 1586
Gl [11.10 11.10
A2 |0.6 0 1.0 0
w2 [16091609/160916009
G2 [11.90 11.90
A3 2.7 2.7 0.8 0.8
w3 (1627 1627|16271627
G3 [18.118.1(18.118.1
A4 |2.9 2.9 0.7 0.7
w4 |[16431643/116431643
G4 [14.914.9(14.914. 9
A5 (0.9 0.9 (0.4 0.4
w5 [1656 1656|1656 1656
G5 |15.315.3/15.315. 3
A6 |1.0 1.0 0.2 0.2
w6 [16751675/16751675
G6 [18.118.1(18.118.1




Table S2 MBH fit parameters. (a) Fit parameters before setting theresonant amplitude
and phase and the low frequency vibrational modes W2l w3, andw7) to zero. (b) Fit

parameters used for the comparison to theoretical VSFG spectra.

(a) (b) [(a&SPS(Db)
NR (0.1 O 0.1 0
phill.3 0 1.0 0
Al |7.3 0 1.1 0
wl [14491449/14481448
Gl [15.70 14.70
A2 (0.4 0 1.0 0
W2 |15461546/15611561
G2 [11.90 12.00
A3 |4.7 0 2.8 0
w3 (1586 1586/15761576
G3 |26.20 13.80

A4 |-2.3 2.3 |-0.1 0.1
w4 (161016101613 1613
G4 |14.514.5|6.1 6.1
A5 1.3 1.3 |0 0

w5 (1647 164716471647
G5 |13.913.9|117.917. 9
A6 |4.7 4.7 |-0.7 0.7
w6 (1683 1683167816738
G6 |20.820.8|31.431. 4
A7 |-13. 80 -11. 60

w7 (19531953/]19521952
G7 |21. 70 26. 50




Table S3 MPX fit parameters. (a) Fit parameters before setting theresonant amplitude

and phaséo zero. (b) Fit parameters used for the comparison to theoretical VSFG spectra.

(a) (b) |(a) (bYPE
NR [0.1 O 0.1 0
Phi|2.6 0 3.0 0
Al |2.6 2.6 (0.6 0.6
wl (1655 1655/16441644
Gl |15.715.7(17.217.2




Table S4. TZ2 fit parameters. (a) Fit parameters before setting theresmnant amplitude
and phase and the low frequency vibrational modes 2. and w9 to zero. (b) Fit

parameters used for the comparison to theoretical VSFG spectra.

(a) (b) ((a) (®) S
NR (0.0 O 0.1 0
philo.0 0 3.1 0
Al |14.40 1.7 0
wl [15051505/15061506
Gl [23.20 11.10
A2 |8.3 0 3.5 0
w2 (1576 1576{15651565
G2 |37.50 28.20
A3 |0 0 0.9 0.9
w3 |0 0 16341634
G3 |0 0 17.317. 3
A4 1.4 1.4 (3.4 3.4
W4 |1652 165216741674
G4 [16.716.7|31.231. 2
A5 |6.8 0 0.3 0
W5 [17261726/17191719
G5 |23.20 9.2 0




ConvergenceTo demonstrate a measure of convergence for the pldiggure 3 in the
main text we plot the metadynamics hill height over the time of the simulatitnle a low
hill height does not prove the convergence of the metadynamics simulations, it does mean that

for the last half of the simulations, no new regions of conformational spacédeing

explored.

All 12 Force Field Combination Hill Heights
0.5 T T T T

0.4
Initial hill height = 2.0 kJ/mol

0.3

Hill Height (kJ/mol)

Late hill heights < 0.05 kJ/mol

Simulation Time (ns)

Figure $4. Metadynamics hill heights for all 1&uren 1.2 simulations plotted over time. All
hill height traces are uniformly plotted in black because the intention here is only to show that
late hill heights are smaller than 0.KBmol. Lines are Bezier smoothed to make small peaks

clearer. Hill height quickly decays from its initial height of RIdmol.
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Figure S5.Free energy surfaces of &£lusing AMBER99SB#LDN with SPC/E at the air
water interface versus in solution. Gant highly probable structures observed at thevater

interface are no longer favored in the solution state.



