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Molecular dynamics simula0ons 
The pep8de was placed in a cubic box with 1 nm from the pep8de to the box edge. For the simula8on 
with silicate, Si(OH)3O− was inserted 6 8mes at random in the simula8on box using gmx insert-
molecules to obtain an overall neutral charge in the system. Water molecules were then added to 
both simula8on boxes from the spc216.gro conforma8on in Gromacs using gmx solvate. 6 Cl− ions 
were added to the neat simula8on box by replacing water molecules using gmx genion for charge 
neutraliza8on. The neat simula8on box was 6.84199 nm x 6.84199 nm x 6.84199 nm with 10366 water 
molecules. The simula8on box with silicate was 6.01837 nm x 6.01837 nm x 6.01837 nm with 6986 
water molecules.  
 
Following an ini8al energy minimiza8on, an NVT equilibra8on of 100 ps was made. AWerwards the 
system was equilibrated in NPT for 100 ps using the Berendsen thermostat. Two (one with silicate and 
one without) 2 µs produc8on MDs were made using the leap-frog algorithm1 for integra8on every 2 
fs and saving the coordinates every 10 ps resul8ng in 200000 frames for each simula8on. Neighbour 
searching was done using the Verlet cutoff-scheme while upda8ng the neighbour list every 20 steps. 
Fast smooth Par8cle-Mesh Ewald (SPME)2 was used for electrosta8c interac8ons while a plain cut-off 
was used for Van der Waals interac8ons.  
A cutoff at 1 nm was set for the short-range electrosta8c and Van der Waals interac8ons. The Van der 
Waals poten8al was shiWed with the Verlet cut-off scheme. The temperature was set to 300 K using 
the velocity rescaling thermostat3,4 with a 8me constant of 1 ps and trea8ng the protein and non-
protein atoms separately. The pressure was set to 1.0 bar using the Parrinello-Rahman barostat5 with 
an isotropic pressure coupling and a 8me constant of 5.0 ps. The compressibility was set to 4.5·10−5 
bar−1. The bonds to hydrogen were constrained using the LINCS algorithm.6   
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Ramachandran plots 

 

Fig S1. Ramachandran plots generated from 1 ns simula8ons of the representa8ve cluster structures. Plots were made using 
a 2°x2° histogram and normalized to the maximum value across all plots.  

DSSP plots 

 

Fig. S2 DSSP occurrences calculated from each 1 ns simula8on of the representa8ve cluster structures.  



 
 
 
Spectral overlap 
The following equa/on was used to calculate the spectral overlap in every fi9ng itera/on.7  

𝑆!" = ∑#,%   %𝐼calc '𝜔# , 𝜔%*𝐼&'('𝜔# , 𝜔%*+ /-%∑#,%  𝐼calc '𝜔# , 𝜔%*𝐼calc '𝜔# , 𝜔%*+ × %∑#,%  𝐼&'('𝜔# , 𝜔%*𝐼&'('𝜔# , 𝜔%*+  

Here Icalc(𝜔𝑖 ,𝜔𝑗) is the intensity of the calculated spectrum at frequencies (𝜔𝑖 ,𝜔𝑗) and Iexp(𝜔𝑖 ,𝜔𝑗) is the intensity of the 
experimental spectrum. An overlap S2D of zero means that there is no overlap and an overlap of 1 means that the spectra 
are iden/cal. 
 

Experimental 2DIR pump slices 

 

Fig. S3 Slices of normalized experimental 2DIR spectra at pump frequencies 1646 ±1 cm-1 
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