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Supplementary Information Text 

Methods 
 

Energetic effect of phase separation on folding 

To estimate the effect of environmental changes isodesmic equations were 

employed 1–4. Accordingly, to model the W to LP at different stages of the unfolding 

event were split into two parts in such a way that the already unfolded part of the 

β-sheet was simulated in apolar media imitating the LP phase while the rest of the 

structure was considered to be in W. Energies of the total system was obtained as 

follows 

 

X-xwater + y-Yprotein → X-Ymotif translocating + x-ybyproduct  (Eq. S1) 

 

ΔEID ={ E[X-x] + E[y-Y]} − {E[X-Y] + E[x-y]}   (Eq. S2), 

 

where X and Y are the two parts of the partially unfolded motif translocating into a 

protein environment, X is still in water, whereas Y is already in LP (Figure 4). For 

terminals, y and x represent a formyl and an amino group, respectively and thus, 

the byproduct of the isodesmic reaction, x-y, is a formamide. Note, that formamide 

molecule was also optimized at the same level of theory as X-x and Y-y. In the 

case when there are no close interactions between the X and Y fragments ΔEID is 

zero and thus E[X-Y] can be obtained (Eq. S3) 

 

E[X-Y] = E[X-x] + E[y-Y] − E[x-y]} (Eq. S3) 

 

Similarly, the isodesmic relative energy (ΔEID) of the reverse process can be 

obtained based on (Eq. S2), but considering the motifs in a reverse manner.  
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Figures 
 
 
 

 

Figure S1. Top and side view of the β-sheet models used in this study. A: The 
parallel strand model with 3 water molecules (P3) coordinated on the N-terminal 
peptide groups. B: The antiparallel model with 3 water molecules (AP3). C: The 
antiparallel model with 4 water molecules used for shear unfolding (S4).  
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Figure S2. Structural water molecules moving in between two β-strands 
comprising β-sheet motifs during a stepwise unfolding event. Displayed structures 
for lateral unfolding of the P2 (UPPER PANELS) and AP3 models (LOWER 
PANELS). For P2 scanning distances are 16 Å, 17 Å and 18 Å, left to right. For 
AP3, are 10Å, 11Å, and 12Å, left to right 5. 
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Figure S3. Snapshots along the stepwise unfold of the 22 amino acid long 3Turn 
model. The initial stage consists of the lateral unfolding at the N-terminal residues. 
As this β-strand is unfolded, a sheared unfold takes place, followed by a sudden 
rearrangement within the original β-sheet motif resulting in a shorter β-sheet, but 
with the same number of peptide strands. Displayed values mark the distances 
between the two terminal peptide bonds. 
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Figure S4. Conversion between W and LP phase energy landscapes during 
unfolding. By pulling the elongated part in the bulk protein environment, the 
system minimalizes the requested energy to convert from the bulk water 
(favorable) to the bulk protein (less favorable). LP environment shown as red, W 
as blue. 
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Figure S5. Top and side view of model 3Turn, with 9 water molecules 
coordinated on the protein motif representing the protein external surface – 
structural water interaction 
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Video SI_3Turn_9w_close (separate file). The stepwise scan on the unfolding 
of model 3Turn, with a setup that enables following the break-up of H-bonds and 
the melting of sheet strands 
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