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Figure S1. Workflow for PIEDA calculations and details on each of PIE terms that are computed.  The electrostatic component 
arises from the Coulomb interaction between polarized charge distributions of fragments. The exchange repulsion term is derived 
from the interaction between fragments situated in proximity and is always repulsive; it is due to the Pauli repulsion and is related 
to the overlap of two occupied orbitals. The charge transfer term arises from the interaction between occupied orbitals of a donor 
and unoccupied orbitals of an acceptor. The dispersion arises as the interaction between instantaneous dipole moments of two 
fragments, it is hydrophobic (non-polar) in nature and is obtained in PIEDA from the correlation energy of electrons. 
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Figure S2. FMO-PPI results are displayed both in terms of ΔPIE (A) and chemical factor f (B). The top-left and bottom-middle 
sections (highlighted in pink) show intramolecular interactions between residues of protein A and protein B, respectively. 
Duplicate intermolecular interactions were removed leaving the bottom-left corner empty. The top-middle section (highlighted 
in purple) represents intermolecular interactions between residues within protein A and residues within protein B. The quadrants 
on the right side show the water bridges between residues of protein A and B. Color coding indicates the ΔPIE (A) and f (B) values 
for each interaction. The white boxes represent the absence of a contact. 
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Figure S3. (A) the chemical character of the PPIs calculated with PIEDA for TEM1 in complex with BLIP. Heat map boxes are 
colored according to their 𝒇 (chemical) factor: from dark blue (100% dispersion contribution) to yellow (100% electrostatic). The 
absence of a contact is represented by a white box. (B) TEM1 in complex with BLIP F142A (PDB code 1S0W) superposed with the 
WT complex (PDB code 1JTG). The conformation of Y105 dramatically changed upon F142 mutation into alanine (indicated by the 
black arrow). The white boxes represent the absence of a contact. 
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Figure S4. The chemical character of the PPIs calculated with PIEDA for IFNα2 in complex with IFNAR2. Heat map boxes are 
coloured according to their f (chemical) factor: from dark blue (100% dispersion contribution) to yellow (100% electrostatic). The 
white boxes represent the absence of a contact.  
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Figure S5. The chemical character of the PPIs calculated with PIEDA for PTH1R in complex with ePTH. Heat map boxes are 
coloured according to their f (chemical) factor: from dark blue (100% dispersion contribution) to yellow (100% electrostatic). The 
white boxes represent the absence of a contact. 
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Figure S6. The chemical character of the PPIs calculated with PIEDA for LINK1 in complex with Cofilin-1. Heat map boxes are 
colored according to their f (chemical) factor: from dark blue (100% dispersion contribution) to yellow (100% electrostatic). The 
white boxes represent the absence of a contact. 
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Figure S7: (A-D) 2D structures of SOS1 binders, experimental data extracted from literature, compared together with the TIE 
(total interaction energy) values that were calculated by FMO for each SOS1-ligand complex. The most significant residues are 
enclosed in red boxes. (E) Correlation plot between experimentally measured pIC50 values6 and calculated by FMO TIEs. (F) Cor-
relation plot between experimentally measured6 and predicted (FMO based) pIC50 values.      
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Figure S8: (A) To date, SOS1 inhibitors have been designed only for Site 1. (B) SOS1-RAS in complex with fragment binder in Site 
2 (PDB 4URY) shows that molecular glues might be designed in a pocket between the two proteins, to stabilize the complex. (C) 
Crystal structure of KRAS G12D in complex with BI2852 (PDB 6GJ8), overlayed with the FMO-PPI results of SOS1-KRAS complex 
(PDB 6EPL). Carbon atoms of the ligand are coloured in green. (D) Crystal Structure of small molecule ARS-853 covalently bound 
to K-Ras G12C (PDB 5F2E), overlayed with the FMO-PPI results of SOS1-KRAS complex (PDB 6EPL). Surface of the Switch II loop 
is hidden. Carbon atoms of the ligand are coloured in green. 
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Figure S9: Crystal structure of CRBN-LVY-CK1 complex (PDB code 5FQD, CRBN and CK1 residues and ribbon coloured dark green 

and orange respectively, LVY carbons is coloured in light yellow). (A) Ligand binding pocket and key residues involved in LVY (yellow 

sticks) binding as detected by FMO. (B) Yellow dashed lines indicate water-bridges with 2049 HOH that stabilize the CRBN- CK1α complex. 
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Figure S10: (A) Overlay/comparison of crystal structures of apo CRBN (PDB code 3WX2, CRBN residues and ribbon coloured light 
green) and CRBN-LVY complex (PDB code 4TZ4, CRBN residues and ribbon coloured dark green, LVY carbons is coloured in light 
yellow). LVY binding induces a structural change in the flexible side of CRBN, whereas the rigid side (on the left) did not change 
conformation. (B) Overlay/comparison of crystal structures of CRBN-LVY c0mplex (PDB code 4TZ4, CRBN residues and ribbon 

coloured dark green, LVY carbons is coloured in light yellow) with CRBN-LVY-CK1 complex (PDB code 5FQD, CRBN and CK1 

residues and ribbon coloured dark green and orange respectively, LVY carbons is coloured in light yellow). Binding of CK1 to 
CRBN-LVY complex does not affect the CRBN structure and cause light shift in the position of the phthalimide ring of LVY. 
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Table S1: Comparison of the effects of different mutations on the BLIP and TEM1 binding affinity1, 2. 

Protein Mutation Protein-protein affinity* 

BLIP 

F36A ↓↓ 

H41A ↓↓ 

D49A  ↓ 

Y53A ↓ 

S71A ↓ 

K74A ↓↓ 

W112A ↓↓ 

S113A -- 

F142A ↓↓ 

Y143A ↓ 

H148A ↓↓ 

W150A ↓↓ 

R160A ↓ 

W162A ↓ 

TEM1 

Q99A ↓ 

V103A ↓ 

E104A ↓↓ 

P107A -- 

E110A ↓↓ 

M129A ↓ 

S130A ↓ 

K234A ↓ 

R243A ↓↓ 

 

* ↓↓, large decrease in binding affinity (change in binding energy with respect to WT higher than 10 kJ/mol); ↓, statistically signif-
icant decrease in binding affinity (change in binding energy with respect to WT between 1 and 10 kJ/mol); --, no statistically 
significant decrease in binding affinity (change in binding energy with respect to WT less than 1 kJ/mol). 
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Table S2: Comparison of the effects of different mutations on the IFNα2 and IFNAR2 binding affinity3. 

Protein Mutation Protein-protein affinity* 

IFNα2 

R12A ↓ 

L15A ↓ 

M16A -- 

R22A ↓ 

L26A ↓ 

F27A ↓ 

L30A ↓↓ 

R33A ↓↓ 

H34A ↓ 

D35A ↓ 

A145G ↓↓ 

M148A ↓↓ 

R149A ↓↓ 

S152A ↓ 

L153A ↓ 

N156A -- 

 

* ↓↓, large decrease in binding affinity (Kd WT/Kd mutant ratio lower than 0.1); ↓, statistically significant decrease in binding 
affinity (Kd WT/Kd mutant ratio between 0.1 and 0.7); --, no statistically significant decrease in binding affinity (Kd WT/Kd mutant 
ratio higher than 0.7). 
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Table S3: Comparison of the effects of different mutations on the PTH1R and ePTH binding affinity4. 

Protein Mutation Protein-protein affinity* 

PTH1R 

 

Y195A ↓↓ 

L232A -- 

R233A ↓↓ 

V235A -- 

L244A ↓↓ 

F288A ↓↓ 

W352A ↓ 

M445E/A ↓↓ 

N448D ↓↓ 

 

* ↓↓, large decrease in binding affinity (ΔpIC50 with respect to WT lower than -1); ↓, statistically significant decrease in binding 
affinity (ΔpIC50 with respect to WT between -1 and -0.5); --, no statistically significant decrease in binding affinity (ΔpIC50 with 
respect to WT higher than -0.5). 

 

Table S4: Comparison of the effects of different mutations on the LIMK1 and Cofilin-1 binding affinity5. 

Protein Mutation Protein-protein binding* 

Cofilin-1 K112D ↓↓ 

Cofilin-1 M115A ↓↓ 

Cofilin-1 S119M ↓↓ 

LIMK1 M516S ↓↓ 

LIMK1 DDKK** ↓↓ 

 

* ↓↓, large decrease in binding affinity (kinase assay signal of WT/signal of mutant higher than 5). 

**DDKK: D549KLIMK1 and D551KLIMK1 double mutation. 

 

Table S5: Total number of residues at the PPI interface for each protein-protein complex. 

  System (Protein A – Protein B) 
N. PPI residues at 
Protein A 

N. PPI residues at Pro-
tein B 

TEM1-BLIP 44 46 

IFNα2-IFNAR2 32 29 

PTH1R-ePTH 83 34 

LIMK1-Cofilin-1 37 27 
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