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Figure S1. Per residue N/OFQ(1-13)-NH2 Cɑ atoms RMSF profile calculated for the three MD 

replicas (A) run1, blue box; B) run2, green box; C) run3, orange box). N/OFQ(1-13)-NH2 

functional division in different domains is highlighted in the graphs with different colours as 

follows: magenta, message; green, hinge; purple: address. domain).  
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Table S1. Median hydrophobic contact (shades of red), hydrogen bond (shades of blue), and salt 

bridge (shades of green) scores computed for each N/OFQ(1-13)-NH2 trajectory with PyContact. 

Only median scores exceeding 1 were reported, as they indicate a stable interaction over time. For 

the interaction between positively charge peptide N-terminus and D130 side chain (N-ter/D130) 

only the hydrogen bond contribution was considered, as PyContact is unable to detect salt-bridges 

involving groups other than standard protein charged side chains.  
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Table S2. MM/PBSA values and standard deviations of each run of the N/OFQ(1-13)-NH2, 

RBM01, RBM03, MBM04, MBM05 systems, calculated using the MMPBSA.py script 

implemented in the AmberTools24 package. Lowest MM/PBSA values detected among the three 

runs of each system are in bold.  
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Figure S2. Binding modes obtained by docking the ligands (R)-Ro65-6570 (A: RBM01, cyan 

sticks; and B: RBM02, tan sticks) and MCOPPB (C: MBM01, yellow sticks; and D:  MBM02, red 

sticks) in the “8F7X_mod” structure (green ribbons). The residues surrounding the ligands are 

depicted with green sticks.  
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Table S3. Tanimoto similarity coefficients calculated between the reference ligands ((R)-Ro65-

6570 and MCOPPB) and the three small molecule NOP antagonists C-24, C-35 and SB-612111 

(PDB IDs of the antagonist-NOP complex: 4EA3, 5DHG and 5DHH, respectively).  The Tanimoto 

coefficients were computed using the similarity search Node available in Knime and are based on 

MACCS Fingerprint. The highest value for each ligand, corresponding to the closest chemical 

similarity, is highlighted in green. 
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Table S4. Median hydrophobic contact (shades of red) and hydrogen bond  (shades of blue) scores 

computed for each RBM01 and RBM03 trajectory with PyContact. Only median scores exceeding 

1 were reported, as they indicate a stable interaction over time. For each run, the corresponding 

scores were calculated separately for the ligand functional groups, namely: the acenaphthenyl 

group, the phenyl ring, and the positively charged nitrogen of the 1,4-disubstituted piperidine (N+ 

moiety). For the interaction between the positively charged ligand nitrogen (N+) and the receptor 

D130 side-chain, only the hydrogen bond contribution is considered, as PyContact is unable to 

detect salt-bridges involving groups other than standard protein charged side chains. 
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Figure S3. χ1 and χ2 dihedral angle definitions for the W2766x48 residue with corresponding 

angle values and conformer definitions. 
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Table S5. Median hydrophobic contact (shades of red) and hydrogen bond (shades of blue) scores 

computed for each MBM04 and MBM05 trajectory with PyContact. Only median scores 

exceeding 1 were reported, as they indicate a stable interaction over time. For each run, the 

corresponding scores were calculated separately for the ligand functional groups, namely: the 

methyl-cyclo-octyl group, the phenyl ring, the positively charged nitrogen of the 3-

monosubstituted piperidine (N+ Side Moiety), and the positively charged nitrogen of the 1,4-

disubstituted piperidine (N+ Moiety). For the interactions between the positively charged ligand 

nitrogen atoms and the receptor D130 side-chain, indicated as N+/D130 and N+ Side/E199, 

respectively, only the hydrogen bond contribution is considered, as PyContact is unable to detect 

salt-bridges involving groups other than standard protein charged side chains.  
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Figure S4. Final binding modes proposed for (R)-Ro65-6570 (RBM03; panels A and C, green 

sticks) and MCOPPB (MBM05; panels B and D; orange sticks). The receptor residues are coloured 

according to the type of interaction established with the ligand (yellow: salt bridges; blue: 

hydrogen bonds; salmon: hydrophobic interactions). Charged groups of both receptor and ligand 

are highlighted with a yellow sphere, salt-bridges and hydrogen bonds are represented with green  

and blue dashed lines, respectively. In panel C and D, TM7 was omitted for a better ligand 

visualization. 
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Table S6. Details of the N/OFQ(1-13)-NH2, MBM04, MBM05, RBM01, and RBM03 Molecular Dynamics systems. For each system, 

the following parameters are specified: termini capping (blue and red for the N- and C-terminus, respectively), residue number on which 

disulfide patches were applicated (mustard), simulation cell dimensions (light-blue), number of lipids in the upper and lower leaflets 

(orange), ions (green), and water molecules and total atoms count (purple). 

 



S13 

 

HPLC chromatograms of in house synthesized NOP agonists 
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