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Figure S1. Sequence identity and similarity among the opioid receptors (On the left identity, on the right 

similarity. Values were measured for the truncated sequences corresponding to residues 35 to 330 of the 

NOP receptor. The darker the box, the higher the identity or similarity. 

  



 

 

 
 

Figure S2: Docking of HS-731 to the inactive NOP receptor. Top: Implausible HS-731 confirmation from 

unsuccessful docking experiments in PDB-ID 5DGH explaining experimental results. Bottom: Co-

crystallized antagonist C-35 from 5DGH illustrating a plausible binding mode for this compound class for 

comparison. Blue stars indicate positive charge interactions, yellow spheres lipophilic contacts, green 

arrow hydrogen bond donors and red arrows hydrogen bond acceptors. Water molecules are depicted as 

red spheres. 

  



 

 

 
 

Figure S3. Root mean square deviation of HS-731 in complex with the MOR over the simulation time. 

  



 

 

 
 

Figure S4. Root mean square deviation of the MOR backbone atoms in complex with HS-731 over the 

simulation time. 

  



 

 

 

 
 

Figure S5. Root mean square deviation of HS-731 in complex with the DOR over the simulation time. 

  



 

 

 
 

Figure S6. Root mean square deviation of the DOR backbone atoms in complex with HS-731 over the 

simulation time. 

  



 

 

 
 

Figure S7. Root mean square deviation of HS-731 in complex with the KOR over the simulation time. 

  



 

 

 
 

Figure S8. Root mean square deviation of the KOR backbone atoms in complex with HS-731 over the 

simulation time. 

  



 

 

 
Figure S9. Comparison of the binding modes of HS-731 at the MOR derived by docking (A) and after 

molecular dynamics (MD) simulations (B-F). The order of the five MD simulation replicas is the following: 

(B) MD0, (C) MD1, (D) MD2, (E) MD3, and (F) MD4. 



 

 

 
Figure S10. Comparison of the binding modes of HS-731 at the DOR derived by docking (A) and after 

molecular dynamics (MD) simulations (B-F). The order of the five MD simulation replicas is the following: 

(B) MD0, (C) MD1, (D) MD2, (E) MD3, and (F) MD4. 



 

 

 
Figure S11. Comparison of the binding modes of HS-731 at the KOR derived by docking (A) and after 

molecular dynamics (MD) simulations (B-F). The order of the five MD simulation replicas is the following: 

(B) MD0, (C) MD1, (D) MD2, (E) MD3, and (F) MD4. 



 

 

 
Figure S12. Ionic interaction distances. (A) Distances between R291ECL3 (Cz, DOR) or K200ECL2 (KOR) and 

the carboxylate moiety of HS-731. (B) Distances between E209ECL2 (Cd, KOR) and the secondary amine of 

HS-731. Dashed lines represent quantile. The width of the plot corresponds to the frequency of the 

measured distance. 

 

 

 

 

 

 



 

 

 
Figure S13. Comparison between the active state KOR (PDB-ID: 6B73, grey) and the intermediate state KOR 

(turquoise). An intermediate state KOR conformation shown is an example of an ensemble of intermediate 

state conformations. The intermediate state is characterized by a decreased TM6 outward movement. A) 

Extracellular view. B) Interaction between E2976.58 and K2275.39. An ionic interaction is only detectable in the 

intermediate state KOR but not in the active state KOR. C) Transmembrane view. Upper square depict the 

location of the ionic interaction also shown in B. D) The intermediate state KOR shows a pronounced 

inward movement of TM6 while the active state KOR exhibit a TM6 outward movement. 


