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MOP and HMP binding modes selected from docking. We selected the ligands’ binding 
modes that on the one hand resemble as close as possible the mode of the structurally similar 
β-FNA in the X-ray structure [1]. On the other hand, the selected modes form direct contacts 
with most (8 out of 9) residues that play important roles in MOP binding, as identified by 
molecular biology experiments (Table S1, Fig. S1). In particular, both agonists form a salt-
bridge with D147 and water-bridged H-bond interactions with H297, consistently with the 
fact that residues D147 and H197 have been found to be crucial for ‘anchoring’ opioids in the 
µOR binding pocket [2, 3]. The only residue not in contact with the ligands is H319, which is 
located relatively far from the binding pocket. The fact that H319A mutation reduces 
drastically MOP binding [4] likely indicates indirect contribution of H319 to binding the 
agonist. In the X-ray structure, similarly, H319 side chain points outward the binding pocket 
without direct interaction with β-FNA [1]. Finally, our selected binding modes resemble 
closely to that found in previous µs-scale MD simulations of the MOP-µOR complex [5].   
 
Table S1: Key residues for binding MOP identified by site-directed mutagenesis in human, 
mouse or rat µOR a.  

 Wild-type Mutants 

Ref. [6] 19.6±3.0 
W318L W318K   

89.0±19.0 187.0±85.0   

Ref. [2] 20.0±3.5 
Y326F H297A  

118.9±23.0 Nearly no binding  

Ref. [7] 0.81±0.07 
M151S W293H D147A I296A 

63.1±16.3 15.1±2.5 4.7±0.8 4.1±0.7 

Ref. [4] 9.6±3.2 
Y148F H319A   

29.3±9.0 100.0±10.0   
The binding affinities are given in nanomolar together with standard errors. 
a Mouse and rat µOR are very similar. They share 94% and 98% sequence identity with human µOR, 
respectively (sequence information from www.uniprot.org). 
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Fig. S1. The best binding mode of (A) MOP and (B) HMP in the orthosteric site of µOR from 
the extracellular view (left) and the side view (right). The receptor is shown in gray cartoon. The 
ligands and key binding-site residues are shown in ball-and-stick and licorice, respectively. Green and 
magenta dashed lines indicate H-bonds and salt-bridges, respectively. H297 is monoprotonated at the 
Nε atom. 
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