
Supplemental Data 

Molecular Pharmacology 

 

The molecular basis of oligomeric organization of the human M3 muscarinic 

acetylcholine receptor  

María José Varela Liste, Gianluigi Caltabiano, Richard J. Ward, Elisa Alvarez-Curto, 

Sara Marsango and Graeme Milligan 

 

 

 

Molecular Pharmacology Group, Institute of Molecular, Cell and Systems Biology, 

College of Medical, Veterinary and Life Sciences, University of Glasgow, Glasgow 

G12 8QQ, Scotland, United Kingdom (MJVL, GC, RJW, EA-C, SM, GM), and 

Laboratori de Medicina Computacional, Unitat de Bioestadística, Facultat de Medicina, 

Universitat Autònoma de Barcelona, 08193 Bellaterra, Spain (GC) 

 

 

 

 

 

 

	   	  



Tetramer models were constructed to explore potential consistency with the 

experimental results that showed specific roles of residues from both TMD VI and 

TMD VII. The organization of the potential tetramers was manually arranged to involve 

these helices as no crystal structures of tetramers are yet available.  

 

	  
	  
Supplementary Figure 1: The upper panel shows a ‘rhombic’-shaped tetramer model 

developed using two TMD I-helix VIII dimeric units (ß1-adrenoceptor-like (Huang et al., 

2013)). These were arranged as rigid bodies, based on overall complementarity of shape, to 

maximize the buried interface and to avoid helices contacts and then refined based on 

experimental data from the mutagenesis studies. Tetramer construction was further adjusted in 

order to allow two heterotrimeric G proteins in their nucleotide-free form to bind the most 

external monomers of the hM3R tetramer (lower panels). Docking of the heterotrimeric G 

proteins is based on β2-adrenoceptor complexed with nucleotide free Gαs (PDB code :3sn6). See 

text and Figure 13 for detailed information about this model. 
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Supplementary Figure 2: The upper panel shows a ‘rhombic’-shaped tetramer model 

developed using two TMD V-TMD VI dimeric units (as observed for the µ-opioid receptor 

(Manglik et al., 2012)). These were arranged as rigid bodies, based on overall complementarity 

of shape, to maximize the buried interface and to avoid helices contacts. This model could not 

account for the data with mutants in TMD VI (I502A,I509A VSV-SNAP-hM3R) and in TMD 

VII (L532A,I535A VSV-SNAP-hM3R) which show reduced htrFRET. Although these residues 

lie in the potential buried surface (black ellipse) the distance between the pair of dimers is high 

in such a configuration (>12.5 Å compared to ≈9Å within the tetramers based on TMD I-helix 

VIII dimers (see Figure 13 and Suppl Figure 1). This distance is too large even for a 

cholesterol-mediated interaction. Moreover this arrangement cannot account for the results with 

the TMD I mutant L80A,I83A,I84A,I87A VSV-G-SNAP-hM3R or the helix VIII mutants 

(Figures 7 and 9), as in this configuration these regions lie far from any other protomer (black 

circle). Furthermore, C-terminal residues following helix VIII would clash with internal loop 2 

(IL2) of the other dimer because helix VIII in this model is facing IL2, leaving no space for any 

other residues. Lower panels show possible interaction of the two dimers with two copies of 

Gq, based on the structure of the β2-adrenoceptor complexed with nucleotide free Gαs 

(Rasmussen et al., 2012) 
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Supplementary Figure 3: The upper panel shows a ‘rhombic’-shaped tetramer model 

developed using two TMD IV-TMD V dimeric units (as observed in the turkey ß1-adrenoceptor 

(Huang et al., 2013)). These were arranged as rigid bodies, based on overall complementarity of 

shape, to maximize the buried interface and to avoid helices contacts. A tetramer based on this 

arrangement which also involves residues from TMD VI and TMD VII as the tetramer interface 

could not a) simultaneously host two heterotrimeric G proteins in their nucleotide-free form due 

to steric clashes between the GαqAH domains (lower panels, note black circles) which, as 

observed in β2-adrenoceptor complexed with nucleotide free Gαs (PDB code :3sn6) and as 

reported by Van Eps et al. (2011) in the GαiAH domain of the Gαi subunit, undergoes a large 

rigid-body displacement with respect to its non-coupled GTP-bound form (Sunahara et al., 

1997). Thus, the nucleotide free G protein requires extra space compared to the GTP-bound 

conformation. Furthermore, b) this model failed to account for any role of TMD I or helix VIII 

in dimer and/or tetramer formation. 
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