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Table S1. List of 20 class A receptors with inactive and active structures solved. 

Name Abbreviation Species 
PDB Entries 

Inactive Active 

Cannabinoid receptor 1 CB1 Human 5TGZ (Hua et al., 2016) 6KPG (Hua et al., 2020) 

Cannabinoid receptor 2 CB2 Human 5ZTY (Li et al., 2019) 6KPF (Latorraca et al., 2017) 

β2 adrenergic receptor β2AR Human 2RH1 (Cherezov et al., 2007) 3SN6 (Rasmussen et al., 2011) 

β1 adrenergic receptor β1AR Turkey 2VT4 (Warne et al., 2008) 7JJO (Su et al., 2020) 

Serotonin receptor 1B 5HT1B Human 5V54 (Yin et al., 2018) 6G79 (Garcia-Nafria et al., 2018b) 

Serotonin receptor 2A 5HT2A Human 6A94 (Kimura et al., 2019) 6WHA (Kim et al., 2020) 

Dopamine receptor D2 DRD2 Human 6CM4 (Wang et al., 2018) 7JVR (Zhuang et al., 2021) 

Dopamine receptor D3 DRD3 Human 3PBL (Chien et al., 2010) 7CMV (Xu et al., 2021) 

Histamine receptor H1 HRH1 Human 3RZE (Shimamura et al., 2011) 7DFL (Xia et al., 2021) 

Muscarinic acetylcholine receptor M1 M1 Human 5CXV (Thal et al., 2016) 6OIJ (Maeda et al., 2019) 

Muscarinic acetylcholine receptor M2 M2 Human 5ZK8 (Suno et al., 2018) 6OIK (Maeda et al., 2019) 

Adenosine receptor A1 A1 Human 5UEN (Glukhova et al., 2017) 6D9H (Draper-Joyce et al., 2018) 

Adenosine A2A receptor A2A Human 4EIY (Liu et al., 2012) 6GDG (Garcia-Nafria et al., 2018a) 

Prostaglandin E2 receptor EP4 EP4 Human 5YWY (Toyoda et al., 2019) 7D7M (Nojima et al., 2021) 

Rhodopsin RHO Bovine 1U19 (Okada et al., 2004) 6OYA (Gao et al., 2019) 

Melanocortin receptor 4 MC4R Human 6W25 (Yu et al., 2020) 7AUE (Israeli et al., 2021) 

Neurotensin receptor type 1 NTSR1 Rat 6ZIN (Deluigi et al., 2021) 7L0P (Zhang et al., 2021) 

Mu-type opioid receptor OPRM Mouse 4DKL (Manglik et al., 2012) 6DDF (Koehl et al., 2018) 

C-X-C chemokine receptor type 2 CXCR2 Human 6LFL (Liu et al., 2020) 6LFM (Liu et al., 2020) 

G protein-coupled receptor 52 GPR52 Human 6LI1 (Lin et al., 2020) 6LI3 (Lin et al., 2020) 
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Supplementary Figures 

 

Figure S1. Distribution of TM3-TM6 and Y5.58-Y7.53 in MD simulations. A. Schematic diagram 
of β2AR deactivation process, showing time scales of transitions (based on results from (Dror et al., 
2011)). B-C. Results of our simulations of apo CB1 starting from active state: B. run 2, with local 
movement of the cytoplasmic part; C. runs 1 and 3, remaining active. 
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Figure S2. F2003.36/W3566.48 side-chain conformations during MD simulations of apo CB1 
starting from active state in runs 1 and 3 (additional information for Figure 2C). Left panel: 
Distribution of dihedral angles. Right panel: F2003.36 χ1 and W3566.48 χ2 during simulation. 
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Figure S3. MD simulation results of CB1 double-mutant F200A/W356A starting from active 
state (additional information for Figure 3B). Indicators for movements at different parts of CB1 in 
run 2, showing deactivation transitions started at the cytoplasmic end and finalized at the 
extracellular end. The two N-terminal indicators could not be measured in the active structure 
because F102N-term was not solved. 
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Figure S4.  F2003.36/W3566.48 side-chain conformations during MD simulations of CB1 bound 
with THC and CP55,940 (additional information for Figure 4). A. Movements of F2003.36 and 
W3566.48 in THC-bound CB1 run 2. Left panel: Distribution of dihedral angles showing 
configurations of F2003.36/W3566.48. Right panel: F2003.36 χ1 and W3566.48 χ2 during simulation. B. 
Distribution of dihedral angles of F2003.36/W3566.48 in THC-bound CB1 runs 3–5. C. Distribution of 
dihedral angles of F2003.36/W3566.48 in CP55,940-bound CB1 runs 1–5. 
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Figure S5. F2003.36/W3566.48 side-chain conformations during MD simulations of CB1 bound 
with neutral antagonist O-2050. A. Fluctuations of F2003.36 and W3566.48 side-chains were captured 
in run 3. B. Movements of F2003.36 and W3566.48 in run 3. Left panel: Distribution of dihedral angles 
showing configurations of F2003.36/W3566.48. Right panel: F2003.36 χ1 and W3566.48 χ2 during 
simulation. C. Distribution of dihedral angles of F2003.36/W3566.48 in O-2050-bound CB1 runs 1 and 
2. 
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Figure S6. F2003.36/W3566.48 side-chain conformations during MD simulations of CB1 bound 
with full agonists, HU-210 (A), WIN55,212-2 (B), and JHW-018 (C). 
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Figure S7. F2003.36/W3566.48 side-chain conformations during MD simulations of CB1 bound 
with inverse agonists, AM6538 (A) and taranabant (B). 
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Figure S8. CB2 and CXCR2 do not have 'twin toggle switch' of F3.36/W6.48. 
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Figure S9. 7 × 7 RMSD matrices of inactive/active structure pairs for 16 class A GPCRs 
(additional information for Figure 5C). 

 


