Supporting Information

for “Accelerated Molecular Dynamics Simulations of Ligand Binding to a Muscarinic G-protein Coupled Receptor” by Kalli Kappel, Yinglong Miao and J. Andrew McCammon.
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(Å



)



0 200 400 600 800 1000
0



5



10



15



20



25



30



35



40



0 50 100 150 200
0



5



10



15



20



25



30



35



40



0 50 100 150 200
0



5



10



15



20



25



30



35



40



A
R



c
R



M
S



D
(Å
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(Å



)



0 50 100 150 200
Simulation 2 Time (ns)



0



5



10



15



20



25



30



35



40



0 50 100 150 200
Simulation 3 Time (ns)



0



5



10



15



20



25



30



35



40











Figure S1. RMSDs for each ligand (four per simulation) relative to the crystal structure for TTP or the top ranked docking pose for ARc and ACh. The ligand is bound to the receptor at RMSD values lower than approximately 20Å.
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Figure S2. (A) The three most populated ACh binding clusters in the Anton conventional MD simulation of the M3 receptor are shown in blue, gray and purple, respectively. (B) Time evolution of ACh movement among the three clusters during the conventional MD simulation. Key residues interacting with ACh are shown for (c) Cluster C, (d) Cluster B, and (e) Cluster A.
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Figure S3. The time evolution of the clusters for the 200 ns aMD simulation in which ACh bound briefly twice to the receptor. 

	
	TTP
	ARc
	ACh

	Cluster 1
	11.8
	17.2
	22.7

	Cluster 2
	11.6
	12.9
	12.4

	Cluster 3
	5.1
	7.1
	11.5

	Cluster 4
	4.8
	6.7
	9.4

	Cluster 5
	3.6
	6.1
	7.5

	Cluster 6
	3.1
	4.6
	3.9

	Cluster 7
	3.1
	3.9
	3.6

	Cluster 8
	2.0
	3.2
	2.9

	Cluster 9
	1.7
	3.1
	2.8

	Total (Sum of the top 9)
	45.1
	61.7
	74.0


Table S1. Percentage of all bound frames that compose the clusters. All nine clusters for each ligand are bound inside the protein (rather than on the surface).  ADDIN EN.REFLIST 
	
	Minimum
	Cluster A
	Cluster B
	Cluster C

	ARc
	2.20
	4.14±0.55
	8.21±1.4
	12.78±0.80

	ACh
	1.13
	4.14±0.51
	5.12±0.77
	11.00±0.61

	Anton ACh
	0.83
	2.54±0.78
	6.44±0.71
	9.83±0.80

	TTP
	7.86
	15.27±0.62
	16.69±0.74
	13.48±0.73

	Anton TTP
	12.65
	16.16±0.51
	20.66±0.66
	14.87±0.53


Table S2. Minimum and average RMSD in angstroms (± standard deviation) of the diffusing ligands in simulation clusters relative to the ligand docking pose in the orthosteric site (ACh and ARc) or the X-ray crystal structure (TTP). 

	TTP
	Cluster A 
(Cluster 1 by population)
	F1242.60, Y1272.63, W133ECL1, W1433.28, E2194.99, C220ECL2, F221ECL2, I222ECL2, L225ECL2, N5136.58, S518ECL3, K5227.32, W5257.35, N5267.36

	
	Cluster B 
(Cluster 2 by population)
	Y1272.63, W1433.28, F221ECL2, L225ECL2, N5136.58, K5227.32, W5257.35, N5267.36

	
	Cluster C 
(Cluster 3 by population)
	F1242.60, Y1272.63, W133ECL1, W1433.28, E2194.99, C220ECL2, F221ECL2, I222ECL2, L225ECL2, V5106.55, N5136.58, T5146.59, K5227.32, W5257.35, N5267.36

	ACh
	Cluster A 
(Orthosteric Binding Site; Cluster 2 by population)
	Y1483.33, S1513.36, V1553.40, F2395.47, W5036.48, Y5066.51

	
	Cluster B 
(Cluster 3 by population)
	L1443.29, D1473.32, I222ECL2, Y5066.51, Y5297.39, Y5337.43

	
	Cluster C 
(Cluster 1 by population)
	F1242.60, Y1272.63, W1433.28, L1443.29, D1473.32, C220ECL2, N5267.36, Y5297.39

	ARc
	Cluster A 
(Orthosteric Binding Site; Cluster 1 by population)
	D1473.32, Y1483.33, S1513.36, Y5066.51, Y5297.39, C5327.42, Y5337.43

	
	Cluster B 
(Cluster 3 by population)
	W1433.28, D1473.32, Y1483.33, Y5297.39, Y5337.43

	
	Cluster C 
(Cluster 2 by population)
	F1242.60, Y1272.63, I1282.64, A134ECL1, W1433.28, N5267.36, Y5297.39, Y5337.43


Table S3. List of key receptor residues surrounding each of the three most populated ligand clusters, in contact with the ligand (5.0Å cutoff) for at least 90% of the cluster frames. Residues shown in the figures are bolded.
	
	Sidechain Dihedrals of Surrounding Residues
	Cluster A
	Cluster B
	Cluster C

	TTP
	χ1 
	F1242.60 (-154), Y1272.63 (163), W133ECL1 (-159), W1433.28 (-172), E2194.99 (-72), F221ECL2 (-132), L225ECL2 (-91), N5136.58 (-156)
	Y1272.63 (169), W1433.28 (-179), F221ECL2 (-167), L225ECL2 (-67), N5136.58(-153)
	F1242.60 (-163), Y1272.63 (162), W133ECL1 (-157), W1433.28 (-173), E2194.99 (-69), F221ECL2 (-93), L225ECL2 (-73), V5106.55 (177), N5136.58 (-156)

	
	χ2
	W133ECL1 (-98), N5136.58 (38), N5267.36 (-27)
	N5136.58 (25)
	W133ECL1 (-94), N5136.58 (36), N5267.36 (-11)

	ACh
	χ1
	Y1483.33 (-162), S1513.36 (60), V1553.40 (171), Y5066.51 (-179)
	Y1483.33 (-136), Y5066.51 (177)
	F1242.60 (-172), Y1272.63 (177), W1433.28 (-173), D1473.32 (-163)

	
	χ2
	Y5066.51 (-111)
	-
	W1433.28 (19), Y5297.39 (-92)

	ARc
	χ1
	D1473.32 (-163), Y1483.33 (-86), Y5066.51 (179)
	W1433.28 (-179), Y1483.33 (-89)
	F1242.60 (-179), Y1272.63 (-78), W1433.28 (-172), Y1483.33 (-164)

	
	χ2
	​​-
	-
	W1433.28 (-101), N5267.36 (-93), Y5297.39 (-55), Y5337.43 (-43)


Table S4. Receptor residues, of all those listed in Table S2, with χ1 and χ2 angles that differ significantly from the crystal structure (the crystal structure value does not fall within two standard deviations of the mean). Average dihedral values, in degrees, for simulation frames in the indicated clusters are given in parentheses. 
	
	Sidechain Dihedrals of Surrounding Residues
	Different between

Cluster A/Cluster B
	Different between Cluster B/Cluster C
	Different between Cluster A/Cluster C

	TTP
	χ1 
	-
	-
	-

	
	χ2
	F1242.60
	-
	-

	ACh
	χ1
	-
	-
	-

	
	χ2
	-
	-
	Y5297.39

	ARc
	χ1
	-
	Y1272.63, D1473.32, Y1483.33
	Y1272.63, D1473.32, Y1483.33, C5327.42

	
	χ2
	-
	W1433.28, Y5297.39
	W1433.28, Y5337.43


Table S5. Receptor residues, of all those listed in Table S2, with significantly different χ1 and χ2 angles between clusters (each value does not fall within one standard deviation of the other). 
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