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Figure S1: RMSD of the M1 Receptor in M1:Gaq complex for 4x500ns MD simulations.
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Figure S2: RMSD of the M1 Receptor in M1:Gai complex for 4x500ns MD simulations.
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Figure S3: RMSD of the M2 Receptor in M2:Gaq complex for 4x500ns MD simulations.
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Figure S4: RMSD of the M2 Receptor in M2:Gai complex for 4x500ns MD simulations.



Domains M1R M2R
™M1 23-52 21-50
T™M2 59-87 57-85
T™M3 95-128 93-126
TM4 139-163 137-161
TM5 184-217 182-215
TM6 358-390 380-412
TM7 395-421 417-443

1.50 Residue N43 N41

2.50 Residue D71 D69

3.50 Residue R123 R121
4.50 Residue W150 w148
5.50 Residue P200 P198
6.50 Residue P380 P402
7.50 Residue P415 P437

Table SO: The residue numbers for the TM domains for the two receptors are shown along with
the most conserved residue in each TM domain that defines the Ballesteros-Weinstein
numbering scheme, useful for comparing different receptors [1].



| Hydrogen bonds | | Residues in M1(AALS)/M2(VTIL) motif |

| Key M2 interaction |

Key M1 interaction I

[ Common across all systems |

M1:Gq M2:Gq M1:Gi M2:Gi
BW GN [ Pop BW GN | pop BW GN | Pop BW GN | Pop
ARG123**° TYR356°'°% 99% | ARG121**° TYR356°"™”° 94% | ARG123**° (Cv$352°"°%  73% | ARG121>*° (Cvs$352°"°%  87%
SER126>  ASN352°"°%°  77% | cys124®>® ASN352°"°1°  84% | SER126>%® ASN348°"'° 89% | cvys124®*® ASN348°"°'°  96%
LYS362°%2  VAL359°"%  92% | Lvys384°%% vAL359°"™%° 81% | Lvs362°%? PHE355%"°%° 91% | Lvs384°%2 PHE355%"°% 68%
ALA363%%® LEU358°"°% 89% | VAL385°%® LEU358°"™°* 86% | ALA363°* LEU354°™% 76% | VAL385%*® LEU354°"°%  71%
VAL127*%*  LEU349°"™1®  83% [ vAL125%** LEU349°™¢ 76% | VAL127°°* 1LE345°">'¢  76% | VAL125%°* ILE345°"°1®  47%
THR366°%° LEU358°"™% 60% | THR388%*® LEU358°"*% 79% | THR366°%° LEU354°™% 53% | THR388%* LEU354°"% 70%
CYs4217°°  ASN357°"2% 78% | Cvs4437°® ASN357°"** 77% | cvs4217%°  GLY353°"°**  38% | cvs4437°® GLY353%"°%*  48%
SER126>**  TYR356°"™ 99% [ cvs124>*® TYR356°"°% 98% 0% | cvys124**  cvs352%5%2  42%
PRO130'? ASN348°">*° 32% | PRO128'® ASN348°"™"> 85% | PRO130'? ILE344°™" 68% | PRO128'? ILE344°™"  46%
LYS362°3  LEU358%"™% 61% | LYS384°%% LEU358°™% 81% | LYS362°% LEU3545"™%  44% | Lvys384%*? LEU354°M%  32%
PRO130'® ASN352°""° 29% | PRO128'® ASN352°"*" 53% | PRO130'? ASN348°'*"® 56% | PRO128'® ASN348°"*"° 64%
THR215>%  LEU353°"™?°  63% | SER213**® LEU353°"™?° 50% | THR215>% LEU349%"°%° 74% 0%
THR366°*° ASN357°"°?*  71% | THR388%%® ASN357°"°?* 52% | THR366°* GLY353%"*** 60% 0%
LEU367%%7 LEU358%"5%°  27% | ILE389%%7 LEU358°"™% 49% | LEU367%%7 LEU354%M%* 52% | ILE389°%  LEU354°™%  51%
0%

ASN422™®  GLU355°H52  81% 0% | AsN422°™F Asp3516M2  72% 0%
PRO130'® LEU349°"*1¢  25% 0% | PRO130'? ILE345°"5'®  74% | PRO128'“  ILE345°M516  47%
ALA135'?  ARG37°"™'?  20% 0% | ALA135'? ALA31°"™'? 56% | VAL133'® ALA31%"™'?  50%
ARG134'“  ASN352°"%°  64% 0% | ARG134'* ASN348°"™° 24% | PRO132' ASN348%M1° 34%
VAL127>**  LEU353%"%%°  32% 0% | vAL127>**  LEU349°M52°  35% | vAL125%%* LEU349°"% 53%
THR218%%® LEU349%"™1¢ 37% 0% | THR218>%® ILE345%"5%¢  78% 0%
THR218>%® ASP346°™ 40% 0% | THR218>%® AsP342°"™*B 73% 0%
ALA135'?  ARG38%H™'3? 55% 0% | ALA135'? ARG32°H™'3  54% 0%
ILE211>%"  LEU358%™%  38% 0% | 1E211>*"  LEU354°"*%  59% 0%
0% | ARG381%%° GLN350%"*"7 86% 0% 0%

ARG134'“  |LE348%™  29% 0% | ARG134'® I1LE344°"*"  53% 0%
0% | VAL385°% VAL359°"%* 55% 0% | VAL385°% PHE355°"*%° 26%

0% | ASN444“™ ASN357°"5**  76% 0% 0%

0% | ASN444a“™ GLU355%"*%*  75% 0% 0%

0% 0% 0% | LYS214>%° AsP342°"°®  74%

o% 0% o% Lys134ICZ GLUZSG.HN.SZ 73%

0% | ARG381%%° AsSP346°" 73% 0% 0%

0% 0% | ARG134'® ALA31°"™'?  57% 0%

Table S1: Receptor—G-protein noncovalent interactions in the four receptor—G-protein complexes. Residue names and
numbers are followed by their Ballesteros-Weinstein numbers for GPCRs [1], common Ga. numbering system for Go. protein

residues [2] and % of the 2 ps simulation time that those interactions are observed.



_ | From Literature | I M2 Unique
M1 Systems M1:Gq | M1:Gi M2 systems M2:Gq | M2:Gi

ASP| 71 | *°° | SER| 411 | "¢ | 84% 94% |ASP| 69 | **° | SER[433| 7“¢| 91% 94%
GLN| 110 3% [TRP| 157 | 7 | 93% 84% |ASN| 108 | *% | TRP[155| **7 | 89% 72%
THR| 39 | ¢ | THR| 412 | 4" | 87% 88% |THR|[ 37 | *%° [THR[434| 77 | 78% 75%
GLN| 110 3% | SER| 153 | *3* | 80% 77% |ASN| 108 | 37 | SER| 151 | #53 | 82% 88%
SER| 78 | 27 | ASP| 105 | 332 | 79% 78% | SER| 76 | 257 | AsP| 103 | 32 | 82% 86%
ASN| 43 | “° | ALA| 68 | 24| 73% 81% |[ASN| 41 [ **° [ALA[ 66 | 247 | 74% 92%
TYR| 106 | >3* | TRP| 157 | **7 | 84% 76% | TYR| 104 | 333 [TRP| 155 | “*7 | 82% 76%
SER| 36 | 3 [ASN| 80 | >*° | 68% 71% | SER| 34 | ¥ [ASN| 78 | 2*° | 80% 97%
PHE| 125| %2 | TYR| 133 | '“? | 95% 55% |PHE[123| *2 [TYR| 131 | '“* | 85% 81%
TYR| 85 | 2%4| cys| 177 | | 64% 74% | TYR| 83 | 2% [ cys| 176 | | 92% 85%
PHE| 121 | 3% | LEU| 207 | >*7 | 71% 79% |PHE| 119 *® [ LEU| 205 | >*7 | 80% 79%
ALA | 111 | 338 [ SER[ 153 | *%3 | 77% 77% | ALA| 109 | 38 | SER| 151 | #53 | 78% 77%
SER| 66 | 2% | ASN| 115 | 342 | 74% 82% |SER| 64 | 2% [ASN|[113| 34| 70% 82%
ASN| 43 | Y0 | ASP| 71 | 20| 79% 74% |ASN| 41 | 50| AsP| 69 | 2°°| 82% 71%
cys| 98 | [ cys|178| 2| 86% 79% |cys| 96 | ** | cys| 176 | 2| 70% 68%
ALA| 111 >3 | TRP[ 150 | **° | 64% 73% | ALA| 109 | 338 [ TRP| 148 | “° | 84% 81%
ASP| 99 | *2° | ARG| 171 | 2| 83% 58% | AsP| 97 | *?° [ARG| 169 | * | 85% 72%
ASP| 122 | 34 | TYR|[ 133 | '“* | 66% 89% |ASP|120( 3 | TYR[131| ' | 78% 66%
TYR| 208 | >%8 [ LEU [ 367|637 | 71% 69% |TYR([206 | > [ ILE [389|637| 76% 81%
VAL| 107 | 3% | SER|[ 153 | **3 | 64% 74% |VAL| 105 334 [ SER| 151 | **3 | 76% 82%
LEU| 81 | 2% [ TRP[ 101 | 32| 65% 80% |[LEU|[ 79 | 2% [TRP[ 99 | 328 | 74% 78%
TYR| 106 33 | TYR| 381 ' | 57% 86% |TYR|[ 104 33 [TYR[403| 5| 68% 82%
TRP [ 377 | &7 [ASN| 410 | 7* | 80% 61% |THR|399 | 47 |ASN| 432 | 74| 66% 83%
TYR| 106 | 33 | ILE | 180 | B2 | 77% 81% |TYR|[ 204 >3 [ ILE [ 178 2| 60% 70%
SER| 78 | 257 [TRP| 101 | 3% | 71% 52% |SER| 76 | 57 [ TRP| 99 | 3% | 83% 77%
SER| 36 | ¥ [GLY| 75 | 2| 56% 78% |SER| 34 | ¥ [GLY| 73 | >**| 69% 79%
PHE| 197 | >¥ | TRP| 379 | ®*¢ | 80% 65% |PHE|195| >4’ [ TRP| 400 | ®* | 70% 64%
LEU | 183 | ¥ | THR| 189 | >* | 56% 74% |PHE| 181 | B2 [THR| 187 | >¥ | 71% 79%
TYR| 124 35t | LEU| 207 | 57 | 79% 67% |TYR| 122 5 | LEU| 205 | >7 | 61% 71%
TYR | 124 | 5! | ARG| 210 | *%° | 71% 65% | TYR| 122 ! |HSD| 208 | >%° | 72% 70%
ASN| 43 | 10 |pRO| 415| 7*° | 73% 75% |ASN| 41 | 250 |pRO| 437 | 75°| 67% 60%
PHE| 63 | 242 | LEU| 118 > | 67% 61% |PHE| 61 | 2*2 | ILE | 116 | > | 71% 75%
THR| 189 | >* | THR| 389 | %9 | 63% 74% |THR| 187 | >3° | THR| 411 | ®%° | 72% 61%
TRP| 91 [ * | TRP| 101 | 2% | 56% 56% |TRP| 89 | B [TRP| 99 | 3% | 80% 75%
THR| 32 | ** [THR]| 83 | 22| 74% 72% |ALA| 30 | *3° [THR| 81 | 252 | 62% 57%
LEU| 56 | "““* |ASN| 61 [ | 82% 76% |LEU| 54 | '“* [ASN| 59 | 24| 87% 19%
PHE| 197 | >4 | ASN| 382 | ®%2 | 52% 73% | PHE|[195| >47 [ASN| 404 | 2 | 60% 78%
SER| 126| >3 | TYR| 133 | '“? | 68% 55% | CYS|124| 3% | TYR|131| "2 | 66% 63%
ASN| 60 | 23 | ASP| 122 | 34| 73% 65% |ASN| 58 | 23° | Asp| 120 4| 70% 43%
TYR| 124 5| ILE | 211 >t | 64% 69% |TYR|122| 51| ILE [ 209 | >t | 67% 51%
ALA| 160 | **° [ PHE[ 182 | 2| 73% 65% | ALA|158| “° | PHE| 180 | %2 | 58% 54%
SER| 49 | ¢ | THR| 428 | <" | 72% 76% | SER| 47 | *°® | THR| 450 | " | 61% 40%
TYR| 82 | 2% |GLU| 401 | 73¢ | 60% 54% | TYR| 80 | 26 | THR| 423 | 736 | 70% 63%
TRP | 164 | *2 [GLN| 181 | 2| 86% 0% |TRP|162| E? |GLN| 179 | 2 | 77% 83%
PHE| 50 | 57 | Lys| 57 | ' | 77% 87% | ILE | 48 | 7 |GLN| 55 | '“** | 74% 5%
PHE| 50 | 7 | LEU| 65 | >* | 59% 69% | ILE | 48 | *57 [PHE| 63 | 2% | 47% 64%
SER| 120 | 347 | LEU | 207 | > | 54% 66% | SER|118| 47 | LEU| 205 | >57 | 66% 50%
ASN| 43 | YO | LEU| 72 | 2Y | 57% 73% |ASN| 41 | ¥° | LEU| 70 | 25t | 48% 51%
PHE| 50 | 57 | LEU| 56 | "' | 63% 66% | ILE | 48 | *57 | LEU| 54 | ' | 66% 34%
TYR| 85 | 254 |GLN| 176 | 2| 0% 65% |TYR| 83 | 2% |GLU| 175 | B2 | 80% 79%
TRP| 91 [ ** [ cys| 98 | >* | 56% 0% |TRP| 89 | | cys| 96 | 3| 85% 77%
TYR| 85 | %4 |HSD| 90 | ' | 79% 66% |TYR| 83 | 2%4[TRP| 89 | ' | 62% 73%
TYR| 82 | *** | TYR|408| " | 68% 50% |TYR| 80 | > | TYR| 430 7| 33% 50%
MET| 384 | % | TRP|400| * | 57% 59% |MET| 406 | > | TRP| 422 | 735 | 76% 63%

Table S2 contd...




Conserved in Cognate Complexes Only | _ | Conserved | | M2 Unique

M1 Systems M1:Gq | M1:Gi M2 systems M2:Gq | M2:Gi
TYR | 212 | 52| ALA 364 634 1 58% 0% |SER| 210 | > | THR | 386 | ®* | 74% | 58%
PRO | 186 [ >¥ | THR 390 &9 | 60% | 69% |ALA| 184 | °3 | THR | 411 | ®*° | 0% | 59%
ALA 70 | > ALA 108 335 1 50% 0% |ALA| 68 | 2% | VAL | 106 | ** | 68% | 70%
GLY | 42 [*| PrO 415 7500 0% | 58% |GLY| 40 | ™ | PRO| 437 | 70| 56% | 71%
SER 49 | 5% | PHE 425 “er | 73% | 0% |SER| 47 | 5 | PHE | 447 | @ | 46% | 65%
TYR 82 | > TYR 404 739 0% 52% |TYR| 80 | 2% | TYR | 426 | 7 | 69% | 61%

LYS 51 | 8] Lys 57 @l 58% | 65% |Lys| 49 | **® | GLN| 55 [ "' | 54% 5%
AsP| 103 | 32 | TYR | 430 | ** | 87% | 88%
SER 49 | 8| LEU 56 1) 50% | 57% |SER| 47 | ° [ LEU | 54 | ' | 58% 0%

ALA| 441 | 7 | PHE | 447 | @ | 84% | 79%
ASP| 97 | 3% | ARG | 169 | 2 | 85% | 72%
ASN 43 | 50| SER 411 746 0% 58% |ASN| 41 | ° | SER | 433 | 7 | 46% | 52%
SER| 76 | > | TYR | 430 | ™ | 73% | 79%
GLN| 163 | ™2 | ARG | 169 | *2 | 64% | 88%

LEU | 419 | ™| ARG 426 Cter 0% 61% |ALA| 441 | 7% | LyS | 448 [ @ | 24% | 61%
TRP| 400 | ®* | cys | 429 | 2 | 80% | 65%
THR| 399 | ®7 | LEU | 428 | "% | 75% | 66%
MET| 45 | > | PHE | 63 | ** | 80% | 59%
ASP| 120 | >* | ARG | 135 | '“? | 80% | 58%

GLN| 163 | *2 | VAL | 168 | =2 | 63% | 70%
SER | 184 | >** | THR 390 659 | 64% | 0% |SER| 182 | *3* | THR | 411 | ®° | 0% 63%
LEU| 442 | 755 | Lys | 448 | @ | 67% | 55%
MET| 45 | ** | ALA| 66 | >¥ | 59% | 61%
ASN 60 | >*| ARG 136 a2 0% 53% [ASN| 58 | 2*° | ARG | 135 | '“? | 57% | 9%
MET| 45 | ™4 | cys | 67 | **® | 57% | 61%
ILE| 48 | 57 | ASN | 59 [ 2% | 46% | 67%
TYR| 80 | 2% [ TRP | 99 [ 328 | 51% | 56%
TRP| 400 | ®* | ASN | 432 | 7 | 44% | 62%
SER| 107 | 33¢ | TRP | 400 | %% | 45% | 59%
TYR| 80 [ 2% | TRP | 427 | 7 | 49% | 54%
THR| 187 | 3° | VAL | 407 | % | 49% | 51%
ASN| 41 | *° | LEU | 70 | *5' | 48% | 51%
IE | 48 | 7 | GIN | 55 [ ' | 74% | 5%
VAL| 44 | % [ ALA | 441 | ™ | 51% | 27%
GLN| 55 | " | TYR | 60 | ** | 55% | 20%
SER| 16 | Me | IE | 86 | "' | 22% | 50%

Table S2: Intra-receptor noncovalent interactions in the four receptor—G-protein complexes. Residue names and numbers are

followed by their Ballesteros-Weinstein numbers [1] and % of 2 us simulation time that those interactions are observed.
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