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1. Methods 
 

1.1. Gq Protein-First activation mechanism of 5-HT2A- serotonin receptor and Gq 
protein  

 
To model the pre-coupled complex of 5-HT2A-Gq protein, we used the inactive 

conformation(1) of 5-HT2A (PDB ID: 6WH4) resolved by X-ray crystallography and added the 45 
missing residues, 266L-M311, comprising the intracellular loop (ICL3), to the protein structure. 
Subsequently, we optimized the ICL3 with the MODELLER program(2) and chose an extended 
conformation that does not clash with the Ras-like domain of the Gαq subunit. 

 
To predict the heterotrimeric Gq protein-bound GDP which comprises: Gaq, Gb, and Gg, we 

used the crystal structure(3) of heterothermic Gi protein bound with GDP (PDB ID: 1GOT)(4), as a 
template to perform homology modeling using the MODELLER program(2). The Gi protein was 
chosen because of a reasonably high sequence similarity (>~60%) between these two 
heterotrimeric G proteins. Eventually, the Gα-α5 helix was optimized by placing intra-helical 
hydrogen bond restraints with a force constant of ~1.4 kcal.mol-1Å-2. To make a pre-coupled 
complex, we separately aligned Gaq (Gaq-a5 helix and Ras-like domain), Gb, Gg, and inactive 5-
HT2A to corresponding protein chains/segments in the fully active state complex of 5-HT2A-Gaq,b,g 
(PDB ID: 6WHA (1)) respectively. Needleman-Wunsch alignment (5) algorithm with BLOSUM-62 
matrix was used for the superimposition which are incorporated in UCSF Chimera(6). The distance 
between N (i+4) and C(i) atoms of the residues in all a-helices, hereafter inter-helical hydrogen 
bond restraints, were restrained at a distance of 4.1 Å with a force constant of ~1.4 kcal.mol-1Å-2. 
Finally, the refined 5-HT2A and our modeled Gq protein-bound GDP were separately aligned to the 
fully active3 state (PDB ID: 6HWA) of 5-HT2A, and Gq protein. Then, we aligned the 5-HT2A to the 
‘orientation of proteins in membranes’ (OPM) structure to immerse the complex into the palmitoyl-
oleoyl-phosphatidylcholine (POPC) membrane bilayer and water. We embedded the aligned 
complex in the POPC membrane using CHARMM-GUI interface(1, 7).  

 
After a short MD equilibration (described below), to evaluate the energetics of Gq pre-coupling 

to 5-HT2A, we carried out a metaD simulation for ~400 ns (Table S1) in which we applied bias forces 
on key variables, describing interactions between Gαq-α5 helix and the cytoplasmic region of 5-
HT2A: 

i) a salt bridge between V358 (C) and R1733.50(CZ) 
ii) a salt bridge between K353 (NZ) and E3186.30(CD) 

 
We repeated our metaD free energy calculations for ~600 ns (Table S1) to independently 

assess the energetics of ionic lock opening upon the binding of Gq protein by Adding a third 
variable:  

 
iii) a salt bridge between R1733.50(CZ)and E3186.30(CD) 

 
To exclude the possibility that the specific rigid-body orientation of Gq protein led to 

emergence of pre-coupled state between 5-HT2A-Gq, we independently modeled a pre-coupled 
state in which we included only the Gαq-α5 peptide (the last 26 residues: 333T-V358) and placed it 
in close proximity (K353 and V358 10Å away from R1733.50 and E3186.30, respectively) to the 
inactive 5-HT2A. Then, to follow our G Protein-First mechanism of activation, we performed a ~1.5 
μs metaD free energy calculations (Table S1) on which we evaluated the energetics relevant to the 
following interactions: 

 
i) a salt bridge between V358 (C) and R1733.50(CZ) 
ii) a salt bridge between K353 (NZ) and E3186.30(CD) 
iii) a salt bridge between R1733.50(CZ) and E3186.30(CD) 
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To determine the role of different types of ligands in our G Protein-First mechanism of 
activation, and to find how different types of ligands promote the pre-coupled 5-HT2A-Gq protein-
GDP complex to the fully active state, we inserted: 

 
i) a full agonist, 25CN-NBOH to the pre-coupled complex using the binding site of the 

cryo-EM (PDB ID: 6WHA) active structure(1) 
ii) a partial agonist, LSD, to the pre-coupled complex using the binding site of the X-ray 

crystallographic (PDB ID: 6WGT) structure(1) 
iii) an inverse agonist, methiothepin, to the pre-coupled complex using the binding site of 

the X-ray crystallographic (PDB ID: 6WH4) structure(1) 
 
We found that the extracellular portion of 5-HT2A aligns very well between our pre-coupled 5-

HT2A-Gq state and: 1) the crystallographic inactive (PDB ID: 6WH4)(1), with r.m.s.d. of 1.8 Å in the 
binding pocket, 2) partially active (PDB ID: 6WGT)(1), with r.m.sd. of 1.2 Å in the binding pocket, 
and (3) fully active structure (PDB ID: 6WHA)(1) with r.m.sd. of 1.1 Å in the binding pocket, allowed 
us to insert ligands into our pre-coupled 5-HT2A-Gq complex. We used Needleman-Wunsch 
alignment (5) algorithm with BLOSUM-62 matrix for the superimposition, which are incorporated in 
UCSF Chimera(6).  We performed 1 ns (20 cycles) of simulated annealing, in which the system 
was first heated from 25 to 600 K over 20ps with a sequence of 25, 100, 310, 450, 600 K and then 
sharply cooled back to 310K over 30 ps. In this calculation, we placed harmonic restraints on 
backbone atoms with a force constant of ~6.0 kcal.mol-1Å-2, while the side chains were free to find 
the optimum conformation. Subsequently, we embedded this pre-minimized liganded-5-HT2A-Gq-
GDP complex into a membrane bilayer composed of ~350 POPC molecules (Table S1) in a 
simulation box of 110´110´167 Å3. We solvated this simulation box with water and ions to 
neutralize the system and added 0.15M NaCl, leading to ~206,000 atoms in the calculations.  

 
We also studied a case with no ligand present at the orthosteric binding pocket of 5-HT2A to 

evaluate energetics relevant to constitutive activity. After short MD equilibrations (see below), we 
performed metaD simulations (~ 1 μs on aggregate) to evaluate the energetics relevant to activation 
in the presence of ligands. In our free energy calculations, we estimated the energetics of: 

 
1) opening the Gaq-bound GDP from its inactive structure with the GDP bound between the 

AH and Ras subdomains: the distance between AH domain [the center of mass of Ca for 
the residues 154-161 and 175-182] and Ras-like domain [the center of mass of Cas for the 
residues 51-62] 

 
2) repacking the cytoplasmic region of 5-HT2A due to the presence of ligand and Gq protein: 

 
i) The distance between TM3 [the center of mass of Ca for residues 168-178] and TM6 

[the center of mass of Ca for residues 318-328] 
ii) The distance between TM6 [the center of mass of Ca for residues 318-328] and TM7 

[the center of mass of Ca for residues 372-382] 
iii)  

Following the previous calculations, we equilibrated our optimized 25CN-NBOH-5-HT2A-Gq-
GDP complex for a ~430 ns to characterize the fully activated state. However, we imposed several 
upper and lower walls on several key variables during these calculations to discourage the Gaq-
a5 from exploring the previous inactive states: 

 
1) an upper wall at a distance of 23.0 Å between TM6 [the center of mass of Ca for residues 

318-328] and Gaq-a5 helix [the center of mass of Ca for residues 330-354] with a force 
constant ~1.2 kcal.mol-1Å-2. 

 
2) an upper wall at a distance of 26.0 Å between TM5 [the center of mass of Ca for residues 

253-263] and Gaq-a5 helix [the center of mass of Ca for residues 330-354] with a force 
constant ~1.2 kcal.mol-1Å-2. 
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3) an upper wall at a distance of 30.0 between Gaq-a4 helix [the center of mass of Ca for 
residues 275-283] and a loop on Ga  [the center of mass of Ca for residues 329-36] with 
a force constant ~1.2 kcal.mol-1Å-2. 

 
4) an upper wall at a distance of 79.0 Å along the z-axis between Gaq-a5 helix [the center of 

mass of Ca for residues 330-354] and the surface origin (0,0,0) with a force constant ~1.2 
kcal.mol-1Å-2. 

 
5) a lower wall at a distance of 23.0 Å along the x-axis between Gaq-a5 helix [the center of 

mass of Ca for residues 330-354] and the surface origin (0,0,0) with a force constant ~24.0 
kcal.mol-1Å-2. 

 
 

6) a lower wall at a distance of 23.0 Å between AH domain [the center of mass of Ca for the 
residues 154-161 and 175-182] and Ras-like domain [the center of mass of Cas for the 
residues 51-62] with a force constant ~24.0 kcal.mol-1Å-2. 

 
We also placed a set of harmonic restraints with a force constant of ~24.0 kcal.mol-1Å-2  on 

the distances of:  
i) TM3-TM6 at a distance of 14.0 Å 
ii) TM6-TM7 at a distance of 17.2 Å 
iii) TM3-TM5 at a distance of 10.8 Å 
iv) TM5-TM6 at a distance of 10.5 Å 

 
1.2. Gs Protein-First activation mechanism of b2-adrenergic receptor and Gs protein  

 
We started with the crystal structure (PDB ID: 2RH1)(8) to model the inactive state of b2-

adrenergic receptor (b2AR). In this crystal structure, the ICL3 had been replaced with the fusion T4 
lysozyme (T4L) protein to stabilize the basal activity of inactive b2AR to facilitate crystallization. 
Unexpectantly, the resolved structure features a moderate hydrophobic interaction between 
R1313.50 and L2726.34 rather than a strong charge-charge interaction between E2686.30-R1313.50. 
Thus, to characterize the inactive conformation of b2AR regarding its TM3-TM6 coupling, we first 
removed the ligand and then optimized the inactive conformation in two different ways: 

 
1) b2AR-T4L 
2) b2AR-ICL3 

 
For the b2AR-ICL3, we first minimized the b2AR-T4L using metaD simulations(9) for ~600 ns 

(Table S2). Subsequently, we used the optimized structure of b2AR-T4L to replace the T4L with the 
native residues 231-262, constituting the ICL3. We added an extended conformation of ICL3 and 
optimized it with MODELLER program(2). Here, we included the b2AR lipid modification in our 
calculations by modeling in palmitoyl-cysteine 341. We immersed both b2AR-T4L and b2AR-ICL3 
into the POPC membrane, water, and ions, which results in a simulation box of 103´103´102 Å3 
with ~110,000 atoms.  

After a short equilibration, to optimize the inactive conformation of the .b2AR structure, we 
performed well-tempered metaD(9) simulations to assess the energetics of a microswitch from: 

 
1) a hydrophobic interaction between R1313.50(CG) and L2726.34(CD2); to 
2) a strong charge-charge interaction between E2686.30(CD) and R1313.50(CZ) 

 
We continued the metaD simulation to attain convergence of the free energy profiles. In this 

study, we monitored the free energy difference between two relevant local minima with time until 
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the energy difference ceased changing noticeably with time (the fluctuations in the uncertainty 
dampened significantly to less than ~1 kcal/mol).  

 
To follow our G Protein-First activation paradigm, we started with the inactive-b2AR (exhibiting 

the ionic lock between TM3-TM6) and coupled it to inactive Gs protein-bound GDP. To bind inactive 
Gs protein to the receptor, we used a geometry and orientation similar to the Gs protein in the fully 
active state complex(10) (PDB ID: 3SN6) resolved by X-ray crystallography. Thus, we separately 
superimposed our optimized b2AR-ICL3 and inactive Gas, Gb, and Gg, to corresponding protein 
chains in the fully active state complex of -b2AR -Gs (PDB ID: 3SN6) respectively. Needleman-
Wunsch alignment (5) algorithm with BLOSUM-62 matrix was used for the superimposition which 
are incorporated in UCSF Chimera(6). To model the inactive state of the Gs protein, we used the 
crystal structure of Gas-bound GDP (PDB ID: 6AU6)(11). We then added the Gas-aN helix, 
residues 1-38, relevant to the short isoform of Gas by superimposing this structure to the Gαs 
subunit of the crystal structure of b2-Gs complex (PDB ID: 3SN6)(12). We reconstructed several 
side chains using Swiss-pdbviewer(13) that were not fully resolved. Then, we modeled in the Gas 
subunit palmitoyl-cysteine 3 into the structure. Thus, we included the first 9 residues of the Gαs-αN 
helix. Subsequently, the added Gαs-αN and Gαs-α5 helices were optimized while placing intra-
helical hydrogen bond restraints with a force constant of ~1.4 kcal.mol-1Å-2. To prepare the Gs 
heterotrimer-bound GDP complex, we started with the Gbg subunit from the crystal structure of b2-
Gs-agonist complex (PDB ID: 3SN6)(12).  

 
Then, we performed 10 ns (200 cycles) of simulated annealing, in which the system was first 

heated from 25 to 600 K over 20ps with a sequence of 25, 100, 310, 450, 600 K and then sharply 
cooled back to 310K over 30 ps. In this calculation, we placed harmonic restraints on backbone 
atoms with a force constant of ~6.0 kcal.mol-1Å-2, while the side chains were free to find the optimum 
conformation. Subsequently, we embedded this pre-minimized b2AR-Gs-GDP complex into a 
membrane bilayer composed of 277 POPC molecules in a simulation box of 103´103´156Å3. We 
solvated this simulation box with water and ions to neutralize the system and added 0.15M NaCl, 
leading to ~167,000 atoms in the calculations.  

After a short equilibration, we carried out a metaD simulation for ~800 ns (Table S2), in which 
we applied bias forces on key variables, describing interactions between Gαs-α5 helix and the 
cytoplasmic region of b2AR: 

 
i) a salt bridge between E392(CD) and R1313.50(CZ) 
ii) a salt bridge between R389 CZ) and E2686.30(CD) 
iii) a salt bridge between R385(CZ) between and E2375.76(CD) 

 
1.3 G protein pre-coupling to inactive class A GPCRs  

 
To prepare various G proteins (Gi2, Go, and G11) for our calculations, we built homology 

modeling using UCSF Chimera(6). We used our refined model of Gi1 for preparing Gi2 and Go 
proteins and our predicted model of Gq protein for G11 protein (described above). To model 
inactive conformations of GPCRs, we used the X-ray crystallographic inactive states (see Table 
S4) as templates. We added the missing residues, particularly the native residues on the ICL3 to 
complete the structures. Subsequently, we optimized the ICL3 conformation using MODELLER 
program(2) and then chose extended conformations that do not clash with the Ras-like domain of 
Gα subunits. To assemble the GPCR-GP-GDP complex, we used available crystallographic or 
cryo-EM active complexes (see Table S3) as templates to separately superimpose GPCRs and G 
proteins. To make a pre-coupled complex, we separately aligned Ga (Ga-aN helix and Ras-like 
domain), Gb, Gg, and inactive GPCRs to corresponding protein chains in the fully active state 
complex (shown in Table S3) respectively. Needleman-Wunsch alignment (5) algorithm with 
BLOSUM-62 matrix was used for the superimposition which are incorporated in UCSF Chimera(6).  
During the superimposition process, we also refined the position of GaN helix. Finally, we included 
the lipid modifications in our calculations by modeling in: myristoyl-Gly 2 to Gai1, myristoyl- glycine 
2 and palmitoyl-cysteine 3 to Gai2, myristoyl- glycine 2 and palmitoyl-cysteine 3 to Gao, and 
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palmitoyl-cysteine 9-10 to G11 protein. Afterwards, we embedded our GPCR-GP-GDP complexes 
into a membrane bilayer composed of POPC molecules and solvated them with water and 0.15 M 
excessive NaCl at the physiological pH=7.4. Here, we aligned the class A GPCRs to the 
‘‘orientation of proteins in membranes’ (OPM) structure for immersing the pre-coupled complexes 
into the POPC membrane bilayer and water box. We embedded the aligned complex in the POPC 
membrane using the CHARMM-GUI interface(1, 7). Before proceeding with our free energy 
calculations, we performed short MD equilibrations (see below) to prepare these systems for metaD 
simulations. 

 
1.4 Agonist activation of pre-coupled A2A-Gs protein 

 
To determine how the agonist shifts the pre-coupled A2A-Gs protein-GDP complex to the fully 

active state, we used the cryo-EM structure of A2A-bound NECA coupled with an engineered Gs 
protein (PDB ID: 6GDG) as the basis to replace the engineered Gs protein by an inactive Gs 
protein-bound GDP (as described above). To make a A2A-NECA-Gs protein-GDP complex, we 
separately aligned Gas (Gas-aN helix and Ras-like domain), Gb, Gg to corresponding segments 
of an engineered Gs protein. Needleman-Wunsch alignment (5) algorithm with BLOSUM-62 matrix 
was used for the superimposition which are incorporated in UCSF Chimera(6). We then embedded 
the obtained A2A-NECA-Gs protein-GDP complex into a membrane bilayer composed of 280 
POPC/65 cholesterol molecules in a simulation box of 110´110´156Å3. We subjected the complex 
to optimize for 10 ns MD simulation before metaD free energy calculations (Table S4) using 
Charmm36m(14) force field. 

 
1.5 Initiation of activation by Ligand-First mechanism of activation  

 
1) 5-HT2A-bound with 25CN-NBOH. We inserted a full agonist 25CN-NBOH to our refined 

inactive state of 5-HT2A (described above). We found that the extracellular portion of 5-HT2A aligns 
very well between the crystallographic inactive(1) (PDB ID: 6WH4) and active(1) structure  (PDB 
ID: 6WHA). Thus, we used the cryo-EM binding pose(1) (PDB ID: 6WHA) for insertion of 25CN-
NBOH. We first superimposed the 5-HT2A from our inactive conformation on the fully active 
structure from the cryo-EM. 

To optimize the interactions between 5-HT2A and 25CN-NBOH, we performed 1ns (20 cycles) 
of simulated annealing, in which the system was first heated from 25 to 600 K over 20ps using the 
sequence of 25, 100, 310, 450, 600 K and then sharply cooled back to 310 K over 30 ps. In this 
calculation, we placed harmonic restraints on backbone atoms with a force constant of ~9.6 
kcal.mol-1Å-2, while the side chains were free to find the optimum conformation. Subsequently, we 
embedded this 5-HT2A -agonist into a membrane bilayer composed of 111 POPC molecules in a 
simulation box of 101´101´96 Å3. We solvated this simulation box with water and ions to neutralize 
the system and added an additional 0.15 M NaCl. 

To examine if 25CN-NBOH induces the ionic lock to break open, we separately performed a 
~1.3 µs metaD simulation (Table S5) to assess the energetics of: 

 
 

i) R1733.50(CZ)-E3186.30(CD) 
ii) R1733.50(CZ)-A3216.33(CB) 

 
2) 5-HT2A-bound with 25CN-NBOH derived from the fully active cryo-EM(1) structure 
We superimposed the TM1 of active 5-HT2A (PDB ID: 6WHA)(1) in the cryo-EM structure onto 

the TM1 of the inactive conformation of  5-HT2A (PDB ID: 6WH4)(1) in order to build in the missing 
residues. Then, to model 5-HT2A-bound 25CN-NBOH, we removed the mini-Gq protein from the 
cryo-EM structure. Subsequently, we immersed the resulting 5-HT2A-25CN-NBOH complex into a 
132 POPC membrane bilayer and solvated it with water and ions  

To determine whether 25CN-NBOH can stabilize the widely open cytoplasmic region of 5-
HT2A, we carried out a ~2.5 µs metaD simulation (Table S5) after a short equilibration (described 
below), where we evaluated the energetics relevant to repositioning of TM6. Thus, we applied the 
bias forces on: 
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• The distance between TM3 [the center of mass of Ca for residues 168-178] and TM6 [the 
center of mass of Ca for residues 318-328] 

• The distance between TM6 [the center of mass of Ca for residues 318-328] and TM7 [the 
center of mass of Ca for residues 372-382] 

 
1.6 Short equilibration of GPCR-GP systems and force fields/algorithms for free 
energy calculations  

 
To prepare systems for extensive metaD calculations, we followed up the following procedure 

to equilibrate the systems. 
We carried out 5000 steps of steepest descent energy minimization to relax the lipid packing 

around the protein construct and to relax the protein complex. During this process, the positions of 
all heavy atoms of proteins/GDP/ligands were restrained with a force constant of ~9.6 kcal.mol-1Å-

2. For POPC, we used position restraints with a force constant of ~2.4 kcal.mol-1Å-2 on just the z-
coordinate of heavy atoms so that the POPC could move freely along the xy- plane to find the 
appropriate packing around the protein. Subsequently, we performed a short NVT (~100 ps) 
followed by short NPT (~10 ns) simulations where we placed positional restraints on the heavy 
atoms with a force constant of 9.6 kcal.mol-1 Å-2. In addition, we restrained the z-coordinate of the 
headgroups of POPC inside the membrane with a force constant of ~2.4 kcal.mol-1Å-2. Throughout 
the calculations, the restraints on the protein, GDP, ligands, and POPC were gradually reduced to 
0 kcal.mol-1Å-2, which prepared the construct for the further energy minimization. 

In simulations using the Amber force field, the protein was described using Amber14(15) and 
the parameters for POPC were borrowed from LIPID14(15). The force field parameters for all 
bonded and non-bonded interactions of BI167107, DAMGO, and morphine were obtained from the 
Generalized Amber force field(16) using ACPYPE(17) and Antechamber16(18). The partial 
charges for the ligands were assigned with the semi-empirical AM1-BCC model(19) as incorporated 
in USCF chimera(6). The GDP parameters were borrowed from a combination of the Amber force 
field and the Meagher et al. et al. study.(20, 21) The TIP3P(22) model was used to describe the 
water.  

 
For simulations using the ChARMM36m force field, the proteins, POPC, GDP, and ions were 

described using the Charmm36m(14) parameter set. Water was described using the TIP3P model. 
The ligand was parameterized using the ParamChem server(23, 24).  

 
In our well-tempered metaD(9) simulations, the temperature was maintained at 310K using a 

velocity-rescale(25) thermostat with a damping constant of 1.0 ps for temperature coupling and the 
pressure was controlled at 1 bar using a Parrinello-Rahman barostat algorithm(26) with a 5.0 ps 
damping constant for the pressure coupling. Semi-isotropic pressure coupling was used during this 
calculation. The Lennard-Jones cutoff radius was 10 Å, where the interaction was smoothly shifted 
to 0 after 10 Å. Periodic boundary conditions were applied to all three directions. The Particle Mesh 
Ewald algorithm(27) with a real cutoff radius of 10 Å and a grid spacing of 1.2 Å was used to 
calculate the long-range coulombic interactions. A compressibility of 4.5 ×10-5 bar-1 was used in the 
xy- plane and also for the z axis, to relax the box volume. In all the above simulations, water OH-
bonds were constrained by the SETTLE algorithm(28). The remaining H-bonds were constrained 
using the P-LINCS algorithm(29). All simulations were carried out using GROMACS(30) and metaD 
calculations were done using PLUMED-2(31). To expedite the sampling process, we imposed inter-
helical hydrogen bonds restraints on affected helices during the simulations to avoid protein 
unfolding. 
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2. Figures 
 

 
 
Figure S1. The pre-coupled complex of 5-HT2A and the Gαq-α5 peptide (the rest of the Gq 
protein was eliminated). (a)-(c) optimized interactions between Gαq-α5 peptide and cytoplasmic 
region of 5-HT2A for different conformations in the pre-coupled state complex. metaD free energy 
of (d) R1733.50(CZ)-V358(C), R1733.50(CZ)- E3186.30(CD), and (e) E3186.30(CD)- K353(NZ). (g) The 
variation of the free energy difference with time was calculated to monitor the free energy 
convergence. The weighted averages and the standard deviations (shown by blue, orange, and 
red bands in (g)) were calculated for the converged period. 
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Figure S2. Sequence of the activation process for b2 adrenergic receptor and Gs protein according 
to the G Protein-First activation mechanism. (a) pre-coupled complex formation between b2 
adrenergic receptor- Gs protein before ligand binding (b-d) metaD free energy calculations for the 
key collective variables (as also described in Table S2). (e) The variation of the free energy 
difference with time was calculated to monitor the free energy convergence. The weighted 
averages and the standard deviations (shown by blue, orange, and red bands were calculated for 
the converged period.  
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Figure S3. Sequence of the activation process for μ-opioid receptor and Gi1 protein according to 
the G Protein-First activation mechanism. (a) pre-coupled complex formation between μ-opioid 
receptor – Gi1 protein before ligand binding; agonist binding to the pre-coupled state drives the 
complex to its activated state by (g) opening the Gi1 protein from its GDP binding site. (b-c), (e), & 
(h-j) metaD free energy calculations for the key collective variables. (d), (f), & (k) The variation of 
the free energy difference with time was calculated to monitor the free energy convergence. The 
weighted averages and the standard deviations (shown by blue, & orange bands in (d), (f), & (k)) 
were calculated for the converged period. Adopted from Figure 5-6 of Mafi et al. (32). 
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Figure S4. Pre-coupled complex formation between class A GPCRs and their cognate G 
proteins accompanied with energetics of key variables (as also represented in Table S3) 
obtained from performing ~7 µs metaD simulations. The weighted averages and the standard 
deviations (shown by blue, & orange bands) were calculated for the converged period.  
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Figure S5. The optimized orthosteric binding pocket of different types of ligands on the 
pre-coupled 5-HT2A-Gq protein. 
 
  



 
 

14 
 

 

 
Figure S6. Comparison of the cytoplasmic region of 5-HT2A in the presence of [from left to 
right]: methiothepin (inverse agonist), apo, LSD (partial agonist), and 25CN-NBOH (full 
agonist) with the inactive conformation(1) of 5-HT2A (PDB ID: 6WH4) resolved by X-ray 
crystallography. 
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Figure S7. Comparison of the cytoplasmic region of 5-HT2A in its active state in the presence 
of left: LSD, partial agonist (partially open), and Right: 25CN-NBOH, full agonist (fully open) 
with the fully activated state(1) of 5-HT2A (PDB ID: 6WHA) resolved by cryo-EM. 
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Figure S8. Full agonist cannot stabilize the active state nor open up the ionic lock in the 
inactive state conformation of 5-HT2A. (a) Inactive 5-HT2A-bound 25CN-NBOH. (b) Comparison 
of the cytoplasmic region of optimized 5-HT2A-bound 25CN-NBOH with the inactive conformation(1) 
of 5-HT2A (PDB ID: 6WH4) resolved by X-ray crystallography. (e) The cytoplasmic region of 5-HT2A-
bound 25CN-NBOH derived from the active state conformation(1) of 5-HT2A (PDB ID: 6WHA) after 
eliminating the Gq protein form the complex. Left panel: comparison of optimized 5-HT2A-bound 
25CN-NBOH with the active state conformation(1) of 5-HT2A (PDB ID: 6WHA); Right panel: 
comparison of optimized 5-HT2A-bound 25CN-NBOH with the inactive state conformation(1) of 5-
HT2A (PDB ID: 6WH4), indicating that a full agonist alone cannot stabilize the active state 
conformation of 5-HT2A. metaD free energy of: (c-d) opening the TM3-TM6 coupling (as also 
represented in Table S5); & (f-g) key variables associated with the stability of active state 
conformation ((as also represented in Table S5). (h) & (e) The variation of the free energy difference 
with time was calculated to monitor the free energy convergence. The weighted averages and the 
standard deviations (shown by blue & orange bands) were calculated for the converged period. 
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Table S1. MetaD free energy calculations using Charmm36m(14) for Gq Protein-First 
mechanism of activation of 5-HT2A and Gq protein. 

Calculation# System Size (atoms #, box) MetaD parameters Collective Variables 
(CV) 

Upper/Lower 
walls 

Duration 

 

1 
Pre-coupled complex 

5-HT2A-Gq-GDP 

POPC #=350 

Total #=206K 

Box=115´115´150Å3 

Every 1ps 
Height=0.48kcal.mol-1 

s=[0.5, 0.5]Å 
Bias factor=15 

CV1=Distance [R173(CZ) 
V358(C)] 

CV2=Distance [E318(CD) 
K353(NZ)] 

Upper wall1 
={CV1<9.0 Å, with 

force 
constant=12.0 
kcal.mol-1Å-2} 

Upper wall2 
={CV1<9.0 Å, with 

force 
constant=12.0 
kcal.mol-1Å-2} 

~0.4µs 

2 
Pre-coupled complex 

5-HT2A-Gq-GDP 

POPC #=350 

Total #=206K 

Box=115´115´150Å3 

Every 1ps 
Height=0.48kcal.mol-1 

s=[0.5, 0.5, 0.5]Å 
Bias factor=15 

CV1=Distance [R173(CZ) 
V358(C)] 

CV2=Distance [E318(CD) 
K353(NZ)] 

CV3=Distance [R173(CZ) 
E318(CD)] 

 

Upper wall1 
={CV1<9.0 Å, with 

force 
constant=12.0 
kcal.mol-1Å-2} 

Upper wall2 
={CV2<9.0 Å, with 

force 
constant=12.0 
kcal.mol-1Å-2} 

Upper wall3 
={CV3<9.0 Å, with 

force 
constant=12.0 
kcal.mol-1Å-2} 

~0.6µs 

3 
Pre-coupled complex 

5-HT2A-Gaq5 peptide 

POPC #=111 

Total #=49K 

Box=66´66´108Å3 

Every 1ps 
Height=0.48kcal.mol-1 

s=[0.5, 0.5, 0.5]Å 
Bias factor=15 

CV1=Distance [R173(CZ) 
V358(C)] 

CV2=Distance [E318(CD) 
K353(NZ)] 

CV3=Distance [R173(CZ) 
E318(CD)] 

Upper wall1 
={CV1<9.0 Å, with 

force 
constant=12.0 
kcal.mol-1Å-2} 

Upper wall2 
={CV2<9.0 Å, with 

force 
constant=12.0 
kcal.mol-1Å-2} 

Upper wall3 
={CV3<9.0 Å, with 

force 
constant=12.0 
kcal.mol-1Å-2} 

~1.4µs 

4 
25CN-NBOH [full 

agonist]-5-HT2A-Gq-
GDP complex 

POPC #=350 

Total #=206K 

Box=115´115´150Å3 

Every 1ps 
Height=0.72kcal.mol-1 

s=[1.0, 1.0, 1.0]Å 
Bias factor=25 

CV1=Distance [AH 
domain (center of mass 
of Ca for the residues 

154-161 and 175-182) --- 
Ras-like domain (center 

of mass of Ca for the 
residues 51-62)] 

CV2=Distance [TM3 (the 
center of mass of Ca for 

residues 168-178) --- 
TM6 (the center of mass 
of Ca for residues 318-

328)] 

CV3=Distance [TM6 (the 
center of mass of Ca for 

residues 318-328) --- 
TM7 (the center of mass 
of Ca for residues 372-

382)] 

Upper wall1 
={CV1<23.0 Å, with 

force 
constant=24.0 
kcal.mol-1Å-2} 

Lower wall1 
={CV1>16.0 Å, with 

force 
constant=24.0 
kcal.mol-1Å-2} 

Upper wall2 
={CV2<15.5 Å, with 

force 
constant=24.0 
kcal.mol-1Å-2} 

Lower wall2 
={CV2>13.0 Å, with 

force 
constant=24.0 
kcal.mol-1Å-2} 

~0.2µs 
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Upper wall3 
={CV3<17.0 Å, with 

force 
constant=24.0 
kcal.mol-1Å-2} 

Lower wall3 
={CV3>13.0 Å, with 

force 
constant=24.0 
kcal.mol-1Å-2} 

Upper wall4 
={Distance [TM6 

(the center of mass 
of Ca for residues 
318-328) --- TM5 

(the center of mass 
of Ca for residues 
253-263)]<14.0 Å, 

with force 
constant=24.0 
kcal.mol-1Å-2} 

Upper wall5 
={Distance [K320 

(CB) --- V358 
(C)]<8.0 Å, with 

force constant=2.4 
kcal.mol-1Å-2} 

 

 

5 
LSD [partial agonist]-

5-HT2A-Gq-GDP 
complex 

POPC #=350 

Total #=206K 

Box=115´115´150Å3 

Every 1ps 
Height=0.72kcal.mol-1 

s=[1.0, 1.0, 1.0]Å 
Bias factor=25 

CV1=Distance [AH 
domain (center of mass 
of Ca for the residues 

154-161 and 175-182) --- 
Ras-like domain (center 

of mass of Ca for the 
residues 51-62)] 

CV2=Distance [TM3 (the 
center of mass of Ca for 

residues 168-178) --- 
TM6 (the center of mass 
of Ca for residues 318-

328)] 

CV3=Distance [TM6 (the 
center of mass of Ca for 

residues 318-328) --- 
TM7 (the center of mass 
of Ca for residues 372-

382)] 

Same as 
calculation # 4 

 
~0.2µs 

6 
Methiothepin [inverse 
agonist]-5-HT2A-Gq-

GDP complex 

POPC #=350 

Total #=206K 

Box=115´115´150Å3 

Every 1ps 
Height=0.72kcal.mol-1 

s=[1.0, 1.0, 1.0]Å 
Bias factor=25 

CV1=Distance [AH 
domain (center of mass 
of Ca for the residues 

154-161 and 175-182) --- 
Ras-like domain (center 

of mass of Ca for the 
residues 51-62)] 

CV2=Distance [TM3 (the 
center of mass of Ca for 

residues 168-178) --- 
TM6 (the center of mass 
of Ca for residues 318-

328)] 

CV3=Distance [TM6 (the 
center of mass of Ca for 

residues 318-328) --- 
TM7 (the center of mass 
of Ca for residues 372-

382)] 

Same as 
calculation # 4 

 
~0.2µs 

7 apo-5-HT2A-Gq-GDP 
complex POPC #=350 

Every 1ps 
Height=0.72kcal.mol-1 

s=[1.0, 1.0, 1.0]Å 

CV1=Distance [AH 
domain (center of mass 
of Ca for the residues 

Same as 
calculation # 4 ~0.3µs 
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Total #=206K 

Box=115´115´150Å3 

Bias factor=25 154-161 and 175-182) --- 
Ras-like domain (center 

of mass of Ca for the 
residues 51-62)] 

CV2=Distance [TM3 (the 
center of mass of Ca for 

residues 168-178) --- 
TM6 (the center of mass 
of Ca for residues 318-

328)] 

CV3=Distance [TM6 (the 
center of mass of Ca for 

residues 318-328) --- 
TM7 (the center of mass 
of Ca for residues 372-

382)] 
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Table S2. MetaD free energy calculations using AMBER14(15) for Gs Protein-First 
mechanism of activation of b2AR and Gs protein. 
 

# System Size (atoms #, box) MetaD parameters Collective Variables 
(CV) 

Upper/Lower 
walls 

Duration 

 

1 
Inactive b2AR-T4L 

 

POPC #=277 

Total #=110K 

Box=103´103´102Å3 

Every 1ps 
Height=0.24kcal.mol-1 

s=[0.5, 0.5]Å 
Bias factor=12 
# of Walker=1 

CV1=Distance 
[R1313.50(CG)-
L2726.34(CD2)] 

CV2=Distance 
[R1313.50(CZ)-
E2686.30(CD)] 

Upper wall1 
={CV1<11.0 Å, with 

force 
constant=24.0 
kcal.mol-1Å-2} 

Upper wall2 
={CV1<9.0 Å, with 

force 
constant=24.0 
kcal.mol-1Å-2} 

~0.6µs 

2 
Inactive b2AR-T4L 

 

POPC #=277 

Total #=110K 

Box=103´103´102Å3 

Every 1ps 
Height=0.24kcal.mol-1 

s=[0.5, 0.5]Å 
Bias factor=12 

CV1=Distance 
[R1313.50(CG)-
L2726.34(CD2)] 

CV2=Distance 
[R1313.50(CZ)-
E2686.30(CD)] 

Upper wall1 
={CV1<11.0 Å, with 

force 
constant=24.0 
kcal.mol-1Å-2} 

Upper wall2 
={CV1<9.0 Å, with 

force 
constant=24.0 
kcal.mol-1Å-2} 

~1.6µs 

3 
Pre-coupled complex 

b2AR-Gs-GDP 

POPC #=277 

Total #=167K 

Box=103´103´156Å3 

Every 1ps 
Height=0.48kcal.mol-1 

s=[0.5, 0.5, 0.5]Å 
Bias factor=15 

CV1=Distance 
[R1313.50(CZ)-E392(CD)] 

CV2=Distance 
[E2686.30(CD)-R389(CZ)] 

CV3=Distance 
[E2375.66(CD)-R385(CZ)] 

 

Upper wall1 
={CV1<12.0 Å, with 

force 
constant=24.0 
kcal.mol-1Å-2} 

Upper wall2 
={CV2<9.0 Å, with 

force 
constant=24.0 
kcal.mol-1Å-2} 

Upper wall3 
={CV3<9.0 Å, with 

force 
constant=24.0 
kcal.mol-1Å-2} 

~0.8µs 

 
  



 
 

22 
 

Table S3. MetaD free energy calculations using ChARMM36m(14) for G Protein-First 
mechanism of activation of class A GPCRs and their cognate G proteins. 
 

# system 
Inactive 
template 
(PDB ID) 

Active 
template 
(PDB ID) 

Size (atoms #, box) MetaD 
parameters 

Collective 
Variables 

(CV) 

Upper wall 
(UW)/Lower 

wall (LW) 
Duration 

 

1 A2A-
Adenosine-Gs 3EML(33) 3SN6(34) 

POPC #=277 
Total #=~167K 

Box=100´100´165Å3 

# Walkers_MPI=1 

Every 1ps 
Hight=0.48 
kcal.mol-1 

s=[0.5, 0.5, 
0.5]Å 
Bias 

factor=15 

CV1=Distance 
[R1263.50(CZ)-

L394(C)]  
CV2=Distance 
[R1263.50(CZ)- 
E2283.50(CD)] 

 
CV3=Distance 
[R1263.50(CA)-

L394(CA)] 

UW1 
={CV1<11.0 
Å, with force 

constant=24.0 
kcal.mol-1Å-2} 

UW2 
={CV1<13.0 
Å, with force 

constant=24.0 
kcal.mol-1Å-2} 

UW3 
={CV3<11.0 
Å, with force 

constant=24.0 
kcal.mol-1Å-2} 

~0.5µs 

2 κ-Opioid-Gi1 4DJH(35) 6DDF(36) 

POPC #=277 
Total #=~167K 

Box=102´102´156Å3 

# Walkers_MPI=1 

Every 1ps 
Height=0.48 

kcal.mol-1 

s=[1.0, 1.0, 
1.0]Å 
Bias 

factor=25 

CV1=Distance 
[R1563.50(CZ)- 

F354(C)] 
CV2=Distance 
[R1563.50(CA)- 

F354(CA)] 
CV3=Distance 
[R1563.50(CZ)- 

T2736.34 

(OG1)] 

UW1 
={CV1<11.0 
Å, with force 

constant=24.0 
kcal.mol-1Å-2} 

UW2 
={CV1<10.0 
Å, with force 

constant=24.0 
kcal.mol-1Å-2} 

UW3 
={CV3<13.0 
Å, with force 

constant=24.0 
kcal.mol-1Å-2} 

~0.9µs 

3 δ-Opioid-Gi1 4N6H(37) 6DDF(36) 

POPC #=277 
Total #=~167K 

Box=102´102´156Å3 

# Walkers_MPI=1 

Every 1ps 
Height=0.48 

kcal.mol-1 

s=[1.0, 1.0, 
1.0]Å 
Bias 

factor=15 

CV1=Distance 
[R1463.50(CZ)- 

F354(C)] 
CV2=Distance 
[R1463.50(CA)- 

F354(CA)] 
CV3=Distance 
[R1463.50(CZ)- 

T2606.34 

(OG1)] 

UW1 
={CV1<11.0 
Å, with force 

constant=24.0 
kcal.mol-1Å-2} 

UW2 
={CV1<13.0 
Å, with force 

constant=24.0 
kcal.mol-1Å-2} 

UW3 
={CV3<10.0 
Å, with force 

constant=24.0 
kcal.mol-1Å-2} 

~0.5µs 

4 
C-C-

Chemokine 5-
Gi1 

5UIW(38) 6DDF(36) 

POPC #=277 
Total #=~167K 

Box=102´102´156Å3 

# Walkers_MPI=1 

Every 1ps 
Height=0.48 

kcal.mol-1 

s=[1.0, 1.0, 
1.0]Å 
Bias 

factor=15 

CV1=Distance 
[R1263.50(CZ)- 

F354(C)] 
CV2=Distance 
[R1263.50(CA)- 

F354(CA)] 
CV3=Distance 
[R1263.50(CZ)- 
R2306.30 (CZ)] 

UW1 
={CV1<11.0 
Å, with force 

constant=24.0 
kcal.mol-1Å-2} 

UW2 
={CV1<10.0 
Å, with force 

constant=24.0 
kcal.mol-1Å-2} 

UW3 
={CV3<13.0 
Å, with force 

constant=24.0 
kcal.mol-1Å-2} 

~0.4µs 

5 
CB1-

Cannabinoid -
Gi1 

5TGZ(39) 6N4B(40) 

POPC #=361 
Total #=~230K 

Box=113´113´154Å3 

# Walkers_MPI=10 

Every 1ps 
Height=0.48 

kcal.mol-1 

s=[0.2, 0.2]Å 
Bias 

factor=15 

CV1=Distance 
[R2143.50(CZ)- 

F354(C)] 
CV2=Distance 
[D3386.30(CG)- 

K349(NZ)] 

UW1 
={CV1<7.8 Å, 

with force 
constant=20.0 
kcal.mol-1Å-2} 

UW2 
={CV2<7.8 Å, 

with force 
constant=20.0 
kcal.mol-1Å-2} 

~0.4µs 
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6 
A1 -

Adenosine-
Gi2 

5UEN(41) 6D9H(42) 

POPC #=257 
Total #=~152K 

Box=101´101´161Å3 

# Walkers_MPI=1 

Every 1ps 
Height=0.48 

kcal.mol-1 

s=[0.5, 0.5]Å 
Bias 

factor=15 

CV1=Distance 
[R2143.50(CZ)- 

F355(C)] 
CV2=Distance 
[E2296.30(CG)- 

K350(NZ)] 

UW1 
={CV1<8.0 Å, 

with force 
constant=20.0 
kcal.mol-1Å-2} 

UW2 
={CV2<8.0 Å, 

with force 
constant=20.0 
kcal.mol-1Å-2} 

~0.3µs 

7 5-HT1B-
Serotonin-Go 5V54(43) 6G79(44) 

POPC #=379 
Total #=~214K 

Box=115´115´156Å3 

# Walkers_MPI=1 

Every 1ps 
Height=0.48 

kcal.mol-1 

s=[0.5, 0.5]Å 
Bias 

factor=15 

CV1=Distance 
[R1473.50(CZ)- 

Y354(C)] 
CV2=Distance 
[E3096.30(CG)- 

R349(CZ)] 

UW1 
={CV1<8.5 Å, 

with force 
constant=20.0 
kcal.mol-1Å-2} 

UW2 
={CV2<8.5 Å, 

with force 
constant=20.0 
kcal.mol-1Å-2} 

~0.6µs 

8 D2-Dopamine-
Go 6LUQ(45) 6VMS(46) 

POPC #=291 
Total #=~164K 

Box=104´104´148Å3 

# Walkers_MPI=32 

Every 1ps 
Height=0.48 

kcal.mol-1 

s=[0.2, 0.2]Å 
Bias 

factor=15 

CV1=Distance 
[R1323.50(CZ)- 

Y354(C)] 
CV2=Distance 
[E3686.30(CG)- 

R349(CZ)] 

UW1 
={CV1<8.5 Å, 

with force 
constant=20.0 
kcal.mol-1Å-2} 

UW2 
={CV2<8.5 Å, 

with force 
constant=20.0 
kcal.mol-1Å-2} 

~0.9µs 

9 
M1-

Muscarinic-
G11 

6WJC(47) 6OIJ(48) 

POPC #=269 
Total #=~155K 

Box=98´98´157Å3 

# Walkers_MPI=1 

Every 1ps 
Height=0.48 

kcal.mol-1 

s=[0.5, 0.5]Å 
Bias 

factor=15 

CV1=Distance 
[R1233.50(CZ)- 

V359(C)] 
CV2=Distance 
[E3606.30(CG)- 

K354(NZ)] 

UW1 
={CV1<8.5 Å, 

with force 
constant=20.0 
kcal.mol-1Å-2} 

UW2 
={CV2<8.5 Å, 

with force 
constant=20.0 
kcal.mol-1Å-2} 

~0.5µs 

10 M3-Muscarinic 
-Gq 5ZHP(49) 6OIJ(48) 

POPC #=388 
Total #=~203K 

Box=117´117´144Å3 

# Walkers_MPI=1 

Every 1ps 
Height=0.48 

kcal.mol-1 

s=[0.5, 0.5]Å 
Bias 

factor=15 

CV1=Distance 
[R1653.50(CZ)- 

V359(C)] 
CV2=Distance 
[E4856.30(CG)- 

K354(NZ)] 

UW1 
={CV1<8.0 Å, 

with force 
constant=20.0 
kcal.mol-1Å-2} 

UW2 
={CV2<8.0 Å, 

with force 
constant=20.0 
kcal.mol-1Å-2} 

~0.3µs 

11 

α2A-
Adrenergic-

Gq 
 

6KUX 6K41(50) 

POPC #=312 
Total #=~177K 

Box=110´110´158Å3 

# Walkers_MPI=1 

Every 1ps 
Height=0.48 

kcal.mol-1 

s=[0.5, 0.5]Å 
Bias 

factor=15 

CV1=Distance 
[R1463.50(CZ)- 

V358(C)] 
CV2=Distance 
[E3846.30(CG)- 

K353(NZ)] 

UW1 
={CV1<8.0 Å, 

with force 
constant=20.0 
kcal.mol-1Å-2} 

UW2 
={CV2<8.0 Å, 

with force 
constant=20.0 
kcal.mol-1Å-2} 

~0.6µs 

12 
5-HT2C-

Serotonin-Gq 
 

6BQH(51) 6WHA3 

POPC #=350 
Total #=~206K 

Box=115´115´155Å3 

# Walkers_MPI=32 

Every 1ps 
Height=0.48 

kcal.mol-1 

s=[0.2, 0.2]Å 
Bias 

factor=15 

CV1=Distance 
[R1733.50(CZ)- 

V358(C)] 
CV2=Distance 
[E3186.30(CG)- 

K353(NZ)] 

UW1 
={CV1<7.8 Å, 

with force 
constant=20.0 
kcal.mol-1Å-2} 

UW2 
={CV2<7.8 Å, 

with force 
constant=20.0 
kcal.mol-1Å-2} 

~0.4µs 
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Table S4. MetaD free energy calculations using ChARMM36m(14) for agonist activation of 
Protein-pre-coupled A2A receptor-Gs protein-GDP complex. 
 

 
 
 
  

# System Size (atoms #, 
box) 

MetaD 
parameters Collective Variables (CV) Upper/Lower walls Duration 

 

1 A2A-NECA-
Gs-GDP 

POPC #=280 
Cholesterol #=65 
Total #=~175K 

Box=110´110´15
6Å3 

# 
Walkers_MPI=1 

Every 1ps 
Height=0.72kcal.

mol-1 

s=[1.0, 1.0]Å 
Bias factor=25 

CV1=Distance [AH domain (center 
of mass of Ca for the residues 69-
204) --- Ras-like domain (center of 
mass of Ca for the residues 49-65, 
223-241, 294-303, and 369-374)] 

CV2=Distance [TM3 (the center of 
mass of Ca for residues 97-107) --

- TM6 (the center of mass of Ca 
for residues 223-233)] 

 

UW1 ={CV1<19.0 Å, with force 
constant=60.0 kcal.mol-1Å-2} 

 
LW1 ={CV1>12.0 Å, with force 

constant=60.0 kcal.mol-1Å-2} 

UW2 ={CV1<31.6 Å, with force 
constant=60.0 kcal.mol-1Å-2} 

 
LW2 ={CV1>21.6 Å, with force 

constant=60.0 kcal.mol-1Å-2} 

~1.2µs 
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Table S5. MetaD free energy calculations for Ligand-First mechanism of activation. 
 

# system Initial 
state Size (atoms #, box) MetaD parameters Collective 

Variables (CV) 
Upper wall 

(UW)/Lower wall 
(LW) 

Force field Duration 

1 
25CN-

NBOH-5-
HT2A 

Inactive  

POPC #=111 

Total #=49K 

Box=66´66´108Å3 

Every 1ps 
Height=0.48 kcal.mol-1 

s=[0.5, 0.5]Å 
Bias factor=15 

CV1=Distance 
[R1733.50(CZ)- 
E3186.30(CD)] 

CV2=Distance 
[R1733.50(CZ)- 
A3216.33(CB)] 

 

UW1 ={CV1<9.0 Å, 
with force 

constant=12.0 
kcal.mol-1Å-2} 

UW2 ={CV2<9.0 Å, 
with force 

constant=12.0 
kcal.mol-1Å-2} 

ChARMM36m(14) ~1.3µs 

2 
25CN-

NBOH-5-
HT2A 

Active  

POPC #=132 

Total #=49K 

Box=75´75´92Å3 

Every 1ps 
Height=0.72 kcal.mol-1 

s=[1.0, 1.0]Å 
Bias factor=25 

CV1=Distance 
[TM3 (the 

center of mass 
of Ca for 

residues 168-
178) --- TM6 
(the center of 

mass of Ca for 
residues 318-

328)] 

CV1=Distance 
[TM6 (the 

center of mass 
of Ca for 

residues 318-
328) --- TM7 
(the center of 

mass of Ca for 
residues 372-

382)] 

UW1 ={CV1<14.5 Å, 
with force 

constant=24.0 
kcal.mol-1Å-2} 

LW1 ={CV1>9.0 Å, 
with force 

constant=24.0 
kcal.mol-1Å-2} 

UW2 ={CV2<17.0 Å, 
with force 

constant=24.0 
kcal.mol-1Å-2} 

LW2 ={CV2>13.0 Å, 
with force 

constant=24.0 
kcal.mol-1Å-2} 

ChARMM36m(14) ~2.5µs 
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