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Video S1. SuMD simulations of the adenosine unbinding from the A;sR. In the bound state,
Adenosine (van der Waals representation) engages F1685°L2 in hydrophobic contacts and forms
hydrogen bonds with N25363 E1695¢L2) N181°42, S277742, and H27874 side chains. Hydrogen
bonds involving the adenosine ribose moiety tend to break simultaneously during the early steps of
the dissociation events. Protein residues in the proximity of adenosine are shown as stick
representation. The main hydrogen bonds are highlighted with red dotted lines. The top end of the
transmembrane helix 7 has been removed for clarity. The simulation time indicated is cumulative of

all the 12 replicas.

Video S2. SuMD simulations of adenosine unbinding from the A;R. In the bound state, adenosine
(van der Waals representation) engages F1715CL2 in hydrophobic contacts and forms hydrogen bonds
with N254635 E172FCL2 N184°42, S277742, and H278743 side chains. In analogy to Aza (Video S1)
the ligand does not interact with the distal part of the extracellular loop 2 (ECL2) during the
dissociation events. Protein residues in the proximity of adenosine are shown as stick representation.
The main hydrogen bonds are highlighted with red dotted lines. The top end of the transmembrane

helix 7 has been removed for clarity. The simulation time indicated is cumulative of all five replicas.

Video S3. SuMD simulations of adenosine binding to the A;R. Adenosine is shown in van der
Waals representation, while the protein residues in its proximity are shown as stick representation.
The main hydrogen bonds are highlighted with red dotted lines. The top end of the transmembrane
helix 7 has been removed for clarity. The simulation time indicated is cumulative of all the nine

replicas.

Video S4. SuMD simulations of NECA unbinding from the A2aR. In the bound state, NECA (van
der Waals representation) engages F1685¢-2 in hydrophobic contacts and forms hydrogen bonds with

N2536-3 E169FCL2 T88336, S277742 and H27874’ side chains. The interaction with T8833¢ is the last



one to be broke at the early stage of the dissociation events. Protein residues in the proximity of
NECA are shown as stick representation. The main hydrogen bonds are highlighted with red dotted
lines. The top end of the transmembrane helix 7 has been removed for clarity. The simulation time

indicated is cumulative of all the five replicas.

Video S5. SuMD simulations of ZMA unbinding from the A24R. In the bound state, ZMA (van
der Waals representation) engages F1685¢-2 in hydrophobic contacts and forms hydrogen bonds with
the N253655 side chain. Along the dissociation pathways, the antagonist tends to engage the
extracellular loop 2 (ECL2) in transient interactions. Protein residues in the proximity of ZMA are
shown as stick representation. The main hydrogen bonds are highlighted with red dotted lines. The
top end of the transmembrane helix 7 has been removed for clarity. The simulation time indicated is

cumulative of all the five replicas.

Video S6. SuMD simulations of EMPA unbinding from the OX:R. In the bound state, EMPA
(van der Waals representation) forms numerous van der Waals contacts with T11126!, V138336,
F227542 132063, S3216°2, N324%55, H3507°, and Y35474. The extracellular loop 2 (ECL3) and N
terminal helix provide hydrophobic spots able to stabilize the ligand along the dissociation pathways.
Protein residues and in the proximity of EMPA along the unbinding path are shown as stick
representation. The main hydrogen bonds are highlighted with red dotted lines. The top end of the
transmembrane helix 6 has been removed for clarity. The simulation time indicated is cumulative of

all the three replicas.

Video S7. SuMD simulations of QNB unbinding from the M;R. In the bound state, QNB (van der
Waals representation) forms hydrogen bonds with the N404532 and D10332 side chains, and many
hydrophobic contacts (e.g. W400%48, Y4267, and F1815¢L2). Protein residues in the proximity of
the ligand are shown as stick representation. The main hydrogen bonds are highlighted with red dotted
lines. The top end of the transmembrane helixes 1 and 2 have been removed for clarity. The simulation

time indicated is cumulative of all the five replicas.

Video S8. SuMD simulations of TPPU unbinding from the sEH. In the bound state, TPPU (van
der Waals representation) engages D105, Y236, and Y 153 side chains in hydrogen bonds, and makes
hydrophobic with F157, L198, L178, Y37, and M189. After the initial rupture of the hydrogen bonds
with D105, the ligand follows two main paths. Protein residues in the proximity of TPPU along the



unbinding path are shown as stick representation. Main hydrogen bonds are highlighted with red

dotted lines. The simulation time indicated is cumulative of all the four replicas.



Table S1. Overview of the systems considered in the present work.

PDB Protein  Ligand Ligand name Resolution = Ref.
ID code (A)
2YDO Adenosine ADN  (2R,3R.4S,5R)-2-(6-aminopurin-9-yl)- 3.00 !
Aoa 5-(hydroxymethyl)oxolane-3,4-diol
receptor
6D9H  Adenosine ADN  (2R,3R,4S,5R)-2-(6-aminopurin-9-yl)- 3.6 2
A1 R 5-(hydroxymethyl)oxolane-3,4-diol
receptor
2YDV  Adenosine NECA (28S,3S,4R,5R)-5-(6-aminopurin-9-yl)- 2.60 !
Aoa N-ethyl-3,4-dihydroxy-oxolane-2-
receptor carboxamide
4EIY  Adenosine ZMA  4-[2-[[7-amino-2-(furan-2-yl)- 1.80 3
Aoa [1,2,4]triazolo[1,5-¢][1,3,5]triazin-5-
receptor yl]amino]ethyl]phenol
S5WQC Orexine2 EMPA N-ethyl-2-[(6-methoxypyridin-3-yl)- 1.96 4
receptor (2-methylphenyl)sulfonyl-amino]-N-
(pyridin-3-ylmethyl)ethanamide
3UON Muscarinic  QNB  (3R)-1-azabicyclo[2.2.2]oct-3-yl 3.0 3
2 receptor hydroxy(diphenyl)acetate
40D0 Soluble TPPU  1-(1-propanoylpiperidin-4-yl)-3-[4- 2.92 6
epoxide (trifluoromethyloxy)phenyl]urea

hydrolase



Table S2. SuMD unbinding settings used in the present work.

Adenosine Asa 50 3 4 5 10 8 20

receptor -
Adenosine
Adenosine A 100 3 4 5 10 8 20
receptor -
Adenosine
Adenosine Aoa 50 3 3 5 5 8 16
receptor - NECA
Adenosine Aoa 100 3 2 5 4 8 10
receptor - ZMA
Orexine 2 100 6 3 8 6 10 8
receptor - EMPA
Muscarinic 2 100 8 3 10 6 12 10
receptor - QNB
Soluble epoxide 20 3 5 5 15 8 30
hydrolase -
TPPU

Table S3. Residues considered for the computation of the protein centroids during metadynamics and

SuMD unbinding simulations.

Adenosine Axa receptor - Adenosine S6!32 to 130287
Adenosine A receptor - Adenosine S6!'2% to K3018-%6
Adenosine Az receptor - NECA 1312 to 130388
Adenosine A receptor - ZMA M11-27 to V307362
Orexine 2 receptor - EMPA P50Nte™ to Q254°9 and Q295426 to C382Cterm
Muscarinic 2 receptor T20'% to K214°% and K383%3! to M4568
Soluble epoxide hydrolase - TPPU S1 to R317



Table S4. Summary of the simulations performed.

Adenosine Aoa 12 3
receptor -
Adenosine
Adenosine A (Unbinding) 5 /
receptor - (Binding) 9 /
Adenosine
Adenosine Aoa 5 3
receptor - NECA
Adenosine Aoa 5 3
receptor - ZMA
Orexine 2 3 3
receptor - EMPA
Muscarinic M» 5 /
receptor
Soluble epoxide 4 3
hydrolase -TPPU




Table S5. Adenosine-Aza R contacts during SuMD and metadynamics simulations. Contact
persistency is quantified as the percentage of frames (over all the frames obtained by merging the
different replicas) in which protein residues were closer than 3.5 A to the ligand. Residues in bold
and underlined were engaged along the unbinding pathway; residues involved both in the bound state
and during the dissociation are indicated with *. Residues neither in bold nor underlined are part only

of the orthosteric binding site.

Aza R Residue Cumulative Aza R Residue Cumulative
persistency % persistency %
Phel68 88.7 Phel68 80.9
[le274 85.3 Leu249 80.1
Leu249 74.7 [1e274 77.3
Met177 68.9 Asn253 69.8
Glu169* 68.8* Metl77 65.9
Ala63 68.3 His278 63.8
Met270 67.3 Valg4 60.4
Asn253 56.7 Ala63 55.7
Ser67 53.7 Met270 52.7
Val84 51.8 Leu85 52
1le66 51.5 Glu169* 51.9*
His278 51.5 Trp246 49.7
Leu85 46.5 His250 44.5
Trp246 38.1 Ser67 41.8
Tyr9 36.9 Asnl81 41.7
Tyr271 33.2 Ile66 38.3
Asnl81 33 Ser277 35.8
Met174 31.3 Thr88 343
Ser277 30.1 Met174 33.2
His250 24.6 Tyr9 159
Thr88 18.6 GIn&89 10.2
Leu267 14 Tyr271 10.1
Leul67 9.4 11e92 8.2
Vall72 7.3 le252 8.1



Ser6 71 His264* 8.0%
His264* 7.1* Leu267 6.8
Ala81 6.8 Leul67 6.5
Glul3 2.8 Cys185 3.4

Table S6. Adenosine-Axa R hydrogen bonds formed during SuMD and metadynamics simulations.
Hydrogen bond persistency is quantified as the percentage of frames (over all the frames obtained by
merging the different replicas) in which protein residues formed hydrogen bonds with the ligand. The
computation takes into account direct and water mediated interactions. Residues in bold and
underlined were engaged along the unbinding pathway; residues involved both in the bound state and
during the dissociation are indicated with *. Residues neither in bold nor underlined are part only of
the orthosteric binding site; bb indicates hydrogen bonds or water mediated interactions involving the

backbone.

Aza R Residue Hydrogen bond Aza R Residue Hydrogen bond
persistency % persistency %
Glul69* 61.9* Glul69* 49.5*
Asn253 48.4 Asn253 47.0
His278 39.0 His278 44.0
Asnl81 37.4 Asnl81 40.9
Tyr9 37.0 Ser277 37.3
Glul3 33.6 Ser67 22.0
Ser277 30.5 Glul3 204
Ile66 (bb) 23.8 Tyr9 19.5
Tyr271 14.9 Ile66 (bb) 14.3*
Phel68 (bb) 14.0 Thr88 14.3
Ser67 123 Ala63 11.7
Ala63 (bb) 10.9 Phel68 (bb) 9.0
Thr88 9.0 His250 7.8
His264* 1.7* Thr256 3.2
Vall72 (bb) 5.6 Tyr271 4.9
Thr256 5.2 Ser281 3.8



His250 4.1 GIn89 3.7
Ala265 (bb) 33 Ala26S (bb) 34
Lys153 14 His264* 3.1*

Table S7. Adenosine-A; R contacts during SuMD simulations. Contact persistency is quantified as
the percentage of frames (over all the frames obtained by merging the different replicas) in which
protein residues were closer than 3.5 A to the ligand. Residues in bold and underlined were engaged
along the unbinding pathway; residues involved both in the bound state and during the dissociation

are indicated with *. Residues neither in bold nor underlined are part only of the orthosteric binding

site.

Residue Contact persistency %
[1e274 95.0
Phel71 94.3
Leu250 89.2
Glul72* 78.4*
Asn254 69.7
Met180 64.7
Val87 62.9
Thro1 553
Ile69 33.6
Trp247 535
Thr277 53.4
Ala66 52.3
Leu88 52.1
Met177 47.5
Asn70 44.7
Thr270 42.5
His278 41.8
Tyr271 37.0
His251 34.6
Lys265* 27.9*
Tyr12 235

10



Glu170 6.0

Table S8. Adenosine-A1 R hydrogen bonds formed during SuMD simulations. Hydrogen bond
persistency is quantified as the percentage of frames (over all the frames obtained by merging the
different replicas) in which protein residues formed hydrogen bonds with the ligand. The computation
takes into account direct and water mediated interactions. Residues in bold and underlined were
engaged along the unbinding pathway; residues involved both in the bound state and during the
dissociation are indicated with *. Residues neither in bold nor underlined are part only of the

orthosteric binding site; bb indicates hydrogen bonds or water mediated interactions involving the

backbone.
/s
Residue Hydrogen bond
persistency %
Asn254 63.2
Glul72* 61.9*
Thr277 46.0
His278 333
Asnl184 28.4
Glulé 27.9
Asn70 24.2
Tyrl2 21.2
Lys265* 20.3*
Thro1 17.8
Ala66 16.8
Glul70 15.5
Thr270 13.5
Tyr271 13.5
GIn92 12.6
Phel71 12.6
Ile69 11.0
His251 10.5
Ser267 4.4
Leu88 2.2

11



Thr257 2.0

Table S9. NECA-Aza R contacts during SuMD and metadynamics simulations. Contact persistency
is quantified as the percentage of frames (over all the frames obtained by merging the different
replicas) in which protein residues were closer than 3.5 A to the ligand. Residues in bold and
underlined were engaged along the unbinding pathway; residues involved both in the bound state and
during the dissociation are indicated with *. Residues neither in bold nor underlined are part only of

the orthosteric binding site.

Residue Contact persistency % Residue Contact persistency %
Phel68 94.4 Phel68 78.0
Val84 90 11e274 75.8
Leu85 89.8 Leu249 70.7
Thr88 89.8 Metl177 67.4
GIn89 89 Glul69* 60.9*
Metl177 87 Val84 60
Asnl81 84.7 Asn253 58
Trp246 79.7 Leu85 57.7
1192 70.8 Trp246 57
Glul69* 69.8* Ala63 56.7
His250 66.6 His250 53.2
Leu249 65.3 His278 51.1
Asn253 60 Met270 51.1
[le274 58.9 Asnl81 50.1
Cys185 52.5 Thr88 49.9
Ala63 47.8 GIn89 43.8
Met270 46.6 Ser67 43.2
His278 43.8 Ser277 37.7
Ser277 38.6 1192 353
Ser67 34.4 Ile66 32
Vall86 31.1 Cys185 30.1
Ile66 31.0 Met174 18.7
Met174 30.4 Tyr271 17.3
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Tle3 9.4 Vall86 15.4
Leu267 5.1 Tyr9 12.9
Thr256 2.8 De3 124
1252 2.7 Leu267 11.8
His264* 2.5% Leul67 10.2
11e60 2.3 His264* 7.6%
Met4 2.2 GIn157 5.8

Table S10. NECA-Az2a R hydrogen bonds formed during SuMD and metadynamics simulations.
Hydrogen bond persistency is quantified as the percentage of frames (over all the frames obtained by
merging the different replicas) in which protein residues formed hydrogen bonds with the ligand. The
computation takes into account direct and water mediated interactions. Residues in bold and
underlined were engaged along the unbinding pathway; residues involved both in the bound state and
during the dissociation are indicated with *. Residues neither in bold nor underlined are part only of
the orthosteric binding site; bb indicates hydrogen bonds or water mediated interactions involving the

backbone.

Residue Hydrogen bond Residue Hydrogen bond
persistency % persistency %
Glul69* 64.3* Glul69* 58.4*
Thr88 48.0 Asn253 38.2
Asn253 47.4 His278 37.0
Ser277 44.8 Ser277 31.8
His278 33.6 Glul3 204
His250 21.2 Thr88 19.9
Tyr9 15.7 Tyr9 19.7
Glul3 15.5 Ser67 18.3
Ser67 11.9 His250 14.1
Ala63 11.6 Ala63 11.0
Asnl81 10.0 Phel68 9.7
Phel68 8.0 His264* 7.5*%
Ile66 7.3 Tyr271 7.0
Vall72 4.1 Asnl8l1 0.8

13



Table S11. ZMA-Axa R contacts during SuMD and metadynamics simulations. Contact persistency
is quantified as the percentage of frames (over all the frames obtained by merging the different
replicas) in which protein residues were closer than 3.5 A to the ligand. Residues in bold and
underlined were engaged along the unbinding pathway; residues involved both in the bound state and
during the dissociation are indicated with *. Residues neither in bold nor underlined are part only of

the orthosteric binding site.

Residue Contact persistency % Residue Contact persistency %
Met270 86.7 Phel68 77.4
Leu267* 84.3* Leu249 67.9
Phe168 82.9 Trp246 67
Ser67 78.1 11e274 66.7
Leu249 77.9 Asn253 64.7
11e274 77.8 Met177 60.3
Asn253 76.8 Valg4 58.7
Tyr271* 75* Ser67 57
Trp246 74.4 His250 56.1
Metl77 73.4 Met270 53.8
His250 71.3 1le66 51.7
Glu169* 65.3* Leu85 50.2
Leul67 64.7 Thr88 42.2
Leu85 56.6 Glu169* 41.3*
11e66 56.3 Leu267* 41*
Valg4 453 Tyr271* 41*
Met174 23.9 Ala63 39.9
GInl57 23.5 Leul67 29.6
Metl 22.6 His278 29.1
Thr88 15.6 Met174 27.7
His264* 15.4% Tyr9 23.6
Lys153 129 11e252 22
Ser156 12.2 Asnl81 17.1
11e252 9.6 Ser277 16.6
Ala59 15.2

14



Val55 14.8

His264* 14*
Phe62 13.2
11e60 12.5
Asn280 11.1
Ile10 11
Phel82 10.9
Ser6 10.6
Tle64 10.5
GIn157 9.1

Table S12. ZMA - Aza R hydrogen bonds formed during SuMD and metadynamics simulations.
Hydrogen bond persistency is quantified as the percentage of frames (over all the frames obtained by
merging the different replicas) in which protein residues formed hydrogen bonds with the ligand. The
computation takes into account direct and water mediated interactions. Residues in bold and
underlined were engaged along the unbinding pathway; residues involved both in the bound state and
during the dissociation are indicated with *. Residues neither in bold nor underlined are part only of

the orthosteric binding site; bb indicates hydrogen bonds or water mediated interactions involving the

backbone.
e etenyectes M|
Residue Hydrogen bond Residue Hydrogen bond
persistency % persistency %
Asn253 61.5 Glul69* 51.2%
Glul69* 60.7* Asn253 47.4
Ser67 27.1 His278 25.2
His278 18.6 Ser67 19.0
GIn157 15.7 Ser277 13.8
Tyr271* 11.5* Tyr271* 8.6*
Ser277 11.2 Thr88 8.3
Leu249 10.2 Ala265 7.8
Ala63 9.2 Glul3 1.7
Ala81 8.8 Thr256 7.2
Ser156 8.2 Tyr9 71

15



Thr256 7.9 Ser281 6.9
Ala265 7.1 Tle66 5.0
Lys153 6.2 GIn157 4.8
1le66 5.9 Ser6 4.6
Tyr9 5.4 Ala63 4.4
Phel68 3.4 Ala81 43
Metl 3.3 Asn280 42
His264* 3.2% Phel68 3.8

Table S13. EMPA-OX:R contacts during SuMD and metadynamics simulations. Contact persistency
is quantified as the percentage of frames (over all the frames obtained by merging the different
replicas) in which protein residues were closer than 3.5 A to the ligand. Residues in bold and
underlined were engaged along the unbinding pathway; residues involved both in the bound state and
during the dissociation are indicated with *. Residues neither in bold nor underlined are part only of

the orthosteric binding site.

Residue Contact persistency % Residue Contact persistency %
Pro131 88.8 Asn324 61.8
Met191* 87.8* 11e320 60
Trpl20 874 GIn134 57.9
His350 86.8 Thr135 56.7
Cys210 84.4 His350 51.7
Thrll1 84.4 Tyr317 55
11e320 83.4 Vall38 54
GIn134 82.6 Val353 49.6
Asn324 82.1 Phe227 46.7
Ile130 80.9 Pro131 46.6
Val353 77.6 Trp120 424
Tyr354 77.0 Cys210 41.0
Phe227 76.9 Met191* 46.0*
Tyr317 71.6 Thrll1l 37.4
His224* 66.8% Asp211 37.2

16



Thr135
GIn187
Ser321
Vall38

Asp211
Valli14*

Lys327
Phe346
Arg339

Arg328
Glu212

Val209

Tyr354
Thr231
Val209
Ile130
Tyr343
Tyr232
Ser321
Vall42
Vall14*

Arg328
Phe346

Arg339
Phe333
GIn187
Gluli8
Met184
Lys327
Val342
Glu212
Vall96
His224*
Leu236
Ser139
Pro235
His335
Thr336
Phe228
Thrll9
Phe313
Ala334
Phe207

17



Table S14. EMPA-OX: R hydrogen bonds formed during SuMD and metadynamics simulations.
Hydrogen bond persistency is quantified as the percentage of frames (over all the frames obtained by
merging the different replicas) in which protein residues formed hydrogen bonds with the ligand. The
computation takes into account direct and water mediated interactions. Residues in bold and
underlined were engaged along the unbinding pathway; residues involved both in the bound state and
during the dissociation are indicated with *. Residues neither in bold nor underlined are part only of

the orthosteric binding site.

Residue Hydrogen bond Residue Hydrogen bond
persistency % persistency %

His350 06.4 Asn324 26.2

Asn324 31.0 His350 24.7

Lys327 23.6 Lys327 16.4

Tyr317 12.4 Asp211 12.6

Glu212 11.5 Arg328 11.0

Ser349 10.7 Cys210 10.9
GIn187 9.5 Arg339 9.3
Thr135 7.8 Glu212 8.7
Cys210 7.5 Thr231 8.6
Arg328 6.5 Tyr343 8.4
Asp211 6.3 Tyr232 7.6
Glulig 4.2 AspliS 1.5
Arg339 31 Thrll1l 6.8
His335 3.0 Ser321 6.2
Ser321 2.5 Ala314 6.0
Aspl15* 2.3% Thr336 54
Glv199 17 Glulig 3.1
Thr231 1.6 Phe333 4.6
11e320 1.6 His335 4.0
Phe333 11 Thr135 4.0
Phel97 3.2
Tyr354 2.8
GIn187 2.6

18



Table S15. QNB-M2R contacts during SuMD simulations. Contact persistency is quantified as the
percentage of frames (over all the frames obtained by merging the different replicas) in which protein
residues were closer than 3.5 A to the ligand. Residues in bold and underlined were engaged along
the unbinding pathway; residues involved both in the bound state and during the dissociation are

indicated with *. Residues neither in bold nor underlined are part only of the orthosteric binding site.

Residue Hydrogen bond
persistency %
Tyr403* 81.1
Tyr104* 79.7
Asn404 63.9
Trp400 58.8
Alal94 56.1
Aspl03 51.2
Tyrd426* 50.7
Thr187* 47.5
Ser107 47.0
Phel81* 46.6
Cys429 44.9
Alal91* 44.6
Thr190* 34.0
Val407 31.3
Phel95 31.1
Trpl55* 31.1
Tyr430 22.9
Asnl08 20.0
llel178 16.9
Ser182 9.0
Trp422 7.1

Table S16. QNB-M:R hydrogen bonds formed during SuMD simulations. Hydrogen bond

persistency is quantified as the percentage of frames (over all the frames obtained by merging the

19



different replicas) in which protein residues formed hydrogen bonds with the ligand. The computation
takes into account direct and water mediated interactions. Residues in bold and underlined were
engaged along the unbinding pathway; residues involved both in the bound state and during the
dissociation are indicated with *. Residues neither in bold nor underlined are part only of the

orthosteric binding site.

O s

Residue Hydrogen bond
persistency %
Asn404 61.9
Aspl03 44.0
Ser107 10.6
Thr187* 10.1
Tyr403* 3.6
Thr190* 1.0

Table S17. TPPU-sEH contacts during SuMD and metadynamics simulations. Contact persistency is
quantified as the percentage of frames (over all the frames obtained by merging the different replicas)
in which protein residues were closer than 3.5 A to the ligand. Residues in bold and underlined were
engaged along the unbinding pathway; residues involved both in the bound state and during the
dissociation are indicated with *. Residues neither in bold nor underlined are part only of the

orthosteric binding site.

Residue Contact persistency % Residue Contact persistency %
Met189 83.4 Tyr153* 87.4*
Leul87 71.9 Leul78 85.8
Leul78 71.7 Met189 82.3
Tyr153* 64.3* Phe37 78.8

Phe37 59.5 Tyr236 75.5

Phel57 48.1 Leul87 66.8

Leu269 45.8 GInl154 64
Leul98 45.6 Trp106 62.4

Ser188 44.1 Phel57 57.7

20



Tyr236 43.5 Met109 56.5

Trp106 41.6 Aspl05 56
Trp295* 42* Leul98 53.8
Pro38 394 Prol31* 45.2*
Val268 37.5 Pro38 414
Glnl54 36.1 Met239 38.5
Met109 34.7 Trp295* 38.3*
His190 34.2 Phel99 32.8
Aspl05 31.5 Phel51 36
His294* 28 Hel33* 28.2*
Thr130* 26.6* Thr130* 25.4*
Hel33* 26.5% Prol4l 24.7
Phel99 26 Leul67 18
Valls0 26 Vall30 17.7
Met239 234 His294* 17.3*
Prol49 22.7 Thri74 17.3
Ser185 22 Ser188 15.8
Leul67 13.8 Argl80 15.3
Ser182 13.1 Lle145 12.1
Prol4l 11.6 Serl77 11.5
Lle145 14 Ser185 10

Table S18. TPPU-sEH hydrogen bonds formed during SuMD simulations. Hydrogen bond
persistency is quantified as the percentage of frames (over all the frames obtained by merging the
different replicas) in which protein residues formed hydrogen bonds with the ligand. The computation
takes into account direct and water mediated interactions. Residues in bold and underlined were
engaged along the unbinding pathway; residues involved both in the bound state and during the
dissociation are indicated with *. Residues neither in bold nor underlined are part only of the

orthosteric binding site.

Residue Hydrogen bond Residue Hydrogen bond
persistency % persistency %
Aspl105 33.5 Aspl105 54.4
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Tyr153*
Prol31*

Tyr236
Met189
Leul87
Asp266
Ile133*
Ginl54
Serl85
Ser182
His294*
His190
Ser188

Tyr236
Tyri53*
Gini34
Prol31*
Serl44
Ser185
Leul87

Argl80
Met189

43.7

27.1*
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Figure S1. Unbinding free energy surfaces recovered from metadynamics simulations. a) AxaR -
Adenosine complex; b) A2aR — NECA complex; ¢) A2aR - ZMA complex; d) OX, R - EMPA complex; e)
sEH - TPPU complex. Each plot shows three independent replicas and is colored according to the free energy
computed by integrating the Gaussians deposited along the distance between ligand and receptor, during each
simulation. As indicated by the different trends of the plots of each system, sampling convergence cannot be

reached in a singular replica under the metadynamics settings considered in this study.
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Figure S2. Water molecules followed different pathways before being involved in Adenosine-Azs R
hydrogen bond rupture during SuMD simulations. The positions of the water molecules responsible for
the rupture of N181°*? - Adenosine and S2777* -Adenosine key hydrogen bonds are respectively shown as
blue and green dots (arrows summarize the path). (a). In order to break the N181>** - Adenosine interaction,
water molecules had to first dissociate the hydrogen bonds between N253%** and Adenosine (blue IC path 1);
the solvent molecule able to break the S277"*? -Adenosine hydrogen bond first solvated the ligand adenine
ring (green IC path 2). (b) In order to break the N181°** - Adenosine interaction, water molecules had to first
dissociate the hydrogen bonds between N253%* and Adenosine (blue IC path 1); the S277"** - Adenosine
interaction was disrupted by a solvent molecule from within the transmembrane (TM) domain (green IC path).
(c) The N181>*? - Adenosine hydrogen bond was broken by a water coming from the extracellular path 2 (blue
EC path 2), while the S277”*? - Adenosine interaction was disrupted by a solvent molecule from within the

TM domain (green IC path). (d) The S2777*? - Adenosine interaction was disrupted by a solvent molecule
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from within the TM domain (green IC path), while the N181°#* - Adenosine hydrogen bond was broken by a
water molecules belonging to a hydrated region trapped between the ligand, N181°** and H250%? side chains

(blue arrow).
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Figure S3. Aza R - Adenosine interactions differences between SuMD and metadynamics. a) Axa R -
Adenosine intermolecular contacts, plotted on the A4 R surface (top) and ribbon representation (bottom); b)

Asa R - Adenosine hydrogen bonds and water-mediated interactions, plotted on the A>s R surface (top) and
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ribbon representation (bottom). Both panels show the extracellular side view. Blue color indicates residues
more involved during metadynamics simulations, while red indicates residues more involved during SuMD.
Residues not involved or equally engaged are white colored. ¢) A; R - Adenosine unbinding energy landscape
from SuMD simulations. d) Adenosine centroids positions during SuMD, colored according to the energy
interaction (MMGBSA energy < 0); the A R is shown as ribbon and colored according to the overall contacts

computed during SuMD simulations.

K265ECL3

Figure S4. Adenosine metastable state M1 along the unbinding path from the AR. In the intermediate
state M1 (Figure le, f) adenosine (tan stick representation) hydrogen bonds with N254%% N70*% (red dotted
lines), and makes hydrophobic contacts with F171%“"? (cyan transparent surface). The Adenosine

crystallographic conformation is shown in transparent.
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Figure SS5. The adenosine binding to the A receptor. a) A; R - adenosine binding energy landscape from
SuMD simulations. B corresponds to the orthosteric bound state, while Ma and Mg are metastable states that
anticipate its formation along the binding path. b) adenosine centroids positions during SuMD, colored
according to the energy interaction (MMGBSA energy < 0); the A; R is shown as ribbon and colored according
to the overall contacts computed during SuMD simulations. B corresponds to the orthosteric bound state, while
Ma and Mg are metastable states that anticipate its formation along the binding path. ¢) schematic
representation of the different paths followed by adenosine during binding and unbinding SuMD simulations.
From the bulk solvent, the agonist engaged the receptor in metastable states in proximity to the top of TMS,
TM6 and the distal portion of ECL2 (orange residues). During the unbinding simulations, residues located at
TM1, TM2, TM7 and the proximal portion of ECL2 were engaged in intermediate states (green residues). The

side chains of the E1725*2-K2655" salt bridge (magenta) were involved in both of the two transitions.
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Figure S6. A4 R - NECA interactions differences between SuMD and metadynamics. (a) Axa R - NECA
intermolecular contacts, plotted on the Az R surface (top) and ribbon representation (bottom); (b) Aza R -
NECA hydrogen bonds and water-mediated interactions, plotted on the A,a R surface (top) and ribbon
representation (bottom). Both panels show the extracellular side view. Blue color indicates residues more
involved during metadynamics simulations, while red indicates residues more involved during SuMD.
Residues not involved or equally engaged are white colored. ¢) Axa R - NECA unbinding energy landscape

from metadynamics simulations. B represent the orthosteric bound state. d) NECA centroids positions during
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metadynamics, colored according to the energy interaction (MMGBSA energy < 0) the Aza R is shown as
ribbon and colored according to the overall contacts computed during metadynamics simulations. B represent

the orthosteric bound state
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Figure S7. The NECA - T88** hydrogen bond rupture is detected during SuMD. a) according to SuMD
the NECA - T88°3¢ hydrogen bond (orange line) rupture is the last event before the NECA unbinding. The
simulation time is the result of the merged productive time windows; b) the metadynamics simulated the

simultaneous break of all the hydrogen bonds. One representative replica is show for each method.
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water
occupancy %

Figure S8. The NECA-T88**¢ hydrogen bond is shielded. The T88>*¢ methyl group protects the T88>*

hydrogen bond with NECA from water molecules (T88**

is shown as orange van der Waals spheres, while
blue spheres indicates regions characterized by low-mobility water molecules along the MD trajectory

according to the AquaMMapS’ analysis of the MD trajectory.
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Figure S9. A4 R interactions differences between ZMA and ARs agonists adenosine and NECA. (a) Aza
R - intermolecular contacts formed with ZMA and Adenosine, plotted on the A»a R surface (top) and ribbon
representation (bottom); (b) A2a R contacts formed with ZMA and NECA, plotted on the A,a R surface (top)
and ribbon representation (bottom). Both panels show the extracellular side view. Blue color indicates residues
more involved in contacts with adenosine or NECA, while red indicates residues more involved in contacts

with ZMA. Residues not involved or equally engaged are white colored.
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Figure S10. The N253%% - ZMA hydrogen bonds are protected by the E169""% - H264"" salt bridge.
The key hydrogen bonds between ZMA and N253°* are protected by the E1695°? - H2645salt bridge.
T256%%® could stabilize these interactions by further shielding them from the bulk solvent (indicated as ECLs
water cluster). Blue spheres show regions characterized by low-mobility water molecules along the MD

trajectory according to AquaMMapS’ analysis.
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Figure S11. Azx R - ZMA interactions differences between SuMD and metadynamics. (a) A2a R - ZMA
intermolecular contacts, plotted on the A, R surface (top) and ribbon representation (bottom); (b) Aza R -
ZMA hydrogen bonds and water-mediated interactions, plotted on the A>a R surface (top) and ribbon
representation (bottom). Both panels show the extracellular side view. Blue color indicates residues more
involved during metadynamics simulations, while red indicates residues more involved during SuMD.
Residues not involved or equally engaged are white colored. ¢) Axa R - ZMA unbinding energy landscape
from metadynamics simulations. B represent the orthosteric bound state. d) ZMA centroids positions during

metadynamics, colored according to the energy interaction (MMGBSA energy < 0); the Axa R is shown as
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ribbon and colored according to the overall contacts computed during metadynamics simulations. B represent

the orthosteric bound state.
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Figure S12. OX; R — EMPA interactions differences between SuMD and metadynamics. (a) OX> R-

EMPA intermolecular contacts, plotted on the A»a R surface (top) and ribbon representation (bottom); (b) OX»

R - EMPA hydrogen bonds and water mediated interactions, plotted on the OX,R surface (top) and ribbon

representation (bottom). Both panels show the extracellular side view. Blue color indicates residues more

involved during metadynamics simulations, while red indicates residues more involved during SuMD.
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Residues not involved or equally engaged are white colored. ¢) OX, R - EMPA unbinding energy landscape
from metadynamics simulations. B represent the orthosteric bound state, while the Mgcr2 are metastable states
along the unbinding path. d) EMPA centroids positions during metadynamics, colored according to the energy
interaction (MMGBSA energy < 0); the Asa R is shown as ribbon and colored according to the overall contacts
computed during metadynamics simulations. B represent the orthosteric bound state, while the Mgcr» are

metastable states along the unbinding path.

[N
EMPA X-ray
Figure S13. Schematization of the EMPA-OX;R unbinding mechanism according to SuMD. According
to SuMD, From the bound state (EMPA X-ray) the first step of the unbinding was the rotation of the pyridine
ring towards the top of TM7/ECL3 (step 1, panel a). In this intermediate state the ligand was able to engage
H3507*° in direct hydrogen bonds. The second step was the EMPA translocation to the extracellular vestibule
of the receptor, where it formed several hydrophobic contacts with ECL2 and ECL3 (panel b). In step 3 the
inhibitor experienced further metastable states interacting with the distal portion of ECL2 and the N terminal
helix (panel c) before reaching the solvated state. States b and ¢ represent the metastable states indicated as

MEecr2 in Figure 4.
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Figure S14. Contacts formed by EMPA during SuMD. The number of contacts between EMPA and OX:R

10

(green tringles), or water molecules (magenta circles) and EMPA along the unbinding path. From the bound

state (B) to the metastable states Meci» the ligand experienced a gradual decrease of van der Waals interactions

(green), while the solvation suddenly increased through the states T; (Step 2 in Figure 5).
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Figure S15. QNB follows a linear unbinding path. (a) QNB (stick representation) in the three main states
reported in Figure 6a: B (white), M, (grey), and M> (black). (b) in the metastable state M, the ligand interacted
with residues locate on the ECL2 (I1785"* and F1815°™") and at the top of TMS (T187°%), TM6 (Y403%°1),
and TM7 (W4227%°). The hydrogen bond with T187°*is highlighted as a dashed line, while hydrophobic

contacts are shown as cyan transparent surfaces.
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Figure S16. M; R - QNB contacts during SuMD simulations. (a) M, R- QNB intermolecular contacts,
plotted on the M2 R surface. Residues more engaged (marron) are located in the orthosteric binding site; side
chains located on ECL2 (white) were transiently involved. The clipping plane relative to panel (b) is indicated
with a red dashed line; (b) side view of the clipped receptor; QNB binds in a deep pocket inside M>R and

mainly interacted with residues involved in the bound state (marron surface).
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Figure S17. sEH - TPPU interactions differences between SuMD and metadynamics. (a) sEH - TPPU
intermolecular contacts, plotted on the SEH surface (top) and ribbon representation (bottom); (b) sEH - TPPU
hydrogen bonds and water mediated interactions, plotted on the sEH surface (top) and ribbon representation
(bottom). Both panels show the extracellular side view. Blue color indicates residues more involved during
metadynamics simulations, while red indicates residues more involved during SuMD. Residues not involved
or equally engaged are white colored. ¢) sSEH - TPPU unbinding energy landscape from metadynamics
simulations. M, represent the metastable states following the orthosteric state, along the unbinding path. d)
TPPU centroids positions during metadynamics, colored according to the energy interaction (MMGBSA
energy < 0); the A,a R is shown as ribbon and colored according to the overall contacts computed during

metadynamics simulations.
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