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Supplementary Figure 4. 2D representation of the agonist binding cavity predicted 
by Glide (Friesner et al., 2004). 
 

 
 
 

 
 



 
 
 
 
 
 
 

 
 
 

 



 
 
 
 
 
 
 

 

 
 
 



 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
 
 
 
 
 
 

 

 
 

 
 
 
 
 



 
 
 
 
 
 
 

Section 4: Accuracy of the MM/CG simulation results 
 
 
Supplementary Table 2. Analysis of the simulation data of the three 
hChemGPCR/agonist complexes for which both experimental studies and MM/CG 
molecular dynamics have been performed (Marchiori et al., 2013; Sandal et al., 
2015). The first column lists those three hTAS2R/agonist complexes, along with the 
ligand charge in parentheses. The second column shows the residues for which 
mutagenesis data are available. Residues belonging to the bottom half of the 
receptor, to the N- or C-termini, and to the TM8 have been omitted, as they are well 
outside the canonical orthosteric binding site of class A GPCRs (Venkatakrishnan et 
al., 2013) and thus they are expected not to be involved in ligand binding. In the third 
column, residues are numbered accordingly to the GPCRdb numbering scheme 
(Isberg et al. 2015) of their template, i.e. the human β2 adrenoceptor (PDB code: 
4LDE) for the two hTAS2R38 complexes and the human dopamine D3 receptor 
(PDB code: 3PBL) for hTAS2R46 (Sandal et al., 2015). In the fourth column, 
interpretation of EC50 values for the corresponding residues is reported using the 
following nomenclature: c = change in EC50; nc = no significant change in EC50. In 
the following columns is indicated whether the residue interacts with the ligand along 
the MM/CG simulation (Y=yes, N=no) and the prediction outcome for this residue 
(TP=true positive, TN=true negative, FP=false positive, FN=false negative, see the 
main text and Figure 3 for the definition), depending on the presence or absence of 
an actual chemical interaction.  
 
 
 
 
 
 
 

hChem-GPCR/ 
agonist complex 
(ligand charge) 

Experimental data MMCG 

Residue Position EC50 Interaction Prediction 

hTAS2R38/ 
Phenylthiocarbamide 

(0) 

W99 3.32 nc N TN 

N103 3.36 c Y TP 

N179 ECL2 nc N TN 

R181 ECL2 nc N TN 

N183 ECL2 nc N TN 

F197 5.42 nc Y FP 

W201 5.46 c Y TP 

F255 6.47 nc N TN 

F264 6.56 c Y TP 

 Recall: 1.00 
Precision: 0.75 



 
 
 
 
 
 
 

hChem-GPCR/ 
agonist complex 
(ligand charge) 

Experimental data MMCG 

Residue Position EC50 Interaction Prediction 

hTAS2R38/ 
propylthiouracil 

(0) 

W99 3.32 nc N TN 

M100 3.33 nc N TN 

N103 3.36 c Y TP 

N179 ECL2 nc N TN 

R181 ECL2 nc N TN 

N183 ECL2 nc N TN 

F197 5.42 c Y TP 

W201 5.46 c Y TP 

F197 5.42 c Y TP 

F264 6.56 c Y TP 

 Recall: 1.00 
Precision: 1.00 

hTAS2R46/ 
strychnine 

(+1) 

E70 2.65 c Y TP 

L71 ECL1 c Y TP 

I82 3.26 c Y TP 

N92 3.36 c Y TP 

N150 ECL2 nc N TN 

N161 ECL2 nc N TN 

N176 5.39 c Y TP 

Y241 6.51 c Y TP 

E253 ECL3 c Y TP 

F261 7.35 c Y TP 

E265 7.39 c Y TP 

A268 7.42 c Y TP 

F269 7.43 c Y TP 

 Recall: 1.00 
Precision: 1.00 

 
 
 
 
 
 
 
 



 

 

 

 

 

 

 

Section 5: Bioinformatics analyses of receptors’ activation 
 
Supplementary Table 3. Available experimental mutagenesis data on residues 

putatively involved in receptor activation in hTAS2Rs. The generic numbering for 

class A GPCRs (Isberg et al. 2015) (based on the GPCRdb numbering of the 

template used in this work, PDB code: 4LDE) and the GPCR residue numbering 

used in the original publication are listed in columns 1 and 2, respectively. The 

human bitter taste receptor and the corresponding mutation reported in the literature, 

together with its activation-related effect, are indicated in columns 3-5, with the 

corresponding reference in column 6. Finally, column 7 lists the sequence 

conservation of this position in human bitter taste receptors. The novel position 

identified in this work (7.52) is highlighted in yellow. 

 

 

residue 
numbering 

receptor mutant effect reference Conservation 
in hTAS2Rs GPCRdb 

class A 
original 
paper 

1.50 1.50 hTAS2R1 

N24A 

N24D 

Loss of agonist-

induced signaling 

(>90%) 

(Singh et al., 
2011) 

92% 

1.53 1.53 hTAS2R1 

I27A 

I27V 

Receptor 

hyperactivity 

(Singh et al., 
2011) 

96% 

2.50 2.54 hTAS2R1 R55A 

Receptor 

hyperactivity 

(Singh et al., 
2011) 

96% 

5.63 5.53 hTAS2R4 H214A 

Constitutively active 

mutant 

(Pydi et al., 
2014) 

96% 

ICL3 ICL3 hTAS2R4 Q216A 

Constitutively active 

mutant 

(Pydi et al., 
2014) 

Not conserved 

6.35 ICL3 hTAS2R4 V234A 

Constitutively active 

mutant 

(Pydi et al., 
2014) 

Not conserved 

6.38 ICL3 hTAS2R4 M237A 

Constitutively active 

mutant 

(Pydi et al., 
2014) 

Not conserved 

7.50 7.47 hTAS2R4 S285A 

Constitutively active 

mutant 

(Pydi et al., 
2014) 

S= 68% 
P= 28% 

7.52 7.52 hTAS2R38 I296V 

Change in activation 

of the receptor 

(Biarnes et 
al., 2010) 

I/L/V = 92% 

 
 
 
 
 
 



 
 
 
 
 
 
 

Supplementary Table 4. Effect of mutations in residues involved in the activation 
network of class A GPCRs. Residues experimentally shown as important for 
activation are indicated with the generic residue numbering for class A GPCRs 
(Isberg et al. 2015). The novel position 7.52 identified in this work is highlighted in 
yellow. 
 
 
 

residue 
numbering receptor mutants effect reference 

1.50 TSHR N1.50D 

Disrupting important, architecture-
stabilizing intramolecular 
interactions and ultimately leading 
to the complete intracellular 
retention of the receptor. 

(Labadi et al., 2015) 

2.46 

A2aAR L2.46A 
Stabilization; Increase in binding 
affinity of agonist; 50-fold decrease 
of binding affinity for antagonist 

(Lebon et al., 2011) 

Muscarinic 
M1 and M5 

L2.46A Reduced efficacy (Hulme, 2013) 

TSHR L2.46A Increased basal activity (Urizar et al., 2005) 

TSHR L2.46I No effect (Urizar et al., 2005) 

TSHR L2.46W Decreasing basal activity (Urizar et al., 2005) 

Rhodopsin L2.46A Increasing basal activity 
(Madabushi et al., 

2004) 

2.50 Opioid D2.50A 

Reducing agonist-dependent 
signaling of some GPCRs, while 
maintaining ligand binding and 
often basal signaling 

(Fenalti et al., 2014) 

3.39 Opioid S3.39A 
Disrupting of normal ligand 
dependent signaling 

(Katritch et al., 2014) 

3.40 

Muscarinic 
M1 and M5 

V3.40A Increasing agonist affinity (Hulme, 2013) 

MOR136-1 S3.40A Abolishing agoinist binding (Ho et al., 2015) 

Histamine H1R I3.40A/G 
Lower basal activity and lower 
agonist response 

(Sansuk et al., 2011) 

TSHR V3.40A Constitutive activity (Duprez et al., 1994) 

 
 
 
3.43 
 
 

S1P1 L3.43E/G Abolishing activation (Fujiwara et al., 2007)  

B2AR L3.43R/K/A Increased basal activity (Tao et al., 2000) 

Muscarinic M1 L3.43A Constitutive activity (Lu and Hulme, 1999) 



 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
3.43 (cont.) 

TSHR L3.43Q/N/R Constitutive activity 

(Kosugi et al., 2000) 

(Nishihara et al., 

2006)  

(Trulzsch et al., 2001) 

C5A L3.43A Constitutive activity 
(Baranski et al., 

1999)  

CB1 L3.43A 

Constitutive activity;  
elevated basal cAMP accumulation; 
enhanced affinity for agonists and 
diminished affinity for inverse 
agonists. 

(D'Antona et al., 

2006) 

5.54 FSHR I5.54L/T/F/N Constitutive activity (Tao, 2008) 

 
5.58 
 

TSHR Y5.58F Decreasing basal activity (Kleinau et al., 2008) 

B2AR Y5.58A Stabilization of inactive 
conformation 

(Tate and Schertler, 

2009) 

6.35 Rhodopsin R6.35C Decreasing basal activity 
(Dunham and 

Farrens, 1999) 

6.37 Vasopressin V2 I6.37L Reducing ability to bind the G-
protein 

(Venkatakrishnan et 

al., 2016) 

6.39 

5-HT2A I6.39A Increasing affinity for agonist 
(indirect effect) 

(Shapiro et al., 2002) 

AT1R A6.39C Cysteine mutant is sensitive to 
treatment with MTSEA 

(Martin et al., 2007) 

 
 
 
 
 
 
 
 
 
 
 
 
6.40 
 
 
 
 
 
 
 
 
 
 
 

C5A V6.40A Increasing basal activity 
(Baranski et al., 

1999) 

Muscarinic M5 I6.40S Constitutive activity 
(Spalding et al., 

1998)  

Histamine H1R I6.40E/G/A 
/R/K/S Constitutive activity 

 

(Sansuk et al., 2011)  

(Bakker et al., 2008) 

Rhodopsin M6.40Y Constitutive activity (Deupi et al., 2012) 

AT1R I6.40T Increasing basal activity (Parnot et al., 2000) 

Melanocortin-4 L6.40Q Increasing basal activity (Vaisse et al., 2000) 

TSHR L6.40F Increasing basal activity 
 (Tonacchera et al., 

1998) 



 
 
 
 
 
 
 

 
 
 
 
6.40 (cont.) 

Lutropin-
choriogonadotropic  L6.40A Constitutive activity (Fanelli, 2000) 

S1P1 V6.40A/T Reducing activation (Fujiwara et al., 2007)  

S1P1 V6.40L Abolishing activation (Fujiwara et al., 2007) 

6.44 

Muscarinic M5 F6.44S/T/L Constitutive activity 
(Spalding et al., 

1998) 

Rhodopsin F6.44T/V Increasing basal activity (Han et al., 1997) 

Rhodopsin F6.44A No significant change in basal 
activity 

(Han et al., 1997) 

Rhodopsin F6.44W Decreasing basal activity (Han et al., 1997) 

A1B adrenergic F6.44L Increasing basal activity 
(Greasley et al., 

2002) 

A1B adrenergic F6.44Y No significant change in basal 
activity 

(Greasley et al., 

2002) 

A1B adrenergic F6.44A/G Decreasing basal activity 
(Greasley et al., 

2002) 

Ghrelin F6.44Y/L Decreasing basal activity 
(Valentin-Hansen et 

al., 2012) 

Ghrelin F6.44A Increasing basal activity 
(Valentin-Hansen et 

al., 2012) 

GPR119 F6.44A Decreasing basal activity;  
loss of agonist-induced response 

(Valentin-Hansen et 

al., 2012) 

B2AR F6.44A Decreasing basal activity;  
loss of agonist-induced response 

(Valentin-Hansen et 

al., 2012) 

NK1 F6.44A Decreasing basal activity;  
loss of agonist-induced response 

(Valentin-Hansen et 

al., 2012) 

GPR39 L6.44A/Y Decreasing basal activity 
(Valentin-Hansen et 

al., 2012) 

GPR39 L6.44F Decreased basal activity;  
loss of agonist-induced response 

(Valentin-Hansen et 

al., 2012) 

TSHR D6.44A/E/H/Y Constitutive activity 

(Porcellini et al.,1994; 

Parma et al., 1997; 

Russo et al., 1996) 



 
 
 
 
 
 
 

6.48 

muscarinic 
M1 and M5 W6.48A Reducing agonist response (Hulme et al. 2013) 

Ghrelin receptor W6.48A/H Abolishing basal activity; 
reduced agonist response 

(Holst et al., 2010) 

GPR119 W6.48A Abolishing basal activity; 
reduced agonist response 

(Holst et al., 2010) 

GPR39 W6.48A Abolishing basal activity; 
reduced agonist response 

(Holst et al., 2010) 

B2AR W6.48A Abolishing basal activity; 
 reduced agonist response 

(Holst et al., 2010) 

S1P1 W6.48A/E Impaired activation (Fujiwara et al., 2007) 

7.45 adenosine N7.45A 
Removal of modulator allosteric 
effects but little effect on agonist 
binding 

(Gao et al., 2003) 

7.49 Opioid N7.49D 
Mutation eliminated detectable 
binding of either [3H]diprenorphine 
or [3H]DAMGO 

(Xu et al., 1999) 

 
 
7.52 
 
 

TSHR L7.52V Increase of basal activity (Russo et al., 1999) 

A2bAR V7.52A Reducing agonist-induced 
activation 

(Liu et al., 2015) 

Melanocortin-1 I7.52T Reducing basal activity 
(Lubrano-Berthelier et 

al., 2006) 

7.53 Vasopressin V2 Y7.53F/A Reduced ability to bind to G-protein 
(Venkatakrishnan et 

al., 2016) 

 
 
 
 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 

Supplementary Table 5. Conservation of residues in position 7.52 across human 
class A GPCRs, hTAS2Rs and hORs.  
 

Residue conservation percentage 

Class A hGPCRs I=31.7% L=30% V=16% M,F,Y,C=1% each 

hTAS2Rs I=76% L=12% V=4% S,Q=4% each 

hORs I=88% V=9% L=1% T,A,S<1% each 

 
 
 
 
 
Supplementary Figure 5. Interactions of the residue in position 7.52 in the 
mammalian class A GPCR active/inactive structure pairs solved by X-ray 
crystallography. Inactive structures are shown in green, whereas active structures 
are in orange. The corresponding PDB codes are listed in Table 4 in the main text. 
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Section 6: Further details of the bioinformatics analysis  
 
Supplementary Table 6. UniProt accession numbers of the hTAS2Rs’ and hORs’ 
sequences used in this work. 
  

Human bitter taste receptors Human odorant 
receptors 

Receptor UniProt ID Receptor UniProt ID Receptor UniProt ID 

hTAS2R1 Q9NYW7 hTAS2R31 P59538 hOR2AG1 Q9H205 

hTAS2R10 Q9NYW0 hTAS2R38 P59533 hOR2M3 Q8NG83 

hTAS2R16 Q9NYV7 hTAS2R43 P59542 hOR1A1 Q9P1Q5 

hTAS2R30 P59541 hTAS2R46 P59540 hOR7D4 Q8NG98 

 
 
 
Supplementary Table 7. Predicted binding cavity residues for hChem-GPCRs. The 
hChem-GPCRs studied in this work are indicated on the left and the putative binding 
residues, as predicted by fpocket (Le Guilloux et al., 2009), on the right.  
 

hChem-GPCR fpocket predicted residues 

hTAS2R1 1 2 4 5 6 9 61 62 65 66 68 69 70 71 72 73 74 75 77 78 79 81 82 85 86 
90 139 140 143 144 147 149 150 151 153 155 156 159 160 166 167 
168 169 170 172 174 175 178 182 240 243 244 247 248 251 252 254 
255 256 257 259 260 261 263 264  

hTAS2R4 66 69 70 73 74 79 88 89 92 93 96 100 146 150 156 172 173 174 176 
180 181 184 185 188 189 190 192 193 239 240 243 244 246 247 248 
250 251 263 264 266 267 270 271 273 

hTAS2R10 3 5 6 9 12 13 16 17 20 57 58 61 62 64 65 66 67 68 69 70 71 72 73 74 
75 76 80 81 84 85 88 89 92 163 164 165 166 167 174 177 178 236 239 
240 243 246 252 254 255 256 257 259 260 261 263 264 266 267 268 
271  

hTAS2R16 6 10 14 59 63 64 66 67 68 70 71 72 74 75 76 77 78 79 81 82 85 86 88 
89 92 93 94 141 142 144 146 147 148 150 153 155 156 157 161 162 
164 165 166 167 168 169 170 171 172 174 176 177 180 181 184 185 
236 239 240 242 243 246 247 249 250 251 252 253 254 255 256 258 
259 260 262 263 265 266 269 

hTAS2R30 58 62 66 69 81 84 85 87 88 92 152 154 156 167 168 169 170 171 176 
180 183 184 238 241 245 248 249 252 253 254 258 261 262 265 268 
269 

hTAS2R31 8 11 12 15 16 18 19 51 54 55 58 59 62 63 65 66 67 81 82 85 86 88 89 
90 92 93 151 171 172 173 175 180 183 184 187 188 237 238 241 249 
250 251 253 254 255 257 258 259 260 261 262 264 265 266 269  



 
 
 
 
 
 
 

hTAS2R38 18 21 22 25 71 72 74 75 76 77 78 79 80 82 83 84 86 87 91 92 95 96 99 
100 103 165 166 167 174 178 181 183 184 185 186 187 188 189 190 
191 194 197 198 201 256 258 259 260 262 263 266 267 268 269 270 
274 276 278 279 280 282 283 286 

hTAS2R43 5 6 9 13 58 62 63 66 69 70 71 73 76 78 79 81 82 85 88 89 91 92 142 
143 146 147 148 150 151 152 153 154 155 156 158 160 161 166 167 
168 169 170 171 172 175 176 179 180 183 241 242 245 248 249 252 
253 256 257 258 259 261 262 265 266 268 269 

hTAS2R46 12 13 14 15 16 17 19 51 54 55 58 62 63 64 65 66 67 69 70 71 72 73 82 
84 85 88 91 92 95 96 99 102 103 158 159 160 161 179 183 184 187 
190 191 194 197 226 227 229 230 231 233 234 236 237 238 240 241 
242 243 244 245 247 257 258 260 261 262 264 265 267 268 269 270 
271 272 273 276 

hOR1A1 1 4 5 6 8 9 12 15 19 51 54 55 57 58 59 61 62 63 65 66 67 69 70 71 73 
77 80 81 82 84 85 86 89 141 146 148 154 156 157 159 161 168 169 
170 171 172 173 174 175 176 178 179 182 183 186 232 235 236 238 
239 242 243 246 248 249 251 252 253 255 256 258 259 260 262  

hOR2AG1 8 11 12 15 16 18 19 51 54 55 58 59 62 63 65 66 67 81 82 85 86 88 89 
90 92 93 151 171 172 173 175 180 183 184 187 188 237 238 241 249 
250 251 253 254 255 257 258 259 260 261 262 264 265 266 269  

hOR2M3 77 80 81 84 85 88 90 97 100 101 104 105 155 156 159 160 165 171 
176 177 178 179 180 181 182 183 189 190 191 192 194 198 199 201 
202 203 206 256 259 269 272 273 276 277 280 

hOR7D4 24 27 28 31 69 70 73 77 78 81 82 84 85 86 88 101 104 105 107 108 
111 112 159 165 175 176 179 186 187 189 190 191 192 193 194 196 
198 199 202 203 206 207 251 252 255 256 259 262 263 266 267 268 
269 272 273 274 275 276 277 279 280 283 
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