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Appendix A 
FoldX procedure 
 
FoldX is a well-known software for predicting changes in free energy of folding caused by mutations. 
It permits a rapid estimation of the effect of mutations on the stability of proteins and nucleic acids. 
Its predictive efficiency has been trained on a large set of mutants covering most of the existing 
structural environment. The energy terms used in FoldX estimation calculations have been weighted 
using empirical data obtained from protein engineering experiments 
[http://foldxsuite.crg.eu/products]. Potapov et al. [1] demonstrated that FoldX_3.0 shown the best 
correlation (r = 0.96) between experimental and average predicted change in protein stability values 
(∆∆G), compare to other software like Rosetta and I-Mutant_2.0. 
To predict the potential impact of a mutation in a structure, the FoldX command line PositionScan was 
used. In this procedure, the selected residue is first mutated to alanine and all neighbors residues are 
identified. Then, FoldX “mutates” the wild-type residue (selected position) to itself. Then, the 
neighbor residues are “mutated” to themselves; this is followed each time by the “mutation” of the 
wild-type selected position to itself. This process guarantees that the virtual real mutation by FoldX 
will potentially move only residues that were moved in the wild-type reference. Finally, the selected 
position is mutated into the desired residue. 
Command line example: 

FoldX --command=PositionScan --pdb=PDB_ID --positions=GA48L 
In this example, FoldX will mutate Gly48 from the chain A into Leucine. 
The output result corresponds to the ∆∆G in kcal/mol between the wild type and the mutant free 
energy structures (∆∆G = ∆GMutant - ∆GWild-Type). 
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Experimental structure selection 

 
Figure S1. GCPRs and G protein subunits activation cycle. 
 
 

 
Figure S2. cBioportal oncoprint of the five mostly mutated genes (GNAQ, GNAQ11, BAP1, SF3B1, EIF1AX), plus 
mutated genes detected in our patient case, NGS results detected in 108 uveal melanoma patients of two cohorts 
(n = 28 [1] and n = 80 [2]) [3,4] 

Table S1. Sequence identity of FGFR4 with FGFR1,-2 and -3. 

 Sequence identity with FGFR4 

FGFR1  57% 

FGFR2 58% 

FGFR3 61% 
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Figure S3. Sequence alignment of human H/K/NRAS and human GNAQ. Interestingly, GNAQ p.G48 corresponds 
to H/K/NRAS p.G12 which is a hotspot in RAS. The yellow, green and pink rectangles indicate the switch regions 
I, II and III in GNAQ, respectively. 
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Figure S4. B-factor representation of inactive and active structures. (a). The active conformation was obtained as 
a co-crystal with GDP, AlF4 and Mg2+ (PDB ID 3ohm); (b). The inactive conformation as a co-crystal with GDP 
(PDB ID 3ah8). The gradient corresponding to the B-factor values goes from blue to red, for rigid and flexible 
regions respectively. GDP and AlF4 are shown in ball&stick and the Mg2+ in sphere representations, respectively. 
SW-I (183-192), SW-II (206-222) and SW-III (236-246) are respectively colored in gold, green and salmon. 
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Figure S5. Sequence alignment of GNAQ orthologs centred on Human Gly48. 
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Figure S6. Sequence alignment of GNAQ orthologs centred on the Switch I loop (residues 183-192 based on 
human sequence). 
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Figure S7. Sequence alignment of GNAQ orthologs centred on the Switch II loop (206-222 based on human 
sequence) 
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Figure S8. Sequence alignment of GNAQ orthologs centred on the Switch III loop (236-246 based on human 
sequence) 
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Figure S9. Sequence alignment of the PDB sequences of the chains of interest and the Human sequence of GNAQ, 
retrieved from UniProt 

For our analysis, we decided to analyse experimental structures from Mus musculus Gαq and Mus 
Musculus x Rattus norvegicus Gαi/Gαq chimera, as they share high sequence identities with human 
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Gαq. Structures were retrieved from the PDB [2]: 3ah8 [3] (sole inactive conformation), 2bcj [4], 2rgn 
[4], 3ohm [5], 4gnk [6], 4qj3 [7], 4qj4 [7], 4qj5 [7], 5do9 [8]. Two other structures of Mus musculus Gαq 
protein are available in the PDB (i.e., 4ekd, 4ekc). As they contain mutations, we chose not to include 
them in our study. A description of the structure information is presented in Table . 
 

Table S2. 3D structures information. A is for active conformation and I for inactive conformation. * Sequence 
identities between the human and the chain sequences were calculated using Chimera. 
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3ah8 (I) 
Rattus norvegicus, Mus 
musculus (chimeric) 

Gαi/Gαq A 94.1% 2.9 0.315 0.259 5.1 293 

2rgn (A) 
Rattus norvegicus, Mus 
musculus (chimeric) Gαi/Gαq A 94.6% 3.5 0.299 0.243 6.5 277 

2bcj (A) 
Rattus norvegicus, Mus 
musculus (chimeric) Gαi/Gαq Q 94.6% 3.06 0.292 0.243 6.5 277 

4gnk (A) Mus musculus Gαq A 99.7% 4.00 0.255 0.214 6.75 277.15 

5do9 (A) Mus musculus Gαq A 99.7% 2.60 0.226 0.178 5.5 277.15 

3ohm 
(A) 

Mus musculus Gαq A 99.1% 2.70 0.275 0.204 6 291 

4qj3 (A) Mus musculus Gαq A 98.1% 3.00 0.240 0.195 6 277.15 

4qj4 (A) Mus musculus Gαq A 98.1% 3.30 0.267 0.208 6.5 277.15 

4qj5 (A) Mus musculus Gαq A 98.1% 3.41 0.277 0.212 6.25 277.15 

All structures were obtained with high resolution and the chains of interest have high sequence 
identities with the human Gαq. The pH range of crystals preparation is comprised between 5.1 for 
3ah8 and 6.25 for 5do9, and the temperature ranges from 277K for 2grn and 2bcj, to 291K for 3ah8. 
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Figure S10. Residues in contact with ligands. (a). Active conformation crystallized in the presence of GDP, AlF4 
and Mg2+(PDB ID3ohm); (b) Inactive conformation crystallized in the presence of GDP (PDB ID3ah8). Hotspots 
Arg183 and Gln209 and GDP and AlF4 are in ball&stick, Mg2+ is in sphere, and the residues in contact with 
ligands are in sticks. SW-I (183-192) is in gold and SW-II (206-222 in green. SW-III is cut from the pictures to make 
them readable. 
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Table S3. FoldX energy analysis. Gibbs energies (∆G) of each complex calculated by FoldX in kcal/mol. 

 
 
 

 
Figure S11. Wild-type and Mutated residue’s neighbors. (a). Inactive structures (3ah8); (b). Active structures 
(2bcj, 2rgn, 3ohm, 4gnk, 4qj3, 4qj4, 4qj5, 5do9). Gly48Leu, Leu239 and Val240 are in ball&stick, residues that are 
at a distance inferior to 5Å to position 48 are in golden sticks. SW-I, SW-II and SW-III are in yellow, green and 
pink, respectively. Position 48 is colored in orange. For clarity, residues that are already mentioned in (a)-wild-
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type are not mentioned in the other pictures. Left pictures represent the wild-type structures and the right one 
the Gly48Leu predicted structures generate with FoldX. 

 
Figure S12. Structural analysis. Distances measured between atoms L239 C and G48L C, and V240 C and 
G48L C.
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Figure S13. FGFR4 Multiple sequence alignment centered on the Homo sapiens Cys172. Sequence retrieved from 
UniProt and alignment done with MUSCLE. 
 

 
Figure S14. FGFR4 p.Cys174 environment. Residues that are within 5Å from the FGFR4 p.Cys174 are represented 
in golden sticks. Cys172 is in orange ball&stick. FGFR4 is represented in tan ribbon and FGF1 in light blue ribbon 
(PDB ID 1qct) [9] 
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Table S4. The results of the in-house NGS panel. BAP1 presented both with a mutation and a loss of one allele 
leading to a loss of heterozygosity (LOH) 

Gene ID Alterations Allele frequency or level of CNV 

GNAQ 
c.142_143delinsTT 

(p.Gly48Leu) 41% 

FGFR4 
c.514T>G 

(p.Cys271Gly) 47% 

BAP1 c.68-4_84delinsGA 
and LOH of 3p 

82% 
(due to LOH) 

NRAS Deletion 1x copy left 

3p Loss LOH 

6q Loss LOH 

6p Gain 3x 
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