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Table S1. 2D structures and binding free energy values (AGuind) for each already approved inhibitor of both hCA IX and XII
isoform. Also, average AGuind values for both isoforms are shown. All reported values are expressed in Kcal/mol.
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Thermodynamic analysis

To better investigate the affinity of capsaicin towards hCA IX and XII, we performed AGeind energy component analysis,
taking into account the active set (Table 52 and Table S3).

Table S2. Values of AGbind energy components (AGeou, AGiipo, AGsolvcs, AGvaw) for the complexes of hCA IX and hCA XII with
Capsaicin. The reported values are expressed in Kcal/mol.

AGcoul AGiipo AGsolvGs AGvaw
(Kcal/mol) (Kcal/mol) (Kcal/mol) (Kcal/mol)

Binding mode 1 -34.62 -51.65 22.12 -41.02

hCA IX Binding mode 2 -19.31 -67.63 32.78 -51.92
Binding mode 3 -24.35 -54.98 27.61 -48.11

Binding mode 1 -37.77 -47.97 35.11 -44.26

hCA XII Binding mode 2 -13.34 -52.91 23.96 -43.51
Binding mode 3 -13.85 -34.35 20.53 -40.58

As observed for the active set, we point out both the lipophilic (AGiipo) and Van der Waals (AGvaw) contributions as the
most important for the capsaicin binding of the hCA IX. Specifically, compared to the Benzthiazide, which exhibited
the best hydrophobic contribution in the binding to hCA IX among the reference compounds, capsaicin showed
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improved both AGipoand AGvaw. Specifically, the best values for these energetic components were observed for the
binding mode 2, with AGiipo and AGvaw equal to -67.63 and -51.92 Kcal/mol. Considering the best thermodynamic
complex of capsaicin with the hCA IX, the electrostatic contribution, with a value of -34.62 Kcal/mol, appeared
significant for the capsaicin binding to hCA IX. Conversely, in the active set, this contribution is lowly for most ligands,
except for the ellagic acid, which has shown a higher AGcou value of 7 Kcal/mol than capsaicin. Furthermore, capsaicin,
similar to ellagic acid, has a higher solvation penalty than the other active compounds.

As observed for hCA IX, the complex of capsaicin with hCA XII showed improved AGiipo and AGvaw compared to the
active set, reconfirming the hydrophobic contribution as the most important one for its binding to these targets. Also,
for hCA XII, the best values for these energetic components were observed for binding mode 2, with AGiipo and AGvaw
equal to -52.91 and -43.51 Kcal/mol. Regarding the electrostatic component, capsaicin exhibited the AGeou best value of
about -37.77 Kcal/mol in binding mode 2. Conversely, in the other docking poses, although the AGcou is also higher
than those exhibited by the active compounds Acetazolamide and Ellagic acid complexed with hCA XII, it is
advantageous compared to Benzthiazide, Hydroflumethiazide, and Zonisamide, in any case. Finally, the solvation
energy shared a similar value in the complexes of capsaicin with both hCA isoforms.

Table S3. Values of the AGrina energy components (AGeout, AGiipo, AGsovas, AGvaw) related to the complexes of hCA IX and hCA XII
with the known active compounds. The reported values are expressed in Kcal/mol.

C d AGcoul AGlipo AGsolvGB AGvdW
ompoun
P (Kcal/mol) (Kcal/mol) (Kcal/mol) (Kcal/mol)
Benzthiazide -3.15 -31.26 -0.29 -43.74
Hydroflumethiazide -2.70 -7.73 -7.08 -26.27
hCA IX . .
Ellagic acid -29.11 -19.38 29.01 -35.75
Zonisamide -6.97 -21.82 12.38 -27.16
Benzthiazide -8.17 -28.75 3.18 -40.51
Hydroflumethiazide -3.56 -16.92 -12.38 -28.69
hCA XII Ellagic acid -23.70 -24.64 13.97 -35.72
Zonisamide -10.97 -19.44 14.15 -27.09
Acetazolamide -21.16 -10.48 14.16 -27.60
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Figure S1. Trend of the RMSD value calculated on the Ca of A) hCA IX and B) hCA XII,in the apo form (black line) and
in complex with the capsaicin (red line). The RMSD values are reported in A.
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Figure S2. RMSD trend of capsaicin complexed with A) the hCA IX and B) the hCAXII, during MDs. The RMSD values,
reported in A, are calculated on the heavy atoms of the ligand after the superimposition on the protein.



