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Figure S1. CA inhibitor candidates of FDA-approved small molecules by ML classifiers. (A) Inhibitor 
candidates predicted by ML classifiers (Logit + ECFP4 & MLP + ECFP4) derived from CA I inhibitors. 
Corresponding IUPHAR IDs are labeled [1]. The IDs colored in black are the true positives common in 
both ML models. Those in red are the false positives in both ML models. Those in blue except for 6814 
are the false positives from MLP + ECFP4. 6814 is the true positive by MLP + ECFP4. (B) Inhibitor 
candidates predicted by ML classifiers (Logit + ECFP4 & MLP + ECFP4) derived from CA II inhibitors. 
The IDs in black are the true positives common in both ML models. Those in green and blue are the 
false positives from Logit + ECFP4 and MLP + ECFP4, respectively. 
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Figure S2. CA inhibitor candidates from IUPHAR-registered small molecules by ML classifiers. 
(A) Inhibitor candidates predicted only by ML model (Logit + ECFP4) derived from CA I inhibitors. (B)
Inhibitor candidates predicted only by ML model (Logit + ECFP4) derived from CA II. (C) Inhibitor
candidates predicted both by ML models (Logit + ECFP4) derived from CA I and CA II inhibitors.



 

 

Figure S3. Concentration-dependent inhibitory profiles of positive controls. (A) 6792 (acetazolamide). 
(B) 5698 (pazopanib). Enzyme activities are scaled to have a relative value in the range of 0–1 on the y-
axis. The enzyme activity in the absence of inhibitor is expressed as 1. The molar concentrations in each 
small molecule ([C]) are expressed as Log10[C] on the x-axis. The Ki values that are converted from the 
fitted IC50 values are written with units.  

 

  



 

 

Figure S4. Data in the pre-docking stage. (A) Histogram of the counts in pose reproducibility. Twenty-
four crystal ligands were docked into 58 coordinates from 33 CA I crystal structures using Glide-SP 
software [2,3]. Docked ones within 2 Å root mean square deviation into the crystal ligands are counted 
as the correct reproducibility. (B) Histograms of AUC and LogAUC. The 24 ligands and their 
corresponding 960 decoys (40 per ligand) were docked into 58 coordinates using Glide-SP. The AUC 
and LogAUC [4] values in each coordinate are calculated and expressed as histograms. Both AUC and 
LogAUC represent the enrichments of true positives over false positives. LogAUC has the 
logarithmically scaled x-axis compared to AUC in the range of 0.001−1. LogAUC value is adjusted and 
normalized to reflect only the enrichment of true positives by subtracting the random enrichment (0.145) 
and dividing by 3. Both AUC and LogAUC are multiplied by 100. Profiles of AUC (C) and LogAUC (D) 
in the docking with 4WUP Chain B. TPR and FPR mean true positive rate and false positive rate, 
respectively. 
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Figure S5. ML-derived CA inhibitor candidates of known kinase inhibitors. The ChEMBL-deposited [5] 
35,455 kinase inhibitors from 437 kinases were extracted. The molecules smaller than 450 Da and more 
potent than 500 nM in Ki or IC50 were considered. The ML classifier trained with CA I inhibitors in this 
study generated 192 candidates with p ≥ 0.6. The values in the parentheses are probability by the ML 
classifier. 

 

  



Figure S6. CA inhibitor candidates reported as complex structures with kinases. The 192 kinase 
inhibitors chosen as CA inhibitor candidates include eight molecules reported as complex structures 
with kinases. The values in the parentheses are probability by ML classifier, name of the ligand, and 
PDB ID of the kinase structure. The identical definition to Figure 5 is applied for representing the 
intermolecular interactions. Besides the five molecules in this figure, the other three 
are 5932 and 5946 (Figure 5) and XMU-MP-1 (Figure 6).  
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