In-silico Identification of Sterol 14A-demethylase Inhibitors Utilizing Machine Learning and Structural Bioinformatics 
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Introduction. Chagas disease (CD), transmitted by the protozoan parasite Trypanosoma cruzi (T. cruzi), is a serious burden for millions of people worldwide. The only two drugs, benznidazole and nifurtimox, used for the management of CD have several drawbacks.
Aim.  This study aims to utilize an integrative machine learning (ML) and structural bioinformatics strategies for the identification of selective sterol 14α-demethylase inhibitors targeting T. cruzi.

Methods. We retrieved 22,000 natural products from microbially-derived natural products database, followed by screening using ML strategy. The strong inhibitors identified from ML screening were filtered using pharmacophore modelling. Molecular docking and binding free energy analysis were performed using Maestro Schrodinger software. Lastly, we performed molecular dynamics (MD) simulations study and pharmacokinetic property prediction for the top ligands.
Results. Following ML-based classification of the 22,000 natural products (ligands), 8,632 strong inhibitors were found. Further screening was done using five pharmacophoric features, and only 927 ligands matched all the features. Molecular docking study revealed Fisheacid (−12.008kcal/mol), Penikellide A(−11.372kcal/mol), Ochratoxin A(−10.30kca/mol), and Asperlide C (−11.44kcal/mol) as top inhibitors having better docking scores than reference ligand, Ravuconazole (−8.639kcal/mol). The binding free analysis (kcal/mol) showed that the top four inhibitors- Fisheacid, Penikellide A, Ochratoxin A, and Asperlide C had considerably higher binding energies (kcal/mol) of -66.90, -49.27, -54.53, and -54.67 respectively, than the reference drug Ravuconazole (−40.21). The MD simulations study revealed that Fisheacid exhibited better stability with sterol 14-alpha demethylase than Ravuconazole. All the top compounds had favourable  pharmacokinetic profiles.
Discussion. This study identifies four novel natural products including Fisheacid, Penikellide A, Ochratoxin A, and Asperlide C as sterol 14α-demethylase inhibitors. However, further in vitro and in vivo studies are recommended to determine the therapeutic potential of these drug candidates in the treatment of Chagas disease. 
