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Introduction
Chagas disease, a parasitic illness caused by Trypanosoma cruzi (T cruzi), remains a significant

public health challenge, particularly in Latin America [1]. Although nifurtimox and benznidazole are
available therapies, their effectiveness is often limited in the advanced stages of infection, and they can
cause severe side effects [1,2]. The lack of effective therapies for chronic Chagas disease has led to the
search for novel therapeutic approaches [2]. One promising strategy involves inhibiting the enzyme
TcCYP51, essential for the parasite’s ergosterol biosynthesis [3]. In a previous study, virtual screening
identified a potential 7cCYP51 inhibitor, but its predicted activity was only moderate (pECs, = 5.43) [4].
To design novel 7cCYPS51 inhibitors with enhanced activity potential, we conducted a structural
optimization study to propose new molecules with improved activity predictions.

Material and Methods

We generated a virtual library of new chemical structures by modifying a previously identified
hit molecule [4]. The proposed modifications incorporated structure fragments from known 7cCYPS51
inhibitors and considered synthetic feasibility. Open Babel 2.2.2 program was used to construct the 3D
structures [5]. The generated library was subjected to a virtual screening using molecular docking
simulation and QSAR-3D analysis [5].

Molecular docking studies were performed in GOLD 2020.1 employing the ChemScore scoring
function. Molecular interactions were analyzed with the Discovery Studio program [6,7]. Docking scores
for molecules from the generated library were evaluated for accuracy using ROC curve analysis. The
molecules classified as active against the 7cCYP51 enzyme underwent 3D QSAR modeling to predict the
biological activity and assess prediction reliability through application domain calculation.

Results and Discussion

We created a virtual library of chemical structures comprising 13 proposed molecules structurally
related to the hit molecule from our previous study [4]. The primary modification in these structures was
the introduction of nitrogen heterocycles.

Molecular docking score analysis revealed that 9 of the 13 proposed structures had significant
scores (> 52.3), suggesting their potential as 7cCYPS51 inhibitors [6]. Analysis of these 9 structures
indicated similar binding poses, and 3 of them exhibited improved predicted activity (pECs, > 8.0) (Fig.
1) compared to the original hit molecule [4].

Analysis of the binding poses for these 3 top-performing molecules indicates Fe-N coordination
bond at 2.5 A, a known feature of 7cCYPS51 inhibitors [8]. Structure 1, exhibiting the highest predicted
activity, formed a hydrogen bond interaction with residue Tyr 83 (Fig.1A). In contrast, structures 2 and 3
lacked hydrogen bonding interactions despite their strong predicted activities (Fig.1B and 1C).
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Fig. 1. Docking poses and intermolecular interactions of the proposed molecules 1 (A), 2 (B), and 3 (C)
that show the best prediction for 7cCYP51 inhibitors.
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Conclusion

Our structure-based drug design approach generated a virtual library of chemical structures with
potential activity against 7cCYP51. Molecular docking simulations identified three proposed structures
(1, 2, and 3) exhibiting high predicted 7cCYP51 inhibition (pECs, > 8.0). These results demonstrated an
improvement in the design of new 7cCYPS5I1 inhibitors and provided a basis for optimizing and
developing new anti-7.cruzi agents.

Acknowledgments
The authors thank for the support of the sponsors FAPERJ (E-26/210.915/2021) and CAPES (Finance Code 001).

Bibliographic References

[1] Sousa, A. S. et al. Chagas disease. The Lancet, 2024, 403 (10422), p. 203-218.

[2] Aldasoro, E. et al.: What to expect and when: benznidazole toxicity in chronic Chagas’ disease treatment. J. Antimicrob.
Chemother., 2018, 73 (4), p. 1060-1067.

[3] Santos-Junior, P. F. S. et al. Sterol 140-demethylase from trypanosomatidae parasites as a promising target for designing
new antiparasitic agents. Curr. Top. Med. Chem., 2021, 21 (21), p. 1900-1921

[4] Flores-Junior, L. A. P, Lima, C.H.S., Dias, L.R.S.: Planning of new inhibitors of TcCYP51 using de novo approach; 5"
Eletronic Conference for the Facult of Pharmacy Graduate Program. 2023.

[S] O'Boyle, et al. Open Babel: An open chemical toolbox. J. Cheminformatics., 2011, 3, a.33,
https://doi.org/10.1186/1758-2946-3-33

[6] Flores-Junior, L. A. P. et al. Putative inhibitor of TcCYP51 from a library of approved drugs: A virtual screening study. J.
Braz. Chem. Soc., 2024, 35 (9), e-20240064

[7] Biovia Discovery Studio Visualizer, version 21.1.0.20298; Datassault Systémes, USA, 2020.

[8] Lepesheva, G. I. et al. CYP51 as drug targets for fungi and protozoan parasites: past, present and future. Parasitology, 2018,
145,(14), p.1820-1836.


https://doi.org/10.1186/1758-2946-3-33

