
https://helda.helsinki.fi

Predictive classification models and targets identification for

betulin derivatives as Leishmania donovani inhibitors

Zhang, Yuezhou

2018-08-17

Zhang , Y , Xhaard , H & Ghemtio , L 2018 , ' Predictive classification models and targets

identification for betulin derivatives as Leishmania donovani inhibitors ' , Journal of

Cheminformatics , vol. 10 , 40 . https://doi.org/10.1186/s13321-018-0291-x

http://hdl.handle.net/10138/241219

https://doi.org/10.1186/s13321-018-0291-x

cc_by

publishedVersion

Downloaded from Helda, University of Helsinki institutional repository.

This is an electronic reprint of the original article.

This reprint may differ from the original in pagination and typographic detail.

Please cite the original version.



Zhang�et�al. J Cheminform  (2018) 10:40  
https://doi.org/10.1186/s13321-018-0291-x

RESEARCH ARTICLE

Predictive classi�cation models 
and�targets identi�cation for�betulin derivatives 
as�Leishmania donovani inhibitors
Yuezhou Zhang1,2, Henri Xhaard1,2 and Leo Ghemtio1* 

Abstract  

Betulin derivatives have been proven e�ective in vitro against Leishmania donovani amastigotes, which cause visceral 
leishmaniasis. Identifying the molecular targets and molecular mechanisms underlying their action is a currently an 
unmet challenge. In the present study, we tackle this problem using computational methods to establish properties 
essential for activity as well as to screen betulin derivatives against potential targets. Recursive partitioning classi�ca-
tion methods were explored to develop predictive models for 58 diverse betulin derivatives inhibitors of L. donovani 
amastigotes. The established models were validated on a testing set, showing excellent performance. Molecular 
�ngerprints FCFP_6 and ALogP were extracted as the physicochemical properties most extensively involved in 
separating inhibitors from non-inhibitors. The potential targets of betulin derivatives inhibitors were predicted by 
in silico target �shing using structure-based pharmacophore searching and compound-pharmacophore-target-
pathway network analysis, �rst on PDB and then among L. donovani homologs using a PSI-BLAST search. The essen-
tial identi�ed proteins are all related to protein kinase family. Previous research already suggested members of the 
cyclin-dependent kinase family and MAP kinases as Leishmania potential drug targets. The PSI-BLAST search suggests 
two L. donovani proteins to be especially attractive as putative betulin target, heat shock protein 83 and membrane 
transporter D1.
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Background
Leishmaniasis is a neglected tropical disease caused by 
Leishmania protozoan parasites that a�ect millions of 
people worldwide [1–3]. During the past decade, leish-
maniasis has spread considerably, and an increasing 
number of new cases are being reported every year [3]. 
Several treatments exist for leishmaniasis [4], but they 
are not fully active, have adverse e�ects, loss of e�cacy 
and are highly expensive [5]. Hence, there is an urgent 
need to develop new, safe and e�ective medications.

Betulin derivatives have a signi�cant in�vitro inhibition 
growth of L. donovani amastigotes, which cause visceral 

leishmaniasis, the most severe form of the disease [6, 7]. 
Betulinic acid and other betulin derivatives have further-
more remarkable antiviral [8–11], anti-HIV [12], antiul-
cer [13], anti-in�ammatory [ 14, 15], anti-malaria [16, 17] 
and anti-tumoral [18–20] activity that make this class of 
compounds promising for new drugs discovery [21–24]. 
Structure–activity relationships and pharmacological 
properties of betulin have been studied previously [25–
29]. Recently, our collaborators have synthesized 58 betu-
lin heterocyclic derivatives and evaluated their activity 
and selectivity against L. donovani amastigotes with simi-
lar or better inhibitory activity (> 80%) than some well-
known antibiotics (Nystatin, Pentamycin, Amphotericin) 
[6, 30, 31]. Computational methods such as QSAR [32] 
and pharmacophore modeling [33] are important meth-
ods in modern drug discovery that have been successfully 
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