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RESUMEN 

La proteasa NS3/NS2B es esencial en el proceso de replicación del Virus del Dengue y 
constituye un blanco para el desarrollo de antivirales. Sin embargo, no ha sido posible 
desarrollar un fármaco clínicamente efectivo. El objetivo de este artículo es desarrollar un 
método para identificar “sitios de unión” alternativos para moléculas farmacológicas, 
utilizando un algoritmo de multilayer perceptron entrenado para clasificar los residuos que 
pueden ser significante para la actividad de la enzima de los residuos no esenciales. Varios 
factores obtenidos mediante mutagénesis de alanina, secuencia y conservación de la 
estructura y otros factores basados en la geometría fueron utilizados para entrenar al 
modelo. Tres sitios alternativos fueron identificados: NS3-Leu58 y residuos cercanos, el 
cluster NS3-His72, Phe116, Thr156; y los residuos NS2B-Thr77, NS2B-Thr83 y NS2BMet84. 
 
Palabras clave: Virus del Dengue, Escaneo de Mutagénesis computacional de Alanina, DV 
NS3  
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ABSTRACT 

Proteasa, DV NS2B cofactor, aprendizaje de máquina, ingeniería molecular, sitios de unión, 
inhibidor de proteasa The NS3/NS2B protease is essential on the Dengue Virus replication 
process and constitutes a desirable target for antiviral development. Nevertheless, it has not 
being possible to develop a clinically effective drug. The aim of this article is to develop an 
approach to identify alternative ”bindable sites” for druglike molecules using an multilayer 
perceptron algorithm trained to classify residues that may be significant for the enzyme 
activity from the non essential. Several features derived from computational alanine 
scanning mutagenesis, sequence and structure conservation and other geometry-based 
features were used to train the model. Three alternative sites were identified: NS3-Leu58 
and nearby residues, NS3-His72,Phe116, Thr156 cluster, and NS2B-Thr77, NS2B-Thr83, and 
NS2BMet84.  
 
Keywords: Dengue Virus, Computational Alanine Scanning Mutagenesis, DV NS3 Protease, 
DV NS2B cofactor, Machine Learning, Molecular engineering, bindability sites, protease 
inhibitor 
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Ident ificat ion of bindabilit y sites for drug-like molecules at Dengue Virus protease 21

Fig. 1: Flow chart of the methods used for generat ing the features and class for the machine
learning classifier. T he categories for the experimental inhibit ior result were A, total loss of
act ivit y; B, major loss of act ivit y; C, moderate-act ivit y lost ; D slight act ivit y lost and W T ,
same as wild type.
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22 M . A. M éndez et al.

Fig. 2: St ructure, including the NS2B cofactor and the protease region of NS3, used for the
computat ional alanine scanning mutagenesis (3U1I). Surrounded by a red mesh are the most
important residues for the catalyt ic act ivit y (Ser135, Asp75 and His 51); referred here as the
catalyt ic t riad
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26 M . A. M éndez et al.

Fig. 6: NS3 Residues labeled in yellow were classified as class A, likely to be fundamental on the
enzyme act ivit y. NS2B is shown in cartoon visualizat ion surrounded by a surface calculat ion
both on a t ransparent material. Bindabilit y pocket shown here seems to be important for the
NS2B’s binding to NS3.
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Ident ificat ion of bindabilit y sites for drug-like molecules at Dengue Virus protease 27

Fig. 7: NS3 Residues labeled in yellow were classified as class A , likely to be fundamental on
the enzyme act ivit y. NS2B-HIS72, NS3-PHE116 and T HR156 cluster on a possible bindabilit y
pocket . NS2B is shown in surface visualizat ion on a t ransparent material. Bindabilit y pocket
shown here seems to be important for the NS2B’s binding to NS3. ASP75 in purbole shown
only as a reference point for the reader.

Fig. 8: Interact ions represent at ions’ symbols as found for Phe46 and Tyr79 (NS3Pro residues)
and Suplementary Informat ion.
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Fig. 9: Interact ions diagram of Phe46 and Tyr79 (NS3Pro residues) classified as class A, likely
to be fundamental on the enzyme act ivit y.

Fig. 10: Interact ions diagram of Leu58 (NS3Pro residue) classified as class A, likely to be
fundamental on the enzyme act ivit y. Here Leu 58 (center) is showing a backbone hydrogen
bonding interact ion with Leu 65 (also classified as A)
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