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ABSTRACT

Objective: In this docking study was performed by the active site of NS2B-NS3 protease with selected plant alkaloids derived from Catharanthus 
roseus. On the basis of docking results, out of the nine alkaloids yohimbine might be considered as the best inhibitors of NS2B-NS3 protease protein.

Methods: Lipinski rule was employed to check the ligand likeliness of the compound. The three-dimensional crystallographic structure of NS2B-NS3 
protease (ID.2FOM) fetched from the protein data bank. The in silico docking studies were performed by “AutoDock version 4.2” software tool.

Results: Yohimbine is having the best binding score (−7.18 Kcal/mol) than the other eight compounds.

Conclusion: Hence, it has been concluded yohimbine as a novel inhibitor for NS2B-NS3 protease in dengue fever.
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INTRODUCTION

Catharanthus roseus which is an important medicinal plant of the family 
Apocynaceae used to treat many fatal diseases.

Kingdom: Plantae
Phylum: Magnoliophyta
Class: Magnoliopsida
Order: Gentianales
Family: Apocynaceae
Genus: Catharanthus
Species: Roseus
Binomial name: Catharanthus roseus L.

C. roseus also possesses good antioxidant potential. There are about 
two common cultivars of C. roseus which is named on the basis of 
their flower color, flower that is the pink flowered is termed as “rosea” 
and white color flowered is termed as “alba.” In India, it is known as 
“Nithyakalyani” [1]. C. roseus is an ornamental shrub that grows up to 
30–100 cm in height. This plant has a long history as a folk medicine in 
many countries such as South Africa, China, India, Mexico, and Malaysia 
where it is utilized as a remedy to alleviate diabetes complications [2]. 
C. roseus plant parts such as root, stem, leaves, and flowers produce 
several phytoactive compounds such as flavonoids, alkaloids, steroids, 
terpenoids, tannin, phenolics, anthocyanins, fatty acids, proteins, 
phytohormones, and enzymes [3]. The other medicinal properties of 
C. roseus include properties such as antibacterial, antifungal, antiviral, 
antidiabetic, and anticancer activities [4]. The various alkaloids found to 
report have vindoline, vindolinine, vindolidin, tabersonine, ajmalicine, 
lochnericine, horhammericine, yohimbine, and secologanin  [5]. 
Vinblastine and vincristine are the most important antitumor 
bisindole alkaloids, which are derived from the coupling of vindoline 
and catharanthine monomers. The biochemical synthesis of six steps 
enzymatic conversion of tabersonine to vindoline has been studied 
extensively. The terminal step of vindoline biosynthesis is catalyzed by 
deacetyl vindoline-4-O acetyltransferase [6].

The cause of dengue fever is Aedes mosquitoes (Aedes aegypti). It is a 
viral disease and transmitted between human hosts. Every year more 
than 20 million cases of dengue fever recorded in the whole world. The 
dengue viruses (DVs) are members of the genus Flavivirus in the family 
Flaviviridae [7]. The signs and symptoms of dengue fever include high 
fever, up to 105ºF, severe headache, retro-orbital (behind the eye) pain, 
severe joint and muscle pain, nausea and vomiting, and rash. The rash 
may appear over most of the body 3–4 days after the fever begins, and 
then subsides after 1–2 days. There may be a second rash a few days 
later. These symptoms include high fever, up to 105ºF, severe headache, 
retro-orbital (behind the eye) pain, severe joint and muscle pain, nausea 
and vomiting, and rash.

Symptoms of dengue hemorrhagic fever include all of the symptoms of 
classic dengue plus bleeding from the nose, gums, or under the skin, 
causing purplish bruises, which results from damage to blood vessels. 
This type of dengue disease can cause death. Dengue vaccines have 
been under development since the 1940s, but a tetravalent vaccine 
which simultaneously provides long-term protection against all DV 
serotypes is around the corner. A  tetravalent antigen was designed 
by splicing the EDIIIs of DV-1, DV-2, DV-3, and DV-4 using flexible 
pentaglycyl linkers [8]. At present, there are no treatment options for 
dengue fever; there is no known cure or vaccine. There are several DV 
proteins that have been identified as potential drug targets [9]. Natural 
products have been and continue to be excellent sources of medicinal 
agents, as themselves or as templates for synthetic agents [10]. The 
people of developing nations often have limited access to health care 
and inadequate resources for pharmaceuticals, and traditional herbal 
medicines offer the potential for treatments of diseases in these regions. 
In this work, we have screened our virtual library of phytochemicals 
against several protein targets of DV, included DV protease (NS2B-
NS3protease) using a molecular docking approach [11].

DV protease
DENV protease (NS2B-NS3pro) is a trypsin-like serine protease that 
cleaves the dengue polyprotein into individual proteins necessary for 
viral replication. DENV protease has been identified as a primary target 
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for the development of dengue antiviral drugs [12]. There are two 
potential targets for DENV protease inhibition: (1) The active site of the 
protease [13] and (2) block association of NS3 protease with its protein 
cofactor NS2B [14].

DATABASE AND METHODOLOGY

Preparation of receptor structure
The protein data bank (PDB) is a crystallographic database for three-
dimensional (3D) structure data of large biological molecules such as 
proteins and nucleic acids. Crystal structure of NS2B-NS3 protease was 
obtained from PDB (http://www.rcsb.org) with PDB ID 2FOM. The 
protein consists of two chains and 185 residues length with resolution 
1.5 Å. Structural and active site studies of the protein were done using 
PyMol molecular visualization software [15,16].

PubChem
It is a product of the NCBI database. It is most useful for collecting 
the information about the specified chemicals. It is an online archive 
containing the information of all the known chemicals their properties 
and their biological importance. The user can use these chemicals based 
on their function and download their structures for other analysis. 
The two-dimensional (2D) structure of the C. roseus compounds of 
vindoline, vindolinine, vindolidin, tabersonine, ajmalicine, lochnericine, 
horhammericine, yohimbine, and secologanin was obtained from the 
PubChem database [17].

ACD ChemSketch
ACD/ChemSketch is the powerful chemical drawing and graphics 
package from ACD/Labs software. Draw the chemical structures and 
calculate chemical properties are very quickly and easily [18]. The 3D 
structures of vindoline, vindolinine, vindolidin, tabersonine, ajmalicine, 
lochnericine, Horhammericine, yohimbine, and secologanin were 
drawn by ChemSketch.

Open Babel
Open Babel is software that is used to inter convert chemical file format. 
It is open access and collaborative project allows to search, convert, 
analyze all store data from molecular modeling, chemistry, solid-state 
materials, biochemistry, or related areas (www.openbabel.org).

Ligand structure preparation
In this study, for the ligand vindoline, vindolinine, vindolidin, 
tabersonine, ajmalicine, lochnericine, horhammericine, yohimbine, 
and secologanin the 2D structure and chemical formula were obtained 
from PubChem. The PubChem ID of Vindoline (260535), Vindolinine 
(24148538), vindolidin (11618751), tabersonine (20485), ajmalicine 
(441975), Lochnericine (11382599), horhammericine (443358), 
yohimbine (8469), and secologanin (91302444) were obtained. 
The structure of vindoline, vindolinine, vindolidin, tabersonine, 
ajmalicine, lochnericine, horhammericine, yohimbine, and secologanin 
was computed by drawing using ChemSketch software (chemically 
intelligent drawing interface freeware software). This was followed 
by ligand construction using ChemSketch draw mode 3D structure 
optimization were compute and finally ligand as “MOL” file format and 
then mol file was converted to “PDB” using open babel software. The 
protein and ligand files which are prepared were then taken for docking 
[17].

Docking methodology
The ligand was docked to the active site of the target (NS2B-NS3 
protease) using AutoDock program, version  4.2 [19]. AutoDock is a 
suite of automated docking tools. The software is used for modeling 
flexible small molecules such as drug molecules and its binding to 
receptor proteins of known 3D structures. It uses genetic algorithms 
for the conformational search and is a suitable method for docking 
studies. This technique is based upon, grid based method of energy 
evaluation. AutoDock tools are used to prepare, run and analyze the 
docking simulations and modeling studies. After the grid generation, 
the processed ligand was docked with the protein to evaluate the 

interaction between each target protein and ligand. Interaction was 
hydrophilic, Van der Waals, and hydrophobic. The interaction strength 
varies from protein to protein based out its affinity procedure, the 
ligand. During the autodocking procedure, the ligand confirmation was 
retained followed by the extra precision mode selection [18,20].

Visualization and analyzing docking results
PyMol is an open source tool to visualize molecules available from 
(www.pymol.org). PyMol has excellent capabilities in creating high-
quality images from 3D structures; it has well-developed functions 
for manipulating structures and some basic functions to analyze their 
chemical properties. The possibilities to write scripts and plugin as 
well as to incorporate PyMol in custom software are fast and superior 
to most other programs. Once the target ligand was docked against 
all protein of interest, the result was visualized for their interactions, 
binding energy, H-bond formation, and few other parameters using the 
PyMol software [17,18].

RESULTS AND DISCUSSION

Structure retrieval
The 3D crystallographic structure of NS2B-NS3Protease (ID.2FOM) 
were downloaded from the PDB.

Preparation of ligand
For further docking analysis of the compounds vindoline, vindolinine, 
vindolidin, tabersonine, ajmalicine, lochnericine, horhammericine, 
yohimbine, and secologanin from C. roseus are taken. The 2D structures 
of the ligand were generated using the ACD/ChemSketch tool. This 
tool contains for 2D cleaning, 3D optimization, and viewing. These 
data are saved as a molecular format file (molecular design limited 
and MOL format). The molecular format converter tool (open babel) 
is used to convert this file into the PDB format and is used during 
docking analysis. The structure and molecular formula of vindoline, 
vindolinine, vindolidin, tabersonine, ajmalicine, lochnericine, 
horhammericine, yohimbine, and secologanin compounds [18] was 
shown in Table 1.

According to Lipinski’s rule of a compound having not more than 5 
hydrogen bond donors (OH an NH groups), not more than 10 hydrogen 
bond acceptors (notably N and O), molecular weight under 500g/mol, 
partition coefficient log P of <5 [18] is shown in Table 2.

Docking study
On the basis of molecular docking studies, was usually smaller molecule 
which binds with the larger molecule. The inhibitors docked with 
targeted DV protein of NS2BNS3 protease (ID.2FOM) using AutoDock 
software (Version 4.2). The graphical user interface program “AutoDock 
Tools” was used to prepare, run, and analyze the docking simulations. 
Kollman united atom charges, solvation parameters, and polar 
hydrogens were added into the receptor PDB file for the preparation of 
protein in docking simulation [17]. AutoDock results were analyzed to 
study the interactions and the binding energy of the docked structure 
[21]. The best ligand-receptor structure from the docked structures was 
chosen based on the lowest energy and minimal solvent accessibility 
of the ligand. The docking results were visualized using the PyMol 
visualizer tool [22]. These structure and results are shown in the form 
of the figures and tables.

The alkaloid compound yohimbine is docked against NS2B-NS3 
protease. Kollman united atom charges, salvation parameters and polar 
hydrogens were added into the receptor PDB file for the preparation of 
protein in docking simulation requires precalculated grid maps, each 
atom type present in the flexible molecules being docked and its stores 
the potential energy. This grid box must surround the macromolecule. 
The grid box size was set at 126, 126, and 126Å (x, y, and z) to include 
all the amino acid residues that present rigid macromolecules. Auto 
grid 4.2 program, supplied with AutoDock was used to produce grid 
maps. The spacing between grid points was 0.375 Å. The Lamarckian 
genetic algorithm [20] was chosen to search for the best conformers. 
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Table 1: 2D and 3D structure of C. roseus

Compound name Molecular formula 2D structure 3D structure
Vindoline C25H32N2O6

Vindolinine C21H24N2O2

Ajmalicine C21H24N2O3

Tabersonine C21H24N2O2

Lochnericine C21H24N2O3

Horhammericine C21H24N2O4

Yohimbine C21H26N2O3

Vindolidin C24H30N2O5

(Contd...)
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Secologanin C17H24O10

C. roseus: Catharanthus roseus, 2D: Two‑dimensional, 3D: Three‑dimensional

Table 1: (Continued)

Compound name Molecular formula 2D structure 3D structure

Table 2: Lipinski’s rule of compounds

Compound name Molecular formula Molecular weight (g/mol) Donor Acceptor LogP value
Vindoline C25H32N2O6 456.539 1 8 1.3
Vindolinine C21H24N2O2 336.435 1 4 2.9
Ajmalicine C21H24N2O3 352.434 1 4 2.7
Tabersonine C21H24N2O2 336.435 1 4 3.4
Lochnericine C21H24N2O3 352.434 1 5 2.5
Horhammericine C21H24N2O4 368.433 2 6 1.4
Yohimbine C21H26N2O3 354.455 2 4 2.9
Vindolidin C24H30N2O5 426.513 1 7 1.3
Secologanin C17H24O10 388.369 4 10 1.6

The alkaloid compound yohimbine and NS2B-NS3 protease binding 
energy are shown in Fig.  9a and b and the interactions visualization 

using the PyMol visualizer. The docking study was performed between 
yohimbine compounds from C. roseus against NS2B-NS3 protease in 

Table 3: Docking interaction between NS2B‑NS3 protease and vindoline

NS2B‑NS3 protease Vindoline Distance Å Binding score (Kcal/mol)

Residue Atom Atom
GLY 153 N O 3.1 −6.14
GLY 153 O O 2.7

Table 4: Docking interaction between NS2B‑NS3 protease and vindolidin

NS2B‑NS3 protease Vindolidin Distance Å Binding score (Kcal/mol) 

Residue Atom Atom
GLY 153 N O 3.1 −5.64
GLY 153 N O 3.2
GLY 151 O O 3.4
ASP 75 OD2 O 2.7
HIS 51 ND1 O 3.0

Table 5: Docking interaction between NS2B‑NS3 protease and vindolinine

NS2B‑NS3 protease Vindolinine Distance Å Binding score (Kcal/mol)

Residue Atom Atom
LYS 74 NZ O 2.7 −8.09

Table 6: Docking interaction between NS2B‑NS3 protease and ajmalicine

NS2B‑NS3 protease Ajmalicine Distance Å Binding score (Kcal/mol) 

Residue Atom Atom
PRO 132 O N 2.9 −6.21
TYR 150 OH O 3.4
SER 135 OG O 2.8
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Table 7: Docking interaction between horhammericine against NS2B‑NS3 protease

NS2B‑NS3protease Horhammericine Distance Å Binding score (Kcal/mol) 

Residue Atom Atom
GLY 153 N O 2.8 −6.55
HIS 51 ND1 O 3.2
SER 135 NE2 O 2.8
SER 135 OG O 3.2

Table 8: Docking interaction between NS2B‑NS3 protease and lochnericine

NS2B‑NS3 protease Lochnericine Distance Å Binding score (Kcal/mol) 

Residue Atom Atom
SER 135 OG N 2.7 −6.19
SER 135 OG O 2.8
PRO 132 O N 3.0
PRO 132 O O 3.2
TYR 150 OH O 2.8

Table 9: Docking interaction between NS2B‑NS3 protease and secologanin

NS2B‑NS3 protease Secologanin Distance Å Binding score (Kcal/mol) 

Residue Atom Atom
LYS 73 O O 3.5 −6.95
LYS 73 O O 2.9
ASN 152 ND2 O 3.3
ASN 152 ND2 O 2.6
ASN 152 ND2 O 3.4
LEU 149 N O 2.7
LEU 149 N O 3.1
TRP 83 NE1 O 3.1

Table 10: Docking interaction between NS2B‑NS3 protease and tabersonine

NS2B‑NS3 protease Tabersonine Distance Å Binding score (Kcal/mol) 

Residue Atom Atom
GLY151 O N 3.0 −6.57
GLY151 O O 2.6
GLY153 N O 2.8
ASP 75 OD2 O 3.2

Table 11: Docking interaction between NS2B‑NS3 protease and yohimbine

NS2B‑NS3 protease Yohimbine Distance Å Binding score (Kcal/mol) 

Residue Atom Atom
PHE 130 O O 2.7 −7.18
TYR 150 OH O 3.0
TYR 150 OH O 3.4
SER 135 OG O 2.6
GLY 151 O N 3.1

Table 12: Overall docking result of NS2B‑NS3 protease 

S. No. Compound name Key residue Docking energy (Kcal/mol) No. of. hydrogen bonds
1 Vindoline GLY 153, GLY 153 −6.14 2
2 Vindolinine LYS 74 −8.09 1
3 Ajmalicine PRO 132, TYR 150, SER 135 −6.21 0
4 Tabersonine GLY151, GLY151, GLY153, ASP 75 −6.57 1
5 Lochnericine SER 135, SER 135, PRO 132, PRO 132, TYR 150 −6.19 1
6 Horhammericine GLY 153, HIS 51, SER 135, SER 135 −6.55 1
7 Yohimbine PHE 130, TYR 150, TYR 150, SER 135, GLY 151 −7.18 3
8 Vindolidin GLY 153, GLY 153, GLY 151, ASP 75, HIS 51 −5.64 1
9 Secologanin LYS 73, LYS 73, ASN 152, ASN 152, ASN 152, 

LEU 149, LEU 149, TRP 83
−6.95 2
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Fig. 1: Docking of NS2B-NS3 protease and vindoline (a) binding energy (b) interaction between NS2B-NS3 protease and vindoline as 
visualized using AutoDock (c) hydrogen bond forms between NS2B-NS3 protease and vindoline is visualized using PyMol

c

ba

Fig. 2: Docking of NS2B-NS3 protease and vindolidin (a) binding energy (b) interaction between NS2B-NS3 protease and vindolidin as 
visualized using AutoDock (c) hydrogen bond forms between NS2B-NS3 protease and vindolidin is visualized using PyMol

c

b
a
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Fig. 3: Docking of NS2B-NS3 protease and vindolinine (a) binding energy (b) interaction between NS2B-NS3 protease and vindolinine as 
visualized using AutoDock (c) hydrogen bond forms between NS2B-NS3 protease and vindolinine is visualized using PyMol

c

ba

Fig. 4: Docking of NS2B-NS3 protease and ajmalicine (a) binding energy (b) interaction between NS2B-NS3 protease and ajmalicine as 
visualized using AutoDock (c) hydrogen bond forms between NS2B-NS3 protease and ajmalicine is visualized using PyMol

c

b
a
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Fig. 5: Docking of NS2B-NS3 protease and horhammericine (a) binding energy (b) interaction between NS2B-NS3 protease and 
horhammericine as visualized using AutoDock (c) hydrogen bond forms between NS2B-NS3 protease and horhammericine is visualized 

using PyMol

c

b
a

Fig. 6: Docking of NS2B-NS3 protease and lochnericine (a) binding energy (b) interaction between NS2B-NS3 protease and lochnericine as 
visualized using AutoDock (c) hydrogen bond forms between NS2B-NS3 protease and lochnericine is visualized using PyMol

b

c

a
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Fig. 8: Docking of NS2B-NS3 protease and tabersonine (a) binding energy (b) interaction between NS2B-NS3 protease and tabersonine as 
visualized using AutoDock (c) hydrogen bond forms between NS2B-NS3 protease and tabersonine is visualized using PyMol

c

b
a

Fig. 7: Docking of NS2B-NS3 protease and secologanin (a) binding energy (b) interaction between NS2B-NS3 protease and secologanin as 
visualized using AutoDock (c) hydrogen bond forms between NS2B-NS3 protease and secologanin is visualized using PyMol

c

b
a
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receptor and ligand complex. The docked structures were analyzed and 
the interactions were seen. Hydrogen bond interactions and binding 
distance between donors and acceptors were measured for the best 
conformers. From the binding energy values, the anticancer activity of a 
ligand to the corresponding receptor was predicted [18].

CONCLUSION

Yohimbine compound are eco-friendly, safer, and cheaper for the 
treatment of dengue fever. The intention of this study is aimed to 
analyze the molecular docking studies on the target protein NS2B-NS3 
protease which is responsible for dengue fever with the compound of 
vindoline, vindolinine, vindolidin, tabersonine, secologanin, yohimbine, 
Horhammericine, lochnericine, and ajmalicine which is evolved from 
C. roseus. Yohimbine is rich in alkaloid compound of medicinal value. 
The in silico docking studies were done by “AutoDock 4.2” software tool. 
Yohimbine is having the best binding score (−7.18 Kcal/mol) than the 
other eight compounds. Hence, it has been concluded yohimbine as a 
novel inhibitor for NS2B-NS3 protease in dengue fever.
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