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ABSTRACT: Lymphatic Filariasis is one of the most abandoned tropical 

diseases caused by the parasite, Brugia malayi. The existing conventional 

drugs act generally on the larval stages of the parasite. The enzyme 

asparaginyl tRNA synthetase is an excellent molecular target as it plays a 

crucial role in protein synthesis. Evidences based on the literature 

presented clues to discover the flavonoids as potential anti-filarial leads, 

which led to the scope for this computational study. The computational 

parameters such as docking score, binding energy, intermolecular 

hydrogen bond interaction and the identical amino acids confirm that 

flavonoids could serve as prospective anti-filarial agents. The outcomes 

prove that they can be further explored in in-vitro and in-vivo studies to 

authenticate their claim as potential anti-filarial agents. 

INTRODUCTION: Lymphatic Filariasis (LF) is 

one of the most abandoned tropical diseases in 

several countries. It leads to major health problems 

such as physical disability, chronic morbidity and 

disfiguring 
1
. It is included in the top 10-neglected 

tropical diseases by World Health Organization 

(WHO) 
2
. According to a WHO report, about 70% 

of the infection worldwide is contributed alone by 

India, Bangladesh and Indonesia. Along with these 

countries, there are other endemic countries, like 

Nepal, Maldives, Sri Lanka, Myanmar, Timor-

Leste and Thailand, having more number of LF 

patients. There are two main causative organism for 
LF, Brugia malayi and Wuchereria bancrofti, which 

signify a global health disaster with over 20% of 

the worldwide population at risk for infection. 
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The most widespread causative organism for the 

filarial infection B. malayi, is transmitted by the 

mosquitoes (vector) like Culex, Anopheles, 

Mansonia and Aedes. The development and 

replication of B. malayi takes place in two different 

stages: in the mosquito vector and in the human. 

Both stages are necessary to the life cycle of the 

parasite. The male and female adult worms mate 

and the females produce an average of 10,000 

sheathed eggs (microfilaria) daily. The micro-

filariae enter the blood stream and exhibit the 

classic nocturnal periodicity and super periodicity
3
. 

In humans, the adult worms can stay alive in the 

lymphatic system for 5 - 15 years, resulting in 

swelling of the affected limbs. 

Since the past 20 years, three conventional drugs 

namely diethylcarbamazine, ivermectin and 

albendazole are in practice to treat this disease. 

These drugs are effective against the larval stages 

of the parasite, but are inefficient to kill the adult 

filarial worms 
4
. Currently these drugs are being 

used in the Global Programme to Eliminate 

Lymphatic Filariasis (GPELF) program, which has 
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targeted to eradicate this disease by 2020 
5
. 

However, emergence of drug resistance to the 

currently existing treatment is a probable risk to the 

LF elimination program. Hence, there is an urgent 

need to discover superior anti-filarial drugs for the 

prevention and treatment of this disease.  The first 

targets for anti-filarial drug discovery were 

Aminoacyl-tRNA synthetases (AARSs) embraced 

by WHO and are usually considered as outstanding 

therapeutic targets as they play a crucial role in 

protein synthesis. Among the AARSs, in particular, 

asparaginyl tRNA synthetase (AsnRS) in B. malayi 

is considered as the best, which catalyzes the 

specific attachment of amino acids to their cognate 

tRNAs in protein bio-synthesis 
6
. AsnRS is 

expressed in both male and females during all the 

stages of B. malayi life cycle - adult, microfilariae, 

and larval stages. Particularly in females, AsnRS 

levels are considerably higher than those of other 

AARS 
7
.   

In B. malayi and W. bancrofti, the AsnRSs are 

identical at the amino acid level and exist as multi-

copy genes encoding an immuno-dominant antigen 

that produces a strong antibody response in the 

serum of humans with LF. Hence, AsnRS is now 

considered as a convincing molecular target for 

anti-filarial drug discovery. At present, the crystal 

structure of AsnRS in complex with the ligand 5'-

O-[N-(L-asparaginyl) sulfamoyl] adenosine (NSS) 

is available in the Protein Data Bank.  

NSS is a synthetic non-hydrolysable analogue of 

the native intermediate compound AsnAMP. In 

screening analogues of NSS containing all 20 

proteinogenic amino acids, the analogues were 

found to have potent immunosuppressive activity 

and act as potent inhibitors of AARSs 
8, 9

. 

Flavonoids are a major family of secondary 

metabolites, which are widely distributed in plants 

and are common constituents of human diet. To 

date, more than 9000 flavonoids have been found 

in plants 
10

. In general, flavonoids consist of a 
flavan scaffold and various modifications, producing 
an extremely diverse range of derivatives. These 

compounds possess a common phenylbenzopyrone 

structure (C6-C3-C6), and they are categorized 

according to the saturation level and opening of the 

central pyran ring, mainly into flavones, flavanols, 

isoflavones, flavonols, flavanones, and flavanonols 
11

. Flavonoids are endowed with a wide range of 

biological benefits to human health that include not 

only anti-inflammatory, antioxidant, antibacterial, 

antifungal and antiviral activities but also anti 

filarial activity 
12

. Numerous studies have 

successfully shown various types of flavonoids 

such as baicalein, quercetin, luteolin, kaempferol, 

plumbagin and rutin to that are very active against 

various pathogens 
13

. The search for identification 

of the leads for various drug targets led us to 

explore some synthetic flavonoid derivatives as 

potential anti-filarial leads for our present study. 

Molecular docking is a frequently used tool in 

computer-aided structure-based rational drug 

design. It evaluates how small molecules called 

ligands (flavonoids) and the target macromolecule 
(hematopoietic cell kinase) fit together 14. AutoDock 
Tools (ADT) is a program package of automated 

docking tools and designed to predict how small 

molecules bind to a target protein of known 3D-

structure. Besides generating binding energies in 

these docking studies, the position of the ligand in 

the enzyme binding site can be visualized 
15

. It can 

be useful for developing potential drug candidates 

and also for the understanding the binding nature.  

Therefore, we have designed the present study 

using computational approaches to discover the 

potential of some synthetic flavonoids, targeting 

the inhibitory effect against asparaginyl tRNA 

synthetase. 

MATERIALS AND METHODS: 

Protein Preparation: The crystal structure of 

AsnRS (PDB ID: 4ZYA) is given in Fig. 1.  

 
FIG. 1: THE CRYSTAL STRUCTURE OF AsnRS (PDB 

ID: 4ZYA) 

The X-ray crystallographic coordinates of AsnRS 

in its complex form with the ligand NSS, at a 

resolution of 1.9A
°
 was retrieved from the Protein 

Data Bank. Water molecules, ligands and other 

heteroatoms were removed from the protein 
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molecule along with the chain B. Addition of 

hydrogen atoms to the protein was performed using 

CHARMm force field. Energy minimization was 

performed by using conjugate gradient method with 

an RMS gradient of 0.01kcal/(A° mol) on Accelyrs 

Discovery studio client (version 2.5)  (2009) San 

Diego. 

Ligand Preparation: The flavonoid compounds 

considered for the present study are given in the 

Fig. 2. The molecules were retrieved from the 

pubchem database and the chemical structures were 

generated using SMILES notation (Simplified 

Molecular Input Line Entry Specification) with 

Discovery Studio 2.5 version.  

 
FIG. 2: FLAVONOID DERIVATIVES USED FOR STUDY 

Docking Studies: Docking calculations were 

performed to predict the binding affinity between 

the AsnRS and flavonoid compounds using 

Schrodinger AutoDock 4.2. AutoDock requires 

pre-calculated grid maps, one for each atom type 

present in the ligand being docked.  

These maps were calculated by using the auxiliary 

program AutoGrid. The compounds treated as 

flexible molecules were allowed to move in the six 

spatial degrees of freedom for orientation and 

torsional degrees of freedom within the grid box. 

Lennard - Jones parameters 12 - 10 and 12 - 6, 

implemented with the program, were used for 

modeling H-bonds and Van Der Waals interactions, 

respectively.  

RESULTS AND DISCUSSION: The binding 

energy and their corresponding docking score, the 

interaction of substituents with different amino 

acids for each class of flavonoids with AsnRS are 

given in Table 1. All the energies are reported in 

kcal/mol.  

Fig. 3 shows the lowest binding energy 

conformation of flavonoid (compound 2). Their 

interacting residues in the binding site of AsnRS 

are represented in elemental coloured ball and stick 

model. The coloured lines between the atoms 

represent the hydrogen bonds which links the 

substituents with amino acid of the protein.  

Among all the studied compounds, the flavonoid 

ligand, [3-hydroxy-2-(3-nitro)-4H-chromen-4-one] 

(compound 2), showed best docking scores, best 

molecular properties and bioactivity.  

 
FIG. 3: THE LOWEST BINDING ENERGY CON-

FORMATION OF FLAVONOID (COMPOUND 2) 

 

Compound R1 R2 R3 R4 R5 R6 

1 H H H H H H 

2 H H -NO2 H H H 

3 H H H -Cl H H 

4 H H H -CH3 H H 

5 H H H -Br H H 

6 H -Cl H H H H 

7 H H -Cl H H H 

8 H H H -F H H 

9 H H -Br H H H 

10 H H -OCH3 -OCH3 H H 

11 H H -CH3 H H H 

12 H H H -NO2 H H 

13 H -NO2 H H H H 

14 H H -OH -OCH3 H H 

15 H H -OCH3 -OH H H 

16 -OH H H H H H 

17 -OH H -NO2 H H H 

18 -OH H H -Cl H H 

19 -OH H H -CH3 H H 

20 -OH H H -Br H H 

21 -OH -Cl H H H H 

22 -OH H -Cl H H H 

23 -OH H H -F H H 

24 -OH H -Br H H H 

25 -OH H -OCH3 -OCH3 H H 

26 -OH H -CH3 H H H 

27 -OH H H -NO2 H H 

28 -OH -NO2 H H H H 

29 -OH H -OH -OCH3 H H 

30 -OH H -OCH3 -OH H H 
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TABLE 1: BINDING ENERGY, DOCKING SCORE AND INTERACTION OF SUBSTITUENTS WITH DIFFERENT 

AMINO ACIDS 

Comp Docking 

 score 

Binding  

energy 

Substituents Amino  

acids Ring A Ring B Ring C 

1 -4.348 -23.014  -OH  LYS64 

2 -5.653 -21.897  -OH  ZN101 

3 -4.327 -23.305  -OH  LYS64 

4 -4.035 -23.316  -OH  LYS64 

5 -4.072 -24.359  -OH  LYS67 

    =O  LYS67 

    -O-  LYS64 

6 -4.621 -25.534  -OH  LYS67 

7 -5.138 -24.31  -OH  ZN101 

8 -4.812 -21.854  -OH  LYS64 

9 -3.914 -24.457  -OH  LYS67 

    =O  LYS67 

    -O-  LYS64 

10 -5.039 -20.77  -OH  ZN101 

11 -5.474 -19.236  -OH  ZN101 

12 -5.387 -26.279  -OH  ZN101 

13 -5.215 -26.036  -OH  LYS64 

     -NO
-
 LYS67 

     -N=O LYS67 

14 -3.891 -26.638   -OH LYS22 

     -OCH3 ARG54 

15 -4.274 -25.115   -OH LYS38 

16 -4.155 -21.245 -OH   ZN101 

17 -5.362 -27.557 -OH   ZN101 

     -NO
-
 ARG72 

18 -4.13 -21.166 -OH   ZN101 

19 -3.919 -22.913 -OH   MET3 

20 -4.096 -22 -OH   ZN101 

21 -4.062 -20.53 -OH   ZN101 

22 -4.099 -21.163 -OH   ZN101 

23 -3.916 -25.359 -OH   MET3 

24 -3.94 -20.489 -OH   ZN101 

25 -4.354 -24.098 -OH   ZN101 

     -OCH3 LYS64 

26 -4.269 -24.089    ZN101 

27 -5.327 -22.017    ZN101 

28 -3.906 -25.904    ZN101 

     -NO
-
 LYS67 

29 -4.282 -32.735  -OH  GLU12 

     -OH LYS22 

     -OCH3 ARG54 

30 -4.617 -22.417 -OH   ZN101 

     -OCH3 LYS67 

CONCLUSION: The binding and interactions of 

flavonoid compounds with AsnRS have been 

studied using molecular docking calculations. Most 

of the compounds have shown significant binding 

interactions with the AsnRS. The decrease in 

activity compared to other class of compounds may 

be due to unfavourable interactions with the 

binding site residues.  

Based on docking scores, the molecular property 
and bioactivity score of the compounds, it is possible  

to conclude that the flavonoid ligand, [3-hydroxy-

2-(3-nitro)-4H-chromen-4-one] (compound 2) 

showed best docking scores, best molecular 

properties and bioactivity hence it can be 

considered to have best antifilarial activity. The 

outcomes prove that they can be explored further in 

in-vitro and in-vivo studies to validate their claim 

as potential anti-filarial agents. 
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