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Abstract 

Today there are many antifungal drugs and their formulations like a tablet, capsule, cream, ointment, gel, soap etc 

are present in the market many of them are effective in treatment in minor or severe cases of fungal infection caused 

due to different fungal or yeast species. But there are many side effects or adverse effects that occur which makes 

them unpleasant. This challenges to drug developers to make drug or formulations which are effective in the 

treatment and have no or minimum side effects. This challenge makes our eyes focus on natural chemical 

constituents, which are known to be having fewer side effects with effective treatment of disease. Here we have 

taken two receptors from the RCSB PDB database which is a structural component of candida Albicans (1CZ1 and 

IAI9) proven to be the target of many antifungal drugs, both are responsible for different mode of action. 

The Anacyclus pyrethrum (L.) and Senna Obtusifolia (L.)  have many chemical constituents having different 

pharmacological activity like anti-inflammatory, anti-cancer, etc. from these two plant species some chemical 

constituents are selected depending on their structural characteristics. After selection ligand-receptor molecular 

docking (by using Autodock Vina) was carried out between them. For its verification of antifungal activity, it is then 

compared with selected Standard drugs which have already clinically proved as an antifungal drug. Sesamine 

from Anacyclus pyrethrum (L.) and Obtusifoline and Physcion from Senna Obtusifolia (L.) are potent lead compounds 

which on future structural modification gives us desired antifungal activity. 
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Introduction: 

The folate biosynthetic pathway is an important and 

effective mechanism that serves as source for novel 

Antifungal. Historically Dihydrofolate reductase 

(DHFR), a well-characterized and important drug target 

for many antineoplastic, antibacterial drugs but has not 

been mostly validated as an antifungal target [1]. Here, 

wecarried out some in-silico experiments with help of 

some software (Autodock Vina) of DHFR inhibits 

growth of Candida albicans which is a major human 

fungal pathogen. Inhibition of the enzyme dihydrofolate 

reductase (DHFR) is a well known mechanism of action 

in currently availableantifungal compounds.The aim of 

this study was to find out effective lead molecule against 

dihydrofolate reductase as a valid antifungal target. 

The exo-b-(1,3)-glucanase (Exg) (preproenzyme of 438 

amino acids) from Candida albicans [2]  and The 

metabolism of cell wall glucan by systemically removal 

of a glucose residue at the b-1,3-glucan end and b-1,6-

glucan end (at smaller extent) causes disruption of cell 

wall of candida albicans [3]. These two polysaccharides 

are the major and the important structural pillars of the 

cell wall of C. albicans. So it helps in the development of 

antifungal drugs by acting on these sites. Molecular 

docking plays an important role in structure-based drug 

designing, functional sites prediction on protein 

molecular surfaces, protein ligand docking etc. 
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Molecular docking attempts to predict the binding mode 

by evaluating the energy scores of different bound 

conformations with a scoring function. Ligand-binding 

sites are among the most promising targets for drug 

candidates, whose actions depend upon the inhibition or 

regulation of the target protein functions. Ligand based 

methods use the shape similarity concept while the 

structure based methods rely on scoring functions i.e., 

reverse/inverse docking against a panel of targets. From 

the ancient time in east side of the country, Anacyclus 

pyrethrum (L.)is commonly used plant species in the 

traditional Ayurvedic and Unani system of medication 

for the treatment of various disorders [4]. The present 

study further elaborate study of chemical constituent’s 

information about its antifungal activity. Senna obtusifolia 

(L.) is old Chinese medicinal herb used for many health 

disorders from the ancient time which contains many 

chemical constituents which have different 

pharmacological activity ranging from antimicrobial, 

anti-inflammatory, antioxidants and many more [5]. 

Material & Methods 

Protein preparation  

The crystal structure of thecandida albicans 

dihydrofolate reductase Fig. 1(A) (PDB ID: 1Al9) and 

exo-beta-(1,3)-glucanase from candida albicans Fig. 1(B) 

(PDB ID: 1CZ1)  were retrieved from the protein data 

bank with a resolution of 2.16 å & 2.68 å. the 3cl 

hydrolase enzyme has one chain with a total of 306 

amino acids while structure of sars-cov-2 chimeric 

receptor-binding domain has two chain with total 597 

amino acid [6].  Protein preparation was done by 

removal of ligand &adding the polar hydrogen.The 

polar hydrogen atoms& Kollman charges were added to 

the protein in order to correct the ionization and 

tautomeric states of the amino acid residues. 

Furthermore, the water molecules and complexes bound 

to receptor molecule were removed and converting it to 

PDBQT extension file before the docking.  

                  1(A)      

Fig 01: (A) Crystal structure of the exo-beta-(1,3)- 

glucanase from candida albicans (pdb id: 1cz1), (B) 

Crystal Structure of candida albicans dihydrofolate  

reductase (pdb id: 1al9) 

Ligand preparation 

The structure of compounds was downloaded 

from drug bank database in pdb format 
[7].ThesePDB formats of compound were then 

prone to energy minimization which avoids high 

energy conformations that leads to false result of 

binding to receptor. These natural chemical 

compounds and the standard drug used for the 

comparison were minimized by means of the 

steepest descent algorithm. The geometry 

optimization of these is done by Merk Molecular 

Force Field (MMFF 94) [8]. 

Ligand (Natural chemical compounds) selected 

from two plant species are of-[9] 

1.Anacyclus pyrethrum: 

1. Anacycline,  

2. 2-Phenylethylamine 

3. Pellitorine 

4. Sesamine                                     

2. Senna obtusifolia: 

1. Obtusifoline 

2. Physcion 

 

Molecular Docking Process [10] 

1. The molecular docking studies were performed 

using open source software (AutoDock Vina). 

AutoDock combines energy evaluation through 

pre-calculated grids of affinity potential 

employing various search algorithms to find 

the suitable binding position for a ligand on a 

given protein. Kollman united atom charges 

and polar hydrogens were added to the 

receptor PDB using AutoDock tools. The grid 

files of each target structure were generated to 

compute interactions between the binding 

pocket and ligands. Configuration file was 

created in text format where the entire grid 

dimensions, center points were added.  

2. Binding site for the ligand was unknown hence 

blind docking is performed. Grid box included 

all amino acid residues of the receptor. The 

maximum grid box space is chosen for docking 

in order to maximize the active site hence 

possibility of finding lead molecule is 

more.Grid size are given in table no.01. 

3. “Command prompt” was required for the 
2(B) 
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execution of the docking where each ligand 

molecule with each receptor were docked 

which gives energy values i.e. binding affinity 

which is used to calculate its effectiveness. 

4. The AutoDock Vina uses general functional 

form of the conformation-dependent part of the 

scoring function as below [11]:-  

  𝑡𝑖 𝑡𝑗 (𝑟𝑖𝑗)

𝑖<𝑗

 

Where, the summation is over all of the pairs of atoms 

that can move relative to each other, normally excluding 

1–4 interactions, (i.e. atoms separated by 3 consecutive 

covalent bonds).Here, each atom i is assigned a type ti, 

ftitj = a symmetric set of interaction functions 

 rij = interatomic distance. 

Table 01: Grid Box co-ordinates & size parameters 

used in Autodock vina. 

The standard docking protocol was applied which is 

based on the population size of 150 randomly placed 

individuals, a maximum number of 250000 energy 

evaluations, a mutation rate of 0.02, a crossover rate of 

0.80 and an elitism value of 1.Twenty five independent 

docking runs were carried out for each inhibitor and 

cluster tolerance was kept at1.0Å [12]. After completion 

of docking, separate analysis of protein-ligand were 

done & docked pose with the least binding energy 

(kcal/mol) is selected. The least binding energy of final 

docked ligand structure is converted into pdb & study of 

their interaction were performed on pymol software[13] 

[14]. 

Result 

Docking studies of 3D receptor of exo-beta-(1,3)-

glucanase from candida albicans (PDB ID:1CZ1) and 

crystal structure of the candida albicans dihydrofolate 

reductase (PDB ID: 1Al9)with Six phytochemicals 

revealed most of them have good binding affinity to the 

receptor as shown in the Fig. 2A, 2a to 2f and 3A, 3a to 

3f. Sesamine exhibiting highest affinity {Binding energy 

of − 11.4 kcal/mole against exo-beta-(1,3)-glucanase 

(1CZ1) and − 9.1 kcal/mole against dihydrofolate 

reductase (PDB ID: 1Al9)}.(As shown in the Table no. 02) 

Besides sesamine (from Anacyclus pyrethrum), 

Obtusifoline and Physcion (from senna obtusifolia) 

shows good binding affinity against both receptor, exo-

beta -(1,3)-glucanase from candida albicans (PDB ID: 

1CZ1) (-9.8 kcal/mol and -10.1  kcal/mol respectively) 

and dihydrofolate reductase of candida albicans (PDB 

ID: 1Al9) ( -8.5 kcal/mol and -8.2 kcal/mol respectively) 

Although they show good  binding affinity against 

receptor but not strong enough as standard drugtaken 

for  the comparison which have already proved 

effectiveness for antifungal activity,  they are 

anidualfungin aginst exo-beta-(1,3)-glucanase from 

candida albicans (PDB ID:1CZ1) (-13.9 kcal/mol) which 

is far more than natural compounds taken for the 

experiments. Methotrexate which is taken as standard 

for activity against dihydrofolate reductase of candida 

albicans (PDB ID: 1Al9) shows binding affinity (-9.0 

kcal/mol) whereas, sesamine shows -9.1 kcal/mol 

binding affinity which is approximately same as 

methotrexate and obtusifoline and Physcion (from senna 

obtusifolia) shows (-8.5 kcal/mol and -8.2 kcal/mol 

respectively) which is also close to the standard drug.  

Table 02: PDB ID of receptor, plant species of chemical 

constituents, chemical constituents (compound), 

binding energy carried out by autodock vina on 

chemical constituents of Anacyclus pyrethrum and 

senna obtusifolia on candida albicans. 

 

Pdb ID 

 

Plant 

species/catego

ry 

 

 

Compound 

 

Bindng 

energy 

(kcal/mo

l) 

 

 

 

1C

Z1 

Anacyclus 

pyrethrum 

Anacycline -7.0 

2-

Phenylethylami

ne 

-5.2 

Pellitorine -6.3 

Sesamine -11.4 

Senna obtusifolia 
Obtusifoline -9.8 

Physcion -10.1 

Standard Drug Anidualfungin -13.9 

 Anacyclus Anacycline -5.7 

Rece

ptor 

PDB 

ID 

Number of points in 
Centre Grid 

Box 

X-

dim

ensi

on 

Y-

dime

nsio

n 

Z-

dime

nsion 

X-

ce

ntr

e 

Y-

ce

ntr

e 

Z-

ce

nt

re 

1CZ

1 
58 58 60 

34.02

5 

33.16

9 

57.59

4 

1AI9 64 76 64 
18.45

1 

15.90

8 
11.270 
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pyrethrum 2-

Phenylethylami

ne 

-4.6 

1AI

9 
Pellitorine -5.3 

 Sesamine -9.1 

 
Senna obtusifolia 

Obtusifoline -8.5 

 Physcion -8.2 

 Standard Drug Methotrexate -9.0 

 

Graph 01: Binding affinity on exo-beta-(1,3)-glucanase 

(1CZ1) by standard drug anidualfungin and natural 

chemical constituents obtained from Anacyclus 

pyrethrum and senna obtusifolia on candida albicans. 

 

 
Graph no. 02: Binding affinity on dihydrofolate 

reductase (1AI9) by standard drug methotrexate and 

natural chemical constituents obtained from  

Anacyclus pyrethrum and senna obtusifolia on candida  

albicans. 

 

 

 

 

 

 

 

2 (A) 

Fig 2A: Complex of DHFRase receptor (1AI9) and 

Methotrexate showing attachment position.   

 2a: 1AI9 -2Phenylethylamine 2b:1AI9 -Anacycline  

 complex                                        complex   

2c: 1AI9 –Obtusifolin                   2d:1AI9 –Pellitorine  

complex                                            complex     

  2e: 1AI9 -Physcion                   2f:  1AI9 -Sesamine  

 complex         complex  
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3  (A) 

Fig 3A: Complex of exo-beta-(1,3)-glucanase (1CZ1) receptor and anidualfungin showing attachment position.  

 

 

 

 

 

 

 

 

 

3a: 1CZ1-2Phenylethyamine complex                                         3b: 1CZ1-Anacycline complex 

 

 

 

 

 

 

 

 

 

 

      3c: 1CZ1-obtusifoline complex               3d:  1CZ1- Pellitorine  complex 

 

 

 

 

 

 

 

 

 

3e: 1CZ1- Physcion  complex                                 3f:  1CZ1- Sesamine complex 

 

Conclusion 

We conclude that the docking study carried out with the 

natural chemical constituents Anacycline from Anacyclus 

pyrethrum and obtusifoline from senna obtusifolia shows 

good binding affinity as compared with Standard drug 

as shown in the Graph No. 1 and Graph No. 2 with 

given receptor, These proved to be a promising lead 

compound which could be potentially used as an 

efficient drug for the treatment of antifungal disorder 

against fungal infection caused due to candida albicans. 

As these chemical constituents from natural origin they 

have low side effects and better effectiveness in terms of 

long term use in case of chronic disorder. It may have 

advantage over chemical drugs in case of immune-

compromised condition.  
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Future Scope 

As Docking is the first step of new drug development, 

structural modification with help of in- silico techniques 

of this natural compounds may show new chemical 

entity that have strong antifungal activity.  
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