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Abstract - Phytophthora meadii is a fungal species which
causes Fruit Rot Disease (FRD) in Areca catechu affects
the quality and yield which is main threat for agricultural
economy. Traditional methods include chemical fungicides
like bordeaux mixture, Fosetyl-al, metalaxyl, mancozeb,
copper oxychloride, cymoxalin, copper sulfate, etc in
treatment of FRD, which can lead to environmental and
health issues. In this study, an in silico approach was
employed to identify potential bioactive compounds that
could serve as effective agents against the pathogens
responsible for FRD in Areca catechu. Utilizing a
combination of molecular docking and virtual screening,
we screened a comprehensive library of natural
compounds for their ability to inhibit key enzymes and
proteins associated with FRD pathogens. The molecular
docking analysis focused on identifying compounds with
high binding affinities to target proteins, suggesting their
potential efficacy in disrupting pathogen activity. Among
the screened compounds, several compounds have shown
strong binding affinities indicating their potential as
bioactive agents against FRD pathogens. These findings
provide a promising foundation for the development of
natural, environmentally-friendly treatments for FRD in
Areca catechu.

Keywords: Areca catechu, Fruit Rot Disease, FRD, Molecular
docking, bioactive compounds.

I. INTRODUCTION

Areca catechu is commonly known as betel nut or areca
nut belongs to the family Arecaceae (palm family). It is grown
in tropical regions of Asia and Pacific. In India, it is seen in
coastal areas of Karnataka, Kerala, Tamil Nadu, West Bengal,
Assam etc. Karnataka is the largest producer of Areca catechu.
India’s annual production is about 14 lakh tonnes and it is
cultivated on around 7.7 lakh hectares area. Arecanut is
chewed along with lime and betel leaves which acts as
stimulant. Areca catechu is medium sized tree which grows
straight 20 m (66 ft) in height with trunk size of 10-15cm (4-6
in) in diameter [11].
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Taxonomy

Kingdom- Plantae
Phylum- Angiosperms
Class- Monocots
Order- Arecales
Family- Arecaceae
Genes- Areca

Species- A. catechu™

Fruit rot disease is commonly called as koleroga in
karnataka. It is caused by a fungal species Phytopthora
meadii. Due to heavy rain in monsoon season, humidity
increases on the surface of the nut which provides suitable
environment for the growth of pathogen. The fungus invades
and disrupts the cell wall of the fruit that leads to rotting of
nuts results in yield loss.

Fungus adheres to the surface of fruit then releases the
zoospores. These zoospores combine together to form an
encysted zoospores. Encysted zoospores produces germ tube,
through germ tube spores enter plant body and infect the plant.
The mycelium grows on infected plant body results in
yellowing and browning of leaves. It under goes two types of
reproduction namely asexual and sexual reproduction.
Myecelium produces the sporangium which rapidly spread and
infects the host and restarting the asexual reproduction. In
sexual reproduction, oogonium and antheridium fuse together
to form oospore results in the formation of multinucleate
sporangium, this cycle continues.

Figure 1: Fruit Rot Disease (FRD)
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Conventional methods are used to treat fruit rot disease
by spraying some chemicals namely Bordeaux mixture,
Metalaxyl, mancozeb, aliette, etc. However, this method is not
much effective and precise to target site instead insilico
approach is more efficient with fewer side effects. Below
softwares helps us to screen the chemical compounds virtually

to identify potential candidates in inhibiting the pathogen in
fruit rot diseases.

List of softwares used for docking

Autodock comprises of automated docking tools. These
tools are designed to predict the size of molecules that
involves substrates or drug (target) molecules, bind to a
receptor of known 3D structure. Current distributions of
AutoDock consist of two generations of software: AutoDock 4
and AutoDock Vina. More recently, we developed AutoDock-
GPU, an accelerated version of AutoDock4 that is hundreds of
times faster than the original single-CPU docking code.
AutoDock 4 actually consists of two main programs:
Autodock performs the docking of the ligand to a set of grids
describing the target protein; autogrid pre-calculates these
grids. AutoDock Vina does not require choosing atom types
and pre-calculating grid maps for them. Instead, it calculates
the grids internally, for the atom types that are needed, and it
does this virtually instantly.

Open babel GUI is a chemical tool box which is designed
to understand the many languages of chemical data. This is an
open source helps to search, analyse and convert one file
format to another file format.

PyMOL is one of the few mostly open-source model
visualization tools available for use in structural biology. The
Py part of the software's name refers to the program having
been written in the programming language Python.
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website: www.rcsh.org.Search for the Protein: In the search
bar, enter the name, keyword, or PDB ID of the protein of
interest. Select the Protein Entry Browse through the search
results and select the entry that best matches your query. Each
entry will have a PDB ID and a brief description. Download
the Protein Structure File. On the protein's detailed page, look
for the "Download Files" section. There we find options to
download the structure file in different formats. The most
common format is the PDB format (.pdb file). Click on "PDB
Format" to download the .pdb file. Save the File. Similarly the
process goes with the Chembl and Pubchem. Open babel GUI
is a tool which is used to convert one file format to required
file format. Convert chemical file formats easily using a
graphical interface. Supports over 110 different chemical file
formats, allowing conversion between various formats (e.g.,
SMILES, InChl, MOL, XY2Z).

Table 1: List of receptor molecules

Name of receptor Order
Chitin molecule 2-26
Calcium binding protein 27-54

Link for protein:
https://docs.google.com/spreadsheets/d/1uyYVfoPeuZOGmD
9IWBPEJFf7CFI8gc_e9SAzIAWoVr0/edit#gid=0

Table 2: List of ligands

Name of ligand 2d 3d
Fosetyl-al 2 219
Metalaxyl 3-28 220-239
Mancozeb 29-48 240-247

Copper oxichloride 49-51 248
Il. OBJECTIVES ;
Cymoxanil 52-64 249-256
= To identify the existing bioactive compounds for fruit rot Cupric sulfate 65
disease in Areca catechu. _
= To perform molecular docking using Autodock Vina and Lime 66-68 257
to get the binding affinity scores. Dithane M45 69 258
= To filter and analyse the best interaction between the :
target and the bioactive compoundfrom docking results Dithane M46 70
for fruit rot disease in Areca catechu. Dithane M47 71
Il. METHODOLOGY Isothiazolinone 71-82 259-268
3.1 Selection and listing of bioactive active compounds for Chlorothalonil 83-97 269-280
Docking studies Dimethomorph 98-104  281-287
Selection and listing of bioactive compounds was Fenamidone 105-109 288-291
performed using the tools namely PDB (Protein Data Bank), Carbendazin 110-111 292
Chembl and Pubchem. For protein go to the Protein Data Bank
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Mandipropamid 112-122  293-302
Iprovalicarb 123-129 303-309
Benthiavalicarb 130-140 310-319
Cyazofamid 141-146 320-325
Cycocel 147 326

Famoxadone 148-151 327-329
Propineb 152-157 330-333
Carboxylic acid amide 158-172 334-348
Cyanoimidazole 173-179 349-355
Potassium phosphonate 180-217 356-381

Fosetyl-aluminium D15 218

Link for 2D /3D ligand molecule:
https://docs.google.com/spreadsheets/d/1BILEAII_ HUSLKVs
mJ6xVarsKO_Dz8C5mwsJYroRd7bl/edit#gid=0

Flowchart

for FRD using databases for molecular docking

¥

Molecular docking through Autodock Vina to ]

-
Selection and listing of bioactive compounds ]

get docking scores

J

Screening of best confrontations through
docking score

3.2 Docking through Autodock Vina

Open Auto dock Vina and set a path to carryout the
docking process, then click on file option and choose the
downloaded PDB structure file which will appears on the
screen. PDB structure consists of water molecule and other
chains. In Auto dock Vina, consider only one chain and
remove water molecules and other hetero atoms from the
protein structure which are not required, then repair the
missing atoms (edit — misc — repair missing atoms) it will
take around 4 minutes to complete the process based on
number of amino acids present in protein structure. Add polar
hydrogens and kolmn charges to it. Check for equal charge
distribution (edit — charge —check charge distribution).

From the file, download the ligand structure. The ligand
structure binds to the protein structure. Automatically Auto
dock will add the hydrogen atoms and charges and also show
how many rotatetable bonds, aromatic carbons are present. Go
to ligand option, then torsion free detect option it will show
the route of ligand. Now, check for the active torsion sites.
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Then click on turn so that ligand molecule will be added.
Create grid (grid — macromolecules — choose) and save as
‘receptor. PDB file’. Grid — Set map types — Choose ligand
— Grid box. Since we don’t know the active site of the
protein, blind docking is done. For blind docking, the grid box
is added to whole protein structure. In some cases, active sites
of protien can be obtained from their web page that can be
directly used for docking. Then find the XYZ coordinates of
crystal structure. Using active site value of protein and choose
the last atoms values of amino acids based on number of
active sites that are known and sum up the number of
coordinates and divide it by number of amino acids. The exact
values of XYZ coordinates are obtained. Put these values in
grid box. Then we found the exact location of active site of
amino acid.

Go to file and save in current. Create grid parameter file
and save. Click on ‘run—Click on autogrid —browse
—launch’, the gridlock is created. Next go for ‘docking—
macromolecule— set rigid docking (receptor file)’. Again go
for docking— ligand —choose ligand (click on accept). Now
go for ‘docking —search parameter— genetic algorithm
(change the parameters)— click on accept’. Then docking—
output— lamarckian GA(4.2)[save this file]. Then all set for
docking, go to run— run autodock(browse docking file and
docking parameter). After few minutes based on number of
runs docking process has been done. Some major files has
been generated namely GLG file and many grid log file and
DLG file. DLG file gives information about about binding
energies of protein. Go to analyse — docking—open (DLG
format file). next analyse — macromolecules— open. Go to
analyse — conformation —play. Go to open pannel option,
build hydrogen bond and show information.

For multiple ligand docking, create a new folder, using
mgltools create pdbqgt files for receptor and copy the
configuration of the receptor file from mgltools. Configuration
receptor file includes center X,Y,Z and size X,Y,Z. Using
bash script, different pdbqt files from folder can be identifed.
It creates the multiple folders and directories based on the
ligand name. The output will be out.pdbqgt and also creates log
files using log.text. Go to terminal, navigate to the directory
and for multiple ligand docking execute the script, add vina
executable and press enter. Output ligand file is created in the
folder and a log file is also created which consists of binding
affinity or binding energy.

3.3 Screening of compounds through docking scores

Screening is done through docking scores obtained where
each ligand receives a docking score for its best pose. Lower
(or more negative) scores typically indicate better binding
affinity. The ligands are ranked based on their docking scores.
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The top-ranked ligands are considered the most promising
candidates for further study. To facilitate the analysis, ligands

are often grouped and color-coded. Different chemical
families or classes of ligands can be assigned different colors.

The best confrontations (poses) of the top-ranked ligands
are analyzed in detail to understand their binding modes. Key
interactions with the protein, such as hydrogen bonds,
hydrophobic interactions, and salt bridges, are examined.
Based on the docking scores and binding mode analysis, the
most promising ligands are selected for further experimental
validation and optimization.
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IV. RESULTS AND DISCUSSION

Docking for both groups of receptor molecules has been
performed, and top hits for each ligand are filtered based on
the RMSD value and binding affinity. All these tophits’ results
were combined into a single file, and a scatter plot was
obtained for each receptor molecule under a similar category.

Two categories were grouped as Chitin molecules and
Calcium-binding proteins, respectively. For each group, 12
binding score scatter plots were obtained. These scatter plots
are combined on a single page for easy analysis of the
performance of ligands in each category.

Linux terminal is used to filter all the output results and
identify the tophits based on the RMSD values.

Table 1: Image of top_score.txt files obtained after filtering the results

Output will be druglig_out.pdbqt
1 -5.0 0.000 0.000
Output will be drugligl_out.pdbqt
1 -6.0 0.000 0.000
Output will be druglig10_out.pdbqt
1 -6.3 0.000 0.000
Output will be druglig100_out.pdbqt
1 -6.0 0.000 0.000
Output will be druglig1l01_out.pdbqt
1 -6.0 0.000 0.000
Output will be druglig1l09_out.pdbqt
1 -5.0 0.000 0.000
Output will be druglig1l11l_out.pdbqt
1 -3.5 0.000 0.000
Output will be druglig1l12_out.pdbqt
1 -3.6 0.000 0.000
Output will be druglig113_out.pdbqt
1 -5.0 0.000 0.000
Output will be druglig1l14 out.pdbqt
1 -3.4 0.000 0.000
Output will be drugligl16_out.pdbqgt
1 -6.5 0.000 0.000
Output will be druglig120_out.pdbqt
1 -8.0 0.000 0.000
Output will be druglig124_out.pdbqt
1 -4.4 0.000 0.000
Output will be druglig125_out.pdbqt
1 -4.9 0.000 0.000
Output will be druglig126_out.pdbqt
1 -5.0 0.000 0.000
Output will be druglig127_out.pdbqt
1 -5.9 0.000 0.000
Output will be druglig128_out.pdbqt
1 -6.0 0.000 0.000
Output will be druglig129 out.pdbqt
1 -4.3 0.000 0.000

Output will be druglig_out.pdbqt
1 -49 0.000 0.000
Output will be drugligl_out.pdbqt
1 -6.0 0.000 0.000
Output will be druglig1l0_out.pdbqt
1 -7.0 0.000 0.000
Output will be drugligl00_out.pdbqt
1 -6.2  0.000 0.000
Output will be druglig101_out.pdbqt
1 -6.7 0.000 0.000
Output will be druglig109_out.pdbqt
1 -4.5 0.000 0.000
Output will be druglig1l1l_out.pdbqt
1 -3.4 0.000 0.000
Output will be druglig1l12_out.pdbqt
1 -3.4 0.000 0.000
Output will be druglig1l13_out.pdbqt
1 -5.8 0.000 0.000
Output will be druglig114_out.pdbqt
1 -3.7 0.000 0.000
Output will be drugligl16_out.pdbqgt
1 -7.5 0.000 0.000
Output will be druglig120_out.pdbqgt
1 -8.3 0.000 0.000
Output will be drugligl24 out.pdbgt
1 -4.2 0.000 0.000
Output will be druglig125_out.pdbqgt
1 -5.3 0.000 0.000
Output will be druglig126_out.pdbgt
1 -5.9 0.000 0.000
Output will be drugligl27_out.pdbgt
1 -6.1 0.000 0.000
Output will be druglig128 out.pdbgt
1 -6.7 0.000 0.000
Output will be druglig129 out.pdbqgt
1 -4.4 0.000 0.000
Output will be drugligl3_out.pdbgt
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Output will be drugligl3_out.pdbqt 1 -6.0 0.000 0.000

1 -5.7 0.000 0.000 Output will be druglig131_out.pdbqt
Output will be druglig131_out.pdbqt 1 -3.7 0.000 0.000

1 -4.0 0.000 0.000 Output will be drugligl32_out.pdbqt
Output will be druglig132_out.pdbqt 1 -3.6 0.000 0.000

1 -3.0 0.000 0.000 Output will be drugligl33_out.pdbqt
Output will be druglig133_out.pdbqt 1 -5.6 0.000 0.000

1 -5.2  0.000 0.000 Output will be drugligl34_out.pdbqt
Output will be druglig134_out.pdbqt 1 -5.1  0.000 0.000

1 -4.7 0.000 0.000 Output will be drugligl35_out.pdbqt
Output will be druglig135_out.pdbqt 1 -5.7 0.000 0.000

1 -5.8 0.000 0.000 Output will be druglig144_out.pdbqt
Output will be druglig144_out.pdbqt 1 -9.0 0.000 0.000

1 -8.3 0.000 0.000

Table 2: Image of ligand entries and their docking scores for plotting the scatter plots

0 -3.3 o] 0 0 -4.4 0 -4.9

1 -5 1 -3.5 1 -5.2 1 -6
10 -6.2 3 -3.6 3 -4.5 3 -5.7
100 -4.3 4 -5.4 4 -5.3 10 -7
101 -4.5 10 -3 5 -5.1 13 -6
109 -3.3 13 0 7 -4.4 15 -5.7
111 -2.5 15 -5.4 8 -5.4 18 -7.2
112 -2.2 18 0 10 -6.9 21 -7.9
113 -4.4 21 0 13 -4.5 22 -5.8
114 -3.4 22 -3.1 15 -5.4 23 -5.1
116 -6.6 23 0 18 -6 24 -5.7
120 -6.7 24 0 21 -7.3 25 -5.7
124 -2.9 25 0 22 -4.1 26 -3.7
125 -4 26 -1.4 23 -4.6 29 -3.5
126 -4.9 29 -1.9 24 -4.5 30 -4
127 -4.1 30 0 25 -4.9 31 -4.9
128 -4.3 31 -5.2 26 -3.2 32 -3.7
129 -3.3 32 0 29 -3.1 33 -5.8
13 -4.7 33 -4.7 30 -3.4 100 -6.2
131 -2.5 34 0 31 -4.3 101 -6.7
132 -2.2 36 -3.5 32 -2.8 109 -4.5
133 -3.8 37 0 33 -5.8 111 -3.4
134 -3.9 38 -6.2 34 -3.8 112 -3.4
135 -4.2 39 -4.3 36 -3.8 113 -5.8
144 -6.3 41 -4.1 37 -4.7 114 -3.7
145 -4.3 42 0 38 -6.4 116 -7.5
146 -4.2 44 -3.4 39 -5.2 120 -8.3
15 -3.6 45 -6.4 41 -5.1 124 -4.2
150 -4.6 47 -6 42 -4.6 125 -5.3
151 -2.7 48 0 44 -4.1 126 -5.9
152 -5.1 100 -2.3 45 -5.9 127 -6.1
153 -2.6 101 -3.2 47 -6.6 128 -6.7
155 -3.2 109 -2 48 -4.8 129 -4.4
159 -5.1 111 -2.8 49 -7.1 131 -3.7
163 -4.4 112 0 50 -5.8 132 -3.6
169 -5.1 113 0 52 -6 133 -5.6
172 -3.4 114 0 53 -2.3 134 -5.1
173 -1.8 116 0 56 -6.6 135 -5.7
174 -6.8 120 0 57 -5.8 144 -9
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145
146
150
151
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172

-5.4
-4.2
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-8.1
-3.7
-6.3
-7.9
-5.8
-6.6
-4.9

4.1 Inference for Chitin molecules:

All the ligands that are docked against the chitin molecules have an average binding score ranging from -2 to -7. Among
them, the ligands ranging from 0-100 & 200-300have performed well with a higher average docking score of less than-7 in 7 out
of the 12 chitin molecule receptor structures. The ligands ranging from 100-200 have performed well with a higher average
docking score of less than -7 in 9 out of the 12chitinmolecule receptor structures. The scatter plot is given in the Figure 2.

4.2 Inference for Calcium-binding proteins:

All the ligands that are docked against the calcium-binding proteins have an average binding score ranging from -2 to -7.
Among them, the ligands ranging from100-150 & 150-200 have performed well with a higher average docking score of less than -
7 in 9 out of the 12 calcium-binding protein receptor structures. The scatter plot is given in the Figure 3.
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Figure 2: Chitin molecule and ligand interaction
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Figure 3: Calcium binding protein and ligand interaction

4.3 Best performing ligand:

Among all the ligands, there are a few ligands that have
performed extremely well with far higher docking scores.
Among them, cyazofamid, cyanoimidazole, propeneb, and
mandipropamid are the ligands with binding scores below -10.
Cyanoimidazole has the highest binding score of -11.4 with
the chitin molecule receptor structure (1DQC). Also,
cyazofamid has docking scores of -10.5, -10.9, -11.2, and -
10.7 with three chitin receptor structures (1DQC, 7WJL,

7WJO) and one calcium-binding protein receptor structure
(1A03), respectively.

V. DISCUSSION

Insilico methods, such as molecular docking, are essential
in modern research for predicting interactions between
molecules and biological targets. AutoDock Vina, a widely
used molecular docking tool, has been successful in similar
projects due to its accuracy and efficiency in identifying high-
affinity compounds. In our study, we employed AutoDock
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Vina to find potential solutions for fruit rot disease in Areca
catechu (betel nut), a significant threat to cultivation causing
substantial economic losses. AutoDock Vina has proven to be
an effective software for addressing problems related to plant
species. Its advanced algorithms and high accuracy in
predicting molecular interactions make it a valuable tool for
agricultural research (Trott & Olson, 2010). Numerous studies
have utilized AutoDock Vina to identify compounds that can
combat plant diseases and improve crop protection. For
instance, it has been successfully applied to find potential
inhibitors for various plant pathogens, leading to sustainable
and environmentally friendly solutions. The software's ability
to handle large datasets efficiently makes it ideal for screening
numerous ligands against multiple plant receptor targets.
Overall, AutoDock Vina's success in similar projects
underscores its importance in developing effective treatments
for plant diseases. We gathered two groups of receptor
structures and multiple ligand categories from the literature,
performing docking studies for each receptor against each
ligand to identify high-affinity compounds. The docking
studies identified several promising ligands, including
cyazofamid, cyanoimidazole, propeneb, and mandipropamid,
with binding scores below -10. Cyanoimidazole had the
highest binding score (-11.4) with the chitin molecule receptor
(1DQC), and cyazofamid showed high scores with multiple
receptors, including chitin and calcium-binding proteins.
Traditional chemical treatments for fruit rot can have adverse
environmental and health effects, highlighting the need for
sustainable alternatives. The high-affinity ligands identified
offer a promising basis for further research and experimental
validation, demonstrating the value of computational methods
like AutoDock Vina in developing sustainable agricultural
solutions.

VI. CONCLUSION

The Insilico approach has proven to be a valuable and
efficient method for identifying potential bioactive compounds
to combat fruit rot disease in Areca catechu. Insilico methods
significantly reduce the time and cost associated with
traditional drug discovery and development processes. Virtual
screening and molecular docking allow for the rapid
evaluation of numerous compounds for their potential
biological activity against specific targets associated with fruit
rot disease. This high-throughput capability enables the
identification of promising candidates from large datasets. In
silico tools facilitate the identification of compounds that
specifically interact with molecular targets known to play a
crucial role in the pathology of fruit rot disease. This targeted
approach increases the likelihood of discovering effective
bioactive compounds. While in silico methods are powerful,
they are most effective when integrated with experimental
validation, ultimately contributing to sustainable agricultural
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practices and the protection of this economically important
crop.
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