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Abstract

In the agricultural trade, nitrogen fertilizer is one among the popular fertilizers within the world
market. However, the high use of nitrogen fertilizers causes negative impacts within the type of
environmental pollution, each in water, soil, and within the air. Nitrification inhibitor required to enhance
the potency of nitrogen fertilizer use to realize additional economical production of food crops and
minimize fertilizer related pollution of the environment. Neem (Azadirachta indica) act as an inhibitor
nitrification that contained high tannin and the other secondary metabolite compounds. Neem plants
encapsulated by urea as a nitrification inhibitor can increase nitrogen efficiency in the soil during
fertilization. This research is a computational experiment research in solving problems using Molecular
Docking Analysis. Molecular Docking method was performed using AutoDock Vina Tools 1.5.6 and Open
Babel 2.4.1 Program. The use of molecular docking aims to predict ligand bonds and target proteins that
focus on affinity and bond interactions. The high and low affinity of ligand-protein bonds is influenced by
free bond energies, surface interactions, and intermolecular interactions. The results represent Neem (A.
Indica) contains high tannin and the other secondary metabolite compounds (Nimbin, Nimbidin, Nimbic
Acid, Nimbidinin, Nimbinin, Azadirachtin, Diepoxy Azadiradione, Dyhidrogedunin, Gallic Acid and
Gedunin). Those metabolite compounds can inhibiting 4 enzymes such as methane monooxygenase,
Hydroxylamine oxidoreductase, Nitric oxide reductase and Nitrite Reductase. From 10 metabolite
compounds, Diepoxy Azadiradione and Gedunin may become the most stable complex that indicated
become strength binding energy based on the lowest energy score of —10.3 kcal/mol.
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Introduction

In West Nusa Tenggara, agriculture is the leading sector of the existing seventeen sectors. Sumbawa
Regency has a high contribution in the agricultural sector, amounting to 40.17 percent of the total 10
districts in NTB [1]. Agriculture in Sumbawa is well known as a corn production center (Zea mays) which
supports the economic sector in Indonesia [2]. From 2008 to 2018, one of these mainstay sectors developed
rapidly with an average growth rate of 30.7 percent per year [1]. However, agricultural production land in
Sumbawa is not available so that much of the available agricultural land comes from converted forest land

[3].

The increasing need for agricultural land is followed by the high use of urea fertilizer due to the lack
of knowledge of the Sumbawa corn farmers regarding the negative impacts it has on the environment. Low
fertilization efficiency is a crucial problem. This is indicated by the amount of nitrogen wasted in the
process of ammonia volatilization, denitrification, surface runoff and nitrate leaching [4]. Fertilization
inefficiency also causes an increase in the rate of greenhouse gas emissions through N-O pollution [5]. The
main factor in the inefficiency of nitrogen fertilization can be seen from the nitrification process of
ammonium (NH,*) to nitrite (NO2") to nitrate (NO®). The conversion of these ions produces a secondary
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product in the form of N,O gases [5]. So that only 20 - 30 % of nitrogen is absorbed by maize plants while
the rest is lost in the form of nitrates and nitrifying gas [6,7].

Based on these problems, plants that contain natural ingredients are needed to inhibit nitrification.
Neem (Azadirachta indica) contains high tannin and the other secondary metabolite compounds [8]. Neem
plants encapsulated by urea as a nitrification inhibitor can increase nitrogen efficiency in the soil during
fertilization. Through the urea encapsulation mechanism with neem plants, the active ingredients of
secondary metabolite will bind and inhibit the release of excessive urea in the soil and air. The inhibition
of this nitrification process will reduce the percentage of N2O gas in the air produced from the nitrification
process itself or from the denitrification process and can increase the existence of the amount of ammonium
contained in the soil. This innovation is a development of previous research using neem as an inhibitor of
nitrification [9].

This research is a computational experiment research in solving problems using molecular docking
analysis. Molecular docking plays an important role in ligand-protein docking. This method is effective for
finding the active site of the enzyme to be inhibited. The interaction and affinity of metabolites in inhibiting
target proteins can be an indication in predicting which compounds are most appropriate as natural
nitrification inhibitors. This research is supported by basic bioinformatic data in order to increase the
accuracy of the resulting data. The use of Molecular Docking-based on bioinformatic data to validate the
types of secondary metabolites that can inhibit the enzyme action in the nitrification process. The neem
encapsulated urea product based on nitrification inhibitors will be a superior product while maximizing the
natural potential of Sumbawa Regency.

Materials and methods

Molecular docking simulation

In this present investigation, molecular docking method is employed to obtain the binding pose of
ligand into the catalytic site of receptor. AutoDock Vina package developed by Trott and co-workers [10]
is applied to perform molecular docking on the ligand-receptor complex. All ligands are downloaded and
saved to sdf extension. Open Babel 2.4.1 program packages are utilized to convert sdf files to pdbgt format.
In receptor preparation, the tertiary structures of 4 enzymes that play a role in the nitrification process such
as (a) Methane Monooxygenase, (b) Hydroxylamine Oxidoreductase, (¢) Nitric Oxide Reductase, and (d)
Nitrite Reductase are retrieved from RSCB database with PDB ID: 3RGB, 1FGJ, 300R, and 1H9Y,
respectively (Figure 2). The polar hydrogen and Kollman’s united atom charges are inserted to the receptor.
Afterward, all enzymes are saved in pdbqt format. Molecular docking is performed by setting the grid box
parameter. This parameter is required to decide for positional and rotational of the ligand into the site of
the receptor. The grid box, including The grid box center (x, y, z), and spacing point for all systems are
listed in Table 1. The exhaustiveness is set to 100. Other parameters are computed as the default of
AutoDock Vina. The Broyden-Fletcher-Goldfarb Shanno (BFGS) algorithm is used for searching
parameters. All parameters are created by using AutoDock Tools 1.5.6 developed by Morris and co-workers
[11].
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Structure of Gallic Acid

Figure 1 Ten chemicals structure of Neem compounds with highest energy binding score.
Source: https://pubchem.ncbi.nlm.nih.gov/.https://pubchem.ncbi.nlm.nih.gov/.
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Figure 2 The tertiary structure of enzymes; (a) Methane monooxygenase, (b) Hydroxylamine
oxidoreductase, (c) Nitric oxide reductase and (d) Nitrite reductase. The structures of alpha-helix and beta-
sheet are presented by red and green colors in cartoon models, respectively.

Table 1 The identity of box size for ligand/receptor complex.

No Enzyme Grid box size The grid box center (x,y,z) Spacing (A)
1 Methane monooxygenase 50.464x129.509%47.846 106x86x74 1
2 Hydroxylamine oxidoreductase = 29.363x22.795x26.701 72x40x126 1
3 Nitric oxide reductase 25.135%x-1.105%21.846 64x126x%86 1
4 Nitrite reductase 99.316%52.826x217.793 52x66x78 1

Results and discussion

Results

a) Inhibiting methane monooxygenase enzyme by A. indica metabolite

In order to analyze the stability of the complex, including the binding pocket of ligands into the moiety
of receptors, molecular docking is performed by using AutoDock Vina 4 packages. In Table 2, we show
the binding energy of 10 ligands in binding with Methane monooxygenase (receptor).

Table 2 The binding energy of ligands in complex with Methane monooxygenase enzyme obtained by
molecular docking.

No Compound Binding energy (Kcal/mol)
1 Nimbin -8.4
2 Nimbidin -9.9
3 Nimbic acid -9.1
4 Nimbidinin -10.2
5 Nimbinin -9.7
6 Azadirachtin -9.3
7 Diepoxy azadiradione -10.3
8 Dyhidrogedunin -9.7
9 Gallic acid -6.5
10 Gedunin -10.3
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From this table, all models have negative binding energies suggesting those ligands make a complex
to the site of the receptor. Also, models 7 and 10 may become the most stable complex based on the lowest
energy score of —10.3 kcal/mol. Further, the catalytic site of the receptor obtained by molecular docking
can be predicted by evaluating the binding site of the ligand in complex with the receptor.

¢

Figure 3 The binding pose of ligands to the site of Methane monooxygenase enzyme (a) Nimbin, (b)
Nimbinin, (c) Nimbidin, (d) Nimbidinin, () Nimbic acid, (f) Azadirachtin, (g) Azadiradione, (h)
Dihydrogedunin, (i) Gallic acid and (j) Gedunin.

W Frotein & Meial lon === m-Stacking (perpendicular)
Ligand ===« Hydrophaobic Interaction ==«= m-Cation Interaction
Water = Hydrogen Bond Halogen Bond
Charge Center Water Bridge Salt Bridge

Aromatic Ring Center -Stacking (parailel) == Metal Complexation
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Table 3 Hydrogen bonds between ligands and Methane monooxygenase enzyme obtained by molecular

docking.
No. Compounds Residue Distance H-A Distance D-A
1 Nimbin 53F 3.06 3.39
113E 3.65 4.02
2 Nimbinin 53F 3.60 4.04
3 Nimbidin No hydrogen bond
4 Nimbidinin 53F 2.59 3.33
53F 3.11 4.5
182F 2.60 3.36
5 Nimbic Acid 53J 2.79 3.12
56J 2.46 3.35
2671 3.09 3.80
6 Azadirachtin 215A 3.18 4.08
215A 2.72 3.57
215A 2.99 3.57
447A 3.43 3.84
7 Azadiradione T7TA 2.92 3.39
8 Dihydrogedunin No hydrogen bond
9 Gallic Acid 33A 2.20 2.92
41A 1.98 2.81
59A 2.21 2.99
61A 2.52 3.26
62A 2.09 2.84
187A 3.11 3.73
236A 1.84 2.81
10 Gedunin No hydrogen bond

The binding site, including the summary of the hydrogen bonds of ligands to the site of the receptor
is provided in Figure 3 and Table 3, respectively. From these results, the ligands, i.e. Nimbin, Nimbinin,
and Nimbidinin, participate in hydrogen bonds with the similar amino acid of 53F. This finding suggests
that the region of residue 53F may be assumed as the catalytic site of Methane Monooxygenase.

b) Inhibiting hydroxylamine oxidoreductase enzyme by A. indica metabolite

In Table 4, we show the binding energy of 10 ligands in binding with Hydroxylamine Oxidoreductase

(receptor).

Table 4 The binding energy of ligands in complex with Hydroxylamine Oxidoreductase enzyme obtained

by molecular docking.

No. Compound Binding energy (Kcal/mol)
1 Nimbin -8.1
2 Nimbidin —8.6
3 Nimbic acid -8.5
4 Nimbidinin -9.4
5 Nimbinin -8.9
6 Azadirachtin -8.5
7 Diepoxy azadiradione -9.3
8 Dyhidrogedunin -8.6
9 Gallic acid -6.9
10 Gedunin -9.0
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From this table, all models have negative binding energies suggesting those ligands make a complex
to the site of the receptor. Also, model 4 may become the most stable complex based on the lowest energy
score of —9.4 kcal/mol. Further, the catalytic site of the receptor obtained by molecular docking can be
predicted by evaluating the binding site of the ligand in complex with the receptor.

(b) ©

Figure 4 The binding pose of ligands to the site of hydroxylamine oxidoreductase enzyme (a) Nimbin, (b)
Nimbinin, (c) Nimbidin, (d) Nimbidinin, () Nimbic acid, (f) Azadirachtin, (g) Azadiradione, (h)
Dihydrogedunin, (i) Gallic acid and (j) Gedunin.

# Profein ® Metal lon ===« 17-Stacking (perpendicular)
Ligand ===« Hydrophobic Interaction ===« T7-Cation Interaction
Water = Hydrogen Bond Halogen Bond
Charge Cenfer Water Bridge Salt Bridge

««» Metal Complexation

Aromatic Ring Center m-Stacking (parallel)
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Table 5 Hydrogen bonds between ligands and hydroxylamine oxidoreductase enzyme obtained by
molecular docking.

No. Compounds Residue Distance H-A Distance D-A
1 Nimbin 215B 2.07 3.00
215B 2.11 3.09
2 Nimbinin 76A 3.66 4.02
T7A 3.09 3.68
3 Nimbidin 138B 3.54 3.99
138B 2.80 3.33
138B 2.46 3.40
4 Nimbidinin 75A 2.31 2.74
T7A 2.75 3.67
5 Nimbic Acid 215A 3.75 4.07
417A 1.78 2.75
424A 2.43 3.03
425A 2.70 3.66
447A 3.39 3.93
6 Azadirachtin 215A 3.18 4.08
215A 2.72 3.57
215A 2.99 3.57
447A 3.43 3.84
7 Azadiradione TTA 2.92 3.39
8 Dihydrogedunin No hydrogen bond
9 Gallic Acid 33A 2.20 2.92
41A 1.98 2.81
59A 2.21 2.99
61A 2.52 3.26
62A 2.09 2.84
187A 3.11 3.73
236A 1.84 2.81
10 Gedunin No hydrogen bond

The binding site, including the summary of the hydrogen bonds of ligands to the site of the receptor
is provided in Figure 4 and Table 5, respectively. From these results, the ligands, i.e., Nimbinin,
Nimbidinin, and Azadiradione, participate in hydrogen bonds with the similar amino acid of 77A. This
finding suggests that the region of residue 77A may be assumed as the catalytic site of Hydroxylamine
Oxidoreductase.

¢) Inhibiting nitric oxide reductase enzyme by A. indica metabolite
In Table 6, we show the binding energy of 10 ligands in binding with Nitric Oxide Reductase
(receptor).
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Table 6 The binding energy of ligands in complex with nitric oxide reductase enzyme obtained by
molecular docking.

No. Compound Binding energy (Kcal/mol)
1 Nimbin =75
2 Nimbidin -84
3 Nimbic acid 7.8
4 Nimbidinin -8.3
5 Nimbinin 7.8
6 Azadirachtin -74
7 Diepoxy azadiradione -8.7
8 Dyhidrogedunin -8.1
9 Gallic acid -6.3
10 Gedunin -8.2

From this table, all models have negative binding energies suggesting those ligands make a complex
to the site of the receptor. Also, model 7 may become the most stable complex based on the lowest energy
score of —8.7 kcal/mol. Further, the catalytic site of the receptor obtained by molecular docking can be
predicted by evaluating the binding site of the ligand in complex with the receptor.

No interaction

(9) (h) (i)
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Figure 5 The binding pose of ligands to the site of nitric oxide reductase enzyme (a) Nimbin, (b) Nimbinin,
(c) Nimbidin, (d) Nimbidinin, (e) Nimbic acid, (f) Azadirachtin, (g) Azadiradione, (h) Dihydrogedunin, (i)
Gallic acid and (j) Gedunin.

# Protein Metal lon m-Stacking {perpendicular)
Ligand === Hydrophobic Interaction m-Cation Inferaction
Water — Hydrogen Bond Halogen Bond
Charge Center Water Bridge Salt Bridge
Aromatic Ring Center r-Stacking (parallel) w=u= Metal Complexation

Table 7 Hydrogen bonds between ligands and nitric oxide reductase enzyme obtained by molecular
docking.

No. Compounds Residue Distance H-A Distance D-A
1 Nimbin 87L 2.57 2.94
2 Nimbinin 14C 241 3.12

18C 2.54 3.09
3 Nimbidin 114B 3.09 3.96
117B 2.42 3.18
4 Nimbidinin 18C 3.26 4.06
5 Nimbic Acid 52L 231 3.10
53L 3.17 3.90
102C 2.67 3.08
105C 2.63 2.98
6 Azadirachtin 2H 3.37 3.87
43L 2.69 3.34
112H 2.37 2.95
7 Azadiradione 14C 3.17 3.98
8 Dihydrogedunin No hydrogen bond
9 Gallic Acid No interaction
10 Gedunin 54B 2.30 3.25

The binding site, including the summary of the hydrogen bonds of ligands to the site of the receptor,
is provided in Figure 5 and Table 7, respectively. From these results, the ligands, i.e., Nimbinin,
Nimbidinin and Azadiradione, participate in hydrogen bonds with the similar amino acid of 18C. This
finding suggests that the region of residue 18C may be assumed as the catalytic site of Nitric Oxide
Reductase.
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d) Inhibiting nitrite reductase enzyme by A. indica Metabolite
In Table 8, we show the binding energy of 10 ligands in binding with Nitrite Reductase (receptor).

Table 8 The binding energy of ligands in complex with nitrite reductase enzyme obtained by molecular
docking.

No. Compound Binding energy (Kcal/mol)
1 Nimbin -7.6
2 Nimbidin -8.3
3 Nimbic acid -8.0
4 Nimbidinin -8.3
5 Nimbinin -8.0
6 Azadirachtin -7.2
7 Diepoxy azadiradione —7.6
8 Dyhidrogedunin -7.9
9 Gallic acid -7.3
10 Gedunin -8.0

From this table, all models have negative binding energies suggesting those ligands make a complex
to the site of the receptor. Also, model 2 and 4 may become the most stable complex based on the lowest
energy score of —8.3 kcal/mol. Further, the catalytic site of the receptor obtained by molecular docking can
be predicted by evaluating the binding site of the ligand in complex with the receptor.

(@) (b)
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Figure 6 The binding pose of ligands to the site of nitrite reductase enzyme (a) Nimbin, (b) Nimbinin, (c)
Nimbidin, (d) Nimbidinin, (¢) Nimbic Acid, (f) Azadirachtin, (g) Azadiradione, (h) Dihydrogedunin, (i)
Gallic acid and (j) Gedunin.

# Protein Meial lon m-Stacking (perpendicular)
Ligand ===« Hydrophobic Interaction m-Cation Inferaction
Water — Hydrogen Bond Halogen Bond
Charge Center Water Bridge Salt Bridge
Aromatic Ring Cenfer m-Stacking {parallel) = Metal Complexation

Table 9 Hydrogen bonds between ligands and Nitrite Reductase enzyme obtained by molecular docking.

No. Compounds Residue Distance H-A Distance D-A

1 Nimbin 174B 2.03 2.92
174B 2.15 3.00

2 Nimbinin No hydrogen bond

3 Nimbidin No hydrogen bond

4 Nimbidinin 58A 2.84 3.80

5 Nimbic Acid 58A 2.04 2.96

6 Azadirachtin 55A 3.63 4.08
58A 2.78 3.22
58A 2.65 3.53
136A 2.44 3.26

7 Azadiradione 136A 2.02 2.93
140A 2.93 3.03

8 Dihydrogedunin No hydrogen bond

9 Gallic Acid 282B 2.06 2.97
283B 2.66 3.15

10 Gedunin 140A 2.32 3.22

The binding site, including the summary of the hydrogen bonds of ligands to the site of the receptor,
is provided in Figure 6 and Table 9, respectively. From these results, the ligands, i.e., Nimbidinin, Nimbic
Acid and Azadirachtin, participate in hydrogen bonds with the similar amino acid of 58A. This finding
suggests that the region of residue 58A may be assumed as the catalytic site of Nitrite Reductase.

Discussion
In the agricultural trade, nitrogen fertilizer is one among the popular fertilizers within the world

market. However, the high use of nitrogen fertilizers causes negative impacts within the type of
environmental pollution, each in water, soil, and within the air. Nitrification inhibitor required to enhance
the potency of nitrogen fertilizer use to realize additional economical production of food crops and
minimize fertilizer related pollution of the environment. Except for ammonia volatilization, these losses
area unit related to and follow the nitrification of ammonia to nitrate. The nitrification method converts the
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comparatively immobile cationic ammonia to nitrate, that is incredibly mobile and usually not maintained
by soil particles and subject to loss by natural action and denitrification. Nitrification is that the oxidisation
of ammonia with oxygen into radical followed by the oxidisation of radical to nitrate, in alternative words
nitrification is that the method by that ammonia is regenerate to radical (NO?) and so nitrate (NO®) [12].
This method happens naturally within the setting and is completed by a gaggle of Nitrosomonas and
Nitrobacter. Nitrification is a crucial step within the organic process within the soil during which ammonia
(NH4*) associate in nursing initial substrate for nitrification. However, there’s continued got to improve the
potency of N fertiliser use to realize additional economical production of food crops and minimize fertilizer
related pollution of the setting.

The nitrification process involves the role of 4 enzymes, namely Methane Monooxygenese Enzyme,
Hydroxylamine Oxidoreductase Enzyme, Nitric Oxide Reductase Enzyme and Nitrite Reductase. The 4
enzymes act as catalysts in the nitrification process. To inhibit these enzymes, bioactive compounds are
needed to inhibit the nitrification process, namely neem. There are 10 metabolite candidates that have
potential as inhibitors of the 4 enzymes including, Nimbin, Nimbidin, Nimbic Acid, Nimbidinin, Nimbinin,
Azadirachtin, Diepoxy Azadiradione, Dyhidrogedunin, Gallic Acid, and Gedunin. In this study, A. indica
acts as an inhibitor of nitrification by inhibiting the process or the first stage of nitrification, oxidation of
ammonium (NH4*) into nitrite (NO?) and inactivate the enzyme produced by nitrification bacteria that AMO
(ammonia monooxygenase) [13]. Another study also showed that urea coated with A. indica at a dosage of
2.5 and 5 % could inhibit the nitrification process. The results showed that a reduced amount of nitrate and
an increase in the amount of ammonium in the soil were signs that A. indica metabolites were able to inhibit
the nitrification process. While the treatment of urea ammonium levels coated neem 5 % increase, this is
caused by soil microorganisms has been active in decomposing organic material of neem 5 % and
experienced ammonification in the soil that are available in large quantities [9]. The effectiveness of A.
indica metabolites in inhibiting the nitrification process is needed to be known by using basic bioinformatic
data based on molecular docking [14].

The use of molecular docking aims to predict ligand bonds and target proteins that focus on affinity
and bond interactions [15]. The high and low affinity of ligand-protein bonds is influenced by free bond
energies, surface interactions, and intermolecular interactions [16]. Free bond energy describes the stability
and spontaneity of binding between the ligands and target proteins. The bonding is more spontaneous and
stable if the free bond energy value is lower so that it is able to bind strongly to the target protein and has
the potential to cause biological activity [17]. The value of free bonds also affects the level of bond affinity.
The high value of ligand and receptor bond affinity is inversely proportional to the low value of free bond
energy [18]. In addition, surface interactions play a role in recognizing ligands and target proteins by being
influenced by the size of the ligand molecules. Another factor that affects the level of ligand-protein affinity
is the intermolecular interaction, where the interaction is formed when there is resistance or attraction
between the molecule and nearby particles, such as hydrogen bonds. Hydrogen bonding occurs when there
is an intermolecular interaction that occurs between the element hydrogen and the electronegative ion [16].

Conclusions

Neem plants encapsulated by urea as a nitrification inhibitor can increase nitrogen efficiency in the
soil and air during fertilization. The impact of a mimba’s webbed fertilizer use is to see nitrification
resistance from 10 metabolic compounds obtained from the extraction of the plant against 4 enzymes that
are involved in the process of nitrification through the molecular docking method. Compounds of A. indica
can inhibit 4 enzymes in nitrification process such as Nimbin, Nimbidin, Nimbic Acid, Nimbidinin,
Nimbinin, Azadirachtin, Diepoxy Azadiradione, Dyhidrogedunin, Gallic Acid and Gedunin. Based on
molecular docking analysis, those metabolite compounds on A. indica such as Diepoxy Azadiradione and
Gedunin may become the most stable complex that indicated become strong binding energy based on the
lowest energy score of —10.3 kcal/mol and has a strong ability to inhibiting nitrification from the other.
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