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Abstract: This research investigates the molecular level interactions between jack bean
urease enzyme and flavone as an inhibitor. It is important to understand how flavone
interacts with the active site of urease to inhibit the enzyme’s activity. In this work, the
interaction between urease enzyme and flavone inhibitor was examined using semiempirical
quantum mechanical theoretical investigations. Between the two nickels (labelled Ni88
and Ni89), flavone showed a tendency to attach to Ni89, where the structure of the inhibitor
was distorted to create more positive interactions with the surrounding atoms. The overall
interactions, based on the Wiberg Bond Order, show that flavone is able to form stable
complexes with urease. It was also found that the interaction energy of -1.52 eV and -1.87
eV for flavone as an inhibitor are weaker than urea as an adsorbate. Furthermore, the
interaction is analysed not to be that of a covalent nature. Hence flavone’s potential as

urease inhibitor is proven theoretically.
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Introduction

Nitrogen is an essential element for the growth
of pathogenic bacteria and plants which is
catalysed by the urease enzyme from urea
(Dimkpa et al., 2020, Matczuk & Siczek,
2021). Urease is a large multimeric enzyme,
belonging to the family of amido-hydrolases.
Urease enzymes are present in fungi, bacteria,
and plants (Kappaun et al., 2018; Proshlyakov
et al., 2021). Urease catalyses the hydrolysis of
urea into ammonia (NH,) and carbamate, as the
reaction in Figure 1 shows. It plays an important
role in the nitrogen cycle, as it supplies nitrogen
in the form of ammonia for seed germination
and the growth of microorganisms. Despite its
significance, hydrolysis may also have negative
consequences. The presence of excess ammonia
and carbamate can result in adverse effects,
such as infectious stones, stomach ulcers, and
peptic ulcers. Additionally, it contributes to
the development of hepatic encephalopathy,
pyelonephritis, hepatic coma, urolithiasis,
central nervous system disorders, and urinary
catheter encrustation (Mobley & Hausinger,
1989; Collins & D’Orazio, 1993; Karplus et

al., 1997; Almeida et al., 2021). This enzyme
is a crucial indicator of bacterial infection.
In agriculture, if the hydrolysis is too rapid, it
can result in the unproductive loss of nitrogen
through ammonia volatilisation. In contrast,
ammonia toxicity, alkalinity, and accumulated
nitrite can cause plant damage by affecting seed
germination, seedling growth, and early plant
growth in soil, causing severe environmental and
economic issues (Sahrawat, 1980; Mulvaney &
Bremner, 1981; Bremner & Krogmeier, 1989;
Zulkifli et al., 2022).

Due to its damaging behaviour, studies to
find the most suitable inhibitor for the urease
enzyme were performed (Awllia et al., 2016;
Rana et al., 2021; Song et al., 2022). It has
been shown that flavonoids, a large group of
polyphenolic compounds that naturally occur
in fruits, vegetables, nuts, seeds, flowers, and
bark, can act as a potent inhibitor against the
urease enzyme (Xiao et al., 2013; Jan & Abbas,
2018; He et al., 2022; Tavares et al., 2022). This
report is on the interaction between flavone (a
flavonoid) with the active site of the jack bean
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Figure 1: Hydrolysis of urea catalysed by urease enzyme

urease enzyme. The investigation is carried
out to gain more knowledge and improve
the grasp of what could be the most suitable
urease inhibitor. Previous researchers tested
nine naturally occurring flavonoids for urease
inhibition in this matter (Balasubramanian &
Ponnuraj, 2010; Liu et al., 2020). In general, the
hydroxy (OH) groups in flavonoids are thought
to be primarily responsible for their urease
inhibiting effect. Furthermore, OH groups can
generate electrostatic interactions (hydrogen
bonding) with charged active site residues
such as histidine, arginine, and aspartic acid.
These results lead to the concept that various
interactions of a specific group of flavonoids
would improve enzyme inhibition.

Materials and Methods

Flavone is the simplest member of its class of
flavonoids (Panche et al., 2016), bearing an oxo
substituent at position 4, as shown in Figure 2.

For this purpose, we truncated the urease from
jack bean to a manageable structure (Jabri et
al., 1995; Balasubramanian & Ponnuraj, 2010;
Mazzei et al., 2020), as shown in Figure 3. The
structure of flavone and urease were retrieved
from PubChem and Protein Bank Database
(PDB) respectively (Berman, 2000; Kim et al.,
2021). Urease has nickel as its active site. For
the purpose of our investigations, flavone was
positioned near Ni88 (labelled as P1) and near
Ni89 (labelled as P2). The arrangements are
shown in Figure 4. In Figure 4, the atoms that
are allowed to move are represented by spheres,
while those fixed atoms are in tubes. To find the
most probable arrangements of flavone in the
two P1 and P2 systems, geometry optimisations
were performed using the xTB method, as
implemented with Grimme’s GFN2-xTB
program, interfaced to G09 with Tian Lu’s script
and programs (Lu & Chen, 2012; Bannwarth et
al., 2019; Lu, 2020).

Figure 2: Structure of flavone
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Results and Discussion

The final arrangement of flavone and urease,
as obtained from the xTB program, is shown in
Figure 5. The optimised geometries show that
the phenyl ring on flavone was distorted from
the initial position. For P1, the phenyl moved
away from the active site, while for P2, it moved
towards the active site.

a b
Figure 4: The initial arra(nf)gements for (a) P1 and (b) P2. P1 is the system where tgle) oxygen on the inhibitor
(0162) is being positioned near Ni88 while for P2, the same oxygen is positioned near Ni89. The “ball and
bond” type represents the inhibitor, hydroxide, and nickel ions while the “tube” type represents the other
residues. For simplicity, some parts of the residues are not shown

As a comparison of the stability between
the two P1 and P2 systems, the total energy and
interaction energy are calculated and tabulated
in Table 1. The total energy £, of P2 is more than
P1, hence P2 is found to be stable compared to
P1. The interaction energy of P2 is also higher
than the one in P1. Without the inhibitor, Ni88
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Figure 5: Geometries after optimisation, (a) P1 and (b) P2. Notice the changes to the phenyl ring in flavanone
after optimisation (compare to Figure 3)

and Ni89 are positively charged, with values
of 0.023e and 0.052e, respectively. With the
inhibitor, changes occurred to the charges and
the interactions. The related values are tabulated
in Table 2, while the optimised geometry is
shown in Figure 5.

For P1, the interaction between Ni88
and the neighbouring atoms, as listed in Table
2, through the Wiberg Bond Order (WBO)
analysis, shows that existing bond orders
were lower with the existence of an inhibitor.
Thus, with new interactions being created
between Ni88 and the inhibitor through 0162,
it indirectly weakens the interactions between
Ni88 and atoms in the residues. However, the
total WBO for Ni88 increases from 2.936 to
3.050 with the insertion of the inhibitor. The
magnitude of changes in WBO before and
after the inclusion of inhibitor is between 0.031

to 0.071. For Ni89, there are no significant
changes (the magnitude of changes before and
after the inclusion of inhibitor ranges between
0.002 to 0.029) to the contributing WBO from
the neighbouring atoms. This can be attributed
to the position of O162 (from inhibitor) that
is aligned nearer to Ni88. The total WBO for
Ni89 before (3.155) and after inclusion (3.135)
of the inhibitor further strengthens the point of
discussion for the interaction of Ni89. Except
for the hydroxide, there is no direct bonding for
other atoms in the vicinity of active sites, as the
WBO are all lower than 1. All the neighbours
also possessed negative charges (as shown in
Table 1), while the active sites are positive: Ni88
has a charge of 0.125¢ (increased from 0.023e)
while Ni89 has 0.032¢ (down from 0.052¢). In
this situation, it is expected that the interaction
involving nickels might be electrostatic.

Table 1: The stability and the interaction energy £, of the systems P1 and P2

Energy (au)
System E,  (eV)
Total, E, Urease, E_ Inhibitor, E, "
P1 -327.05360190 -280.63906 -46.35867 -1.52038
P2 -327.08062354 -280.65632 -46.35564 -1.86833
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Table 2: Properties of selected atoms in the vicinity of active sites for initial location P1. The values in

brackets are before the addition of the inhibitor

Properties from Nearest Atoms

Atoms Nearest Atoms
WBO Charge
Ni88 N26 0.608 (0.684) -0.039 (-0.014)
084 0.574 (0.612) -0.369 (-0.342)
N12 0.424 (0.495) -0.122 (-0.106)
037 0.395 (0.426) -0.403 (-0.388)
0162 0.373 -0.273
Nig&9 0159 1.203 (1.205) -0.419 (-0.425)
038 0.562 (0.553) -0.362 (-0.358)
N45 0.491 (0.520) -0.109 (-0.096)
N71 0.533 (0.517) -0.127 (-0.132)

Table 3: Properties of selected atoms in the vicinity of active sites for initial location P2

Properties from Nearest Atoms

Atoms Nearest Atoms
WBO Charge
Ni88 N26 0.594 (0.684) -0.054 (-0.014)
084 0.541 (0.612) -0.374 (-0.342)
NI2 0.442 (0.495) -0.098 (-0.106)
037 0.445 (0.426) -0.385 (-0.388)
0159 0.511 -0.415
Nig&9 0159 0.790 (1.205) -0.415 (-0.425)
0162 0.329 -0.337
038 0.566 (0.553) -0.345 (-0.358)
N45 0.515 (0.520) -0.107 (-0.096)
N71 0.521 (0.517) -0.108 (-0.132)

For the initial position P2, the inhibitor
after optimising the geometry is curled towards
the residue’s alanine and histidine, as shown
in Figure 5. The related values for atoms in
the vicinity of the active sites are tabulated in
Table 3. As in the situation in P1, the inclusion
of flavone weakens the interactions involving
Ni88, and has not much effect on the interactions
of Ni89 with the existing atoms.

Electron localisation function (ELF)
analysis was performed using Multiwfn to
further study the bonding involved in the P1 and
P2 systems (Lu & Chen, 2012). Figure 6 shows
the isosurface map of the ELF. Since the ELF
maps of P1 and P2 are similar, only P1 is shown.
From Figure 6, the oxygens, and nitrogens in the

vicinity of nickels are still having lone pairs to
them, instead of showing the bonding (orange
lobes) to the nickels. Hence, the interactions
of nickels with the surrounding atoms are not
covalent in nature.

Conclusion

The interaction of inhibitor with urease enzyme
was studied. It was found that flavone is able
to interact favourably with the active sites of
urease, the nickels. The interaction energy of
-1.52 eV and -1.87 eV is weaker than urea as
adsorbate, and the interaction is analysed to be
not covalent. Hence, flavone’s potential as a
urease inhibitor is proven theoretically.
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Figure 6: ELF map of P1. The isosurface has a value of 0.83. The colour scheme used: Cyan for lone pair
domains; dark green for hydrogen-related domains; and orange for bonding domains between heavy atoms
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