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Abstract: In this study, the interaction between Luteolin and urease was made at 300 K in aqueous
buffer solutions using isothermal titration calorimetry. The extended solvation model was used to
calculate the solvation parameters. Moreover, to determine the interaction of Luteolin with Jack
Bean Urease (JBU), a molecular docking process was performed. The purpose of this investigation
was to measure the inhibitory effects of Luteolin on the activity and structure of urease. Molecular
docking analysis confirmed the extended solvation model.
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1. Introduction

The question of finding effective and useful inhibitors of urease enzyme has been in the interest
of researchers for many years. JBU is a urea amidohydrolase, this metalloenzyme contains two
nickel ions per subunit and is widely found in soil, plants, and microscopic organisms like bacteria,
algae, fungi, and invertebrates [1].

Urease is responsible for the hydrolysis of urea to carbon dioxide and ammonia. The
mechanism of urea hydrolysis is widely proposed by many researchers .The metal cations interact
with hydroxyl ions, and the three molecules of water immerse in the active site of the enzyme [1].
Since urea contains two hydrogen bonding sites, one carbonyl group, and the other amino acid group,
hydrogen bond formation plays an important role in the binding of urea to the two nickel atoms
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present in the active site [2-3]. Because the binding affinity of urea is not so strong, the bridging of
urea with metal ions is stabilized by three amino acid residues His a222, His a232, and Ala a366,
found in the active site [1]. The carbonyl group of urea is susceptible to the nucleophilic attack, after
the nucleophilic attack of hydroxide ion on the electrophilic center of urea, urea changes to ammonia
gas and carbamate then carbamate is changed rapidly into carbon dioxide and a second molecule of
ammonia. The pH increases from 6.5 to 9.0 so, this catalytic activity in the human body paves the
way for the survival of Helicobacter pylori in the stomach and which can cause gastritis, gastric,
duodenal ulcers, and even gastric cancer [1].

Inhibitors of Jack Bean Urease can block the hydrolysis of urea to ammonium and decrease
ammonia. Moreover, they can play an effective role in the prevention of disorders related to the
urinary tract and stomach, therefor finding novel urease inhibitors with better stability and fewer side
effects can improve the level of human life [4-6].

Luteolin (3, 4, 5, 7-tetrahydroxy flavone) is an anticancer agent against different types of human
cancers. This flavonoid found in different plants such as vegetables, medicinal herbs, and fruits, and
it can block cancer development in vitro and in vivo [5].

The purpose of this study because of the crucial role of urease in the creation of various diseases
is to evaluate the function of Luteolin as a non-toxic and stable urease inhibitor. In the present work,
the interaction of Luteolin with Jack Bean Urease and the binding parameters of Luteolin was
investigated by the extended solvation model and Molecular docking. Therefore, the results indicate
that urease becomes stable in the low and high concentration regions of Luteolin, as indicated by
positive values of 55 and dg (Table 1).

2. Materials and methods

Jack bean urease (JBU; MW = 545.34 kDa) and Luteolin were purchased from Sigma (Sigma-Aldrich
Co). The buffer used in the assay was 40 mM, pH = 7.0, which was obtained from Sigma Chemical
Co. The isothermal titration micro calorimetric experiments were performed with the four-channel
commercial micro calorimetric system, Thermal Activity Monitor 2277, Thermometric, Sweden. The
titration vessel was made from stainless steel. Luteolin (10 mM) was injected by the use of a
Hamilton syringe into the calorimetric titration vessel, which contained 1.8 mL JBU (4 pM).
Injection of Luteolin solution into the perfusion vessel was repeated 30 times, the first injection was 5
L and the remaining ones were 10 . In all cases, each injection was done in 6 s at 3-min intervals.
The measurements were performed under a constant temperature of 27.0 = 0.02 € and the
temperature was controlled using a Poly-Science water bath. The calorimetric signal was measured
by a digital voltmeter that was part of a computerized recording system. The ‘Thermometric Digit
am’3’ software program calculated the heat of each injection. The heat of dilution of the Luteolin
solution was measured as described above except JBU was excluded. Moreover, the micro
calorimeter was frequently calibrated electrically during the study.

To determine the interaction of Luteolin with JBU, a molecular docking process was performed.
The geometries of Luteolin was obtained from PubChem (https://pubchem.ncbi.nlm.nih.gov/), and
the crystal structure of Jack Bean Urease was downloaded from the PDB bank (http://www.rcsb.org)
with PDB ID 4H9M. Luteolin docking to Jack Bean Urease was performed with the Auto Dock Vina
program [6]. Afterward, the docking process was performed via a grid size of 94 <96 >x 118 along
the X, Y, and Z axes with 1 A spacing. The lowermost binding energy of Luteolin and JBU was
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created using Auto Dock Vina. After docking, the interaction of Luteolin as an inhibitor with JBU
was examined using LigPlot software [7].

3. Results and discussion

The calorimetry results have been analyzed using Gholamreza Rezaei Behbehani’s solvation
model. The extended solvation model reported in the previously published articles shown that the
heats of the biomolecules and ligands interactions in the aqueous solvent systems can be described

by eq (1) [8-9].
Q= Qmax¥n — OalZala + 2ply) — (&g — 04 )(2aLs + 25 Lp Jup @)

Where the heats of Luteolin+urease interactions are ¢, and gmax Shows the heat value upon
saturation of all JBU. The da and dg parameters reflect the net effect of Luteolin on the JBU
structural changes in the low and high inhibitor concentrations, respectively. The positive values for
da and og indicate that JBU stabilization by the ligands, while negative values of 64 and dg show that
Luteolin stabilized the JBU structure as a result of its interaction.

Cooperativity, in enzymology, a phenomenon in which the shape of one subunit of an enzyme is
altered by the substrate or some other molecule. So cooperative binding requires macromolecule with
more than one binding site [10-11]. The enzyme has multiple binding sites when the affinity of the
binding sites for a ligand is increased, there is a positive cooperativity p > 1, or decreased, there is a
negative cooperativity p < 1, upon the binding of a ligand to a binding site. P = 1 indicates that the
binding is non-cooperative and the binding of a ligand doesn't affect the affinity of the second ligand
site [12-13]. x5 can be expressed as:

PXp

xé:x + px
XA Xp (2)

x IS the fraction of bound ligand and x} = 1 — x is the fraction of unbound ligand. where xB
is the molar ratio of the inhibitor concentrations that is obtained from the concentration of Luteolin
after each injection ([L]) divided by their maximum concentration upon saturation of all JBU
([L]max) as follows:

_ I
[Llmax (3)

Xpg

Fitting of the heats of JUB+Luteolin interactions was performed across the entire Luteolin. In
the fitting procedure, » was changed until the best agreement between the experimental and
calculated data was approached; a comparison between the experimental heats has been shown
graphically in Figure 1. The binding parameters for JUB+Luteolin were reported in Table 1. The
agreement between the experimental and theoretical calculation results proves the eq (1).
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Figure 1. Comparison between the experimental heats, g, for JBU+Luteolin interaction
and calculated data (lines) via equation 1.

Table 1. Binding parameters for JBU+Luteolin interaction.

parameters p n KoJ/L.mol™ AH/KI  AG/KI TAS/kJ  da Op
mol*  mol™ mol™
1.16 16 139410 4.93 -29.54  34.48 0.3 0.9

Indicated by the binding parameters, the interaction is entropy-driven indicating that the
hydrophobic forces are dominant. 65 and dg are very closed together, indicating so little changes in
JBU structure as a result of its interaction with Luteolin. Small changes in 64 and og values is the
characteristic of specific interaction and it is possible to conclude that the most of JBU is in its native
state. Also, we can say that this interaction is a specific one because the affinity of the ligand for
binding with JBU is low as indicated by the associated binding constant (K, in Table 2). P > 1 as well
as positive 54 and dg, indicates that Luteolin causes a little stabilization of the JBU structure.

Consider a biomolecule, with n binding sites for ligands. The binding of the ligands to the
biomolecule can be represented by the chemical equilibrium expression:

P+nL<=>PL,

Where K, (forward rate, or the rate of association of the protein-ligand complex). Assuming that
q

e is the fraction of the ligand-binding sites on the biomolecule, which are occupied by the ligand [13],
it is reasonable to write the following equation:

Log (@) = nLog Ka — nLog[Luteolin ] (4)

The number of Luteolin around urease, n, and association constant, K,, were determined
graphically based on eq (4).
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K, is the association equilibrium constant for Luteolin+urease binding and n values obtained from
the eq 1, reported in Table 1. The Gibbs free energies of the interaction can be obtained as follows:

4G= - RTInK, (5)

The low K, values in the low Luteolin concentrations reflect the lower affinity of urease for biding to
Luteolin in this domain as illustrated in Table 2. The n value increases in the high Luteolin indicate that
the increase of the hydrophobic forces in the interaction, leading to the enhancement of water structure.

The greater the extent of this enhancement, the greater the stabilization of the JBU structure (Figure 2
and 3).
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Figure 2. The fitting of heats of Luteolin+JBU interactions for the first set of binding
series (in the low concentration of Luteolin).
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Figure 3. The fitting of heats of Luteolin+JBU interactions for the second set of binding
series (in the high concentration of Luteolin).
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Table 2. Thermodynamic parameters for Luteolin+JBU interactions. n>1 in the both
Luteolin concentration regions indicate positively cooperative binding. The interaction is
entropy-driven, indicating that the hydrophobic forces are dominant.

n Ka/M? AH/kJmol? AG/kJmol? TAS/kJmol™
Low concentration 1.35 6.42 <10’ 29.82 -44.94 74.76
High concentration 191 201 x10° 12.97 -47.77 60.77

After docking, the interaction of Luteolin as an inhibitor with JBU was examined using LigPlot
software. The energy binding of the interactions of Luteolin and JBU was —7.5 kJ/mol. The
molecular docking study has shown that two residues: Glu718 and Lys716 were involved in a
hydrogen bond with a length of 2.74 and 2.94 A, respectively. Also, eight residues (Asp730, Val744,
Thr33, Ala37, Val36, Phe712, Tyr32, and Lys709) were involved in the hydrophobic interaction
Figure 4 shows the best-docked conformations of JBU and Luteolin. Comparing the results of
molecular docking and the extended solvation model shows that the hydrophobic forces are the main
force on the interactions of Luteolin and JBU.
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Figure 4. Best docked conformations of JBU and Luteolin.

4. Conclusions

The interaction of JBU with Luteolin was studied by the Isothermal Titration Calorimetry
method and molecular docking. The results recovered from the extended solvation model and the
agreement between the calculated and experimental results (Figure 1) is striking, and gives
considerable support to the use of Equation 1. 54 and g values for Luteolin and JBU interactions are
positive indicating that in the high concentration of the Luteolin, the JBU structure is stabilized also
the positive values show that the JBU structure is stabilized by the addition of Luteolin. P > 1, as
well as positive da and dg, indicates that Luteolin causes a little stabilization of the JBU structure and
the affinity of the binding sites for a ligand is increased upon the binding of a ligand to a binding site.
Moreover, the molecular docking results indicate that Luteolin has binding potency and JBU
structure is stabilized by Luteolin.
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