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Abstract:

Fasciola hepatica, the parasitic flatworm responsible for fascioliasis, a serious neglected tropical

disease, remains a serious threat to human and animal health worldwide. The parasite's glutathione
transferase (GST) enzyme plays a crucial role in detoxifying xenobiotics and endogenous compounds
and is therefore a desirable target for drug action.
This study used molecular docking and virtual screening approaches to screen for potential small-
molecule inhibitors of F. hepatica GST, the aim of finding novel anti-fascioliasis drug leads. 100
compounds were screened from the ZINC database for FDA-approved drugs. Molecular docking
simulations were performed to determine the binding affinities of the ligands for the GST active site,
where a number of potential candidates emerged. The highly ranked ligands showed high binding
affinities with primary interactions in the form of hydrogen bonding, electrostatic interactions, and
hydrophobic forces. Among these, the highest binding energy of -8.4 kcal/mol was associated with
(ZINC000026664090), revealing its lead status for potential development into a new drug. Such
findings provide crucial information on how to design efficacious inhibitors against F. hepatica GST
and represent a bright direction for future development of fascioliasis therapeutics.
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Introduction

Fasciola hepatica, a parasitic flatworm, is the causative agent of fascioliasis, a neglected tropical
disease affecting both humans and livestock worldwide. The parasite's glutathione transferase
enzyme has been identified as a potential drug target due to its crucial role in the detoxification of
xenobiotics and endogenous compounds (Lalor et al., 2021). In this study, we employ molecular
docking and virtual screening approaches to identify potential small-molecule inhibitors of F.
hepatica glutathione transferase that could serve as lead compounds for the development of novel
anti-fascioliasis drugs .

Fasciola hepatica, along with its counterpart Fasciola gigantica, is a highly prevalent species of liver
fluke that drives the zoonotic disease fasciolosis in both livestock and human populations globally
(Huetal., 2022; Li & Liu, 2024). This trematode parasite primarily instigates food-borne fasciolosis,
affecting domestic ruminants in tropical and temperate regions as well as an expanding range of wild
animal hosts. Although traditionally viewed as a livestock ailment, fasciolosis has emerged as a
significant public health concern, with millions of humans now at risk of infection worldwide. The
adult F. hepatica flukes, measuring 20-40 mm in length and 8-13 mm in width, are flatworms that
pose a serious threat to the wellbeing of animals and humans alike (Lalor et al., 2021; Nawar et al.,
2024).

Globally, the total number of human fasciolosis cases is estimated to be 2.4 —17 million, with 180
million people at risk of infection(Zhou et al., 2019).

The current treatment for fasciolosis relies on a limited number of drugs, primarily triclabendazole
and albendazole, which have shown increased resistance in some regions. Therefore, the
development of new therapeutic options is crucial to combat this disease .

Glutathione transferases are a family of multifunctional enzymes that play a vital role in the
detoxification of xenobiotics and endogenous compounds in F. hepatica (Su et al., 2024). These
enzymes catalyze the conjugation of glutathione to various electrophilic substrates, rendering them
less toxic and more easily excreted. Targeting the F. hepatica glutathione transferase enzyme could
be a promising strategy for the development of novel anti-fascioliasis drugs (Allocati et al., 2018;
Shoulah et al., 2024).

In this study, we aim to identify potential small-molecule inhibitors of Fasciola hepatica glutathione
transferase using the ZINC database through a combination of molecular docking and virtual
screening approaches.
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2. Material and Method

2.1 Protein selection and preparation

The MIP-dimensional structure was retrieved from RCSB Protein Data Bank (PDB ID: 8BJE).
Protein structure resolution 1.50 A. water molecules in the protein structure were removed using
Pymol software (Chen et al., 2021). Using the AutoDockVina software (Trott & Olson, 2010), polar
hydrogen atoms were added, followed by Kollman and Gasteiger charges were added to the amino
acid residues of the protein structure

2.2. Ligand structure preparation

The 2 D ligand coordinates were retrieved from the ZINC database FDA Approved drugs, per Drug
Bank (https://zinc.docking.org/substances/subsets/fda/). Open Babel 3.1.1 software were used for
ligand preparation (Al-Zrkani et al., 2023), all the ligands were converted to a 3D sdf file.

2.3. Molecular Docking

AutoDock Vina was used for the molecular docking of the candidate, considering the confined co-
crystalline binding site as a chemical search space (Dallakyan & Olson, 2015). The Lamarckian
genetic method created the score function for ligands docked inside the Grid Box. AutoDockVina
was used in this study for molecular docking. Grid Box was generated using GSH co-ligand active
site residues TRP7, TRP40, ASN53, ASN53, and TYR110 with coordinates of X: 98.75, Y: 95.55,
Z: -48.40 (A) to select interaction area of monomers.

Result and Discussion

Molecular Docking

In the present study, in silico docking simulation screened 100 compounds from a public database
to unveil potential Glutathione Transferase (GST) inhibitors. Molecular docking was conducted by
Autodock, used for virtual screening ligands from the zinc database against the GSH co-ligand
active site of 1IFHE (FH47) from fasciola hepatica. Autodock scores were used to rank the docking
output and the ligands that show lower docking scores showing (Table 1).

Table 1: Affinity of autodocking vina.

ID Affinity(kcal/mol) | Hydrogen Bonding Interactions

GSH -5 TRP7, TRP40, ASN53, ASN53, TYR110

ZINC000026664090 | -8.4 TYR6, TYR6, TRP7, ASN53, ASN53

ZINC000019632917 | -7 TYR6

ZINC000060392785 | -7 TYR6, TRP7, TRP40, LYS44:HZ2, LYS44
TYR6, TRP7, ARG37, ASN203, TYR110,

ZINC000003830958 | -6.6 GLN66. SER67

Molecular Docking Analysis of Selected Ligands with Target Protein
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Molecular docking simulations were performed to evaluate the binding interactions of five ligands
co-ligand, ZINC000026664090, ZINC000019632917, ZINC000060392785, and
ZINC000003830958 within the active site of the target protein. The analysis revealed notable
differences in binding affinities and interaction patterns, including hydrogen bonding, electrostatic
interactions, and hydrophobic forces, which collectively contribute to ligand stability and binding
efficiency showing in (Figure 1).

Co-ligand exhibited a moderate binding affinity of -5 kcal/mol, primarily stabilized by electrostatic
interactions, hydrogen bonds, and hydrophobic contacts. Strong salt bridges were observed with
ARG37 (HH21, 2.74 A) and LYS44 (HZ3, 1.99 A), suggesting a key role of electrostatic interactions
in stabilizing the ligand. Additional attractive charge interactions with ARG37 (NH2, 5.11 A),
LYS44 (NZ, 4.74 A), and ARG102 (NH2, 3.91 & 4.42 A) reinforced ligand orientation in the active
site. Hydrogen bonding further contributed to stability, with TYR110: OH (1.69 A) forming the
strongest interaction, followed by TRP7:HE1 (1.93 A), TRP40:HE1 (2.01 A), and ASN53:0D1 (2.48
& 2.52 A). Carbon hydrogen bonds with GLY11:HA2 (2.48 A) and GLY106:HA3 (2.98 A) provided
additional support for ligand retention in the binding pocket.

(ZINC000026664090) exhibited the strongest binding affinity (-8 kcal/mol), indicating highly stable
ligand-protein interactions. Hydrogen bonding played a dominant role, with TRP7:HE1 (1.80 A)
forming the strongest hydrogen bond, followed by interactions with TYR6: HH (2.48 & 2.95 A) and
ASNS53:0D1 (2.02 & 2.55 A). A n-donor hydrogen bond was also observed with ASN53:HD22 (3.11
A), suggesting additional stabilization through m-electron contributions. Hydrophobic interactions
further enhanced binding affinity, particularly n-r stacking with TRP7 (5.60 A) and alkyl interactions
with LEU12 (4.41 & 4.07 A), ARG102 (3.67 A), and CYS109 (4.59 A). Additionally, n-alkyl
interactions with TYR110 (4.63 A) and ALA206 (5.11 A) further reinforced ligand compatibility
within the active site, supporting its superior binding strength.

(ZINC000019632917) displayed a strong binding affinity of -7.4 kcal/mol, with stabilization
primarily driven by hydrogen bonding and hydrophobic interactions. The most significant hydrogen
bond was observed with TYR6: HH (1.67 A), indicating a highly stable interaction. Further hydrogen
bonding with TYR110: OH (2.25 A) contributed to additional ligand stabilization. Hydrophobic
interactions, particularly m-m stacking with TYR110 (4.08 A), played a crucial role in enhancing
ligand retention in the binding pocket. Moreover, m-alkyl interactions with TYR110 (4.64 A)
provided additional non-covalent stabilization, reinforcing the ligand’s strong binding affinity.
(ZINC000060392785) demonstrated a binding affinity of -7.1 kcal/mol, with electrostatic and
hydrogen bonding interactions as the primary stabilizing forces. Salt bridges and attractive charge
interactions with ARG37 (HH12, HH22, HH21) and LY S44 (HZ1, HZ3, NZ), with distances ranging
from 1.72 to 3.29 A, contributed to strong electrostatic stabilization. Hydrogen bonding was also a
major factor, with significant interactions observed with TYR6: HH (1.77 A), TRP7:HE1 (2.48 A),
TRP40:HE1 (1.82 A), LYS44:HZ2 (1.88 A), and LYS44:HZ3 (1.92 A), all within favorable binding
distances. Carbon hydrogen bonds with ASN53:0D1 (2.20-2.85 A) and LEU54:0 (2.49-2.91 A)
provided moderate stabilizing effects. Hydrophobic interactions were limited, with a single w-alkyl
interaction with TYR110 (4.85 A), contributing to ligand retention within the binding site.
(ZINC000003830958) exhibited a binding affinity of -6.7 kcal/mol, with ligand stability largely
dictated by hydrogen bonding and hydrophobic interactions. Among the strongest hydrogen bonds
were those with SER67: OG (1.989 A), TYR110: OH (2.006 A), GLN66:0E1 (2.035 A), TRP7:HE1
(2.063 A), and TYR6: HH (2.080 A). Additional hydrogen bonding interactions within a moderate
range (2.5-3.0 A) were observed with ARG37:HH21 (2.657 A), ASN203:HD21 (2.603 A), and
ARG102:0 (2.607 & 2.721 A), contributing to ligand retention in the binding site. Carbon hydrogen
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bonds, while weaker, further supported ligand stability, involving ARG102:0 (2.607 & 2.721 A),
TYR110: OH (2.417 A), LEU54:0 (2.593 A), and ASN53:0D1 (3.002 A). Hydrophobic interactions
were also present, with alkyl interactions involving ILE103 (4.48 A) and =-alkyl interactions with
LEU12 (4.45 A), reinforcing the ligand’s binding affinity.
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Figure 1: 2D of protein ligand interaction.

The results of the molecular docking simulations presented here offer valuable insights into the
interactions between the five ligands—Co-ligand, ZINC000026664090, ZINC000019632917,
ZINC000060392785, and ZINC000003830958—and the target protein. These interactions were
characterized by varying binding affinities, which were influenced by multiple factors, including
hydrogen bonding, electrostatic interactions, and hydrophobic forces. This comprehensive
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understanding of ligand-protein interactions is crucial for the design of potent inhibitors and for
advancing therapeutic applications in drug development.

Among the ligands tested, ZINC000026664090 emerged as the most promising candidate, with the
highest binding affinity of -8 kcal/mol. This high affinity is primarily attributed to the strong
hydrogen bonding between TRP7:HE1 (1.80 A) and ZINC000026664090, alongside extensive
hydrophobic interactions, including n- stacking with TRP7 at a distance of 5.60 A. Hydrogen bonds
and ©-7 stacking are known to play crucial roles in stabilizing ligand-protein interactions, particularly
in enhancing specificity and binding strength (Andrianov et al., 2022). The hydrophobic interactions
in ZINC000026664090, which help anchor the ligand in the binding pocket, further contribute to its
high binding affinity. This combination of strong hydrogen bonds and hydrophobic forces makes
ZINC000026664090 an ideal candidate for further optimization as a lead inhibitor.

ZINC000019632917 demonstrated a binding affinity of -7.4 kcal/mol, stabilizing the interaction
primarily through a strong hydrogen bond with TYR6: HH (1.67 A) and n-r stacking with TYR110
(4.08 A). These interactions suggest that aromatic residues in the target protein play an important
role in ligand stabilization, which has been observed in other studies focusing on m-m stacking
interactions (Zhang et al., 2024). The slightly lower binding affinity of ZINC000019632917
compared to ZINC000026664090 suggests that while the ligand's hydrogen bonding and
hydrophobic interactions are significant, they may be less extensive or less favorable in comparison
to ZINC000026664090. However, its strong interaction with aromatic residues presents an
opportunity for further optimization to improve binding affinity.

ZINC000060392785, with a binding affinity of -7.1 kcal/mol, relied on electrostatic interactions such
as salt bridges between ARG37 and LYS44, as well as hydrogen bonds with TYR6 and TRP7.
Electrostatic interactions, including salt bridges, are well known to contribute to the stability of
ligand-protein complexes by providing complementary charge-based interactions (Bissantz et al.,
2010). The presence of both electrostatic and hydrogen bonding interactions in ZINC000060392785
underscores the multifaceted nature of ligand binding, indicating that further optimization of these
interactions could potentially improve its binding efficiency.

ZINC000003830958, with a binding affinity of -6.7 kcal/mol, displayed multiple hydrogen bonding
interactions (e.g., SER67: OG at 1.989 A, TYR110: OH at 2.006 A) and hydrophobic contacts.
Despite these favorable interactions, its relatively lower binding affinity suggests that the ligand may
benefit from further optimization, especially in terms of increasing the number or strength of its
hydrophobic interactions. The combined presence of hydrogen bonds and hydrophobic interactions,
however, still highlights the potential of ZINC000003830958 as a moderate binder.

The control ligand, Co-ligand , showed the lowest binding affinity (-5 kcal/mol) with moderate
hydrogen bonding and electrostatic interactions. While it demonstrated some potential, its weaker
affinity suggests that it may require further modification to enhance its efficacy.

Overall, the results from this study indicate that hydrogen bonding, salt bridges, and hydrophobic
interactions are key determinants of ligand binding affinity. The importance of these interactions in
stabilizing the ligand-protein complex is consistent with previous studies that have emphasized the
role of these forces in drug design (Lee et al., 2017). ZINC000026664090's superior binding affinity
can be primarily attributed to its strong hydrogen bonding network and extensive hydrophobic
interactions, making it the most promising lead compound. ZINC000019632917 and
ZINC000060392785 also exhibited strong binding, albeit to a lesser extent, and warrant further
optimization.
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These findings not only improve our understanding of ligand-protein interactions but also provide a
basis for future efforts in drug discovery and optimization. Future studies should focus on refining
the structural features of these ligands to further enhance binding efficiency, selectivity, and overall
therapeutic potential. Additionally, experimental validation through techniques such as X-ray
crystallography or surface plasmon resonance would be valuable in confirming these computational
predictions.

Conclusion

The docking results revealed that ZINC000026664090 exhibited the highest binding affinity (-8
kcal/mol), followed by ZINC000019632917 (-7.4 kcal/mol) and ZINC000060392785 (-7.1
kcal/mol), suggesting that these ligands have strong potential for stable interactions with the target
protein. The primary contributors to ligand stability were hydrogen bonding, electrostatic interactions
(salt bridges and attractive charge interactions), and hydrophobic forces, including n-7 stacking and
alkyl interactions. Notably, ZINC000026664090's superior affinity can be attributed to its strong
hydrogen bonding network and extensive hydrophobic interactions, while ZINC000019632917 and
ZINC000060392785 benefited from a combination of hydrogen bonds and electrostatic forces. The
findings from this study provide valuable insights into ligand-protein interactions and can guide
further optimization for improved binding efficiency and potential therapeutic applications.
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