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Abstract

Background: Urinary schistosomiasis caused by Schistosoma haematobium remains a major global health burden, with nearly 800
million people at risk worldwide. The growing concern over reduced praziquantel efficacy underscores the urgent need for
alternative therapeutic agents.Advances in computational drug discovery provide an efficient framework for identifying novel
antischistosomal candidates targeting parasite-specific proteins.

Objective: This study employed integrative computational drug discovery approaches to evaluate Global Health Priority (GHP)
Box compounds for therapeutic potential against S. haematobium, focusing on the 23-kDa integral membrane protein (Sh23) as
a putative drug target.

Methodology: The Sh23 protein was identified and structurally characterized as a potential therapeutic target. A curated
library of 80 GHP Box compounds was subjected to virtual screening with PyRx, yielding 33 top-scoring candidates based on
binding affinity. These candidates were further evaluated with ADMET-AI for in silico pharmacokinetic and toxicity profiling, with
MolSoft for drug-likeness assessment, and with the PASS platform (Way2Drug) for biological activity prediction.

Results: MMV 1262756 emerged as the lead compound, demonstrating strong binding affinity to Sh23 protein, low predicted
clinical toxicity (0.14), high drug-likeness (0.87), and favorable predicted activity related to urological disorders.

Conclusion: This study identifies MMV 1262756 as a promising antischistosomal candidate and highlights the utility of
computationally driven drug discovery in accelerating the identification of therapeutic candidate for S. haematobium.The findings
support the potential of bicinformatics-guided strategies to address emerging challenges in praziquantel efficacy and advance
schistosomiasis control.
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Introduction burden. More than 250 million people are infected across

78 countries, with an estimated 500,000 deaths annually 2.
Schistosomiasis, also known as bilharzia, remains one of = The disease is caused by trematode parasites of the genus
the most devastating neglected tropical diseases globally  Schistosoma, with Schistosoma haematobium responsible for
and ranks second only to malaria in parasitic disease approximately two-thirds of cases in Africa, where over
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90% of individuals requiring treatment reside ** Chronic
infection with S. haematobium is associated with severe
urogenital morbidity, including hematuria, bladder fibrosis,
hydronephrosis, and increased risk of squamous cell
carcinoma of the bladder, underscoring its substantial
clinical and socioeconomic impact.

A key determinant of S. haematobium survival and
pathogenicity is the 23 kDa integral membrane protein
(Sh23), a member of the tetraspanin family that is
abundantly expressed during the schistosomula stage and
localized on the parasite tegument > Sh23 is implicated in
host—parasite interactions through its role in maintaining
tegumental integrity, parasite adhesion, and modulating
host immune responses ¢ Mechanistically, Sh23
participates in membrane organization and signal
transduction, facilitating parasite adaptation within the
host environment and contributing to immune evasion by
masking antigenic epitopes and modulating host
inflammatory pathways ’. Its surface accessibility, stage-
specific expression, and functional relevance make Sh23
an attractive yet underexplored molecular target for
therapeutic intervention.

Despite decades of control efforts, praziquantel remains
the sole widely used antischistosomal drug 8 However,
growing evidence of reduced drug sensitivity, absence of
prophylactic activity, limited efficacy against immature
parasite stages, and the risk of resistance development
highlight critical gaps in current treatment strategies.
Furthermore, most existing drug discovery efforts have
focused on a narrow range of parasite targets, leaving key
tegumental proteins such as Sh23 insufficiently
characterized and poorly exploited in therapeutic
development. This represents a major unmet need in
schistosomiasis research °.

Recent advances in computational drug discovery offer
powerful tools for accelerating the identification of novel
antischistosomal agents '°. Structure-based virtual
screening, pharmacokinetic prediction, and machine
learning—driven prioritization of compounds have
significantly reduced the cost and time associated with
early-stage drug development ''.When combined with
curated compound libraries such as the Global Health
Priority Box developed by the Medicines for Malaria
Venture (MMV), these approaches provide a unique
opportunity to systematically explore previously
untapped molecular targets in S. haematobium.

To date, no comprehensive computational study has
systematically evaluated Global Health Priority Box
compounds against Sh23 or integrated molecular docking,
pharmacokinetic  profiling, and biological activity
prediction to identify targeted inhibitors of this protein.
Moreover, the mechanistic and therapeutic potential of
Sh23 as a drug target remains largely unexplored
compared with other schistosome proteins. This study
addresses these critical gaps by implementing an
integrative computational framework that combines
structure-based virtual screening and advanced in silico
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drug discovery approaches to identify and prioritize novel
candidate compounds targeting Sh23. By focusing on a
biologically relevant yet underutilized tegumental protein,
this work provides new mechanistic insights and
establishes a rational pipeline for the development of
next-generation antischistosomal therapeutics.

Materials and Methods.
Target Protein Retrieval and Validation

The 23 kDa integral membrane protein of Schistosoma
haematobium (Sh23) was selected as the therapeutic
target due to its crucial role in parasite adhesion and
survival. The protein sequence (UniProt accession: AF-
Q26499-FI) was retrieved from the AlphaFold Protein
Structure Database(https:/alphafold.ebi.ac.uk/) in PDB
format. To further validate the accuracy of the predicted
structure of the Sh23 protein, the model was uploaded to
the SWISS-MODEL platform for structural validation.
SWISS-MODEL is widely used for homology modeling
and performs automated alignment of a query protein
structure with known experimental templates. After
alignment, the analysis showed a 100% sequence identity
between the AlphaFold-predicted structure and the
closest homologous protein in the SWISS-MODEL
database. This perfect match confirmed that the predicted
amino acid sequence and folding pattern of Sh23 are
consistent with experimentally validated data, thereby
reinforcing the reliability of the model.

In addition, the integrity and confidence of the predicted
structure were evaluated using the pLDDT score, which
was 90.56 for this 23 kDa integral membrane protein from
Schistosoma haematobium (Sh23).A pLDDT value this high
indicates very high confidence, supporting the accuracy
and stability of the predicted structure 2.

Protein Preparation

The retrieved Sh23 structure was processed using
BIOVIA Discovery Studio. Water molecules were
removed, hydrogen atoms were added, bond orders were
corrected, and geometry optimization was carried out to
ensure structural fidelity '* '“. The finalized protein model
was saved as a PDB file for subsequent molecular docking
simulations.

Ligand Preparation

A total of 80 compounds from the Medicines for Malaria
Venture (MMV) Global Health Priority (GHP) box were
retrieved in SMILES format '*.The SMILES notations were
converted into three-dimensional PDB structures using
the NovoPro SMILES-to-PDB converter. The generated
structures were imported into BIOVIA Discovery Studio,
where conformations were inspected and validated
against their two-dimensional representations. Finalized
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Figure 1: (A) 3D representation of MMV014853 docked to the 23 kDa integral membrane protein, illustrating
hydrophobic contacts, -alkyl interactions, and van der Waals stabilization within the binding pocket. (B) 2D interaction
map highlighting key residues involved in ligand binding, including alkyl and T-alkyl interactions and van der Waals

contacts.

ligands were stored in a dedicated
downstream docking experiments.

library for

Binding Pocket Prediction

The putative ligand-binding site of Sh23 was identified
before docking simulations to ensure accurate targeting.
Residue-level binding pocket analysis predicted an active
site spanning residues 107-184, forming a well-defined
cavity suitable for small-molecule interactions. No co-
crystallized ligand or reference ligand was available for
Sh23; therefore, we validated docking using alternative
controls (“self-docking” of a template ligand), and the
corresponding RMSD < 2.0 A performed using PyRx
(version 0.8, Scripps Research Institute, USA). This site
served as the reference for docking grid box
construction, ensuring that simulations explored
biologically relevant binding regions '3

Protein-Ligand Docking and Virtual Screening

Docking simulations were performed using PyRx (version
0.8, Scripps Research Institute, USA), which integrates
AutoDock Vina for ligand-protein interaction analysis
The docking grid box was centered at X = 11.25 AY =
1.39 A, and Z = —4.33 A, with grid dimensions of 49.22 A
x 343.12 A x 383 A to fully encompass the predicted
binding pocket. Exhaustiveness was set to 20 to maximize
sampling accuracy. In this study, the docking validation
metric is therefore limited to binding scores and
interaction profiles.Binding affinity scores (kcal/mol) and
RMSD values were used to rank the compounds. Ligands
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with binding energies < -8.0 kcal/mol were considered
high-affinity hits. Protein-ligand interactions were analyzed
in detail, with hydrogen bonds, hydrophobic contacts, and
electrostatic interactions visualized using BIOVIA
Discovery Studio to confirm the stability and orientation
of ligand binding.

Compound Characterization
ADMET and Drug-Likeness Profiling

The pharmacokinetic and toxicological profiles of the top
33 compounds were predicted using ADMET-AI (https://
admet.ai.greenstonebio.com/) and MolSoft(https://www.
molsoft.com/) servers. Submitted SMILES notations were
analyzed for molecular descriptors, absorption,
distribution, metabolism, excretion, and toxicity (ADMET)
properties '". Predictions included hERG channel
inhibition, mutagenicity, drug-induced liver injury,
carcinogenicity, LD50, mitochondrial membrane potential
disruption, and skin sensitization. Drug-likeness scores
were calculated independently using MolSoft.

Biological Activity Prediction (PASS Analysis)

Biological activity spectra of the shortlisted compounds
were predicted using the PASS (https://www.way2drug.
com/passonline/predict.php)server. SMILES strings were
evaluated for probability scores corresponding to
potential pharmacological effects. Only activities relevant
to S. haematobium infection and associated pathologies
were considered for downstream analysis.
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Figure 2: (A) 3D representations of MMV028822 docked to the 23 kDa integral membrane protein (AF-Q26499-F1),

showing hydrogen bonding, T—sulfur interaction, and key hydrophobic/van der Waals contacts within the binding pocket.
(B) 2D interaction map highlighting key residues involved in ligand binding, including alkyl and m-alkyl interactions and

van der Waals contacts.

Similarly, molecular docking revealed that MMV028822
adopted a stable binding conformation within the active
site of the 23 kDa integral membrane protein (AF-
Q26499-F1), with a binding energy of -8.2 kcal/mol. The
compound formed a key hydrogen bond with GLU A:98
and a mi—sulfur interaction with CYS A:22, in addition to
multiple hydrophobic and van der Waals contacts
involving LEU A:29, ASN A:19,VAL A:68,VAL A:194, LEU
A:94, PHE A:197, SER A:201, GLN A:198, and TYR A:87.
These interactions collectively indicate a well-stabilized
binding pose and strong affinity for the target site (Figure
2A-B).

Molecular docking revealed that MMV 1262756 adopted a
stable binding pose within the active site of the 23 kDa
integral membrane protein (AF-Q26499-Fl), with a
binding energy of —8.2 kcal/mol (Figure 3A-B). The
compound engaged in a T-anion interaction with GLU
A:133, a m-sigma interaction with VAL A:36, and -1
stacking/T-shaped contacts with PHE A:134 and TRP A:51.
Additional hydrophobic interactions with PHE A:40, TYR
A:35, ALA A:32, and ILE A:58 contributed to overall
complex stabilization and strong target affinity.

Physicochemical and ADMET Profiling

Physicochemical and ADMET  profiling  provide
comprehensive insights into the properties of the studied
compounds. Physicochemical profiling evaluates the
compounds’ physical and chemical characteristics, while
ADMET analysis assesses their pharmacokinetic behavior,
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including absorption, distribution, metabolism, and
excretion, as well as their toxicity profiles.
ADMET profiling of the 33 compounds revealed

molecular weights (345.38-769.97 g/mol), logP (1.17-
6.07), TPSA (37.19-154.73 A?), and QED scores (0.13-
0.74) (Table S2). Oral bioavailability scores ranged from
0.62—-0.98, while plasma protein binding spanned 71.37%-
100% (Table S3).Toxicity markers varied, with hERG
inhibition (0.35-0.99) and clinical toxicity probabilities
(0.07-0.82) (Table S4). Among all, MMV028822 and
MMV 1262756 showed superior drug-likeness alongside
favourable pharmacokinetic properties compared with
the reference, praziquantel (Table | & 2); MMV014853
showed favourable pharmacokinetics but a drug-likeness
score below praziquantel.

Praziquantel, used as the reference control, demonstrated
an overall favorable safety profile with low probabilities of
cardiotoxicity (0.18), clinical toxicity (0.05), mutagenicity
(0.06), and carcinogenicity (0.03). However, a relatively
high likelihood of skin reactions (0.64) was observed,
aligning with its known side effect profile. The compound
showed moderate acute safety (LD50 = 2.75) and
negligible mitochondrial toxicity (0.01). Despite its
established efficacy, praziquantel recorded only a modest
drug-likeness score (0.29), underscoring the need for
more optimized alternatives (Table 2).
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Figure 3: lllustration of the binding interactions of MMV 1262756 (8.2 kcal/mol) within the active site of the 23 kDa
membrane protein (AF-Q26499-F1). (A) 3D visualization of the docking complex showing the ligand anchored in the
binding cavity. (B) 2D interaction map depicting hydrogen bonds, T-alkyl contacts, and van der Waals interactions with

key residues.
PASS Biological Activity Prediction

PASS provides an activity-spectrum view that helps
distinguish which compounds are most likely to modulate
biologically relevant functions which is going beyond
docking or structural compatibility alone. It also enables
fast triage under limited resources, since testing every
compound experimentally is costly and time-intensive;
PASS helps identify the most promising candidates early
for downstream validation. The PASS analysis revealed
distinct activity profiles across the evaluated compounds.
MMVO014853 was predicted as a membrane integrity
agonist (Pa = 0.23; Pi = 0.26), suggesting limited
therapeutic potential. MMV028822 demonstrated a
broader activity spectrum, with predicted roles in urinary
incontinence (Pa = 0.16), urologic disorders (Pa = 0.17),

and antineurogenic pain (Pa = 0.21). Among the
compounds, MMV1262756 emerged as the most
promising, showing predicted activities in urologic

disorders (Pa = 0.14), urinary incontinence (Pa = 0.13),
and interleukin-2 antagonism (Pa = 0.10), with consistently
low inactivity scores, highlighting its potential as a viable
therapeutic candidate (Table S6).

Discussion

This study explored the potential of targeting the Sh23
tetraspanin protein in Schistosoma haematobium using an
integrative computational drug discovery approach.These
findings contribute significantly to the growing body of
research by identifying potential anti-schistosomal

Tablel: Predicted Pharmacokinetic Properties (ADME) of lead compounds and Praziquantel.

Compound ID OR CEP Blood-Brain Plasma Protein CYP3A4 Half Life Drug
Barrier Binding Rate Inhibition Clearance
Penetration (Hepatocyte)

Praziquantel 0.54 -4.45 0.99 62.60 0.77 0.00 34.40
(control)

MMVO014853 0.96 -4.67 0.86 84.45 0.37 41.37 3541
MMV028822 0.96 -4.63 0.93 97.28 0.99 68.79 35.69
MMV 1262756 0.98 -4.73 0.89 100.00 0.33 0.00 43.07
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Table 2: Predicted Toxicity and drug-likeness profiles of lead compounds and Praziquantel.

Compound ID hERG Clinical Mutagenicity Carcinogenicity Acute Toxicity SR MMP DLMS
Blocking Toxicity LD50

Praziquantel (control) 0.18 0.05 0.06 0.03 2.75 0.64 0.01 0.29

MMVO014853 0.44 0.21 0.45 0.23 2.85 0.26 0.47 0.24

MMV028822 0.73 0.24 0.12 0.12 2.68 0.16 0.46 0.66

MMV 1262756 0.60 0.14 0.58 0.38 2.65 0.18 0.31 0.87

Abbreviations: DLMS = Drug-Likeness Model Score; MMP = Mitochondrial Membrane Potential; SR = Skin Reaction.

compounds from the Global Health Priority Box and
demonstrating the utility of computational approaches in
accelerating drug discovery. The study provides valuable
insights  into compound efficacy, safety, and
pharmacokinetic properties, thereby supporting the
development of new therapeutic options for Schistosoma
haematobium  infection. These chronic and often
debilitating outcomes underscore the urgent need for
improved and diversified therapeutic strategies beyond
the current standard of care, which relies primarily on the
anthelmintic drug Praziquantel. This study pioneers a
computational pipeline for targeting the Sh23 tetraspanin
protein in  Schistosoma  haematobium,  revealing
MMV 1262756 as a standout lead from the Global Health
Priority (GHP) Box library. The identification of these
compounds therefore reflects not only their
computational affinity for the Sh23 target but also their
origin from a chemically validated library with prior
relevance to infectious disease research. By identifying 33
high-affinity ligands through virtual screening and
prioritizing three top candidates via docking and ADMET
analysis, our findings illuminate Sh23's druggability and
underscore the untapped potential of tegumental
proteins in antischistosomal drug discovery.

The superior binding profiles of MMV0I[4853,
MMV028822, and especially MMV1262756 stem from
multifaceted interactions within the Sh23 binding pocket
among the leads. MMV 1262756 distinguished itself with
the most favorable overall profile. It combined strong
binding affinity with the highest drug-likeness score (0.87),
the lowest predicted clinical toxicity (0.14), and superior
PASS-predicted activities in urologic disorders (Pa =
0.14), urinary incontinence (Pa = 0.13), and interleukin-2
antagonism (Pa = 0.10).These predicted pharmacological
effects align closely with the immune-mediated pathology
of schistosomiasis, in which chronic inflammation, bladder
fibrosis, and increased risk of squamous cell carcinoma
are driven by dysregulated host immune responses and
urogenital tissue damage'? %°. In contrast, MMV014853
showed moderate toxicity concerns (higher mutagenicity
and carcinogenicity, with a lower drug-likeness score),
while MMV028822 offered a balanced but less optimal
safety-efficacy ratio. These results directly address
praziquantel's shortcomings, which include reduced
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sensitivity, immature-stage inefficacy, and adverse effects
like hepatotoxicity, by proposing Sh23 inhibitors with
complementary ~ mechanisms. The  PASS-predicted
activities (Pa = 0.10-0.21) fall within a low-confidence
range, where values below 0.30 generally indicate weak or
uncertain biological relevance. As such, these results
should be interpreted cautiously as hypothesis-generating
rather than definitive evidence of pharmacological activity.
Predicted functions, including associations with urologic
disorders, likely reflect indirect or symptom-modulating
effects related to the pathophysiology of urogenital
schistosomiasis  rather than direct antiparasitic
mechanisms. Similarly, the predicted antagonistic activity
of MMV 1262756 against interleukin-2 (IL-2) suggests that
the compound may possess immunomodulatory
properties. However, this prediction is based on
computational analysis and remains speculative until
confirmed through experimental validation.

Overall, PASS analysis provides limited but
complementary insight within the computational
framework. While MMV 1262756 remains a promising
candidate based on its binding affinity and
pharmacokinetic profile, PASS predictions should be
treated as secondary indicators, with compound
prioritization primarily guided by structural and ADMET
evidence and validated through further experimental
studies.

Unlike praziquantel's tegumental disruption via calcium
influx, Sh23 targeting exploits stage-specific vulnerability
in schistosomula, potentially enabling prophylaxis against
early infections.The GHP Box's proven utility in neglected
tropical diseases (NTDs) validates this library as a cost-
effective source, consistent with Hernandez, Veale et al.,2"
2 while Kondapuram et al.,2? affirm docking's reliability in
parasitology.The identification of candidate compounds
from an open-access library aligns with global efforts to
expand affordable and scalable treatment strategies.
Furthermore, while the compounds investigated here are
synthetic or semi-synthetic molecules, this partially
parallels the rationale underlying certain ethnobotanical
practices, where plant-derived therapies are traditionally
used to alleviate urinary symptoms and inflammation.
Although no direct ethnopharmacological linkage can be
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established for these specific compounds, the conceptual
overlap underscores the importance of integrating
computational findings with traditional knowledge
systems in future research.

Currently, praziquantel remains the gold-standard
treatment for schistosomiasis, yet its limitations, such as
hepatotoxicity, skin reactions, and moderate drug-
likeness, underscore the need for alternative therapies .
The predicted pharmacological and safety profile of
MMV 1262756 highlights its potential as a complementary
or replacement therapy and supports the call for
diversification of the anti-schistosomal drug arsenal. From
a mechanistic perspective, targeting the Sh23 protein
offers a novel therapeutic approach distinct from the
action of praziquantel, which primarily disrupts parasite
tegument integrity via calcium influx. In contrast, Sh23
inhibition may interfere with tegumental organization and
host—parasite interactions during the schistosomula
stage, suggesting potential utility in early infection control
and possibly prophylaxis.This is particularly relevant given
the limitations of praziquantel, including reduced
sensitivity in some settings, lack of efficacy against
immature parasite stages, and adverse effects such as
hepatotoxicity and skin reactions 2.

In  summary, this work presents a streamlined
computational  pipeline  that combines  target
prioritization, molecular docking, and multi-parameter
evaluation to accelerate anti-schistosomal drug discovery.
Among the screened ligands, MMV 1262756 emerged as
the most promising hit, warranting further in vitro and in
vivo validation. Beyond S. haematobium, this integrative
approach can be readily applied to other neglected
tropical diseases, leveraging open-access libraries such as
the GHP Box to expand therapeutic options %

Conclusion

This study highlights the effectiveness of the effectiveness
of integrating computational drug discovery approaches
in identifying novel therapeutics against Schistosoma
haematobium.Virtual screening of Global Health Priority
(GHP) Box compounds against the Sh23 protein yielded
MMV 1262756 as the lead candidate, with a strong binding
affinity of -8.2 kcal/mol, high drug-likeness score (0.87),
and low predicted clinical toxicity (0.14).These attributes
position MMV1262756 as a potential candidate to
address the limitations of praziquantel. Future in vitro and
in vivo studies are warranted to validate its therapeutic
potential and advance it toward clinical development.
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