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Progressive supranuclear palsy (PSP) is a rare neurodegenerative disorder characterized by impaired movement, balance, and
cognitive function. Because many of its symptoms overlap with those of Parkinson’s disease, PSP is frequently misdiagnosed,
making early and accurate detection a clinical challenge. Recent studies have identified the protein ATP6AP2 in the cerebrospinal
fluid of PSP patients, suggesting that it may serve as a promising biomarker for the disease. Antibodies, which are produced by
the immune system to recognize specific antigens, can be used as detection tools if they bind selectively to target proteins. In this
research, computational simulations were employed to evaluate whether specific antibodies can effectively recognize and bind to
ATP6AP2. The amino acid sequence of ATP6AP2 was first obtained and input into AlphaFold 3 to generate its three-dimensional
structure. Antibody structures were collected from the Protein Data Bank (PDB). Molecular docking simulations were then
performed to predict how ATP6AP?2 interacts with each antibody and to analyze the stability and specificity of these interactions.
To further validate the predicted binding sites, ScanNet, a deep learning—based binding site prediction tool, was used. Antibodies
were evaluated based on three criteria: visual inspection of the binding interface, predicted binding energy, and hydrogen bond
formation. Among all candidates, antibody 1B4J demonstrated the strongest potential, showing a favorable binding pose, strong
affinity, and a high number of stabilizing interactions. This study provides a computational foundation for identifying an-
tibodies capable of detecting ATP6AP2 and supports future experimental validation aimed at developing diagnostic tools for PSP.
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Introduction monly used to reduce movement-related symptoms in Parkin-
son’s disease and related disorders=. Botulinum toxin injec-
tions in the muscles around the eye can help with eye-closing,
and some antidepressants not only treat depression but also the
pain and drooling associated with PSP%. There are no brain
imaging techniques or tests to diagnose PSP, but physicians
will perform a physical and neurological exam after reviewing
the patient’s medical history. Diagnostic imaging may be able
to display shrinkage at the top of the brain stem. Identifying
trouble with eye movement, walking, speech, and swallowing
early is very important as it can help rule out similar diseases

such as Parkinson’s'l.

Progressive supranuclear palsy (PSP) is a rare neurodegener-
ative disease characterized by impaired body movement, co-
ordination, and cognitive decline'. It is caused by damage to
nerve cells in the brain responsible for these functions?. PSP
progresses over time, leading to severe complications such as
pneumonia, choking, or injuries from falls. Some symptoms
overlap with Parkinson’s disease'l; however, PSP typically de-
velops later, in the mid-to-late 60s. Key symptoms include
balance difficulties, impaired eye movement (e.g., inability to
look downward, blurriness, and double vision). Additional

symptoms, which also worsen as the disease advances, include
trouble swallowing, sleep disturbances, neck stiffness, impul-
sive behavior, depression, slowed or slurred speech, and loss
of interest in activities. Currently, there are no treatments to
slow or reverse the progression of PSP, nor are there medica-
tions that effectively treat its symptoms. While some individu-
als respond well to levodopa, which addresses stiffness, slow-
ness, and balance issues, its effects are short-lived. Levodopa
is a medication that the brain converts into dopamine, com-

Diagnosing Progressive Supranuclear Palsy (PSP) is clini-
cally challenging because its early symptoms closely resem-
ble other movement disorders, especially Parkinson’s disease.
Both PSP and Parkinson’s can present with balance problems,
slow movement, stiffness, and frequent falls, making them dif-
ficult to distinguish during the initial stages. However, PSP
has several unique features—such as difficulty moving the
eyes vertically, early postural instability, and rapid progres-
sion—but these signs may not appear until the disease has ad-
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vanced. As a result, many PSP patients are misdiagnosed for
months or even years. Another challenge is that no definitive
laboratory test or imaging biomarker currently exists for PSP,
so clinicians must rely solely on physical examinations and
patient history. This overlap with other neurological condi-
tions, combined with the absence of reliable diagnostic tools,
makes early and accurate PSP diagnosis extremely difficult.

The ATPase H* transporting lysosomal accessory protein,
or ATP6AP2, is integral to vacuolar ATPase, playing a vi-
tal role for autophagy and lysosomal processes, Figure [1| It
also plays a crucial role in neural and oligodendrocyte dif-
ferentiation. Recently, scientists have discovered the protein
ATPOAP2 to be present in the cerebrospinal fluid of PSP pa-
tients and have proposed that it could be a potential biomarker
of the disease”. ATP6AP2 is essential for the growth and re-
pair of brain cells. According to this study, it promotes the
development of brain cells from stem cells (hADSCs). It func-
tions via regulating lipid microdomains (CLR-Ms), which are
microscopic cell components, and cell signals (Wnt and G-
proteins). Brain cell proliferation is inhibited when ATP6AP2
is absent or diminished, which results in issues seen in condi-
tions like PSP.
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Fig. 1 Illustration showing the ATP6AP2 protein, which is
overexpressed in patients with Progressive Supranuclear Palsy
(PSP), and its detection in cerebrospinal fluid (CSF). The diagram
highlights how elevated ATP6AP2 levels in CSF can serve as a
potential biomarker for early PSP diagnosis.

Molecular docking is a computational technique uti-
lized in drug discovery that predicts the interactions be-
tween biomolecules, such as proteins-proteins, and proteins-
ligands®. Tt involves simulating these interactions to deter-
mine a prediction of the binding capacity of the molecule to
the target7. Electrostatic interactions, including Van der Waal,
hydrogen, and Coulombic bonds, are involved in the coupling
between the two structures and can be considered in the simu-
lation®. The bonding potential between the structures is es-

timated by a docking algorithm, which provides a docking
score. It is a two-step process in which the algorithm first
explores the conformational space and displays the possible
places on the target where the molecule would bind. Then, it
calculates the energy required for coupling in each potential
coupling site®.

Antibodies are protective proteins the body’s immune sys-
tem produces when harmful substances, called antigens, are
detected®. Each type of antibody is unique and only defends
against a specific type of antigen®. They bind to antigens
such as bacteria, fungi, or viruses and destroy them directly
or make it easier for other immune cells to do so?!’. The
Y-shape of antibodies consists of two identical “arms” with
heavy and light chains. This Y-shape allows the “arms” that
contain binding sites to attach specifically to antigens on the
surface of pathogens'’. When first exposed to an antigen, the
body’s immune system creates antibodies specific to that or-
ganism. The immune system also remembers that first expo-
sure and will reactivate the antibodies that stay in the body to
destroy it if it enters the body again.

METHOD

Protein Sequence Retrieval and Structural Modeling: The
amino acid sequence of ATP6AP2 was obtained from the
UniProt web server. This sequence was used as input
for de novo protein structure prediction using AlphaFold 3,
which generates high-accuracy atomic models based on mul-
timodal structural constraints'2. The predicted 3D structure
was imported into UCSF ChimeraX for preprocessing, includ-
ing model refinement and conversion into PDB format for
downstream computational analyses'-.

Surface Characterization and Binding Site Prediction:
To identify potential ligand-accessible regions, the ATP6AP2
structure was analyzed using P2Rank, an Al-based bind-
ing site prediction tool that evaluates surface geometry and
physicochemical properties to locate probable interaction
pockets!®.  Electrostatic surface potential (ESP) maps of
ATP6AP2 were also generated in ChimeraX to visualize
charge distribution patterns and assess compatibility with an-
tibody complementarity-determining regions.

Antibody Acquisition and Structural Preparation: A set
of ten antibody structures was downloaded from the Protein
Data Bank>. Each antibody was preprocessed in ChimeraX
to remove crystallographic artifacts, optimize side-chain con-
formations, and ensure structural compatibility with docking
input requirements. The ATP6AP2 model and antibody files
were then formatted appropriately for molecular docking.

Protein-Antibody Molecular Docking Simulations:
Molecular docking simulations between ATP6AP2 and each
antibody were conducted using the HDOCK server'®. This
platform integrates template-based modeling with ab initio
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docking to generate energetically favorable protein—antibody
complexes. For each antibody, ten docking simulations were
performed to ensure sufficient sampling of possible binding
conformations. The highest-scoring complexes were selected
based on docking metrics and interface quality.

Post-Docking Analysis and Complex Refinement:
The top protein—antibody complexes were analyzed using
ChimeraX, ScanNet, and P2Rank!#1Z  ScanNet was used
to predict interaction hotspots and assess the plausibility of
residue-level contacts. Detailed inspection of hydrogen-bond
networks, hydrophobic interactions, and steric complementar-
ity was performed in ChimeraX to evaluate interface stability
and structural consistency.

Binding Affinity and Energetic Profiling: Binding ener-
gies for all ATP6AP2—-antibody complexes were calculated us-
ing PRODIGY, which estimates binding affinity based on in-
termolecular contacts and structural features'®. The predicted
AG values and dissociation constants were used to rank an-
tibodies based on their thermodynamic favorability and com-
patibility with the ATP6AP2 binding surface.

RESULTS

In this research paper, we employed computational molecular
docking simulations and identified antibody (PDB ID 1B4J)
as a promising antibody candidate for ATP6AP2 for binding.
This could be a potential biomarker for the early and accurate
detection of PSP.

Binding Site Characterization: To identify the binding
site on the protein surface, the machine learning-based method
P2Rank was employed. The binding site is depicted in Fig-
ure 2fa) as the yellow region and in Figure 2[b) as the red
region, boxed in white. The binding site and flexible regions
were visualized using ScanNet and are depicted in Figure2b).
This is an essential criterion for choosing an appropriate anti-
body that binds to the ATP protein, as the antibody exhibiting
the strongest binding to the binding site, as shown through the
docking results, will be the most suitable candidate for PSP
detection. Lastly, the electrostatic surface potential (ESP) of
ATP6AP2 was obtained with ChimeraX, with the charges dis-
played in Figure[2|c).

Molecular docking simulations: To further validate these
interactions, we conducted molecular docking simulations us-
ing HDOCK, a computational technique that models the bind-
ing of antibodies to ATP6AP2. This approach allowed us to
assess the strength and stability of these interactions, as illus-
trated in Figure 3] and make a transition from the binding site
to molecular docking. Molecular docking is a computational
technique that simulates the interactions between molecules,
such as proteins and ligands. This technique was conducted
using the software HDOCK to evaluate the interactions be-
tween ATP6AP2 and the antibodies used in this research. Fig-
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Fig. 2 Surface properties of the protein: (a) Binding Site: P2Rank, a
machine learning-based method, was used to display the binding site
of the protein ATP6AP2, which is shown as the boxed yellow
portion. (b) Binding Site: ScanNet, a deep learning platform, was
utilized to visualize the flexible regions of the protein, as indicated
by the red portions boxed and labeled as the flexible regions. (c)
Electrostatic Surface Potential (ESP): ChimeraX was used to show
the charges on the protein’s surface. Red represents the negative
charge, blue represents the positive charge, and white represents the
neutral charge.

ure [3] illustrates the binding interactions of antibodies with
ATO6AP2. In this figure, the protein is represented in purple,
and the antibody is depicted in pink and grey. In this image,
the protein is oriented in the same orientation to show the bind-
ing of the antibody to the predicted binding site.

Molecular docking analysis: After molecular docking
simulations, the antibodies were selected based on the fol-
lowing criteria. First, through visual inspection using the
ChimeraX software, the protein-antibody structures were ana-
lyzed and compared with the predicted binding sites obtained
from ScanNet and P2Rank. ScanNet and P2Rank are Al-
based techniques used to identify the binding site on the sur-
face of a protein. It displays the amino acids that have a higher
probability of binding with biomolecules. These structures are
shown in Figure [3] The antibodies that did not bind to the
specific binding site shown in Figures [2a) and 2Jb) were re-
jected, and only the antibodies that bonded to the predicted
site were selected for the subsequent analysis, which involved
binding energy calculation. Based on the study, the following
antibodies were selected: (PDB ID: 1ASF, 1B4J, 1FL5, 1111,
and 2HRP). The second selection criterion was to compute
the binding energy between the protein and antibodies. Bind-
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Fig. 3 The figure illustrates the docking structures obtained from
molecular docking simulations. The protein is depicted in purple,
and the antibody is shown in magenta and gray. Based on these
images, we have selected antibodies 1ASF, 1B4]J, 1FLS5, 1IL1, and
2HRP, as they exhibited strong binding to the binding site of the
protein shown in FigureEl
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Fig. 4 ATP6AP2-antibody interactions. The table displays the
number of hydrogen bonds formed between the ATP6AP2 and
antibodies.

ing energy is the energy required to break apart a molecule,
atom, or nucleus and is measured in kcal/mol. Binding en-
ergy is always measured in negative values, and the most neg-
ative value indicates the highest binding affinity. Notably in
Table[T] antibody 1F8T has the strongest binding affinity. An-
tibodies INLB and 1B4J follow close behind 1F8T. However,
1B4J was selected based on the previous criteria— visual in-
spection. 1NLB and 1F8T did not satisfy the first criteria and,
therefore, were not selected. Finally, the last criterion is the
number of hydrogen bonds formed between ATP6AP2 and the
antibodies. These hydrogen bonds are crucial for interacting
with the two biomolecules and were calculated using a Python
programming script. The number of hydrogen bonds between
each antibody and AT6AP2 are displayed in Figure f] Based

on this data, antibody 1B4J (the purple bar) has the greatest
number of hydrogen bonds and, therefore, the strongest hy-
drogen bond interaction. If only binding energy were con-
sidered a criterion, then 1F8T would be the winner. However,
1F8T did not pass the visual inspection nor the hydrogen bond
criteria, as it had the lowest number of bonds.

Table 1 Binding energy between antibodies and AT6AP2. Binding
energy values are expressed as negative numbers, as more negative
values indicate stronger interactions. These values were calculated
using the PRODIGY software.

Binding Energy  Binding Energy

S.No. PDBID (Set 1) (Set 2) Average
1 1ASF -14.1 -22.8 -18.45
2 4A6Y -12.3 -17.1 -14.70
3 2UYL -14.3 -11.7 -13.00
4 INLB -13.6 -24.4 -19.00
5 1B4] -22.3 -24.1 -23.20
6 2HRP -15.1 -17.9 -16.50
7 1TL1 -18.1 -11.4 -14.75
8 1FL5 -12.1 -21.0 -16.55
9 11QW -12.2 -12.2 -12.20
10 1F8T -14.3 -26.1 -20.20
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Fig. 5 (a) 3D structure of the protein highlighting its major
direction of motion. (b) Covariance map showing correlated (red)
and anti-correlated (blue) residue motions. (c) Elastic network map
depicting atom—atom contact connections used for normal-mode
analysis.

Molecular Dynamics Simulations: To further validate the
findings from the molecular docking analysis, we also per-
formed molecular dynamics simulations, and the results are
shown in Figure [} Throughout the entire MD simulation, the
antibodies remained bound to the active site of the protein.
This provides additional confirmation of the docking results
and strengthens the overall validity of the study.

DISCUSSION

Previous studies described ATP6AP2 as a multifunctional
protein contributing to autophagy, lysosomal maintenance,
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Fig. 6 Shows the Root Mean Square fluctuation (RMSF) and Root
Mean square deviation (RMSD) of the protein-antibody complex.

and neuroinflammatory signaling. Its dysregulation has been
linked to Alzheimer’s disease as well as neuronal development
disorders®. Our findings are consistent with these earlier stud-
ies in demonstrating that ATP6AP2 contains stable extracel-
lular regions that may be accessible for molecular recogni-
tion in the CSF. However, unlike existing research that ex-
amines ATP6AP2’s biological function, our work provides
the first structural docking-based evidence that ATP6AP2’s
ectodomain can interact with antibodies in a predictable and
energetically favorable manner. This contrast highlights the
novelty of the current research: while earlier studies fo-
cus on ATP6AP2 as a functional protein, our work positions
ATP6AP2 as a structurally targetable biomarker.

Current Diagnostic Methods for PSP: Although there are
no brain imaging techniques or tests specifically designed to
detect PSP, physical and neurological exams can be conducted
after reviewing the patient’s medical history. Diagnostic imag-
ing may also reveal shrinkage at the top of the brainstem. Iden-
tifying trouble with eye movement, walking, speech, and swal-
lowing early is crucial, as it can help rule out similar disorders,
such as Parkinson’s. However, these methods are often inef-
fective because diagnostic imaging and physical problems are
not always definitive in diagnosing PSP.

Role of ATP6AP2 Protein in Neurodegenerative Dis-
eases: The ATP6AP2 protein is primarily located on the sur-
face of the cell membrane; therefore, its binding site is lo-
cated on the ectodomain of the protein. This protein is also
present on the plasma membrane of intracellular organelles.
The protein plays a vital role in increasing the acidity within
intracellular components of the cell. Additionally, the protein
regulates blood pressure and maintains fluid and electrolyte
balance within the body. Ultimately, the protein regulates cell
multiplication, inflammation, and fibrosis. The protein is cru-
cial in neurodegenerative diseases, such as Alzheimer’s dis-
ease. Recently, this protein has been identified as a potential
biomarker in the cerebrospinal fluid of patients with supranu-
clear palsy. Since no non-invasive detection techniques are
available, this research aims to provide a novel technique. The
proposed method will focus solely on detecting the protein in

the cerebrospinal fluid of patients for disease identification and
analysis.

Potential Benefits of Using ATP6AP2 as a Biomarker:
This research has significant applications in the field of sci-
ence, particularly in the development of diagnostic tools. The
antibody can detect the ATP6AP2 protein in patients sus-
pected of having Progressive Supranuclear Palsy (PSP). A
biomarker will be used to detect the presence of AT6AP2 in
this antibody. The antibody can detect the ATP6AP2 protein
in patients suspected of having progressive supranuclear palsy
(PSP), Figure[7]
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Fig. 7 Proposed conceptual workflow for detecting ATP6AP2 in
cerebrospinal fluid (CSF) using a computationally selected antibody.
Antibodies downloaded from the Protein Data Bank are conjugated
with a fluorescein dye. CSF is collected from a PSP patient and
processed by centrifugation. The selected antibody (1B4J),
predicted through computational docking, binds to the ATP6AP2
protein in the sample. The antibody—protein complex can then be
isolated for downstream detection and analysis.

Future Directions for Research: This study has several
limitations, one of which is that computational simulations,
such as those employed in this study, lack experimental vali-
dation. Since this research is not conducted within a physical
lab, definite experimental data cannot be obtained. Experi-
mental methods, such as Surface Plasmon Resonance (SPR),
validate the results—especially Isothermal Calorimetry (ITC),
which measures binding energy in the laboratory. Addition-
ally, computational simulations are currently limited by the
availability of a small number of antibodies for testing; there-
fore, expanding computational resources in the future would
likely improve results.

Conclusion

In this research, computational simulations were employed to
develop a novel detection technique for PSP. Various computa-
tional simulations were utilized to determine the most suitable
antibody capable of binding to ATP6AP2. First, antibody-
protein interactions were computed. Next, the most suitable
antibodies were selected based on the predicted binding site,

© The National High School Journal of Science 2025

NHSJS Reports | 5



binding energy, and hydrogen bond analysis. The results indi-
cate that antibody 1B4J was the optimal candidate and was,
therefore, selected. In future research, experimental vali-
dations such as Surface Plasmon Resonance and Isothermal
Calorimetry will be used to confirm these findings further.
This study provides an initial computational framework that
may support the development of a non-invasive detection ap-
proach for PSP.
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