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Abstract

Background: Rabphilin-3A-like (RPH3AL), a member of the Rab effector protein family, plays a critical role in
regulated membrane trafficking and synaptic vesicle exocytosis in neurons and neuroendocrine cells. Loss or
dysfunction of Rabphilin-3A-associated proteins has been implicated in synaptic failure, a key pathological
feature of Alzheimer’s disease and Huntington’s disease. Structural characterization of RPH3AL isoforms is
therefore essential for understanding disease mechanisms and enabling structure-based drug discovery. Aim: This
study aimed to perform in silico structural characterization of Rabphilin-3A-like isoform CRA_b (EAW90671)
and RPH3AL (AIC55601) using homology modelling and comprehensive structural validation. Materials and
Methods: Protein sequences of Rabphilin-3A-like isoform CRA_b (EAW90671) and RPH3AL (AIC55601) were
retrieved from the NCBI database. Homology models were generated using the SWISS-MODEL server based on
suitable templates from the Protein Data Bank. Structural validation and quality assessment were performed using
PROCHECK, ProSA, and QMEAN scoring functions. Results: The generated models demonstrated high
stereochemical quality, with 94.23% and 93.48% of residues of EAW90671 and AIC55601, respectively, located
in the most favoured regions of the ¢-y (Ramachandran) plot. ProSA Z-scores (—3.89 for EAW90671 and —1.89
for AIC55601) and QMEAN Z-scores (—2.57 and —1.43, respectively) indicated acceptable overall model quality
and structural reliability. Comparative analysis showed significant structural similarity with the experimentally
determined Rabphilin-3A structure from Rattus norvegicus (PDB ID: 1ZBD_B). Conclusion: The in silico
modelling and validation results indicate that the predicted 3D structures of Rabphilin-3A-like isoform CRA_b
and RPH3AL are reliable and biologically plausible. These structural models provide a valuable framework for
future structure-based drug design and therapeutic exploration targeting synaptic dysfunction in Alzheimer’s and
Huntington’s diseases.
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Introduction

Rabphilin-3A-like (RPH3AL), encoded by the

particularly in neurons and neuroendocrine cells [1,2].

Rabphilin-3A-like (RF3 or RPH3A) gene, is a member
of the Rab effector protein family that plays a pivotal
role in regulated membrane trafficking and vesicle
fusion events. Proteins of this family interact with Rab
GTPases and are essential for synaptic vesicle
docking, priming, and calcium-dependent exocytosis,

Rabphilin-3A-related proteins are also implicated in
maintaining postsynaptic receptor stability, thereby
contributing to synaptic plasticity and efficient
neurotransmission.
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Rabphilin-3A and its related isoforms are
characterized by conserved C2 domains that mediate
calcium- and phospholipid-dependent interactions
with synaptic membranes. Through these structural
motifs, RPH3AL participates in fine-tuning
neurotransmitter release and synaptic vesicle recycling
[3,4]. Disruption of these processes is known to impair
synaptic homeostasis, a hallmark of several
neurodegenerative disorders.

Growing evidence links altered expression or loss of

Rabphilin-3A-associated proteins with
neurodegenerative diseases, notably Alzheimer’s
disease and Huntington’s disease.  Synaptic

dysfunction precedes overt neuronal loss in both
conditions, and defects in vesicle trafficking and
exocytosis are increasingly recognized as early
pathogenic events [5,6]. The association of RPH3A
loss with these disorders underscores the importance
of detailed structural and functional characterization
of its isoforms to better understand disease
mechanisms and to identify potential therapeutic
targets.

Among the known isoforms, Rabphilin-3A isoform
CRA b (EAW90671) remains poorly characterized at
the structural level. Experimental determination of
protein structure is often time-consuming and costly,
making computational approaches such as homology
modelling and in silico analyses valuable alternatives.
Structure-based in silico drug design enables the
identification of functional domains, binding pockets,
and potential ligand interactions, thereby accelerating
early-stage therapeutic discovery [7,8].

Aim and Objectives

The present study aim to characterize the Rabphilin-
3A-like (RF3 or RPH3A) encoded protein RPH3AL
(AIC55601), with specific emphasis on isoform
CRA_b (EAW90671), using homology modelling,
structural validation, and in silico drug designing
approaches. This work seeks to provide a
computational framework for understanding the
structural features of RPH3AL relevant to synaptic
function and its potential involvement in Alzheimer’s
and Huntington’s diseases, thereby supporting future
structure-based therapeutic strategies.
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Materials and Methods

Retrieval of Genome Sequence: The sequence of
Rabphilin-3A-like (RF3 or RPH3A) retrieved from
NCBI database. The CDS protein sequences of
RPH3AL (KJ898037) were selected for homology
modeling based structural analysis and validation e.g.,
rabphilin 3A-like (without C2 domains), isoform
CRA_b [Homo sapiens]: EAW90671.

Homology Modeling: FASTA sequence of Rabphilin
3A-like (without C2 domains) [EAW90671] and
RPH3AL (AIC55601) was align separately with PDB
database using NCBI-BLASTp. The significant
alignments with maximum identity selected for
homology modelling. All the homologous protein
structures were downloaded from Protein Data Bank
(PDB). The SWISS-MODEL server was used for
homology-modelling. The pdb files of CDS were
retrieved from SWISS-MODEL server and
homologous from PDB, were used for 3D structure
designing, modeling and validation.

Model Reputation: The UCLA-DOE server used for
the quality analysis of protein crystal structure ° and
PROCHECK server used for validation of structure
model [10]. The results of analysis suggesting
reliability of model [11]. The overall G-factor, residue
positions in @-y plot regions analysis was used for the
selection of suitable model [12,13]. The protein
stability was analyzed by using QMEAN (version
3.1.0) [14, 15] and ProSA Z-score [16, 17, 18, 20, 21].

The research project was approved by the Ethics
Committee (Registration no. STU/IEC/2026/005) of
Pacific Institute of Medical Sciences, Sai Tirupati
University, Udaipur, Rajasthan, India.

Results

Protein Model Building: The alignment between
target and template was performed by using homology
modeling [22]. The 3D ribbon model Rabphilin 3A-
like (without C2 domains) [EAW90671], and
RPH3AL (AIC55601) was generated using 3D
structure server
(https://swissmodel.expasy.org/assess) (Fig. 1a,b).
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Figure 1: 3D ribbon structure model of Rabphilin-3A-like (RF3 or RPH3A) proteins: [a] Rabphilin 3A-
like (without C2 domains) [EAW90671], [b] RPH3AL (AIC55601) generated using 3D assessment server.

Model Reputation: Rabphilin 3A-like (without C2 domains) [EAW90671] model corresponding to probability
conformation with 94.23%% residues of favoured section, outliers (2.13%), in generously allowed regions of ¢-
vy plot. The RPH3AL (AIC55601) model corresponding to probability conformation with 76.41% residues of
favoured section, outliers (9.86%), Clash Score 0.69, and MolProbity Score 1.98 residue of outer section in
¢-y plot [23] (Fig. 2a,b; Table 1). The above results indicate the reliability of protein models [24, 25].

The -y plot statistics of Rabphilin 3A-like (without C2 domains) [EAW90671] and The RPH3AL (AIC55601)
explained in table 1.
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Figure 2: (a) @-y plot of [a] Rabphilin 3A-like (without C2 domains) [EAW90671]: Total number of residues
were (94.23%) in favoured [A, B, L], (5.77%) in allowed [a,b,l,p] and, (2.13%) in generously allowed regions.
(b) -y plot of [b] RPH3AL (AIC55601): Total number of residues were (93.48%) in favoured [A, B, L], 6.52 in
allowed [a,b,l,p] and, 0 (0.0%) in disallowed regions.

Significant alignments using p-BLAST of surface Rabphilin 3A-like (without C2 domains) [EAW90671] displays
maximum similarity with Chain B (RABPHILIN-3A) [Rattus norvegicus]1ZBD_B (60.94% identity) and
RPH3AL (AIC55601) also show significant alignment with Chain B, RABPHILIN-3A [Rattus norvegicus]
(1zBD_B) (46.09% identity). The 3D structure (Fig and pdb file of 1ZBD_B was retrieved from PDB for
homology modeling-based structure analysis and validation (Fig 3a).

Figure 3: 3D ribbon structure model of Chain B, RABPHILIN-3A [Rattus norvegicus] (1ZBD_B)
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Figure 4: 2D [a] and 3D [b] ¢-y / Ramachandran plot of Chain B, RABPHILIN-3A [Rattus norvegicus]

(1ZBD_B): Total number of residues were 248 (93.23%) in favoured [A, B, L], 14 (5.26%0) in allowed
[a,b,l,p] and, 4 residues in disallowed (1.50%) region.

The Rabphilin 3A-like (without C2 domains) [EAW90671] model corresponding to probability conformation
with 94.23 % in favoured, 5.77 % in allowed and, 0.00 %) in disallowed regions of ¢-y plot. The RPH3AL
(AIC55601) model corresponding to probability conformation with 93.48% residue of core section, 6.52% of
allowed section and 0.0 % residue of outer section in @-y plot [23] (Fig. 2a,b; Table 1). The above results indicate
the reliability of protein models [24]. Significant alignments using p-BLAST of Rabphilin 3A-like (without C2
domains) [EAW90671] displays maximum
norvegicus]1ZBD_B (60.94% identity) and RPH3AL (AIC55601) show significant alignment with similar Chain
B, RABPHILIN-3A [Rattus norvegicus] (1ZBD_B) (46.09% identity) were retrieved from PDB for homology

modeling-based structure analysis and validation.

Based on the analysis of 118 structures of resolution of at least 2.0 A and R-factor no greater than 20%, a good
quality model would be expected to have over 90% in the most favoured regions. All selected sequences have
more than 90% residues in Favoured regions [A, B, L] of ¢-y plot, that indicates good quality of models (Table

1).

Table 1: The ¢-y plot regions of Rabphilin 3A-like (without C2 domains) [EAW90671], RPH3AL
(AIC55601), and Chain B (RABPHILIN-3A) [Rattus norvegicus]1ZBD_B.

similarity with Chain

frequency

B (RABPHILIN-3A) [Rattus

EAW90671 AIC55601 1ZBD B
¢-y Plot regions % % %
Favoured regions [A, B, 94.23 93.48 93.21
L]
Allowed regions [a, b, I, 5.77 6.52 5.26
Pl
Disallowed regions 0.00 0.0 1.50
C-Beta Deviations 2 2 2
Bad Bonds 1/407 0/371 1/266
Bad Angles 4 /543 (A133 ARG- | 2/492 (Y107 -
Al134 PRO), (A128 SER-Y108
SER-A129 PRO), SER)
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(A124 GLY-A125
ILE), (A108 SER-
A109 SER)

Validation of Model: ProSA was used to figure out potential errors in 3D model of Rabphilin 3A-like (without
C2 domains) [EAW90671], RPH3AL (AIC55601) and RABPHILIN-3A [Rattus norvegicus] (1ZBD_B) CDS.
The archived ProSA Z-score score -3.89, -1.89, and -6.15 for Rabphilin 3A-like (without C2 domains)
[EAW90671], RPH3AL (AIC55601) and RABPHILIN-3A [Rattus norvegicus] (1ZBD_B) respectively indicates
two aspects, overall model quality and energy deviation (Fig. 5-7).

The predicted values of Z-score indicate less erroneous structures [20, 25]. Reliability of projected model based
on scoring function of QMEAN that stated as ‘Z-score’ (Fig. 6-9) [10, 26].

Figure 5: ProSA service examination of Rabphilin 3A-like (without C2 domains) [EAW90671] overall
model quality (a) and local model quality (b) Z-Score -3.89.

Figure 6: ProSA service examination of RPH3AL (AIC55601) overall model quality (a) and local model
quality (b) Z-Score -1.89.

Figure 7: ProSA service examination of pdb homologous Chain B, RABPHILIN-3A [Rattus norvegicus]
(1zBD_B) overall model quality (a) and local model quality (b) Z-Score -6.15.
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The QMEAN scores -2.57, -1.43, 0.06 and -2.84 for
biological unit reference set of Rabphilin 3A-like
(without C2 domains) [EAW90671], RPH3AL
(AIC55601) and RABPHILIN-3A [Rattus
norvegicus] (1ZBD_B) respectively, that is very close
to 0 and its illustrations acceptable values [28].
Assessed validity of model predictable among 0 and 1,
that could be concluded from the density plot locus set
for QMEAN score (Fig. 8-10). Figure 8 to 10,
illustrations QMEAN scores for biological unit
reference set that used as a tool for oligomeric protein
assessment.

We have applied QMEAN Z-scores to experimental
structures from the PDB database [27]. Table 2 show
the Z-scores analysis of two experimental structures
solved by X-ray diffraction of Rabphilin 3A-like
(without C2 domains) [EAW90671], RPH3AL

(AIC55601) and RABPHILIN-3A  [Rattus
norvegicus] (1ZBD_B) CDS. The QMEAN Z-score of
the EAW90671 is -2.57,i.e., the score of the structure
is clearly within the expected quality range as it
deviates less than 1 standard deviation from the mean
score in similar sized high-quality proteins from the
reference dataset. The structure of the EAW90671,
AIC55601, and the 1ZBD_B has a QMEAN score
deviating by more than 3 standard deviations
indicating that there is clearly something wrong with
this structure. Both the composite QMEAN score, as
well as all individual terms deviate strongly from
expected values. Indeed, these structures, have been
identified as fabricated and have been retracted.
Higher QMEAN Z-scores in a pairwise comparison
with their homologous, underlining the significance of
the QMEAN Z-score as an estimate of protein stability
[28].

Table 2: Z-score analysis of the EAW90671, AIC55601, and the 1ZBD B

PDB QMEAN | C-p | All- | Solvation | Torsion
atom
EAW90671 | -257 |-031]-182| -1.80 -1.75
AIC55601 -143 |-0.15|-0.37 | -1.57 -1.17
1ZBD_B -0.07 |-0.19|-0.67 | -1.36 -0.60

The QMEAN Z-scores as well as the Z-scores of individual statistical potential terms are reported. The structure
has been retracted from the PDB. The QMEAN Z-score of -2.57 for EAW90671, -1.43for AIC55601 and -0.07
for 1ZBD_B in isolation is unfavourable, especially the solvation and the C-f interaction terms exhibit large
differences between the Z-score of the isolates (Table 3) [28].

Higher QMEAN Z-scores in a pairwise comparison with their homologous, underlining the significance of the

QMEAN Z-score as an estimate of protein stability [28].

Figure 8: QMEAN scores (-2.57) for biological unit reference set of Rabphilin 3A-like (without C2
domains) [EAW90671]. Plot showing Z-score.

avean IR T 257
ce EETT W13
All Atom E l , :] -1.82
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Figure 9: QMEAN scores (-1.43) for biological unit reference set of RPH3AL (AIC55601) . Plot showing
Z-score.
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Figure 10: QMEAN scores -0.07) for biological unit reference set of 1ZBD_B. Plot showing Z-score.

Comparison with Non-redundant Set of PDB Structures

Normalized QMEAN4 Score

|Z-score|>2

100 Z.

The QMEAN value comparison with the non-
redundant protein collection revealed different set of
Z-values for different parameters. The diversion of
total energy of protein was measured by using Z-score
[29, 30].

Alzheimer’s disease (AD) and Huntington’s disease
(HD) are progressive neurodegenerative disorders that
share several pathological features, particularly
synaptic dysfunction and impaired neurotransmission.
In both diseases, disruption of synaptic vesicle
trafficking and exocytosis can lead to early neuronal
communication defects before significant neuronal
loss occurs. Proteins such as Rabphilin-3A-like
(RPH3AL), which regulate membrane trafficking and
synaptic vesicle release, may contribute to these
shared mechanisms. However, the diseases differ in
their causes and clinical manifestations. Alzheimer’s
disease primarily causes memory loss and cognitive
decline, whereas Huntington’s disease is a genetic
disorder characterized by motor dysfunction,
psychiatric symptoms, and degeneration of basal
ganglia neurons.

Conclusion

© 2026 IJMSCR. All Rights Reserved
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In the present study, the structural characteristics of
Rabphilin-3A-like isoform CRA_b (EAW90671) and
RPH3AL (AIC55601), encoded by the Rabphilin-3A-
like (RF3 or RPH3A) gene, were successfully
predicted using an in silico homology modelling
approach. The generated three-dimensional models
exhibited strong stereochemical integrity and
structural reliability, as demonstrated by favourable o-
v plot distributions, acceptable ProSA Z-scores, and
QMEAN quality assessments.

Comparative structural analysis revealed substantial
similarity between the predicted human RPH3AL
models and the experimentally resolved Rabphilin-3A
structure from Rattus norvegicus, supporting the
biological relevance of the models. These findings
suggest that the computationally derived structures
reasonably represent the native conformations of the
proteins.

Overall, this study establishes a validated structural
framework for Rabphilin-3A-like proteins that can be
exploited in future investigations, including inhibitory

peptide design, molecular docking, and structure- L
based drug development. The predicted models may €\

contribute to the identification of novel therapeutic
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strategies aimed at mitigating synaptic dysfunction
associated with Alzheimer’s disease and Huntington’s
disease
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