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ABSTRACT

Prostate cancer is one of the frequently reported cancers in men worldwide, and
it is the third most prevalent urogenital cancer among males in the Pakistani
population. Variations in several oncogenes and tumor suppressor genes have
been studied that play a role in prostate cancer. GWAS has identified SNPs in
the EHBPI gene to be associated with prostate cancer. In this study, we used
in-silico approaches for identifying the most damaging non-synonymous SNPs
(nsSNPs), playing a significant structural and functional role in EHBP1 protein.
Data on non-synonymous SNPs were recruited from Ensembl. Deleterious
nsSNPs were identified using SIFT, PolyPhen2, PhD-SNP, fathmm, and
SNPs&GO. Structural, functional, stability analysis and conservation profile of
nsSNPs were verified using MutPred, [-Mutant, MUpro and ConSurf web
server, respectively. STRING was used for protein-protein interaction.
GeneMANIA was utilized to check the EHBPI gene interaction with other
genes. The 3D structures of wild-type and mutant proteins were generated
using [-Tasser. Post-translational modification sites were predicted through the
MusuitDeep web server. Our study identified 32 most damaging nsSNPs in the
EHBPI gene. Structural and functional analysis of these nsSNPs manifests that
they have a deleterious effect on protein structure and function. Stability
analysis showed that 31 of these nsSNPs decrease protein stability and are
located in highly conserved regions. Gene-gene interactions revealed a
relationship between EHBPI and other genes, highlighting its significance in
multiple pathways and co-expression patterns. In future, these 32 SNPs provide
suitable target variants to be explored, through population-based studies, in
diseases associated with the EHBPI gene, such as prostate cancer, as well as
for their role as novel biomarkers.
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INTRODUCTION

Cancer is one of the life-threatening diseases
affecting millions of people globally (Akhtar
et al., 2019). Prostate cancer is one of the
frequently reported cancers in men worldwide,
while it is the third most prevalent
urinogenital cancer among males in the
Pakistani population (Akhtar et al., 2023).
Clinical observations and experimental
studies have designated various factors that
play a role in the pathogenesis of prostate
cancer, including geographical region, age,
ethnicity, family history of prostate cancer,
obesity, hormones like androgens and various
genetic variations. Point mutations, miRNAs,
Somatic copy number alterations (SCNAS),
structural ~ rearrangements and  single
nucleotide polymorphisms (SNPs) are the
genetic alterations that can contribute to
tumorigenesis. SNPs are the important
biological markers responsible for over 90%
of genetic variations affecting gene function,
thereby increasing or decreasing susceptibility
towards various genetic disorders, including
cancer (Beikzadeh et al., 2020).

Variations in several oncogenes (KRAS and
BRAF) and tumor suppressor genes (PTEN,
TP53, RBI and PIK3CA) have been studied
that have a role in prostate cancer (Wallis and
Nam, 2015). Genome-wide association study
explores genotypes, thereby recognizing the
gene characteristics that are involved in
diseases (Liang et al., 2020). GWAS has
identified more than 50 susceptibility loci in
several genes associated with prostate cancer.
Similarly, GWAS has also identified SNPs in
the EHBPI gene as being associated with
prostate cancer (Ao et al., 2015).

The EHBPI gene is located on 2pl5
chromosomal region, which encodes an
adaptor  protein  regulating  vesicular
trafficking of endocytes thereby recruiting
EPs15-homology containing proteins 1/2
(EHD1/2) and Rab8 family members
(Gudmundsson et al., 2008) (Rai et al., 2020).
EH domain protein 2 (EHD2) binding protein

1 (EHBP1) was recognized and cloned in
3T3-L1 adipocytes for the first time,
containing five NPF motifs and a calponin
homology domain. EHBPI play a significant
role in insulin-stimulated GLUT4 movements
and hexose transport, thereby interfering with
EHD2 protein, and it also connects clathrin-
mediated  endocytosis to  the actin
cytoskeleton. Several studies reported that
EHBPI gene SNPs significantly contribute to
prostate cancer in various ethnic groups,
including Caucasians, Africans, and Asian
populations (Ao et al., 2015).

This study aimed to analyse the damaging
nsSNPs and their effect on the stability of
EHBP1 protein using various in-silico tools.

MATERIAL AND METHODS
Enlisting nsSNPs
Complete information of EHBPI gene

nsSNPs, including SNP Id, protein accession
number, and position of residue change, was
collected from the Ensembl database.

Identification of damaging nsSNPs

To analyze the damaging and deleterious
effects of nsSNPs on the EHBPI gene five
well established bioinformatics tools were
utilized including SIFT (Sorting Intolerant
From Tolerant) (Sim et al., 2012), PolyPhen-2
(Polymorphism Phenotyping V2) (Adzhubei
et al.,, 2013), PhD-SNP (Predictor of Human
Deleterious SNPs) (Capriotti et al., 2006),
SNPs&GO (Single Nucleotide Polymorphism
Database & Gene Ontology) (Calabrese et al.,
2009) and fathmm (Functional Analysis
Through Hidden Markov Models) (Shihab et
al., 2013). A list of amino acid substitutions
and FASTA sequences was submitted as input
in all five tools for prediction. Only those
SNPs were selected for further analysis which
was predicted to be deleterious or damaging

by all five tools.

SIFT

SIFT prediction is based on sequence
homology to determine damaging and

tolerated SNPs, with a probability score of
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<0.05 and > 0.05, respectively (Sim et al.,
2012).

PolyPhen-2

PolyPhen-2 predicts the nsSNP as damaging
or benign by utilizing substitution sequence,
evolutionary  properties and  structural
confirmation. It wuses protein sequence,
accession number, amino acid change and
position as input in order to retrieve results
(Adzhubei et al., 2013).

PhD SNP

PhD-SNP predicts the deleterious effect of
nsSNPs based on support vector machines
(SVM) by utilizing protein sequence and
amino acid substitution as input (Capriotti et
al., 2006).

SNPS&GO

SNPs&GO predict variants that are related to
disease phenotype by utilizing SVM (support
vector machine) based techniques. Protein
sequence in FASTA format and amino acid
substitutions were submitted as input while
the output were in the form of disease or
neutral phenotype having probability score >
0.5 and < 0.5 respectively (Calabrese et al.,
2009).

Fathmm

fathmm predicts functional effects of nsSNPs
by combining sequence conservation within
Hidden Markov Models in order to represent
the alignment of homologous sequences and
conserved protein domains with pathogenicity
weights (Shihab et al., 2013).

Effect of nsSNPs on the structure and
function of the protein

MutPred1.2 (Li et al, 2009) is a
bioinformatics web-based tool used for
predicting the damaging effect of nsSNPs on
the structure and function of proteins. A
FASTA sequence of protein, along with amino
acid substitutions, was submitted as input.
nsSNPs and protein stability

[I-Mutant 2.0 (Capriotti et al., 2006) and
MUpro (Cheng et al., 2006) were used for the
prediction of the effect that amino acid
changes have on the stability of protein

structure. These nsSNPs either decrease or
increase the stability of the protein. A FASTA
sequence of protein, along with the amino
acid substitutions, was used as input.
Evolutionary conservation profile

The ConSurf tool was used to check the
evolutionary conservation profile of the
amino acid present at a specific position in a
protein sequence. It checks the conservation
status of amino acids based on phylogenetic
relationships between homologous sequences
(Ashkenazy et al., 2016).

3D Modelling of EHBP1 protein

EHBPI1 protein wild and mutant structures
were predicted using I[-TASSER (Zhang,
2008). Chimaera 1.11 tool was utilized for
visualization and analysis of structures
generated through I-TASSER (Pettersen et al.,
2004). TM-align was utilized for comparison
of wild and mutant type protein structures,
thereby generating RMSD score (Root mean
square deviation) and TM values (Zhang and
Skolnick, 2005).

EHBPI gene interaction with other genes
The GeneMania tool was utilized in this study
to identify the interactions of the EHBPI gene
with other genes. This tool generates
information about physical interaction, co-
localization, common protein domains, co-
expression, genetic interaction and pathways
involved (Warde-Farley et al., 2010).
Analysis of protein-protein interaction

The STRING (Search Tool for the Retrieval
of Interacting Genes/Proteins) tool was used
to determine the physical and functional
interaction of EHBP 1 protein with other
proteins (Jensen et al., 2009).

PTM (post-translational modification) sites
prediction in EHBP1

MusiteDeep web server was used to predict
the possible post-transcriptional modification
sites located in the EHBP1 protein. It is an
excellent tool for predicting and visualising
PTM sites. It utilizes FASTA  protein
sequence as an input and predicts results in
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real time for a large number of proteins
(Wang et al., 2020).

RESULTS

nsSNPs in the EHBP1 gene

A total of 128,205 variants are located in the
EHBPI gene according to the Ensembl
database. Among these 1075 variants are
nsSNPs; data of these 1075 nsSNPs were
retrieved and included in this study for
analysis.

Damaging nsSNPs identification in the
EHBP1 gene

Out of the total 1075 nsSNPs found in the
EHBPI gene, 175 variants were predicted to
be damaging by three tools applied for
damage predictions; these tools include SIFT,
SNPs&GO and PolyPhen-2. SIFT predicted
946 variants affect protein function, while 129

variants as disease-causing, meanwhile 864
nsSNPs were predicted to be tolerated.
Furthermore, PolyPhen-2 predicted 546
variants as probably damaging, while the
remaining 529 were possibly damaging and
benign (Figure 1). Overall, 175 nsSNPs were
predicted deleterious by these tools, which
were subsequently validated using PhD-SNP
and fathmm bioinformatics tools. PhD-SNP
predicted 109 non-synonymous variants as
disease-causing, while 66 were predicted to
be tolerated. Additionally, fathmm predicted
46 nsSNPs as damaging, while the remaining
129 variants were predicted as tolerated
(Figure 2). Overall, 32 nsSNPs were predicted
to be damaging by both of the tools. Hence,
these 32 nsSNPs were predicted to be
deleterious by all five tools and utilized for

variants were predicted as tolerated. further analysis in this study (Table 1).
Additionally, SNPs&GO predicted 211
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Figure 1. The number of Damaging and Non-damaging nsSNPs identified by SIFT,

SNPs& GO and PolyPhen-2
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Figure 2. The number of Damaging and Non-damaging nsSNPs identified by PhD-SNP and
fathmm

Table 1. The common damaging nsSNPs identified by SIFT, SNPs&GO, PhD-SNP,
PolyPhen-2 and fathmm.

S no. Variant ID Allele  Amino SIFT SNP & GO Phd-snp Polyphen-2 Fathmm
acid score score score Score Score
1.  rs1357841649 T/C W35R Affect protein Disease Disease Probably damaging Damaging
function 0.807 4 1.000 -1.51
0.00
2. rs1270338713 A/G D166G Affect protein Disease Disease Probably damaging Damaging
function 0.733 6 0.997 -1.74
0.00
3. 18910753408 C/T S448F Affect protein Disease Disease Probably damaging Damaging
function 0.571 8 1.000 -3.64
0.00
4. 181296416363 G/T L449F Affect protein Disease Disease Probably damaging Damaging
function 0.642 8 1.000 -3.99
0.01
5. 151324699331 G/A/  VA456F Affect protein Disease Disease Probably damaging Damaging
T function 0.766 4 1.000 -3.82
0.00
6. rs1251754862 T/C 1465T Affect protein Disease Disease Probably damaging Damaging
function 0.760 5 1.000 -3.72
0.00
7. 152056839551 C/IG 1465M Affect protein Disease Disease Probably damaging Damaging
function 0.572 7 1.000 -3.80
0.00
8. 151480624398 A/G N467S Affect protein Disease Disease Probably damaging Damaging
function 0.810 7 1.000 -3.72
0.02
9. 18999530556 C/T T4691 Affect protein Disease Disease Probably damaging Damaging
function 0.829 7 1.000 -3.62
0.00
10. rs1032040422 A/G T470A Affect protein Disease Disease Probably damaging Damaging
function 0.585 1 0.999 -3.60
0.01
11. rs1453335398 G/T G475C Affect protein Disease Disease Probably damaging Damaging
function 0.860 8 1.000 -5.39
0.00
12, 1s1271794992 A/C L476F Affect protein Disease Disease Probably damaging Damaging
function 0.644 9 1.000 -3.72
0.00
13. 15781210377 G/T A480S Affect protein Disease Disease Probably damaging Damaging
function 0.671 8 0.994 -3.80
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0.01

14. 151365369525 A/G/ 1481M Affect protein Disease Disease Probably damaging Damaging
T function 0.592 2 1.000 -3.65
0.00
15. 15774252612 C/T H483Y Affect protein Disease Disease Probably damaging Damaging
function 0.803 7 0.999 -3.81
0.00
16. 15748018046 A/G H483R Affect protein Disease Disease Probably damaging Damaging
function 0.837 9 0.999 -3.81
0.00
17. 151352187200 T/C L489S Affect protein Disease Disease Probably damaging Damaging
function 0.521 7 1.000 -3.69
0.00
18. 1s1249602343 A/G Y492C Affect protein Disease Disease Probably damaging Damaging
function 0.649 8 1..000 -3.60
0.01
19. 152057180191 A/G  D509G Affect protein Disease Disease Probably damaging Damaging
function 0.709 2 1.000 -3.65
0.00
20. 1s1267919196 C/T AS512V Affect protein Disease Disease Probably Damaging
function 0.505 6 Damaging -3.71
0.01 1.000
21. 1s1321122729 T/C 1516T Affect protein Disease Disease Probably damaging Damaging
function 0.636 5 -3.67
0.00 1.000
22. 15768333123 C/A P522T Affect protein Disease Disease Probably damaging Damaging
function 0.506 3 -3.67
0.00 1.000
23. 15974000870 G/C D524H Affect protein Disease Disease Probably damaging Damaging
function 0.727 7 -4.43
0.000 1.000
24. 1s2057184193 A/T K533N Affect protein Disease Disease Probably damaging Damaging
function 0.754 5 -3.81
0.000 1.000
25. 152057184841 T/C/ Y539H Affect protein Disease Disease Probably damaging Damaging
G function 0.774 8 -3.68
0.00 1.000
26. 152057184841 T/C/ Y539D Affect protein Disease Disease Probably damaging Damaging
G function 0.811 9 -3.68
0.00 1.000
27. 151296312521 G/T R544S Affect protein Disease Disease Probably damaging Damaging
function 0.785 7 -3.48
0.01 1.000
28. 1s1339044052 A/G H546R Affect protein Disease Disease Probably damaging Damaging
function 0.812 6 -3.42
0.02 0.996
29. 15201434475 G/A/ R877P Affect protein Disease Disease Probably damaging Damaging
C/T function 0.779 1 -1.61
0.00 1.000
30. 15751305005 T/G V880G Affect protein Disease Disease Probably damaging Damaging
function 0.550 0 -1.59
0.00 1.000
31. 1s1192959984 T/C L1136P Affect protein Disease Disease Probably damaging Damaging
function 0.733 10 -1.58
0.00 1.000
32. 152061893998 C/T R1189 Affect protein Disease Disease Probably damaging Damaging
C function 0.758 6 -1.99
0.00 1.000
EHBP1 stability prediction 1s2057184193) were predicted as increasing

[-Mutant and MUpro tools were used to analyze
the effect of the selected 32 nsSNPs on stability of
EHBPI gene. I-Mutant predicted that 30 nsSNPs
decrease the stability of protein structure, while
two non-synonymous variants (rs910753408 and

protein stability. Detailed results of all the nsSNPs
along with their RI value (ranging from 0 to 10)
are shown in Table 2. MUpro predicted that all 32
nsSNPs decrease the stability of protein structure
(Table 2).
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Table 2. Effect of nsSNPs on EHBP1 protein stability prediction by I-mutant and Mu-Pro

S NO. VARIANT ID AMINOACID I-mutant RI MUpro DDG value
1. 151357841649 W35R Decrease 6 Decrease -0.76518782
2. 11270338713 D166G Decrease 5 Decrease -0.76522613
3. 1s910753408 S448F Increase 5 Decrease -0.16446851
4. 151296416363 L449F Decrease 6 Decrease -1.1913349
5. 151324699331 V456F Decrease 8 Decrease -0.73142264
6. 151251754862 1465T Decrease 5 Decrease -2.2223251
7. 152056839551 1465M Decrease 8 Decrease -0.89107565
8. 151480624398 N467S Decrease 3 Decrease -1.7244076
9. 1s999530556 T4691 Decrease 9 Decrease -0.51421395
10. 151032040422 T470A Decrease 10 Decrease -0.53005735
11. 151453335398 G475C Decrease 7 Decrease -0.60709109
12. 151271794992 L476F Decrease 9 Decrease -0.98198009
13. 1s781210377 A480S Decrease 7 Decrease -1.0343204
14. 151365369525 1481M Decrease 9 Decrease -0.9873442
15. 18774252612 H483Y Decrease 1 Decrease -0.34795627
16. 1748018046 H483R Decrease 7 Decrease -0.47959426
17. 151352187200 L489S Decrease 9 Decrease -2.0765614
18. 151249602343 Y492C Decrease 0 Decrease -1.114442
19. 12057180191 D509G Decrease 7 Decrease -0.89676159
20. 151267919196 AS512V Decrease 4 Decrease -0.37118284
21. 1s1321122729 1516T Decrease 10 Decrease -2.6001568
22. 1768333123 P522T Decrease 9 Decrease -1.1051465
23. 1s974000870 D524H Decrease 5 Decrease -1.4855616
24, 12057184193 K533N Increase 2 Decrease -1.1214656
25. 152057184841 Y539H Decrease 5 Decrease -1.1911009
26. 152057184841 Y539D Decrease 0 Decrease -0.74219838
27. 151296312521 R544S Decrease 8 Decrease -0.8118642
28. 151339044052 H546R Decrease 7 Decrease -1.236123
29. 15201434475 R877P Decrease 4 Decrease -1.1992503
30. 1751305005 V880G Decrease 10 Decrease -2.2904057
31. 151192959984 L1136P Decrease 4 Decrease -1.5850621
32. 152061893998 R1189C Decrease 7 Decrease -0.87930077

Effect of nsSNPs

on the structure and

loss of loop, loss of sumoylation, loss or gain

function of EHBP1

To analyse the effect of selected nsSNPs on
the structure and functionality of the EHBP1
protein, the Mut-Pred server was utilised.
MutPred predictions included Loss of strand,
altered disordered interface, metal binding,
transmembrane protein, ordered interface,
gain or loss of allosteric sites, gain of strand,
loss of N-linked glycosylation, gain of helix,

of ubiquination, loss of ADP-ribosylation,
loss or gain of phosphorylation, altered
stability, coiled coil, DNA binding, gain of B-
factor and loss of catalytic site. Details of
each amino acid substitution, along with the
MutPred score, affected molecular
mechanisms, probability, and P-value, are
presented in Table 3.

Table 3. The effect of nsSNPs on structural & functional properties of EHBP1 predicted by

MutPred server

Amino acid MutPred Molecular mechanism Probability P- value
score

W35R 0.783 Loss of Strand 0.27 0.02
Altered Disordered interface 0.24 0.02
Altered Metal binding 0.23 0.04

D166G 0.837 Altered Coiled coil 0.37 0.01

S448F 0.667 Loss of GPI-anchor amidation at N444 0.04 7.1e-03
Loss of N-linked glycosylation at N444 0.01 0.04
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L449F 0.459 None None None
V456F 0.680 Altered Ordered interface 0.25 0.02
1465T 0.928 Altered Stability 0.52 1.6e-03
Altered DNA binding 0.34 1.2e-03
Altered ordered interface 0.28 0.04
Loss of strand 0.27 0.02
Loss of Allosteric site at F468 0.20 0.04
Altered Transmembrane protein 0.16 0.01
Altered Metal binding 0.10 0.05
Loss of N-linked glycosylation at N467 0.10 0.01
1465M 0.881 Altered DNA binding 0.31 2.0e-03
Altered Ordered interface 0.27 8.3e-03
Gain of Allosteric site at F468 0.21 0.03
Altered Transmembrane protein 0.16 0.01
Altered Metal binding 0.11 0.04
Loss of N-linked glycosylation at N467 0.10 0.01
N467S 0.811 Altered Metal binding 0.28 4.7e-03
Altered DNA binding 0.27 3.7e-03
Altered Ordered interface 0.25 0.02
Loss of Allosteric site at F468 0.21 0.03
Altered Transmembrane protein 0.18 7.4e-03
Altered Stability 0.15 0.02
Gain of Catalytic site at W472 0.11 0.03
Loss of N-linked glycosylation at N467 0.11 0.01
T4691 0.846 Altered Ordered interface 0.33 7.9¢-03
Altered DNA binding 0.32 1.6e-03
Gain of Strand 0.27 0.02
Altered Metal binding 0.26 0.01
Loss of Allosteric site at R473 0.25 0.01
Altered Transmembrane protein 0.22 3.0e-03
Loss of N-linked glycosylation at N467 0.11 0.01
Loss of Catalytic site at W472 0.10 0.04
T470A 0.752 Altered DNA binding 0.32 1.6e-03
Altered Ordered interface 0.30 0.02
Altered Metal binding 0.26 0.01
Altered Transmembrane protein 0.24 1.7e-03
Loss of Allosteric site at R473 0.23 0.02
Gain of N-linked glycosylation at N467 0.11 9.5e-03
Loss of Catalytic site at W472 0.10 0.04
G475C 0.933 Altered DNA binding 0.34 1.1e-03
Altered Metal binding 0.27 9.0e-03
Altered Ordered interface 0.25 0.02
Loss of Allosteric site at R473 0.24 0.02
Altered Transmembrane protein 0.23 2.0e-03
Loss of Catalytic site at W472 0.10 0.04
L476F 0.842 Altered DNA binding 0.29 4.0e-03
Loss of Helix 0.28 0.02
Altered Metal binding 0.26 0.01
Altered Ordered interface 0.25 0.02
Altered Transmembrane protein 0.23 2.3e-03
Gain of Allosteric site at R473 0.23 0.02
Loss of Catalytic site at W472 0.10 0.04
A480S 0.756 Altered Metal binding 0.32 0.01
Gain of Allosteric site at F485 0.27 6.0e-03
Altered Transmembrane protein 0.19 6.2e-03
1481M 0.747 Altered Metal binding 0.26 9.5e-03
Gain of Allosteric site at H483 0.26 7.6e-03
Altered Transmembrane protein 0.19 6.7e-03
H483Y 0.894 Altered Metal binding 0.78 5.8e-04
Altered Ordered interface 0.35 9.3e-04
Gain of Allosteric site at H483 0.24 0.02
Altered Transmembrane protein 0.13 0.02
H483R 0.919 Altered Metal binding 0.75 6.8¢-04
Gain of Allosteric site at H483 0.29 2.3e-03
Altered Transmembrane protein 0.13 0.02
L489S 0.629 Gain of Allosteric site at F485 0.25 0.01
Altered Transmembrane protein 0.18 7.8¢-03
Altered Stability 0.15 0.02
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Gain of Sulfation at Y492 0.02 0.03
Y492C 0.871 Altered Ordered interface 0.31 3.7¢-03
Gain of Helix 0.27 0.03
Loss of Loop 0.27 0.03
Altered Transmembrane protein 0.17 9.7¢-03
Loss of Sulfation at Y492 0.01 0.04
D509G 0.849 Loss of Allosteric site at Y508 0.25 0.02
Altered Transmembrane protein 0.11 0.04
AS12V 0.677 Gain of Allosteric site at Y508 0.28 3.9¢-03
Altered Transmembrane protein 0.10 0.04
1516T 0.895 Altered Stability 0.23 1.0e-02
Altered Transmembrane protein 0.11 0.03
P522T 0.822 Gain of helix 0.29 0.01
D524H 0.912 None None None
K533N 0.651 Gain of N-linked glycosylation at K533 0.02 0.03
Y539H 0.883 Altered Ordered interface 0.31 4.2e-03
Y539D 0.959 Altered Ordered interface 0.32 3.3e-03
Gain of Helix 0.27 0.04
R544S 0.807 Altered Ordered interface 0.26 0.02
H546R 0.829 None None None
R877P 0.745 Altered Disordered interface 0.48 3.2¢-03
Loss of Helix 0.31 4.0e-03
Gain of Loop 0.31 3.5e-03
Altered Coiled coil 0.27 0.02
Loss of ADP-ribosylation at R877 0.26 8.1e-03
Gain of Phosphorylation at S878 0.26 0.02
Loss of SUMOylation at K881 0.23 0.02
Gain of Ubiquitylation at K881 0.17 0.02
V880G 0.578 Gain of Loop 0.30 5.6e-03
Gain of B-factor 0.26 0.01
Loss of SUMOylation at K881 0.25 9.0e-03
Altered Disordered interface 0.24 0.03
Loss of Phosphorylation at S878 0.24 0.04
Loss of ADP-ribosylation at R877 0.20 0.04
Gain of Ubiquitylation at K881 0.16 0.04
L1136P 0.929 Altered Coiled coil 0.93 6.1e-04
Gain of Intrinsic disorder 0.32 0.03
Altered Disordered interface 0.20 0.04
Altered Stability 0.09 0.05
R1189C 0.896 Altered Disordered interface 0.61 1.4e-04
Loss of Intrinsic disorder 0.43 0.02
Loss of Ubiquitylation at K1188 0.22 3.3e-03
Evolutionary conservation of EHBP1  Furthermore, four variants were predicted as
protein buried among these, three (H483Y, H483R,

To check the evolutionary profile of the
EHBP1 variants, the selected nsSNPs were
subjected to the ConSurf web server. Among
32 selected variants, ConSurf predicted 12
variants as highly conserved and exposed
(W35R, D166G, N467S, T4691, T470A,
D509G, P522T, D524H, KS533N, HS546R,
R877P, R1189C). Additionally, 16 variants
were predicted as highly conserved and buried
(S448F, L449F, VA456F, 1465T, 1465M,
G475C, L476F, A480S, 1481M, A512V, I516T,
YS539H, Y539D, R544S, V880G, L1136P).

Y492C) were conserved, while one variant
was predicted to be variable (L489S) (Figure
3).

3D-Modelling of EHBP1 protein

The 3D structures of wild type and 32 mutant
EHBP1 protein variants were generated
through the I-TASSER tool, and Chimaera
1.11 were used for visualisation of the 3D
structures of EHBPI protein (Figure 4). I-
TASSER data was submitted to TM-align, and
RMSD score and TM-values were generated
for all 32 damaging nsSNPs (Table 4).
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Figure 3. Prediction of ConSurf tool
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Figure 4. 3D modelling of the wild-type and mutant (each of the 32 SNPs) EHBP1protein

Table 4. TM-Align and RMSD value of deleterious nsSNPs

Amino acids | TM Align RMSD AMINO TM Align RMSD
change ACID
W35R 0.24432 9.66 L489S 0.26562 8.85
D166G 0.22818 10.06 Y492C 0.87532 2.74
S448F 0.23203 10.22 D509G 0.27276 9.20
L449F 0.89150 293 AS512V 0.92010 2.87
V456F 0.23164 9.92 I1516T 0.22776 10.00
1465T 0.89655 2.83 P522T 0.87252 2.99
1465M 0.89540 2.94 D5S24H 0.28540 9.48
N467S 0.88430 2.81 K533N 0.27955 9.43
T4691 0.88971 3.12 YS539H 0.23522 10.01
T470A 0.23167 9.83 YS539D 0.28603 9.99
G475C 0.22563 9.61 R544S 0.91539 2.57
L476F 0.85869 2.86 H546R 0.78239 3.10
A480S 0.87714 2.73 R877P 0.26193 9.22
1481M 0.29648 9.22 V880G 0.86112 3.22
H483Y 0.89081 3.00 L1136P 0.88047 2.73
H483R 0.88536 2.78 R1189C 0.89398 243
Protein-Protein interaction of EHBP1 and an average node degree of 4.55.

STRING database was utilized to predict the Additionally, the PP1 enrichment p-value was
interaction of EHBP1 protein with other — 0-91e-05. Local clustering coefficient was
proteins. Results showed a complex network 0.853, which indicates the network is highly
of proteins comprised of 11 nodes, 25 edges, clustered (Figure 5)
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Figure 5. Protein —protein interaction of EHBP1 by STRING database

Gene-Gene interaction of EHBP1 gene

The GeneMANIA tool was used to predict the
EHBPI gene’s interaction with other genes.
Results showed EHBPI gene physically
interacts with KHDRBS2, RPAP2, SOAT 1,
RABI10, NDUFS1, EHBPILI1, ACAP2, EHD2,
PACSINI and [FT57. Additionally, its co-
expression with /P6KI, KHDRBS2, SOX5,
VPSS, RNF103, KLF12, FAM102B, FAM1024,
BMERBI, IFT57, EHD2, BPTF, EHBPILI,
NDUFS1 and RPAP2. Moreover, EHBPI gene
has genetic interaction with KLF12, RNF103,
VPSS, SOX5, KHDRBS2, [P6KI, IP6K3,
RPAP2, SOATI, RAB10, NDUFSI, ACAP2,
BPTE, EHD2, PACSINI, IFT57, BMERBI and
FAM1024. Lastly, the EHBPI gene was

shown to have common protein domains with
FAM102B,  FAM1024, BMERBI  and
EHBPILI (Figure 6).

Post-Translational Modification Sites

Prediction

The MusiteDeep web server was utilized to
predict the PTM sites in the EHBP1 protein.
Overall, 111 PTM sites were predicted,
among which 70 were predicted to be serine
phosphorylated, 13 were predicted to be
threonine phosphorylated, six were predicted
to be tyrosine phosphorylated, four were
predicted to be lysine methylated, and 18
were predicted to be lysine ubiquitinated
(Figure 7).
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Figure 6. EHBPI gene interaction with other genes by GeneMania

Ubiquitinated (Lysine)

86. 96, 112, 122, 232, 260, 352, 360,
442, 583, 835, 839, 982, 1047, 1068,
1141, 1188, 1201

Methylation (Lysine)

51. 139, 208, 763 Phosphorylation (Serine)

52,57, 106, 108, 117, 118,
126, 171, 174, 177, 221, 222,

Phesphorslation EOBP1 241, 243, 244, 245, 267, 286,
(Tyrosine) = et i 295, 302, 307, 336, 358, 359,
124, 304, 35, 373, PTM sites g
SOR 58§ 636, 638, 641, 649, 656, 664,

666, 698, 703, 710, 730, 742,

PhsphorsTatien 747,751, 757, 759, 767, 769,

(Threontn) . 781, 787, 854, 887, 900, 903,
’ \ 964, 966, 967, 976, 977, 983,
201,299, 316, 361, 1019, 1035, 1058, 1137
378,427, 630, 651.
694, 785, 846, 914,

939

Figure 7. Post-translational modification sites predicted by the MusiteDeep web server
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DISCUSSION

Multiple studies have reported an association
between EHBPI1 variants, most notably
rs721048, and an increased risk of prostate
cancer in Caucasian cohorts (Gudmundsson et
al., 2008; Lindstrom et al., 2011; Tsilidis et al.,
2012; Ao et al.,, 2015). Additional EHBP1
polymorphisms (e.g., rs10496099, rs2710642)
have also been linked to high LDL-C (low-
density lipoprotein cholesterol), indicating
pleiotropic roles for this gene (Liu et al.,
2022). Against this background, prioritizing
missense variants that are most likely to
perturb EHBP1 structure and function is an
essential first step toward clarifying potential
mechanisms of disease susceptibility.

Using a multi-tool pipeline (SIFT, SNPs&GO,
PolyPhen-2, PhD-SNP, and fathmm), we
systematically filtered 1,075 EHBP1 missense
variants down to 32 nsSNPs that were
consistently predicted as deleterious (Table 1).
This consensus approach reduces tool-specific
bias and increases confidence that the
shortlisted variants merit functional follow-up.
Notably, many of these substitutions map to
evolutionarily conserved positions, either
exposed or buried, per ConSurf, supporting
their potential structural and functional
importance (Ashkenazy et al., 2016).

Protein stability predictions were largely
concordant across I-Mutant and MUpro:
30/32 variants were predicted by I-Mutant to
decrease stability, with two (S448F and
K533N) predicted to increase stability,
whereas MUpro predicted reduced stability
for all 32 (Table 2). While algorithmic
differences can explain these minor
discrepancies, the predominant trend toward
destabilization suggests that altered EHBPI
folding/robustness may be a common
consequence of the prioritized variants.
MutPred analyses further indicate that these
nsSNPs could perturb multiple molecular
mechanisms, including ordered/disordered
interfaces, metal binding, allosteric sites,
secondary structure elements, glycosylation

and phosphorylation propensities, and
features relevant to membrane association (Li
et al., 2009). Notably, Y539D had the highest
MutPred score (0.959), while variants such as
G475C, L1136P, 1465T, H483R, R1189C,
I516T, and H483Y also scored highly, making
them strong candidates for experimental
interrogation. Complementing these
functional  predictions, = TM-align/RMSD
comparisons between wild-type and mutant
models highlighted substantial structural
deviations for S448F, D166G, Y539H and
I516T (RMSD = 10 A), consistent with a high
perturbation likelihood in localized regions
(Zhang & Skolnick, 2005; Zhang, 2008;
Pettersen et al., 2004).

Network-level analyses reinforce the potential
for broader pathway impacts. STRING
revealed a densely connected EHBP1 protein—
protein interaction (PPI) network with high
local clustering, while GeneMANIA indicated
physical interaction, co-expression, genetic
interaction, and shared domains with partners
including EHD2, RAB10, EHBPILI, and
others. Because EHBP1 coordinates endocytic
trafficking and actin cytoskeleton dynamics
(Gudmundsson et al., 2008; Rai et al., 2020),
variants that destabilize the protein or disrupt
interfaces could propagate to vesicular
transport, membrane remodeling, and
signaling pathways- biological processes
plausibly relevant to tumorigenesis and,
specifically, prostate-cancer risk (Wallis &
Nam, 2015; Liang et al., 2020; Ao et al.,
2015).

Finally, MusiteDeep predicted abundant and
diverse PTM  sites  (phosphorylation,
ubiquitination, methylation), suggesting that
EHBP1 function is likely modulated by
complex post-translational control (Wang et
al., 2020). Variants that alter PTM motifs or
local structure could alter post-translational
modifications and hence protein structures
and function.

Our findings are based on in-silico predictions
and homology-based models; they require
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experimental validation in appropriate cellular
and biochemical systems, and population-
based studies in diverse populations to test
associations with prostate cancer and related
traits. We also note that our structural
assessments used I-TASSER models rather
than experimentally determined EHBPI1
structures; thus, high-resolution structural
work would be valuable to refine variant
effect interpretations (Zhang, 2008; Pettersen
et al., 2004). Despite these limitations,
convergent evidence across conservation,
stability, structural deviation, and functional
prediction supports the biological relevance of
the 32 prioritized nsSNPs.

CONCLUSION

In summary, a consensus in-silico workflow
prioritized 32 EHBP1 nsSNPs with a high
likelihood of deleterious impact on protein
stability, structure, and function. Many lies at
conserved residues, displaying large predicted
structural deviations, and are implicated in
perturbing key molecular mechanisms and
interaction interfaces. Given EHBP1’s role in
processes tied to cancer biology, these
variants constitute strong candidates for
experimental validation and population-level
association testing.
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