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Summary. Obesity with a complex etiology is significantly correlated with mortality and morbidity and it
is becoming an epidemic through the worldwide. Moreover, obesity is a great risk factor for various diseases
such as cancer, diabetes, and chronic diseases. CTNNBL1 protein belongs to armadillocontaining protein
family and is a member of the spliceosome of pre-mRNA processing factor 19 (Prp19) through the interac-
tion with N-terminal sequence of CDCS5L. It has been reported that beta-catenin-like protein 1 is associated
with body fat mass and Body Mass Index (BMI). The underlying molecular mechanisms of obesity is needed
to be clarified by comprehensive studies. Therefore, we aimed to conduct an iz si/ico study to identify the ef-
fects of the high-risk nsSNPs of obesity-associated CTNNBL1 gene. Deleterious missense SNPs were ana-
lyzed through five different bioinformatic tools. Only eight missense SNPs were found to be deleterious and
further investigated for prediction their effects on protein stability, the evolutionary dynamics of the changes
of amino acids, PTMs sites, and structure conformation. Based on the web-based bioinformatic tools, we
demonstrated that only five nsSNPs R323W (rs141919968), R73Q (rs144576870), R458H (rs151227978),
P274H (rs200219582), and N299S (rs369990971) from eight CTNNBLI deleterious nsSNPs were signifi-
cant. No study conducted with these deleterious nsSNPs is reported in the literature. We suppose that the
predicted pathogenic nsSNPs may be implicated in the pathogenesis of obesity and confirmation of the re-
sults by population studies are required.
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Introduction

Obesity is a chronic and multifactorial disease
correlated with excessive body fat accumulation (1).
Obesity is a serious public health problem and asso-
ciated with various diseases such as cancer and car-
diovascular diseases. Various factors such as genetic
background, epigenetic modifications, diet, envi-
ronmental factors, and exercise are implicated in the
pathogenesis of obesity (2, 3). All social class and ages
are increasingly affected by obesity in the world (1).

Beta-catenin-like protein 1 (CTNNBL1) gene
is localized on the human chromosome 20q11.23 and
involves 16 exons and 15 introns. Beta-catenin-like
protein 1 is a nuclear protein with a highly conserved
properties among mammalians (4). CTNNBL1 pro-
tein belongs to armadillocontaining protein family and
is a member of the spliceosome of pre-mRNA pro-
cessing factor 19 (Prp19) through the interaction with
N-terminal sequence of CDC5L (5). Beta-catenin-
like protein 1 is a component of spliceosomal complex
and implicated in several biological processes such as
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antibody diversification, apoptosis, and regulation of
cell-cell adhesion (4). CTNNBLI gene is expressed in
all tissues of the human body, but especially higly ex-
pressed in skeletal muscle (significant for energy metab-
olism), thyroid, heart, testes, placenta, and spleen (6).

Beta-catenin-like protein 1 shares similar bio-
logical functions with beta-catenin that is a part of
the pathway of Wnt-signaling. The Wnt-signaling is
significantly involved in cellular proliferation, devel-
opment, and differentiation in various organisms. The
pathway of Wnt/b-catenin-signaling may inhibit the
gene expression associated with pre-adipocyte dif-
ferentiation (6, 7, 8). It has been reported that beta-
catenin-like protein 1 is associated with body fat mass
and Body Mass Index (BMI) (6). Genetic variants in
human C7TNNBLI gene was suggested to be associ-
ated with elevated body fat mass and obesity (9). In
a study conducted with Danish people, it was deter-
mined that C7TNNBLI gene variants were related to
height and body weight (10).

Obesity is increasingly affecting individuals in the
worldwide and the genetic determinants are needed to
be comprehensively elucidated in obesity. In the pre-
sent study, we aimed to investigate the pathogenic ef-
fects of missense variants in the CTNNBLI gene and
to determine the risk alleles for obesity.

Material and methods

The missense SNPs and associated protein se-
quence for the human CT'NNBLI gene were retrieved
from NCBI dbSNP database. Then, the missense

SNPs were subjected to numerous 7 si/ico analyses.
Analysis of functional non-synonymous SNPs

To predict and analyze the pathogenicity of hu-
man CTNNBLI nsSNPs, five bioinformatic programs
were used involving PANTHER-PSEP, PROVEAN,
PhD-SNP, SIFT, SNAP2.

PANTHER-PSEP predicts missense genetic
variants which can have causative effect on human
diseases. This freely available web tool estimates po-
tential deleterious or damaging nsSNPs according to
evolutionary conservation scores (11). PROVEAN

algorithmic program predicts the impacts of single or
multiple amino acid changes, deletions, and insertions.
It enables the rapid analysis for mouse and human
variants at protein and genetic levels (12). PhD-SNP
determines single point mutations as “disease” or “neu-
tral” based on support vector machines (SVMs) (13).
The Sorting Intolerant from Tolerant (SIFT) bioin-
formatic tool estimates the functional effects of ge-
netic variants in coding sequences on protein. This web
server that characterizes missense mutations is with
the cutoff score 0.05 and the variations with scores
> 0.05 are estimated to be pathogenic (14). SNAP2
web server categorizes missense mutations as “effec-
tive” and “neutral”. SNAP2 scores are in the range of
-100 (significantly neutral) and +100 (significantly
effective) (15).

Prediction of beta-catenin-like protein 1 stability

Beta-catenin-like protein 1 was subjected to
stability analysis by the use of I-Mutant 3.0 and
MUpro. I-Mutant 3.0 estimates the effects of single
nucleotide polymorphisms on protein stability based
on SVMs. Stability prediction is performed based
on protein primary structure and associated with
free energy change value (AAG). The more negative
AAG value is correlated with more decreased protein
stability in mutant model (16). MUpro that is based
on Neural Networks and Support Vector Machines
predicts how mutation affects protein stability with
the confidence score in the range of -1 and +1. The
calculated score > 0 demonstrates increased protein
stability, whereas the score < 0 shows the decreased

stability (17).
Ewolutionary conservation prediction

The ConSurf web server was used to evaluate
the evolutionary rates of amino acids in human beta-
catenin-like protein 1. The widely used prediction tool
determines the evolutionary dynamics of the changes
of amino acids according to the phylogenetic associa-
tions. ConSurf calculates the conservation scores of
each amino acid. The amino acid residues with the
conservation scores in the range of 7 and 9 indicate
evolutionary conservative ones (18).
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Post-translational modification prediction by MusiteDeep

MusiteDeep was used to determine the post-
translational modification (PTM) sites in human
beta-catenin-like protein 1. The online tool provides
the visualization and prediction of PTM regions in
protein based on protein sequence (19).

Amino acid substitution modeling by Project
HOPE software

The HOPE software determines the impacts of
point mutations on protein function and conformation
of structure. This software enables to predict the effects
of wild-type and mutant amino acids on 3D-structure

of protein through modeling (20).

Results

Total 39935 SNPs in the human CTNNBLI1 gene
were reported in the NCBI dbSNP database. Among
these SNPs, 165 were synonymous SNPs and 325
were missense SNPs. Pathogenic nsSNPs may affect
the human beta-catenin-like protein 1 structurally and
functionally therefore, the 325 missense SNPs were
exported for our further investigation.

Five different algorithmic programs were used for
the structural and functional evaluation of missense
SNPs. While one bioinformatic tool calls some mis-
sense SNPs as neutral, another program may deter-
mine them as deleterious. The results retrieved from
these bioinformatic tools are seen in Table 1. 8 mis-
sense SNPs out of 325 which were predicted as delete-
rious by at least 4 algorithmic tools are: rs141919968

(R323W), rs144576870 (R73Q), rs151227978
(R458H), 15200219582 (P274H), 1rs200874158
(K365N), 1rs369990971 (N299S), rs370193565

(N299S), and rs370578340 (R202W).

These 8 nsSNPs were further investigated for the
prediction of the effects on protein stability through
I-Mutant 3.0 and MUpro and the results are shown
in Table 2. It was determined that these missense
SNPs decrease or increase the stability of human

beta-catenin-like protein 1. Based on the findings
of the servers, nsSNPs 15141919968, rs144576870,

rs151227978, rs200219582, rs200874158,
rs369990971, 1370193565, and 1s370578340 had
a DDG value < -0.05 and it was demonstrated that
these nsSNPs are significantly unstable and lead to de-
creased beta-catenin-like protein 1 stability.

The amino acids that are located at particular po-
sitions in protein sequence and vital for the accurate
function of a protein alter more slowly compared to
the other residues and these amino acids are called
as “evolutionarily conserved”. Moreover, it is known
that damaging mutations occur more frequently in
conserved regions of a protein (21). The 8 nsSNPs
analyzed by ConSurf predicted that R323W, R73Q,
R458H, P274H, and N299S were highly conserved
and these residues are determined as functional resi-
dues. The results of ConSurf web server is seen in
Figure 1.

Post-translational ~ modifications
acetylation,

(methyla-
tion, glycosylation, phosphorylation,
SUMOylation, ubiquitination, hydroxylation, pal-
mitoylation, pyrrolidone carboxylic acid)mediated by
missense SNPs were identified using MusiteDeep
web tool. According to MusiteDeep, no PTMs were
predicted at residues associated with deleterious muta-
tions, and the findings are shown in Table 3, Figure 2,
and Figure 3.

Amino acids have special physicochemical char-
acteristics such as charge, molecular weight, and hy-
drophobicity value. It was shown that some of these
properties differed between mutant and wild-type
amino acids by Project HOPE software and these
findings are given in Table 4. Furthermore, 3D-
modeling of CTNNBL1 based on the selected high-

risk deleterious nsSNPs are shown in Table 5.

Discussion

Obesity with a complex etiology is significantly
correlated with mortality and morbidity and it is be-
coming an epidemic through the worldwide. Further-
more, obesity is a great risk factor for various diseases
such as cancer, diabetes, and chronic diseases. Therefore,
obesity management is crucial for public health (22).
In this regard, the underlying molecular mechanisms
of obesity is needed to be clarified by comprehensive
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Table 2. The results of protein stability prediction by I-Mutant and MUpro
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rs141919968 R323W Decrease 3 Decrease -0.6614823
15144576870 R73Q Decrease 9 Decrease -0.84201248
15151227978 R458H Decrease 9 Decrease -1,26
15200219582 P274H Decrease 6 Decrease -1,27
15200874158 K365N Decrease 1 Decrease -1,06
1s369990971 N299S Decrease 3 Decrease -1,41
15370193565 R517W Decrease 4 Decrease -0.57566807
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—— - Insufficient data - the calculation for this site was

Figure 1. Evolutionary conservancy of human CTNNBLI created by ConSurf server




6 Progress in Nutrition 2022; Vol. 24, N.1: €2022002

Table 3. Prediction of post-translational modifications at residues caused by high-risk nsSNPs

SNP ID Amino acid change PTM scores (Cutoff=0.5) Prediction
rs141919968 R323W Methylarginine:0.034 None
rs144576870 R73Q Methylarginine:0.024 None
rs151227978 R458H Methylarginine:0.016 None
rs200219582 P274H Hydroxyproline:0.05 None

Ubiquitination:0.18; SUMOylation:0.046; N6-acetyllysine:0.165;
rs200874158 K365N Methyllysine:0.057; Hydroxylysine:0.046 None
rs369990971 N299S N-linked glycosylation:0.036 None
rs370193565 R517W Methylarginine:0.039 None
1370578340 R202W Methylarginine:0.022 None

-

Figure 2. Predicted post-translational modification sites in 3D structure of CTNNBL1 generated
by MusiteDeep
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Figure 3. Predicted post-translational modification sites shown in CTNNBL1 primary structure. P: Phosphorylation; gl: Glycosyla-
tion; ub: Ubiquitination; su: SUMOylation; ac: Acetylation; me: Methylation; pe: Pyrrolidone carboxylic acid

Table 4. The characteristics of mutant and wild-type amino acids retrieved from Project HOPE modeling

SNP ID Amino Acid Mutant Amino Acids Wild-type Amino Acids
Change Charge Size | Hydrophobicity Charge Size Hydrophobicity

rs141919968 R323W Neutral > > Positive < <
15144576870 R73Q Neutral < Positive >
1rs151227978 R458H Neutral < Positive >
1rs200219582 P274H > < < >
rs200874158 K365N Neutral < Positive >
1369990971 N299S < > > <
rs370193565 R517W Neutral > > Positive < <
1rs370578340 R202W Neutral > > Positive < <
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studies. Therefore, it was aimed to conduct an 7 si/ico
study to identify the effects of the high-risk nsSNPs of
obesity-associated CTINNBLI gene.

Protein stability is vital for structure and correct
function of proteins. Protein stability directly affects 3D-
structure of proteins and consequently designates their
functions. Protein stability changes can lead to protein
misfolding, aggregation, and degradation. Moreover,
phylogenetic conservation in a protein sequence is cru-
cial to determine the negative effects of a point mutation
(23). Post-translational modification that occurs after
translation is a chemical modification and contributes to
the maturation of protein by structurally and function-
ally. These PTMs such as phosphorylation and methyl-
ation are involved in numerous biological processes such
as localization of protein in cell, regulation of protein,
and interaction with biomolecules such as DNA, RNA,
and lipids. Furthermore, PTMs are significant for pro-
tein degradation, folding, and gene and protein expres-
sion (24). The disturbed PTMs by nsSNPs can modify
the protein structure and function and hence, they may
have the potential for being molecular marker candi-
dates (25). Our findings showed that rs141919968,
rs144576870,rs151227978, 15200219582, rs200874158,
1s369990971, rs370193565, and rs370578340 polymor-
phisms decreased the stability of beta-catenin-like pro-
tein 1. Our study revealed that R323W (rs141919968),
R73Q (1s144576870), R458H (1s151227978), P274H
(rs200219582), and N299S (rs369990971) were highly
conserved and these polymorphisms were damaging to
the human beta-catenin-like protein 1. Conversely, no
PTMs were determined at residues related with high-
risk deleterious nsSNPs.

Based on the web-based bioinformatic tools,
we demonstrated five remarkable nsSNPs R323W
(rs141919968), R73Q (rs144576870), R458H
(rs151227978), P274H (rs200219582), and N299S
(rs369990971) from 8 CTNNBLI deleterious nsSNPs
to focus on since: a) the five missense SNPs were de-
termind to be damaging by at least by four methods;
b) these nsSNPs may cause to AAG < 0, eventually
induce protein stabiliy decrease; c) it was demonstrated
that these five nsSNPs were in highly conserved re-
gions; d structural modeling indicated that these four
nsSNPs may lead to alterations in hydrophobicity,
charge, and size of human beta-catenin-like protein 1.

To elucidate the effects of amino acid substitutions
on protein structure and cellular function is significant
for determination of the relationship between point mu-
tations and the pathogenesis of human diseases. nsSNPs
which result in residue alteration at critical sites in pro-
tein may cause several conformational cahnges such as
salt bridge cleavage, hydrogen bond disruption, distur-
bances in interaction network. These alterations may in-
duce protein destabilisation and aggregation and impact
protein folding kinetics. It is known that disturbances
in protein stability is the common result of disease-
associated mutations in various human diseases (26, 27).

Conclusion

SNPs that can be used as molecular markers may
be implicated in disease pathogenesis and may predict
treatment. In this regard, identification of deleterious
nsSNPs has importance to clarify the molecular mech-
anisms associated with human diseases. The current
study investigated the impact of functional nsSNPs in
obesity-associated C7NNBLI gene by computational
methods and only 5 nsSNPs were found to be high-risk
deleterious. No study conducted with these deleterious
nsSNPs is reported in the literature. This current study
enables a guideline for researchers to figure out the
roles of these high-risk nsSNPs in the pathogenesis of
obesity. This bioinformatics study provides a compre-
hensive perspective for genetics mechanism of obesity
caused by human C7NNBL1 gene mutations. Predic-
tion deleterious nsSNPs by multiple algorithmic web
tools may be advantageous in decreasing time and cost.
We suppose that the predicted pathogenic nsSNPs may
be implicated in the pathogenesis of obesity and confir-
mation of the results by population studies are required.

Conflicts of interest : The authors declare that they have no conflict
of interest
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