MedDocs Publishers

4
MEDDOCS

Open Access Publisher

Annals of Endocrinology, Diabetes and Metabolism

Open Access | Mini-Review

Missense Mutations in Leptin (LEP): A
Bioinformatic in Computational Investigation of
Three-Dimensional Protein Structure and Function

Tiwuk Susantiningsih®?*; Silvia Tri Widyaningtyas®; Ani Retno Prijanti*; Novi Silvia Hardiany®; Fadilah®

1Doctoral Program of Biomedical Science, Faculty of Medicine, University of Indonesia, Jakarta, Indonesia, 10440.

2Department of Biochemistry Faculty of Medicine, Universitas Pembangunan Nasional Veteran Jakarta, Jakarta, Indonesia, 12450.

3Virology and Cancer Pathobiology Research Center, Faculty of Medicine, Universitas Indonesia/Cipto Mangunkusumo National

Central General Hospital, Jakarta, Indonesia, 10440

“Department of Biochemistry and Molecular Biology, Faculty of Medicine, University of Indonesia, Jakarta, Indonesia, 10440.

>Magister Program of Biomedical Science, Faculty of Medicine, University of Indonesia, Jakarta, Indonesia, 10440.

éDepartment of Medical Chemistry, Faculty of Medicine, University of Indonesia, Jakarta, Indonesia, 10440.

*Corresponding Author(s): Tiwuk Susantiningsih
Department of Biochemistry Faculty of Medicine,
Universitas Pembangunan Nasional Veteran Jakarta, JIn
RS Fatmawati No 1 Jakarta, 12450.

Tel: 021-7656971 & +6287884011953;

Email: tiwuksusantiningsih@gmail.com

Received: Sep 13, 2023

Accepted: Oct 04, 2023

Published Online: Oct 11, 2023

Journal: Annals of Endocrinology, Diabetes and Metabolism
Publisher: MedDocs Publishers LLC

Online edition: http://meddocsonline.org/

Copyright: © Susantiningsih T (2023). This Article is
distributed under the terms of Creative Commons
Attribution 4.0 International License

Keywords: Leptin; Missense mutation; Three-dimensional
protein structure.

i

Ann Endocrinol Diabetes Metab. 2023; 2(2): 1004.

Abstract

Introduction: A missense mutation arises when an amino
acid change results from a nucleotide point mutation. Not all
missense mutations result in significant protein modifications.
An amino acid can be replaced by another amino acid with very
similar chemical characteristics, allowing the protein product
to function appropriately. Amino acid changes can occur in sec-
tions of the protein that have no effect on the protein’s sec-
ondary-tertiary structure or function. A missense mutation can
also create alterations in a protein’s three-dimensional struc-
ture, rendering it non-functional.

Methods: Through a bioinformatic in computational investi-
gation research of the three-dimensional protein structure and
function of leptin protein completed in July 2023. This research
analyze the missense mutation in the leptin (LEP) gene to the
impact of leptin (LEP) mutations on protein structural change.

Results: We start with NCBI Web to locate the mutation in
the Leptin gene, then move on to a variety of restriction en-
zymes for PCR-RFLP (Polymerase Chain Reaction Restriction
Fragment Length Polymorphism) study, secondary structure
modeling with Phyre2, and protein localization analysis with
Uniprot. Using IP 2.0 to analyze signal peptides, TMHMM trans-
membrane proteins, and the Swiss model to analyze three-di-
mensional structures. Conclusion: Leptin missense mutations
at the position in the 100th base where D changes to Y could
be analyzed with the PCR-RFLP method using the Aval enzyme
on Leptin WT cut at 3 sites and Leptin MT cut at 4 sites. Leptin’s
missense mutation at the 100th base changes from D to Y,
resulting in the three-dimensional protein structure change.
Leptin was still expressed in the cell, but it cannot bind to the

leptin receptor, and leptin cannot work.
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Introduction

Leptin is one of the adipokine members encoded by the LEP
gene. The LEP gene encodes a non-glycosylated protein with a
molecular weight of 16 kDa. Leptin is produced by various cells,
such as adipocytes, skeletal muscle cells, the intestines, the
brain, joint tissues, and bone tissues. Leptin is released into the
blood circulation with central and peripheral effects and acts
physiologically if it binds to the leptin receptor (LEPR) [1]. Leptin
has a central role in appetite control and weight regulation ho-
meostasis by inducing anorexigenic factors and suppressing
orexigenic neuropeptides in the hypothalamus [2]. Leptin is
known as the key sensor in the interconnected processes of en-
ergy metabolism and immune system regulation [3]. Leptin can
reduce glucose uptake by enterocytes and subsequently exert
an inhibitory effect on glucose absorption in the gut [4,5].

A missense mutation occurs in an amino acid change arising
from a point mutation in a nucleotide. The type of non-synony-
mous substitution in the DNA sequence Not all missense muta-
tions cause significant changes to the protein. An amino acid
can be replaced by another amino acid with very similar chemi-
cal properties, so the protein product can normally function.
Amino acid substitutions can occur in regions of the protein
that do not significantly affect the secondary-tertiary structure
and function of the protein [1]. A missense mutation can also
cause changes in the three-dimensional structure of a protein
that render it non-functional. This research will discuss the mis-
sense mutation in the leptin (LEP) gene through a bioinformatic
in computational investigation of the three-dimensional protein
structure and function of the leptin protein.

Bioinformatic computational investigation methods

This Bioinformatic computational investigation study was
conducted in July 2023, using HP ENVY x360 13-ag0023AU amd
ryzen 7 2700 8gb 1tb win 13", 8GB Memory RAM, 64-bit op-
erating system, x64-based processor was to determine the ef-
fect of leptin (LEP) mutations on protein structure alteration.
We found the mutation position in the Leptin gene on the NCBI
web https://www.ncbi.nlm.nih.gov/. Selection of restriction
enzymes for PCR-RFLP (Polymerase Chain Reaction Restric-
tion Fragment Length Polymorphism) analysis using https://
nc2.neb.com/NEBcutter2/. Secondary structure modeling with
Phyre2 at http://www.sbg.bio.ic.ac.uk/~phyre2/html/page.
cgi?id=index. Analyzing Protein location with Uniprot at https://
www.uniprot.org/uniprot. Analyzing Signal peptide with IP 2.0
at  http://www.cbs.dtu.dk/services/SignalP-2.0/#submission.
Analyzing TMHMM Transmembrane Protein at http://www.cbs.
dtu.dk/services/TMHMM/. Analyzing three-dimentional pro-
tein structure with Swiss model at https://swissmodel.expasy.
org/. Visualization of three-dimentional protein structures and
their interactions with Pymol analysis at http://pymol.org/aca-
demic.

Results & Discussion

Leptin was derived from the LEP gene located on chromo-
some 7%, with 167 amino acids [1,2]. Leptin function was highly
conserved in all mammalian and non-mammalian leptins due to
the presence of a tertiary three-dimensional protein structure
that allowed for the formation of the disulfide bridges. Leptin
was produced and secreted primarily from adipose tissue into
the circulation [4]. Circulating leptin levels reflected the abun-
dance of adipose tissue and the status of energy storage in the
brain [3]. The expression of leptin and its amount in circulation

showed fluctuations in circadian rhythms and also changed
with the state of a person’s nutritional status. Fasting conditions
could reduce circulating leptin levels, while eating, satiety, and
obesity could increase leptin levels [6,7].

From the NCBI data at http://www.ncbi.nlm.nih.gov/
gene/3952, the LEP gene was located on chromosome 7q32.1.
This gene encoded a protein that was secreted by white adi-
pocyte cells into the blood circulation. Leptin circulated in the
blood binded to the leptin receptors in the brain, which activate
downstream signaling pathways that inhibit eating and increase
energy expenditure [1]. Mutations in the LEP gene and its regu-
latory regions lead to severe obesity and obesity morbidity with
hypogonadism in human patients [4,7].

A case study reported that the presence of a leptin mutation
could lead to the absence of leptin in the circulation and cause
extreme obesity, with early onset due to a novel homozygous
transversion (c.298G - T) in the LEP gene, leading to a change
from the amino acid aspartic acid to the amino acid tyrosine at
position 100 (p.D100Y) (4). The data obtained from dbSNP indi-
cated that the chromosome position in 128254557, with dbSNP
code rs724159998, had a missense mutation in codon D (Asp)
to Y (Asn) at position 100™, see Figure 1.

RFLP enzyme analyzed using Nebcutter on wild type (WT)
and mutant leptin (MT) from http://nc2.neb.com/NEBcutter2/,
see Figure S1.

From the restriction enzymes, we could analyze them based
on the location of the mutation and the enzyme that cut in the
sequence. The Aval enzyme was determined to be a restriction
enzyme, whereas in Leptin WT, it will cut at three locations into
four fragments. In the Leptin MT, it would be cut at 2 locations
into 3 fragments that could be detected by 2% agarose gel elec-
trophoresis (see in Figure S2).

Position of 41 R, distance 2,6A
Position of 96 Q, distance 3,2A
Position of 97 |, distance 3,2 A
Position of 103 N, distance 2,9 A

Position of 41 R, distance 2,9 A
Position of 96 Q, distance 3,1A
Position of 97 |, distance 3,3 A
Position of 103 N, distance 2,9 A

Leptin MT
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Figure 1: The three-dimentional structure analysis using Pymol.
At the 100th base position, D changes to Y. There are changes in
the position and distance between bases that cause changes in the
three-dimensionality structure of the protein.
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Based on the analysis using NEB cutter software, the Aval
restriction enzyme was chosen to be used for the PCR-RFLP
method. Visualization results using 2% agarose gel electropho-
resis for RFLP of the Leptin WT gene using the Aval restriction
enzyme would obtain four fragment cuts at 1198 bp, 1442 bp,
1884 bp, and 2059 bp. Meanwhile, RFLP of the Leptin MT gene
using the Aval enzyme would cut at 2 points, resulting in 3 frag-
ment pieces at 170 bp, 1198 bp, and 2059 bp. Fragments below
100 pb were generally not identifiable. However, the difference
in Leptin WT fragments that appear at 170 bp was enough to
distinguish if there was a mutation of the Leptin MT gene. From
this data, it was known that the PCR-RFLP performed can be
used to detect leptin MT at the 170 bp position.

In humans, leptin consists of 167 amino acids with a long pro-
tein and a hydrophobic rounded fold with four helices. Leptin
binded to a membrane protein receptor (LEPR), which consists
of four cytokine receptor homologous domains (CRH). CRH had
an Ig-like domain, a transmembrane segment, and a C-terminal
cytoplasmic domain. Several shorter isoforms were found with
multiple domains. Preliminary data on the identification of the
leptin-binding domain of LEPR suggests amino acids at positions
323-640 in binding, consisting of an Immunoglobin-like domain
and a second CRH (CRH2). The binding of the leptin protein to
the LEPR would induce intracellular signal transduction via the
JAK/STAT pathway through the phosphorylation of Tyr986 and
Tyr1141 of the LEPR [8].

From the NCBI data, the nucleotide sequence data for Leptin
was:

1-50 MHWGTLCGFLWLWPYLFYVQAVPIQKVQDDTKTLIK-
TIVTRINDISHTQS

51-100 VSSKQKVTGLDFIPGLHPILTLSKMDQTLAVYQ-
QILTSMPSRNVIQISND

101-150 LENLRDLLHVLAFSKSCHLPWASGLETLDSLGGVLEAS-
GYSTEVVALSRL

151-167 QGSLQDMLWQLDLSPGC

The location of the LEP gene mutation in rs724159998 at po-
sition 128254557, that there was a change of base D to Y at
position 100, so that the Leptin nucleotide sequence becomes:

1-50 MHWGTLCGFLWLWPYLFYVQAVPIQKVQDDTKTLIK-
TIVTRINDISHTQS

51-100 VSSKQKVTGLDFIPGLHPILTLSKMDQTLAVYQ-
QILTSMPSRNVIQISNY

101-150 LENLRDLLHVLAFSKSCHLPWASGLETLDSLGGVLEAS-
GYSTEVVALSRL

151-167 QGSLQDMLWQLDLSPGC

The protein structure analysis was performed from UniProt:
https://www.uniprot.org/uniprot/P41159. The signal peptide
was found in proteins that were targeted to the endoplasmic
reticulum and eventually destined to be secreted/extracellular/
periplasmic/and others. Leptin was retained in the lumen of the
endoplasmic reticulum, lysosomes, or other organelles along
the secretory pathway or becomes a single-pass membrane
protein [9]. The signal sequence was usually eliminated in the
mature protein. Leptin was secreted into the bloodstream by
adipocytes and its required for the maintenance of energy and
body weight homeostasis. Leptin controled energy balance and
body weight mainly by targeting LEPR-expressing neurons in the

brain, especially in the hypothalamus. Signal Peptide Prediction
at  www.cbs.dtu.dk/services/SignalP-2.0/#submission. Signal
Peptide IP.5.0 showed the final fate of the Leptin protein in the
extracellular with a likelihood: 0.9654, showing that the leptin
protein passes through the transmembrane and in the extracel-
lular (Figure S3). Transmembrane a-helix prediction using

www.cbs.dtu.dk/services/TMHMM/TMHMM. This web
showed that the leptin protein was not transmembrane, see in
Figure S4.

The three-dimensional protein structure predicts protein us-
ing SwissModel Expasy with https://www.expasy.org/search/
leptin. The three-dimensional structure of Leptin WT and Leptin
MT was obtained in Figure S5.

Phyre2 analysis, about the percentage of alpha helix and
beta strand of Leptin WT and Leptin MT Protein, see in Figure S6

The three-dimentional structure analysis of Leptin WT and
Leptin MT Proteins with Pymol.

In the three-dimensional structure in Phymol analysis at
http://pymol.org/academic turns out that in three-dimentional
structure were change in the three-dimentional structure of the
protein, Figure 2.

Figure 2: The three-dimensional protein structure view using
Phymol, there are changes in the position and distance between
bases that cause changes in the three-dimensionality structure of
the protein.

A case of congenital leptin deficiency has been characterized
by the absence of leptin expression or an absence of leptin in
the circulating blood [4,7,10]. The mutant leptin protein was se-
creted but did not bind or activated the leptin receptor (LEPR)
[4]. The mutant protein failed to reduce food intake and body
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weight in leptin deficiency. A congenital leptin deficiency has
been characterized by the presence of undetectable or very low
leptin levels as a result of defects in either leptin synthesis or
secretion [4]. Extreme obesity which early due to a novel muta-
tion in the leptin gene, was accompanied by the production and
secretion of a mutant protein that was biologically inactive. This
was due to a missense mutation at position 100 from D to Y,
which results in leptin deficiency and the early onset of extreme
obesity [4].

Using bioinformatic computaional investigation methods re-
garding the three-dimentional structure and function of Leptin
missense mutations, on the Pymol web, it could be seen that
the three-dimentional protein structure of the leptin in leptin
mutants has changed which causes a change in the leptin func-
tion, see in Figure S7, display of Leptin WT and Leptin MT pro-
teins with their full structures. Leptin was still be expressed in
the cell but when it’s in the blood circulation, leptin cannot bind
to the leptin receptor, due to the three-dimentional protein
structure change, finally, the function of leptin cannot work.

the limitation of our research was not using electrophoresis
laboratory to determine leptin protein fragments.

Conclusion

Leptin missense mutations at the position in the 100" base
where D changes to Y can be analyzed with the PCR-RFLP meth-
od using the Aval enzyme on Leptin WT cut at 3 sites and Leptin
MT cut at 4 sites. Leptin's missense mutation at the 100™ base
changes from D to Y, resulting in the three-dimensional protein
structure change. Leptin was still expressed in the cell, but it
cannot bind to the leptin receptor, and leptin cannot work.

Conflict of interest: None declared.

Data availability: All data generated and analysed in this ar-
ticle and Supplementary files.
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