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ABSTRACT

Hyperthyroidism is a common endocrine disorder, the complications of untreated disease include
hypertension, osteoporosis and cardiovascular system. There are many anti - thyroid drugs but
the main shortcoming is that the hyperthyroidism often comes back after they are discontinued.
That’s why it still needs attention for more effective treatments. The aim of the present work was
to present an outline of the structural and functional aspects of protein responsible for
hyperthyroidism from Homo sapiens. First, the genes responsible for hyperthyroidism were
identified and investigated through different computational tools and servers to exploit its
functional analysis, phylogenetic assessment, 3D structural modelling and quality analysis of the
generated 3D model. The 3D structure of all the selected proteins those structures were not
present in PDB database, were generated. Further, protein-protein interaction analysis was also
performed to observe the functional involvement of these proteins in metabolic pathway. The
docking study was performed against all proteins which were having maximum involvement in
metabolic pathways. Thus, the present work may facilitate in-vitro and in-vivo studies to design
novel and potential inhibitors against hyperthyroidism.
Keywords: Endocrine disorder, metabolic pathway, phylogenetic analysis, 3D structural

modelling
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1. INTRODUCTION
Hyperthyroidism in human is a state in which
thyroid gland produces thyroid hormones in
excess due to its over activity and circulates
them in blood. The thyroid gland is a
butterfly-shaped gland places in the anterior
portion of the neck just below the adams
apple [1-3]. The thyroid gland wraps around
the trachea. It consists of two lobes
connected by an isthmus [4]. The thyroid
gland secretes thyroid hormones, thyroxine
(T4), triiodothyronine (T3) and calcitonin,
which help to regulate the human body
metabolism and effects many processes like
growth [2]. The thyroid hormones that
majorly involved in metabolic processes are
T3 and T4 [3]. Usually the common cause of
hyperthyroidism is Graves’ disease with
female preponderance. Problems linked with
hyperthyroidism comprise  hypertension,
osteoporosis, atrial fibrillation, effect on
heart and cardiovascular system [5, 6]. It is
observed that it affects more females in
comparison to males [7]. Thyroid disease
follows the autoimmune mechanism which is
the main cause of this gender-specificity also
[8]. There are three treatment options — anti
thyroid medications, radioablation and
surgery. Each of these modalities has its own
and demerits.

merits Heavy dose of

antithyroid drugs give the immediate

treatment to the patient suffering from
thyroid diseases [3]. Ever since the
introduction of anti-thyroid drugs, till date
these have been the first line treatment
options. The main shortcoming of these
drugs is that the underlying hyperthyroidism
often comes back after they are discontinued.
That’s why it still needs attention for more
effective treatments.

In the current study, we performed a
computational and protein — protein
interaction network analysis approach for
unveiling the proteins involved in
hyperthyroidism. In our study, the first step
was to identify the proteins responsible for
hyperthyroidism. Next, structural analysis
was performed to reveal the 3D structure of
all the selected proteins.  Further,
phylogenetic analysis was performed for all
the genes related to hyperthyroidism.
Significant protein-coding genes responsible
for hyperthyroidism were found out through
microarray data analysis. STRING database
was used to identify protein interaction
network of the selected genes. KEGG
Pathway studies was performed to predict the
associations of the protein sequences. The
docking of selected protein related to
hyperthyroidism and involved in metabolic

pathways was performed against anti thyroid
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drugs selected from literature [9]. Thus, this
study will provide an insight into the various
dimensions of hyperthyroidism which will
help the readers to -effectively use the
information for their research endeavors.
2. MATERIAL AND METHODS

A schematic  representation of the
methodology is showing in Figure 1. All the
genes related to hyperthyroidism were
identified from NCBI [10] and UniProt
database [11] and their protein sequences,
Uniprot ID and the accession number was
also retrieved and recorded. Chromosomal
location of these genes was observed from
the Ensembl database [12]. 3D structure of
all the selected genes related to
hyperthyroidism were searched in Protein
Data Bank [13]. Proteins those structures
were not presented in PDB were modelled by
swiss model workspace [14] and evaluated
by Ramachandran Plot Analysis (Rampage)
[15]. The phylogenetic tree of all the selected
genes was constructed by MEGA X [16]
based on neighbor-joining method. Next,
Protein interaction network analysis of the
selected genes responsible for

hyperthyroidism and physically interact with

each other to accomplish cellular functions,

such as metabolism, cell cycle control, and
signal transduction was performed by using
STRING database [17, 18]. The analysis has
been performed for identifying key proteins
utmost  metabolic  functional
KEGG pathway

database [19, 20] was used to predict the

having
associations. analysis

pathway associations of the protein

sequences. Microarray ~ analysis  of
Hyperthyroidism dataset was performed by
Gene Expression Omnibus (GEO) [21]. The
obtained from GEO  for

hyperthyroidism was GSE71956 (dataset for

dataset

Grave’s disease).R programming has been
used to analyze and graphically visualization
of the datasets. It is publicly available
software environment which runs on
operating systems like windows, UNIX and
Mac [22]. The docking of selected proteins
related to hyperthyroidism and involved in
metabolic pathways were done by Swissdock
[23]. The drugs available for the treatment of
hyperthyroidism were identified from
drugbank [24]. The chemical structures of
receptor and ligand were automatically
retrieved by Swissdock from Zinc database
[25]. The docking results were obtained in

terms of energy Kcal/mol.
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Identification and Collection of genes related to Hyperthyroidism

l

Homology based 3D Structure Prediction

l

Phylogenetic analysis of the selected gene

l

Protein-Protein interaction and Pathway association

l

Microarray analysis of genes related to Hyperthyroidism

l

Structure based Molecular Docking

Figure 1: A schematic representation of the methodology

3. RESULTS AND DISCUSSIONS
Identification and collection of genes
related to hyperthyroidism
In total 20 genes were selected from protein
sequence databases. Their accession number
and protein sequences in fasta format
(Supplementary file 1) were retrieved from
UniProt and NCBI database. The
chromosomal location of the selected genes
was retrieved from Ensembl database (Table
1).

Tertiary structure prediction
All selected genes were searched for their
existing 3-dimensional structure in PDB

database and recorded with their PDB ID in

Table 1. The genes, those structures were
not reported in PDB database were modelled
using swiss model workspace. The 3D
structure of total 9 genes out of 20 selected
genes, were modelled and represented in
Table 2. The generated structures were
evaluated by Rampage (Table 3). It has been
observed that 3-D model structure of protein
sequence B7U540 has shown best sequence
identity w.r.t its template and favored region
was 97.6% after validation.

Phylogenetic analysis

Phylogenetic analysis was performed for all
the selected proteins referring genes related

to hyperthyroidism. A phylogenetic tree was
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constructed for all the selected 20 proteins
through neighbor-joining method using
MEGA X. The resulting tree represents the
ancestral relationship among all the genes
and infer their evolutionary history (Figure
2). The tree divided the sequences into two
major clusters, these clusters were again
divided into sub-clusters. The analysis
revealed that all the genes responsible for
hyperthyroidism had originated from a
common ancestor and during evolution
diverged further into subgroups.
Protein-protein interaction and pathway
association

Functional associations between selected
genes responsible for hyperthyroidism have
been predicted by STRING database (Figure
3). The network forms interactions between
nodes representing genes. Out of all the
selected proteins 6 proteins named THRB,
TSHR, TG, FCRL3, CTLA4 and SLCOICI1
are showing interactions. The color
difference in the interaction lines of the string
network represent different indications. The
yellow line indicates text-mining, the red line
represents the occurrence of fusion and light
blue line indicates database. Proteins
AZGP1, LMODI, GPR174 and LHPP do not
have any interaction with the other proteins.

Proteins KCNJ18 and CACNAIS also have

interactions with each other.

KEGG  Automatic
(KAAS) was used to identify the pathway

Annotation  Server
association for all the 20 selected genes
responsible for hyperthyroidism. The results
revealed that out of 20 selected sequences 7
protein sequences associated with 88 KEGG
pathways. The complete list of pathways is
given in Supplementary file 2. Proteins
involved in metabolic pathways were further
used for docking studies.

Microarray analysis of genes

Microarray analysis of hyperthyroidism
dataset was performed by GEO. The dataset
obtained from GEO for hyperthyroidism was
GSE71956 which include both the test and
the control samples. There were total 49
samples out of which 31 samples were from
patients having Grave’s disease and rest were
from healthy human sample. R programming
has been used to analyze and graphically
visualization of the datasets. Figure 4 shows
the BoxPlot
dataset GSE71956. The statistical analysis of

analysis of  gene

hyperthyroidism dataset retrieved from GEO
provides an in-sight into genes responsible
for grave’s disease.

Docking Analysis

Proteins related to hyperthyroidism and
involved in metabolic pathways were used
for docking studies (Supplementary file 2).

Hence, docking of six protein sequences
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(P16473,

pathways
carbimazole,
propylthiouracil (Table 4). As the structure

of protein P01266 was not available in

Q13698,

of human against

P63092,

methimazole

Q9H008.2,
P16410.3, P10828.2) involved in metabolic
the drugs

and

protein databank and the modeled structure

Table 1: List of genes related to hyperthy

the

drug propylthiouracil

through Swiss model workspace was also not
showing good level of confidence, so did not
consider for docking. The docking results
showed minimum binding energy -7.70
Kcal/mol between the protein THRB against
(Figure 5).

roidism with UNIPROT/NCBI-ID, PDB-ID and chromosomal locations

S. No. Uniprot ID/ Gene name Protein name Chromosomal location Organism PDB ID
Accession No.
1 P16473 TSHR Thyrotropin receptor Chromosome 14:80954989- Homo sapiens 2XWT
81146302
2 B7U540 KCNJ18 Inward rectifier Chromosome 17:21692523- Homo sapiens -
potassium channel 18 21704612
3 Q13698 CACNAI1S Voltage-dependent L- Chromosome 1:201039512- Homo sapiens 2VAY
type calcium channel 201112566
subunit alpha-1S
4 P01266 TG Thyroglobulin Chromosome 8: 132866958- | Homo sapiens -
133134903
5 P16410 CTLA4 Cytotoxic T- Chromosome 2: 203867786- | Homo sapiens 1AH1
lymphocyte protein 4 203873960
6 QI6P31 FCRL3 Fc receptor-like Chromosome 1: 157674321- | Homo sapiens -
protein 3 157700857
7 P63092 GNAS Guanine nucleotide- Chromosome 20: 588839712- | Homo sapiens 5G53
binding protein G(s) 58911192
subunit alpha
isoforms short
8 QIBXC1 GPR174 Probable G-protein Chromosome X: Homo sapiens -
coupled receptor 174 7914466379175315
9 P25311 AZGP1 Zinc-alpha-2- Chromosome 7: 99966720- Homo sapiens 3ES6
glycoprotein 99976042
10 QI9HO008 LHPP Phospholysine Chromosome 10: Homo sapiens 2XYD
phosphobhistidine 124461834124617888
inorganic
pyrophosphate
phosphatase
11 P16410.3 CTLA4 Cytotoxic T- Chromosome 2: Homo sapiens 1H6E
lymphocyte protein 4 203,867,77203,873965
12 P10828.2 THRB Thyroid hormone Chromosome 3: 24,117,153- | Homo sapiens 4701
receptor beta 24,495,756
13 NP_001018046 TSHR isoform | Thyrotropin receptor Chromosome 14: Homo sapiens | 2XWT
2 isoform 2 80,954,98981,146,302
14 QINYBS.1 SLCO1C1 Solute carrier organic Chromosome 12: Homo sapiens -
anion transporter 20,695,35520,753,386
family member 1C1
15 NP_001136098.1 TSHR isoform | Thyrotropin receptor Chromosome 14: Homo sapiens 2XWT
3 isoform 3 precursor 80,954,98981,146,302
16 NP_001176 AZGP1 Zinc-alpha-2- Chromosome 7: 99,966,720- | Homo sapiens 6R2U
glycoprotein 99,976,042
precursor
17 NP_001139416.1 SLCO1C1 Solute carrier organic | Chromosome 12: 20,695,355- | Homo sapiens -
Isoform 4 anion transporter 20,753,386
family member 1C1
isoform 4
953
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18 NP_001139417 SLCO1C1 Solute carrier organic | Chromosome 12: 20,695,355- | Homo sapiens -
Isoform 3 anion transporter 20,753,386
family member 1C1
isoform 3
19 NP_001139418 SLCO1C1 Solute carrier organic | Chromosome 12: 20,695,355- | Homo sapiens -
Isoform 1 anion transporter 20,753,386
family member 1C1
isoform 1
20 NP_036266.2 LMOD1 Leiomodin-1 Chromosome 1: 201,896,456- | Homo sapiens -

201,946,588

Table 2: Tertiary structure

rediction of proteins responsible for hyperthyroidism

Accession no. Template Sequence Sequence Structure
Identity Coverage
(%)
B7U540 3SPH.1.A 88.92 42-372
P01266 5YDJ.1.A 32.69 2197-2731
QI6P31 6IAA.1.A 22.04 107-564
QIBXC1 5UNG.1.A 28.52 16-307
QINYBS5.1 6E9C.1.A 16.63 44-649
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NP_001139416.1 6E9C.1.A 16.82 66-530
NP _001139417 6E9C.1.A 15.07 44-599
NP_001139418 6E9C.1.A 16.19 44-648
NP_036266.2 4RW1.1.b 50.23 317-600
o
’a) \—é J“

Table 3: Ramachandran plot analysis of hyperthyroidism protein sequences

Accession No. Rampage
Favoured region (%) Allowed region (%) Outlier region (%)

B7U540 97.6 1.8 0.6
P01266 91.0 6.6 24
Q96P31 90.1 6.8 31
Q9BXC1 95.9 24 1.7
QINYB5.1 84.1 10.3 5.6
NP_001139416.1 83.6 11.7 4.8
NP 001139417 86.8 7.9 5.2
NP _001139418 86.7 9.8 3.5
NP_036266.2 86.9 9.6 3.5
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| Cytotoxic T-lymphocyte protein 4(2)
! Cytotoxic T-lymphocyte protein 4

Fc receptor-like protein 3
 Zinc-alpha-2-glycoprotein

! Zinc-alpha-2-glycoprotein precursar

Guanine nucleotide-binding protein G(s) subunit alpha isoforms short

Phospholysine phosphohistidine inorganic pyrophosphate phosphatase

Leiomodin-1

Voltage-dependent L-type calcium channel subunit alpha-15

Thyroid hormone receptor beta

Inward rectifier potassium channel 18
Thyrotropin receptor isoform 3 precursor

Thyrotropin receptor
Thyrotropin receptor isoform 2

Thyroglobulin

Solute carrier organic anion transporter family member 1C1 isoform 4
. Probable G-protein coupled receptor 174

| Solute carrier organic anion transporter family member 1C1 isoform 3 Homo sapiens
[ Solute carrier organic anion transporter family member 1C1
Solute carrier organic anion transporter family member 1C1 isoform 1

Figure 2: Phylogenetic analysis of selected genes responsible for hyperthyroidism
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Figure 3: String analysis of selected genes responsible for hyperthyroidism
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GSE71956/GPL10558, selected samples
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Figure 4: Boxplot of dataset GSE71956
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Table 4: Docking results of Swissdock in terms of full fitness/AG Kcal/mol
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Figure 5: Docking of hyperthyroidism protein (P10828) with propylthiouracil
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4. CONCLUSION
Although  various  conventional  and
experimental therapies have been directed for
the treatment of hypothyroidism, but it often
comes back after they are discontinued.
Hence, an in-silico approach has been
applied to give an insight towards the
hormonal disease i.e. hyperthyroidism. In the
current research sequential, structural and
interactional aspects were included which
will facilitate the understanding of genes
responsible for hyperthyroidism. The
phylogenetic analysis revealed that all genes
related to the disease were originated from
the same ancestor. Further, docking results
showed the closest association between the
protein THRB and the drug propylthiouracil.
In conclusion, the present approach expedites
the computational study of endocrine
disorder which may be beneficial for
academic and industrial proposes after
experimental and validation studies.
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