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Introduction
Iron, required as a trace element in living organisms, forms 

metallo protein in conjugation with different proteins.  However, 
excess iron in an aquatic ecosystem become toxic and acts as a 
catalyst in the Fenton reaction generating free radicals which 
are harmful to fishes. [1] Ferritin is the ubiquitous protein which 
stores in a nontoxic and reversible form and central to iron 
metabolism [2]. Thus, it has an important role in iron storage and 
detoxification [3, 4, 5]. Ferritin is structurally highly conserved 
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protein from bacteria to human which emphasize their biological 
importance [6]. It forms a hollow shell with a cavity of 80 A1 
diameters that can store up to 4,500 Fe (III) atoms as a biomineral.  
In eukaryotes, it consists of 24 protein subunits with molecular 
weight of 450 kDa [7, 8, 9]. In mammals, ferritin molecules of 
heavy (H) and light (L) chain subunits having molecular masses 
of 21 and 19 kDa. Heavy chains are important for Fe (II) oxidation, 
whereas Light chains assist in iron nucleation, mineralization, 
and long-term storage [9]. The Heavy and Light chain subunits co-
assemble in different ratios to form a protein shell of 24 subunits 
capable of acquiring iron atoms. Key features that differentiate 
di-Fe binding site in H chain that interacts the fourth helix oxygen 
and is responsible for the ferroxidase activity of the protein [10]. 
For example, H-chains are abundant in heart tissues that involved 
in a rapid exchange of iron [11]. The dual role of ferritin in sea 
bass, with functional involvement in both iron metabolism and 
immune response, was also reported by the researcher [12].

Ferritin heavy chain subunit with the variable sequence is 
generally used for determining phylogenetic relationships among 
different organisms. It is considered to be useful in determining 
relationships within families and genera. A Comparative analysis 
generates evolutionary relationship and new classification 
schemes. The vertebrates mitochondrial DNA are more 
polymorphic and more useful for the identification of species and 
can evolve faster in comparison to nuclear DNA [13].

The Medaka fish, scientific name  Oryzias latipes, is a small, 
bony, laying an egg in fresh water, native to Asian countries. It 
occurs, coastal waters having high adaptability and it collected 
in wide range especially from brackish, mangrove swamps, 
acidic freshwater, forest streams, canals, rice field, basins of 
rivers, pools, and oxbows [14]. The Medaka is a model organism 
used in the area of genomics, genetics, disease model, sex 
determination, reproduction and evolution. In present study, the 
structural model, protein-protein interaction and physicochemical 
properties of ferritin H chain protein sequence (accession number 
XP_020569048.2.) of  Oryzias latipes were analyzed to determine 
the structural and functional role in Fishes.
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Material and Methods
Sequence retrieval

The amino acid sequence of Ferritin heavy subunit of model 
fish  Oryzias latipes was retrieved from National Center for 
Biotechnology Information (NCBI) database having the accession 
number XP_020569048.2. It was verified by peptide search in the 
UniProt KB and found entry no. H2LMW5.

Physicochemical properties and Secondary structure 
prediction

The physicochemical properties including molecular weight, 
theoretical pI, the % of the amino acid composition, total number 
of residue in negative and positive form, extinction coefficient, 
estimated half-life, atomic composition, aliphatic index, instability 
index grand average of hydropath city of the ferritin heavy chain 
protein of  Oryzias latipes [15] was estimated using Expasy 
ProtParam server. 

The secondary structures of the ferritin heavy chain subunit 
were predicted by PSIPRED [16] and GORIV methodology [17].

Prediction via ProtScale

The protein sequence was input in the FASTA format and the 
amino acid scale selected was Hphob /Kyte & Doolittle [18] with 
the window size of 19 as detection of hydrophobic, membrane-
spanning domains is best suited at this 30 window. The ProtScale 
tool is available at the bioinformatics resource portal ExPASy 
(Expert Protein Analysis System).

Prediction via TMHMM 

TMHMM is an online tool used to predict membrane protein 
topology based on a hidden Markov model [19]. It predicts 
transmembrane helices and can discriminate between soluble 
and membrane proteins with high degree of accuracy. It can 
correctly predict 97-98 % of the transmembrane helices. The 
FASTA sequence of the query protein was used as input with all 
the parameters set to default. TMHMM Server version 2.0 was 
used (Figure 5.0).

Tertiary structure prediction 

Tertiary structure of ferritin was analyzed with a template 
search for the query protein through PDB sum database [20]. This 
result was cross verified by SWISSMODEL/Workspace, which 
displayed sequence identity with the query sequence [21]. By 
homology modeling, 3-D structure of ferritin heavy subunit was 
predicted through Swiss model [22, 23], Phyre 2 [24] and pymol 
software [25] and Raptor X [26]. The predicted structure of the 
ferritin heavy subunit was validated through Ramachandran plot 
by utilizing rampage server [27].

Phylogenetic analysis

Phylogenetic analysis of fth based on amino acid sequences 
was carried out using the software Molecular Evolutionary 
Genetic Analysis (MEGA; version 7) [28]. Sequences were 
aligned by Muscle method, and the evolutionary relationship 

was established among different fish species by Neighbor-joining 
(NJ) with complete gap deletion, Poisson substitution model, 
rates among sites (uniform rates), the pattern among lineages 
(Homogeneous) and 1000 bootstrap replications.

Protein-protein interactions

The Search Tool for the Retrieval of Interacting Genes/ Proteins 
(STRING 10.0) database (http://string-db.org/) was used to predict 
the interacting proteins [29]. The database contains information 
from different sources, including experimental repositories, 
computational prediction methods, and public text groups.

Results
Physicochemical properties

A physicochemical property of Ferritin heavy chain subunit of 
Oryzias latipes was analyzed by the Expasy ProtParam server. It 
was 177 amino acid long proteins with the estimated molecular 
weight 20880.39 kDa respectively. The isoelectric point (pI) 
of ferritin protein was 5.54 which revealed that ferritin heavy 
chain was acidic. The amino acid composition showed the 
maximum presence of Leucine (11.3%) and minimum presence 
of Tryptophan (1.1%)  (Table 1). The total number of negatively 
charged and positively charged residues of Ferritin are (Asp+ 

Table 1: Amino acid composition of Ferritin heavy chain subunit of  

Oryzias latipes

Amino acids No. s Percentage

Ala (A) 10 5.6%

Arg (R 10 5.6%

Asn (N) 11 6.2%

Asp (D) 13 7.3%

Cys (C) 5 2.8%

Gln (Q) 12 6.8%

Glu (E) 17 9.6%

Gly (G) 9 5.1%

His (H) 10 5.6%

Ile (I) 6 3.4%

Leu (L) 20 11.3%

Lys (K) 11 6.2%

Met (M) 6 3.4%

Phe (F) 8 4.5%

Pro (P) 3 1.7%

Ser (S) 9 5.1%

Thr (T) 3 1.7%

Trp (W) 2 1.1%

Tyr (Y) 7 4.0%

Val (V) 5 2.8%

Pyl (O) 0 0.0%

Sec (U) 0 0.0%
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Glu)-30 and (Arg+ Lys)-21, respectively. The formula of ferritin 
heavy subunit is C912H1399N263O280S11 with 2865 atoms in 
total. The extinction coefficient of the protein calculated at 280 
nm in water (M-1 cm-1) which presented the values of Abs 0.1% 
(=1g/l) 1.038 and extinction coefficient 21680 and, assuming all 
pairs of Cys residues form cystines; but the extinction coefficient 
becomes 21430 and Abs 0.1% (=1g/l) is 1.026 when assumed 
all Cys residues reduced. The N-terminal sequence of the protein 

is Methionine (Met). The estimated half-life of Ferritin was 30 
hours. The estimated instability index (ll) of the Ferritin was 
49.37 which classify the protein as unstable. Aliphatic index 
71.13 of the protein measures its considerable thermo stability 
along with the relative volume occupied by aliphatic side chains. 
The value -0.823 of the GRAVY indicates the hydrophilic nature of 
the protein (Table 2).

Table 2: The result of primary structure analysis and secondary structure prediction of ferritin heavy chain protein in fish  Oryzias latipes

S. No.                                                         Structure element

Scientific Name  Oryzias latipes

Abbreviation Orl_fth

Primary structure analysis Percent

Tools                                                                 Parameters

ProtParam

Number of amino acid (aa) 177

Molecular weight (Mw) 20880.39

Theoretical iso electric point (pI) 5.54

Total Number of negatively charged residues (Asp + Glu) 30

Total Number of positively charged residues (Arg + Lys) 21

Instability index 49.37

Aliphatic index 71.13

GRAVY -0.823

Secondary structure prediction

Tools                                                                Parameters

PSIRPRED, GOR IV

Alpha helix 56.50

310 helix 0.00

Beta bridge 0.00

Extended strand 10.73

Beta turn 0.00

Bend region 0.00

Random coil 32.77

Ambiguous states 0.00

Other states 0.00

Prediction of Transmembrane Segments

Prediction via ProtScale

The presence of a transmembrane segment in the protein 
ferritin heavy chain in  Oryzias latipes was confirmed by 
plotting the hydropathy index. A hydropathy scale which is 
based on the hydrophobic and hydrophilic properties of the 20 
amino acids is used. A moving window was used to determine 
the summed hydropathy at each point in the sequence (Y 
coordinate). These sums are then plotted against their respective 
positions (X coordinate).The resulting plot revealed the relative 
hydrophobicity of segments of the protein (Fig 1). A window size 
of 19 amino acid was used to plot the index. The image seen in 
figure 2 is the hydrophobicity plot returned by ProtScale using 

the Kyte& Doolittle Scale [30]. Since a large window size of 19 
was selected for finding transmembrane domains, values above 
1.6 were considered to be significant [30].

The peaks in the plot are predicted to be the potential 
transmembrane regions present within the protein over a 
span of 177 amino acids. The higher the peak, the higher is the 
hydrophobicity of the region which indicates those regions are 
buried in the non-polar phase of the lipid membrane, which can 
therefore be said to be transmembrane regions. It can be seen 
from the plot that there are two peaks with significant score 
above the threshold value. The highest score was observed for 
the first peak which means it is the most hydrophobic and this 
region also contains the most number of amino acids than the 
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Figure 1: Protscale output of ferritin heavy chain subunit in  Oryzias latipes

other three peaks because the base of the peak was wider than 
the other peak. Thus it can be concluded that there were two 
transmembrane regions with one smallest peak lie between 0 to 
0.2 with least number of amino acid within the protein according 
to graphical representation.

Prediction via TMHMM

The TMHMM is much more advanced with more detailed and 
better graphical representation of the predicted transmembrane 
regions. The graphical representation produced by TMHMM 
revealed the putative transmembrane regions within the target 
protein (Fig 2)

It can be seen from fig.2, the number of predicted 
transmembrane helices is 1which confirms the results from 
ProtScale. The expected number of amino acids in transmembrane 
helices is 1.94794. The expected number of amino acids in 
transmembrane helices in the first 60 amino acids of the protein 
is 1.94794. The total probability that the N-term is on the 
cytoplasmic side of the membrane is 0.025531.The region of the 
first transmembrane helix is from 21 to 38 amino acids. Also, 
the graphical representation in fig 2 shows peaks indicating one 
transmembrane domain “INLELYASYVYLSMGYYF”. The blue lines 
indicate the region of the protein that is inside the membrane 
whereas the pink lines indicate the regions that are outside the 
membrane. The red lines indicate the transmembrane regions.

Figure 2: Transmembrane prediction of ferritin heavy chain subunit in  Oryzias latipes via TMHMM

Secondary structure prediction

The secondary structure prediction of Ferritin heavy chain 
subunit was done by PSIPRED server and GOR IV server. The 
obtained results revealed the presence of alpha helix 56.50%, 

extended strands 10.73% and coiled region 32.77% (Table 2). 
Good helix former Ala, Glu, Leu and Met were 29.9% of total 
amino acid while poor helix former Pro, Gly, Tyr, and Ser were 
15.9 % of total amino acid.
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Tertiary Structure Prediction

Template identification was done by comparative modeling. 
It is usually initiated by the searching of sequence for known 
protein structures where target sequence used as a query in the 
PDB database to locate the sequences that so remotely related 
with render construction of a reliable comparative model. It is 
generally done by the comparative study of the target sequence 
with the sequence of each of the structures in the given database 
[31]. 

Template search for the query protein of ferritin heavy 
chain subunit was performed through PDB sum database which 
presented 338 hits. The template 3wnw (A) was identified 
showing 82.5% sequence similarity along with Z-score of 1225.7 

from the PDB sum database (Table 3). The selected template 
contains a structure of mouse h-chain modified ferritin by X-ray 
diffraction technique (2.24Å). It was verified by SWISSMODEL/
Workspace possessing pdb code 3wnw.1.A with 82.46 % 
sequence identity with the query sequence (Table 3) 

The structure predicted by SWISS-MODEL with the alpha 
helix 56.50%, extended strands and coiled region further 
visualized by Pymol and raptor X. The modeled structure has 
GMQE score0.94And QMEAN score 0.26 (Table 4). The predicted 
structure (Fig 3.1 and Fig 3.2) of the ferritin heavy chain subunit 
was validated through the Ramachandran plot (phi/psi). The 
stereo chemical analysis of RAMPAGE server showed the number 
of residues in the favored region is 95.6%, the allowed region are 
4.4%, and Outlier region are0% respectively (Fig 4).

Table 3: Summary of the result obtained by Swiss Model using as templates the homologous structure

Model 

No.
Template

Sequence 

Identity
Oligo state Source Method Resolution Length Header Description

1 3wnw 82.5 Hom24mer PDBsum X-ray 2.24 A 172 Oxidoreductase

Structure of mouse 

h-chain modified 

ferritin

2 3mnw 82.46 Hom24mer
Swiss-

model
X-ray 2.24 A 172 Oxidoreductase

Structure of mouse 

h-chain modified 

ferritin

Table 4: QMEAN score for Ferritin heavy chain modelled protein

Parameters Value for the predicted model

Cβ interaction energy 2.88

All-atom pairwise energy 3.10

Solvation energy 2.16

Torsion angle energy -1.00

QMEAN-score 0.26

GMQE 0.94

Figure 3.1: Structure view of ferritin heavy chain subunit of  Oryzias latipes
Figure 3.2: Structure view of polar contacts with side chain, main chain in ferritin heavy chain subunit of Oryziae latipes
Formal charges: sum = -7.0
Count atoms: 2782 atoms
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Figure 4: Ramachandran plot of the predicted structure of Ferritin heavy chain subunit of  Oryzias latipes

Ferritin consist of 24 peptide subunits which form two types 
of channels where these subunits intersect; the 3-fold channel was 
found polar and the 4-fold channel was non polar. (The residues 
that line the channels determine the polarity of the channel. The 
electro negativity of Iron (Fe) (1.83 eV) and magnesium (1.31 
eV) indicate electro negativity difference of 0.52 eV. The polar 
covalent bond was found. The sum of formal charges was -7 
showing highly electronegative. For small fractions of charges, 
we use the symbols δ+ and δ−. Polar molecules have slightly 
opposite charges on opposite ends of the molecule or a dipole.  
When the Fe (III) in the crystalline mineral was reduced to Fe 
(II), the iron becomes solvated and ferritin releases the solvated 
iron, Fe (H2O)6 2+, through the 3-fold polar channel. Hence, it can 
control the amount of available iron in the body, preventing iron 
disorders like anemia and iron overload. [32]

Phylogenetic analysis

Ferritin heavy subunits of 2 species belonging to same genera 
( Oryzias latipes and  Oryzias melastigma ) were analyzed with 
Cyprinus carpio (Out crossed) for the same gene (Fig 5). Maximum 
likelihood (ML) tree was constructed for the analysis of distantly 

related sequences. An overall genetic distance based on K2P 
distance of 0.162 was found. GC content, Conserved, Singleton and 
Variable siteswere shown in (Table 5, and 6). The evolutionary 
history was inferred by using the Maximum Likelihood method 
based on the Tamura-Nei model. The tree with the highest log 
likelihood (-1200.11) is shown. The tree was drawn to scale, with 
branch lengths measured in the number of substitutions per site. 
The analysis involved 3 nucleotide sequences. Codon positions 
included were 1st+2nd+3rd+Noncoding. All positions containing 
gaps and missing data were eliminated. There were a total of 534 
positions in the final dataset.

Functional interaction network analysis

In order to predict the interacting proteins,  Oryzias latipes 
ferritin heavy chain protein was applied to the STRING 10.0 tool as 
the model fish samples. The database utilized here to determine 
the interaction of known and predicted protein. The interactions 
occur in the form of direct and indirect contacts. Two enriched 
KEGG pathways, six inter pro protein domain, one PFAM protein 
domain, one Uniprot keywords and eleven functional parameters 
of network analysis were determine by the protein-protein 
interaction analysis, enlisted in (Table 7 and 8) along with their 
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Figure 5: Maximum likelihood tree for Phylogenetic analysis

Table 5: Conserved, Singleton and Variable sites

Conserved site Variable site Singleton site Zero fold degenerate site Two fold degenerate site Four fold degenerate site

423/534 16/77 111/534 339/534 111/534 52/534

Table 6: Nucleotide composition

T A G C GC1 GC2 GC3

20.9 27.6 27 24.5 53.2 40.5 60.7

Table 7: Characteristics of input protein Oryzias latipes ferritin heavy chain subunit (fth1, Accession number: XP_020569048.2) functional 

parameters predicted with STRING 10.0

S. No Name Functions Score

1 ENSORL00000005872

Ferritin; Stores iron in a soluble, non-toxic, readily available form. Important for iron 

homeostasis. Iron is taken up in the ferrous form and deposited as ferric hydroxides after 

oxidation (177 aa)

2 fth1

Ferritin; Stores iron in a soluble, non-toxic, readily available form. Important for iron 

homeostasis. Iron is taken up in the ferrous form and deposited as ferric hydroxides after 

oxidation

0.802

3 rps30
40S ribosomal protein S30; Finkel-Biskis-Reilly murine sarcoma virus (FBR-MuSV) ubiquitously 

expressed a; Belongs to the eukaryotic ribosomal protein eS30 family
0.604

4 Sod2
Superoxide dismutase; Destroys radicals which are normally produced within the cells and 

which are toxic to biological systems
0.591

5 ENSORL00000003269 Nuclear receptor co activator 4 (481 aa) 0.581

6 tfrc Transferrin receptor 1a (764 aa) 0.578

7 fosl1 FOS-like antigen 1a (340 aa) 0.547

8 sf1 Uncharacterized protein; Splicing factor 1 (418 aa) 0.542

9 MAP3K11 Si-cabz01078036.1; Mitogen-activated protein kinase 11 (811 aa) 0.539

10 Fkbp2 Peptidylprolyl isomerase; FK506 binding protein 2 (139 aa) 0.539

11 ENSORL00000015509 Solute carrier family 11 (proton-coupled divalent metal ion transporters), member 2 (554 aa) 0.530
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Table 8: Observed KEGG pathways in protein-protein interaction of  Oryzias latipes ferritin heavy chain subunit in Fig 7.

Index ID Term Count in gene set False discovery rate

KEGG Pathways

1 ko04216 Ferroptosis 4 of 46 1.07e-07

2 ko04217 Necroptosis 2 of 122 0.0094

Uniprot Keywords

3 KW-0409 Iron storage 2 of 3 5.66e-05

PFAM Protein Domain

4 PF00210 Ferritin like domain 2 of 3 4.81e-05

INTERPRO Protein Domains and Features

5 IPR014034 Ferritin, conserved site 2 of 3 8.49e-05

6 IPR012347 Ferritin like 2 of 3 8.49e-05

7 IPR009078 Ferritin like super family 2 of 7 8.49e-05

8 IPR009040 Ferritin like diiron domain 2 of 3 8.49e-05

9 IPR008331 Ferritin/DPS protein domain 2 of 3 8.49e-05

10 IPR001519 Ferritin 2 of 3 8.49e-05

Figure 6: The interactive network view of predicted protein-protein interactions using STRING 10.0 tool. Network nodes are proteins, and the 
edges represent the predicted functional associations. The K means algorithm used to cluster the proteins in different groups. Inter-cluster edges 
represented by dashed lines. Small nodes: protein of unknown 3D structure; Large nodes: some 3 D structure is known or predicted. Extended lines: 
gene co-occurrence

function. The K- means algorithm used for the determination of 
protein clustering and their colors represent the input protein 
(Fig 6).

Protein model database

Finally the generated model for ferritin heavy chain subunit 
was successfully submitted in the Protein Model Database 
(PMDB) having the PMID: PM0081909.

Discussion
Ferritin is a conserved iron-binding protein involved in host 

defense and cellular iron metabolism and storage of toxic metal 

ions in most organisms. Iron metabolism including the regulation 
of its concentration and its detoxification [33]. As it had been 
reported in disk abalone [34], turbot [35], and red drum [36], 
purified recombinant ferritin is able to bind iron. This attribute 
explains ferritin’s efficacy, via the iron with holding strategy, 
as part of the host innate immune response against microbial 
infections [37]. Ferritins are regarded as acute-phase proteins that 
respond to stress and inflammation. In lower vertebrates such as 
fish, ferritin synthesis is modulated by microbial infections and 
its expression increasing both in the liver and the brain, which is 
consistent with the decrease in serum iron and with the need to 
increase iron storage in order to make it unavailable for bacterial 
growth. [38, 39, 40]
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In current study, the investigation of ferritin heavy chain 
protein in fish  Oryzias latipes was accomplished with the use 
of bioinformatics tools and software. At first, primary structure 
analysis was done by computing following parameters of protein 
which are as sequence length, molecular weight, theoretical 
isolectric point (pI value), total number of negatively (Asp+Glu) 
and positively (Arg+Lys) charged residues, instability index, 
aliphatic index, and grand average of hydropathy (GRAVY) (Table 
2). In current investigation, ferritin heavy chain subunits in  Oryzias 
latipes were found acidic, unstable and hydrophilic. Moreover, the 
computed isoelectric point was 5.54. PI is a pH at which a protein 
carries no net charge. Computed values of instability index of 
FTH were 49.37. A protein whose instability index below 40 is 
predicted as stable, and above 40 is predicted as unstable. The 
aliphatic index of a protein defined as relative volume occupied 
by aliphatic side chains (valine, alanine, isoleucine, and leucine) 
[41]. It may be regarded as a positive factor for the increase of 
thermo stability of globular protein as it was in Table 2. As a 
result, high aliphatic index indicated structural stability. GRAVY 
value obtained below 0 in negative form that indicate the protein 
is hydrophilic in nature. The GRAVY value for a protein was 
calculated as the sum of hydropathy values of all the amino acids, 
divided by the number of residues in the sequence [42].

Before deducing the structure of the protein, it was necessary 
to compute the number of transmembrane regions of the protein. 
Both ProtScale and TMHMM predicted the protein to have 
transmembrane helices. These transmembrane domains are 
hydrophobic. TMHMM predicted one transmembrane helix in a 
sequence from 21 to 38 (Fig 2). Hydropathy plot of ferritin heavy 
chain subunit of  Oryzias latipes showed two peaks above threshold 
value (0 to + value). The highest score was observed for the first 
peak which means it is the most hydrophobic and this region also 
contains the most number of amino acids than the other peaks 
because the base of the peak was wider than the other peaks (Fig 
1). The hydrophobic force is simply that force, arising from the 
strong cohesion of the solvent, which drives molecules lacking 
any favorable interactions with the water molecules themselves 
from the aqueous phase [42]. In the case of the formation of the 
native structure from the random coil, this force participates in 
the reaction because hydrophobic side-chains, which are exposed 
to water in the extended coil, are removed to the interior of the 
protein during the folding of the native structure [43]. The native 
structure of a protein molecule will be that structure that permits 
the removal of the greatest amount of hydrophobic surface area 
and the smallest number of hydrophilic positions from exposure 
to water [43, 44].

In secondary structure of ferritin heavy chain subunit, 
alpha helix 56.50%, extended strands 10.73% and coiled region 
32.77% were present (Table 2). Most of the residues have feeble 
but certain choices either for or contrary being in α-helix: Ala, 
Glu, Leu, and Met are good helix formers while Pro, Gly, Tyr, and 
Ser (Table 1) are very poor [45]. α-Helices were central to all 
the early attempts to predict secondary structure from amino 
acid sequence (e.g., [46, 47, 48, 49, 50]  and they are still the 
characteristics that can be predicted with greatest accuracy [51, 

52]. It has been reported that α-helices are more stable, robust to 
mutations and designable than β-strands in natural proteins [53] 
and also in artificial designed proteins [54].

The 3 D structure is the ultimate goal of protein structure 
prediction and it is essential to understand protein function. It 
is shown in Fig 3.1 and 3.2by Swiss Model, Phyre 2 server, and 
Raptor X. Homology modeling predicted the 3 Dimensional 
structure of the Ferritin heavy chain subunit of  Oryzias latipes. 
The conformational analysis of protein structure was done by 
Swiss model server aligning the query sequence to the template 
sequence. The selected template contains a structure of mouse 
h-chain modified ferritin by X-ray diffraction technique (2.24Å) 
(Table 3). The score QMEAN estimated the model quality, and 
their full form is qualitative model energy analysis shown in 
(Table 4). This composite scoring function depicting the major 
geometrical aspects of protein structures. It was checked on 
several standard decoy sets including a molecular dynamics 
simulation decoy set as well as on a comprehensive dataset [55]. 
It shows a statistically significant improvement over all scales 
of quality and describing the ability of the scoring function to 
determine the native structure and recognize good and bad 
models [56]. The general understanding of ferritin structure is 
based on the human ferritin subunit [57], frog ferritin [58] and 
the E. coli ferritin [59]. The researcher study on the structure and 
functions of ferritin could not notice through, research review. 
With superposition and comparison, the ferritin structures of the 
human, frog, and E. coli was found in fishes.

In Phylogenetic analysis, Ferritin heavy chain subunits of 2 
species belonging to same genera ( Oryzias latipes and  Oryzias 
melastigma ) were analyzed with Cyprinus carpio (Out crossed) 
(Table 5, 6) for the same gene. According to the phylogeny tree, 
FTH were derived from an ancestor and evolved into different 
groups (Fig 5). 

Genes which has involvement in related biological pathways 
are usually expressed cooperatively for their functions and their 
information on interaction is the key to understand biological 
systems at the molecular level. To further explore which genes are 
possibly regulated by FTH protein or pathway, a protein-protein 
interaction network was assembled (Table 7, 8). The protein-
protein interaction network is an important component for the 
understanding of the cellular process at system-level. This network 
can be used to evaluate by filtering functional genomics data. It 
provides an instinctive platform for evolutionary, annotating, 
structural, and functional properties of a protein [60]. According 
to Table functional partners were identified. Partner FTH1 with 
the highest score (0.802) had functions including “Stores iron 
in a soluble”, “non-toxic”, “iron homeostasis” while partners 
ENSORL00000015509 with lowest score (0.530) had function 
including “proton-coupled divalent metal ion transporters”, rest 
of the other obtained partners in this analysis had score between 
0.604and 0.530, and functions including “40S ribosomal protein 
S30”,  “Superoxide dismutase”, “Nuclear receptor co activator 4”, 
“Transferrin receptor 1a”, “FOS-like antigen 1a”, “Splicing factor 
1”, “Mitogen-activated protein kinase kinasekinase 11” and 
“Peptidylprolyl isomerase; FK506 binding protein 2”. Additionally, 
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two KEGG pathways viz “Ferroptosis”, “Necroptosis”,, six domains 
viz IPR014034, IPR012347, IPR009078, IPR009040, IPR008331, 
IPR001519 and one uniprot keywords including KW-0409 were 
identified in the network analysis.

Bioinformatics can play an important role in the analysis 
and interpretation of genomic and proteomic data with the 
use of method and technologies from mathematics, statistics, 
computer science, physics, biology and medicine [61]. It can be a 
powerful tool to predict the function of a protein from its amino 
acid sequence and has revolutionized the studies of organisms 
metabolism [62]. In this research, bioinformatics analyses of 
ferritin heavy chain protein in model fish  Oryzias latipes shows 
the homology with mouse ferritin heavy chain. The obtained 
data from the analysis of protein provide a background for 
bioinformatics studies of the function and evolution of the proteins 
of freshwater fishes. In future these analytical approaches will be 
used to characterize the structural and functional role of protein 
in most of the freshwater fishes. 
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