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1. Introduction

Proteins are components belonging to the Transforming Growth Factor (TGF-f) superfamily that includes a set of
signalling molecules known as bone morphogenetic proteins (BMPSs) such as Fibroblast Growth Factors (FGFs),
Growth Differentiation Factor 9 (GDF9), Bone Morphogenetic Protein 6 (BMP6), and Bone Morphogenetic
Protein 15 (BMP15). These paracrine factors are produced from oocytes (ODPFs) of the mammalian. They are
crucial for various cellular processes such as growth, differentiation and development [1, 2]. Bone Morphogenetic
Protein 15 (BMP-15), which is encoded by the BMP15 gene in humans, is considered an essential protein for
ovarian folliculogenesis regulation, plays a role in maintaining adult tissue homeostasis, inhibits the expression of
follicle-stimulating hormone receptors, and increases the production of kit ligands as well as crucial for
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embryogenesis and evolvement. Moreover, BMP15 affects female fertility and reproductive health because it
influences granulosa cell mitosis and thus controls granulosa cell proliferation and differentiation [3]. The
cytogenetic location of the BMP15 gene is at Xp11.22 [4], Which is located on the short arm (p) of chromosome
X (sexual chromosome) at position 11.22 (band eleventh sub-band two, sub-sub-band two). BMP15 consists of
392 amino acids divided between two exons; the first exon encodes for 109 amino acids, while the second exon
encodes for 283 amino acids. Both of the exons from the homo-dimer structure of the BMP15 protein [5]. Sequence
analysis can be used to specify the properties of various regions, such as active sites and functional areas of the
DNA, and to interpret the evolutionary relation between the categorised groups (phylogenetic analysis) [6], and
contrasting an unknown sequence with millions of other sequences found in the DNA information gene banks [7].
However, no previous study has investigated using bioinformatics tools to analyse the BMP15 protein. Therefore,
this research aims to propose a methodology for protein-protein interaction prediction and protein-ligand
identification from the sequences of amino acids, and it classifies them by the protein affinities to ligands.

2. Computational Strategy
2.1. Study Design
The procedure of the research project is shown in the flowchart diagram, Fig. 1:
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Figure 1: The flowchart diagram of the study design.

2.2. Insilco Study

Many web servers were utilised in this study for sequence retrieval, translation of DNA nucleotide, protein
sequence analysis such as computing physicochemical properties, and Protein Structures Prediction [8]. In silico
inspection, a program is used on the National Centre for Biotechnology Information (NCBI) website.
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2.3. Gene Sequence Retrieval
The Sequences of the BMP15 gene retrieved in FASTA format from NCBI.

2.4. Converted the DNA Sequence of The BMP15 Gene to Amino Acids through a Translation Tool
using Augustus server version 4.0 (http://augustus.gobics.de/submission) translation of DNA nucleotide to amino
acids [9].

2.5. Compute Physicochemical Properties Prediction

Protein Structure Prediction Server (PSIPRED) tool to detect the type of amino acids of the protein structure [10].
ProtParam (protein parameters) online tool to identify the BMP15 protein's physicochemical characteristics for
the human sequence retrieved from NCBI. The parameters calculated by Prot Param are the molecular weight,
theoretical pl, atomic composition, amino acid composition, instability index, aliphatic index, and grand average
of hydropathicity (GRAVY) [11].

2.6. Protein Structure Prediction

A self-optimized prediction method with alignment, SOPMA (version 3.0), was used to predict the secondary
structure [12], and using the TMpred program to determine the Hydropathy plot for BMP15 [13]. When the
sequence is provided in FASTA format, the structural details of the protein sequence are offered, such as B-sheets,
helices, and coils. Four fundamental processes are involved in the modelling process: finding a structure that
exhibits homology with the target, choosing the optimal template with the highest degree of identity with the target
sequence once it has been aligned with the target, and modelling the structure, using.

SWISS-MODEL is a service that models protein structural homology completely automatically. Using homology
modelling techniques, the Swiss-model automated system models the quaternary structure of a protein based on
its amino acid sequence [14].

2.7. Protein-Protein Interaction

Using the STRING (search tool for the retrieval of interacting genes/proteins) program Version: 12.0 to predict
protein-protein interactions and function has been predicted [15]. When the input was provided in the FASTA
format of the amino acid sequence [16].

3. Results and Discussion

3.1. The BMP15 Gene Sequence Retrieved from NCBI

The sequence of the BMP15 gene consists of 2 exons and one intron, which is composed of 1679 bp of DNA,; the
sequence of the exons consists of 1227 Pb. This codon region of the BMP15 gene encodes to Bone Morphogenetic
Protein 15, which consists of 392 amino acids. As shown below in Fig. 2. The 17 amino acid signal peptide and
the first segment of the propertied region are encoded by the first exon of the BMP15 protein. In contrast, the
second exon encodes the remaining section of the propertied region and the full anticipated 125 amino acids mature
domain. The codon region consists of two exons; the first exon encodes for 109 amino acids while the second exon
encodes for 283 amino acids together to form the BMP15 protein, which consists of 392 amino acids that form a
homo-dimer structure of the protein.
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Figure 2: Shown the result of the translation of exons of the BMP15 gene to the amino acid sequences of Bone

morphogenetic protein 15 via the BLASTX program.

3.2. Primary Sequence Analysis
As shown in Fig. 3, the primary structure analysis results indicate that the BMP15 consists of non-polar and

hydrophobic residues, which include Tryptophan, Alanine, Phenylalanine, Glycine,

Isoleucine, Leucine,

Methionine, Proline, and Valine. The hydrophilic residues include Cysteine, Asparagine, Glutamine, Serine,
Threonine, and Tyrosine. The BMP15 showed a hydrophobic nature because hydrophobic residues represent the
highlight contents that count 188 compared to the lower contents of the hydrophilic residues count of 106 [17, 18].

|7 Small nonpolar

[l Hydrophobic [l Polar [ Aromatics plus cystiene

Figure 3: The types of BMP15 protein amino acids predicted via the PSlpred tool.
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3.3. Physio-Chemical Properties of BMP15

Table 1 illustrates the findings of predicting physiochemical characteristics with ProtParam using the amino acid
sequence.

Table 1: The physio-chemical properties of BMP15 protein by ProtParam tool.

Parameter BMP15
Number of amino acids 392
Molecular weight 45055.01
Theoretical pl 9.28
Total number of negatively charged residues (Asp + Glu) 35

Total number of positively charged residues (Arg + Lys) 46

Total number of atoms 6333
Extinction coefficients 55390
half-life 30 hours
instability index (1) 52.69
Aliphatic index 88.80
Grand average of hydropathicity (GRAVY): -0.345

Protein structure stability can be predicted by analysing physico-chemical parameters with the ProtParam program.
An instability index value was used to measure the strength of the protein structure. If the index value is lower
than 40, it refers to a stable protein, while a higher index value of 40 refers to an unstable protein. Results show
that Bone morphogenetic protein 15 has a molecular weight of 45055.01 daltons with a sequence length of 392.
The BMP15 protein recorded an extinction coefficient of 55390 at 280nm, indicating that the protein can absorb
light at 280 nm. The extinction coefficient can be used to calculate the concentration of a protein in the solution.
The pH level where a protein surface is charged, however, its net charge remains zero, is known as the isoelectric
point (Pl). The BMP15 protein displayed a basic PIl. The isoelectric point of the basic buffers is 9.28, which is
soluble and thus can be utilised in buffer systems for protein purification [19]. A protein aliphatic index is a relative
volume occupied by its aliphatic side chains, including leucine, isoleucine, valine, and alanine. It was determined
at 88.80 and might be evidence for thermos-stability. The Grand Average hydropathy (GRAVY) values
demonstrated the protein's hydrophobic character. The BMP15 showed insoluble property due to its GRAVY value
of -0.345 [20]. The negative value of protein sequences may suggest that the protein is stable. Hydrophobic amino
acids may be implicated in ligand binding and recognition.

3.4. Secondary Structure Prediction

The SOPMA tool was used to predict the protein's secondary structure through computational methods. The
program was used to receive the protein main sequence for the SOPMA examination. The previous program
provided details on the helices, coils, and strands of bone morphological protein 15. SOPMA analyses predicted
the secondary structure of proteins shown in Fig. 4. The secondary structure analysis revealed that the helix
structure extended 81 residues, representing 20.66% of the protein. On the other hand, the strand structure extended
61 residues, representing 15.56% of the protein, while the random coil structure extended 250 residues,
representing 63.78% of the protein, as shown in Fig. 5. This study concluded that random coils have the highest
structure, followed by helix structure, whereas strand structure has the lowest structure in bone morphological
protein 15.
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Figure 4: Prediction of the secondary structure features (Alpha helix (Hh), Extended strand (Ee) and Random
coil (Cc), of bone morphogenetic protein 15 (BMP15) via SOPMA tool.
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Figure 5: The percentage of the secondary structure features (helix, B-strand, and coil) of BMP15 protein.

Leucine is hydrophobic and thus tends to be buried within hydrophobic protein cores. Moreover, it tends to be
within alpha-helices, opposite to the beta strands. Bone morphological protein-15 has a high coil structure due to
its composition, which has a high concentration of both hydrophobic glycine and flexible lanine. Additionally,
proline is characterised by its ability to break the arrangement of the secondary structures and form links within
the polypeptide chains. Most non-polar amino acid side chains, such as Ala, Val, Leu, lle, and Phe, are found in
transmembrane segments. The highly polar CO-NH groups (peptide bonds) are found in the polypeptide backbone
of transmembrane segments participating in the hydrogen bonding (H-bonds) to reduce the energetic cost of
transferring the peptide bonds into a hydrocarbon interior. This H-bonding is accomplished easily within the alpha-
helices because all the peptide bonds are H-bonded internally [21].

3.5. Transmembrane Prediction

One crucial area of bioinformatics is the prediction of transmembrane helices in integral membrane proteins. The
most effective techniques to date are to predict individual transmembrane helices and the entire protein topology
or the total number of transmembrane helices and their orientation about the membrane [22]. Reliable techniques
to predict topology and distinguish between soluble and membrane proteins have significant uses in genome
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research because they can be employed to identify general patterns in the evolution of the membrane proteins [21].
TM base is a database of transmembrane proteins and their helical membrane-spanning domains. The
transmembrane helices analysis indicated that four helices are located from the inside to the outside among the
locations of the accession number sequence. In comparison, three helices are located from the outside to the inside.
The findings suggested that transmembrane topology is completely theoretical. However, there is a possibility that
all transmembrane helices have been identified, but it might be applied cautiously.

Inside - outside | outside - inside
1-17 (17) 1365| 1- 17 (17) 1381
(25- 45 (21) 98 ++) |
(221- 239 (19) 343) | 220- 240 (21) 523 +
(357- 378 (22) 89) | (362- 378 (17) 233 +)
The prediction plot should be used for the topology assignment of unknown proteins shown in Fig. 6.
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Figure 6: Transmembrane region prediction, TMpred graph of BMP15 using TMPRED tool.

The TMpred program was used to determine the hydropathy plot for BMP15. The hydropathy index is shown on
the y-axis, while the amino acid residues in the sequence are shown on the x-axis. Negative values show
hydrophilic qualities, and positive values indicate hydrophobic attributes. The present study suggested two
potential transmembrane hydrophobic sections separated by a sizable hydrophilic domain. The core region is
dominated by the sequence locations shown in brackets. Interestingly, a significant score was higher than 500 (the
BMP15 total score was 1888). Therefore, based on the results above, it is possible to predict that the
transmembrane is significant.

3.6. SWISS Model

The four models in this study have been obtained via a fully automated process that model's construction,
alignment, and template selection by the server. This method follows the four phases of the homology modelling
approach and is used to predict the three-dimensional structures of the proteins. The arrangement of the top four
templates is displayed in Fig. 7.
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Figure 7: The quaternary structures of four templates of Protein Homology/analogy, (a) model one
(Q6PX77.1.A) with sequence identity 75.38%, (b) model two (5vqgf.2.A) with sequence identity 20.83%, (c)
model three (5ntu.1.A) with sequence identity 20.77% and (d) model four (5hly.1.A) with sequence identity

20.33%, which recognition by Swiss model tool.

a. Using a template search to find structural homology, The SWISS-MODEL template library searched for
the templates using Blast and BMPlits. BLAST [22] was used to scan the target sequence against the
primary amino acid sequence. It was discovered that 345 templates matched the target sequence. This list
was filtered by a heuristic down to 50; the top templates are listed in Table 2.
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Table 2: The list of four top templates against the primary amino acid sequence of BMP15

Sequence T L.
No. Template Identity BiounitOligo State Description
1. Q6PX77.1. A 75.38 Monomer Bone morphogenetic protein 15
. Transforming growth factor beta-1
0 -
2 Svaf.2. A 20.83% homo-dimer Crystal Structure of pro-TGF-beta 1
. Growth/differentiation factor 8
0 -
3 Sntu.1. A 20.77% homo-dimer Crystal Structure of Human Pro-myostatin
4. Shiy.l A 20.33% homo-dimer Inhibin beta A chain

Structure of Pro-Activin a Precursor

The template (S5hly.1.A) Inhibin beta A chain Structure of Pro-Activin A Precursor matches the target
sequence ( 20.33% ). This percentage was less than the other three templates in the top when the (5ntu.1.A
) Growth/differentiation factor 8 Crystal Structure of human Pro-myostatin matches the target sequence (
20.77% ) this percentage was less than the other two templates in the top, while the second template in the
top was (bvgf.2.A) Transforming Growth Factor beta-1 Crystal Structure of pro-TGF-beta one that
matches 20.83% of the target sequence, all these templates have homo-dimer structure. The best template
(Q6PX77.1. A) Bone morphogenetic protein 15 that has a Monomer structure matches (75.38%) of the
target sequence and is used to predict the protein sequence structure. This process, known as protein
structure prediction, involves inferring the three-dimensional structure of a protein depending on its amino
acid sequence. The protein structure prediction includes secondary, tertiary, and quaternary structures
based on the primary structure, which is essential to determine their functions. There are several methods
for protein structure prediction. The template-based technique is called Homology modelling for 3-
dimensional structure creation. This model can be applied to the primary sequence when matching the
sequence of a protein with a known structure. These techniques provide precise extraction of complex
characteristics from protein sequence data. Predicted protein structures with high accuracy are used in
drug development, antibody design, understanding protein-protein interactions, and molecular
interactions. Therefore, studying and predicting the quaternary structure of a protein depending on its
amino acid sequence is valuable in both computational biology and chemistry and holds great promise for
future studies.

b. Template Selection: Based on the target template's alignment features, each identified template's quality
has been forecasted. Model 2 was chosen because it was of a higher caliber than the other models, and the
templates with the best quality were then selected for model building.

c. Model Building: Models are built based on the target-template alignment. Coordinates conserved between
the target and the template are copied from the template to the model. Insertions and deletions are
remodeled using a fragment library. Side chains are then rebuilt. Finally, the geometry of the resulting
model is regularized by using a force field in the case of loop modelling with Promod-I1 [23]. If it does
not give satisfactory results, an alternative model is built with MODELLER [24].

d. Estimating Model Quality: The QMEAN scoring function has been used to evaluate the global and per-

residue model quality [25]. For improved performance, weights of the individual QMEAN terms have
been trained specifically for SWISS-MODEL, as shown in Fig. 8.
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= 0O

Template
Q6PX77.1.A Bone morphogenetic protein 15 Seq Identity
AlphaFold DB model of BMP15_BOVIN (gene: BMP15, 100.00%
organism: Bos taurus (Bovine)) Coverage
[
Biounit Oligo State Monomer
QsQE -
Method AlphaFold v2
Seq Similarity 0.62
Coverage 1.00
Range 1-384

Model-Template Alignment

Figure 8: The Bone morphogenetic protein 15 model with a monomer structure built using the SWISS model
tool.

3.7. Models Ligands

The ligands from the template structure are homologously transferred to the model when the key requirements are
provided [26]. In the template database, the ligands have annotations indicating their biological relevance, and the
model is in contact with the ligand without any conflicts between the ligand and the protein or between the target
and the template. In addition, the interaction of the residues with the ligand should be conserved (Fig. 9). The
unavailability of these four requirements will prevent a particular ligand from being included in the model. The
model summary provides information about the deleted ligands and the reasons for their deletion. Using
computational methods to predict the proteins -' interaction and detect the ligands follow four main techniques:
analysis of the protein's sequence, the study of the structure of the protein, prediction of the ligands of protein, and
prediction of the protein’'s function. Identifying the proteins that bind to physiologically active ligands is an
important step in drug development. Computationally, methods are considered practical for experimental research
due to time-saving and lower costs for protein-protein interaction prediction. The description of small-molecule
ligands is useful for creating research methods for further drug development studies and the analysis of novel
amino acid sequences. Many techniques are used for protein description, which lists the characteristics of the
whole amino acid sequence [27]. The typical characteristics are the Smiths-Waterman pairwise alignment
normalized scores. Physio-chemical properties correlate with residue pairings, residue distribution, and other
factors, and they are used in several methods to construct sequence descriptors of whole amino acid sequences.
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Figure 9: The three-dimensional structure views the structure of the BMP15 protein with ligand binding by the
SWISS model tool.

3.8. STRING Analysis

STRING is the software tool and database for known and anticipated protein-protein interactions. It consists of
both direct (physical) and indirect (functional) correlations that have been collected from different sources,
including high-throughput tests, the literature, genetic context, and (conserved) co-expression [28]. The target
sequence is interacting with 20 different proteins. Ten proteins that interact with the function of the target sequence
were selected from the list using a heuristic (Fig. 10).

BMPR1B

BMPR2

Figure 10: Proteins circles (nodes), and the interaction with the target sequence line colour indicates the type of
interaction evidence.

The top protein (BMPR1B) interaction with the target sequence is shown in Fig. 11 due to their interaction in Co-
expression, experimentally determined, curated databases, and text mining scored 0.989.
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Figure 11: The protein (BMPR1B) interacts is highly with the target sequence.

According to the protein's amino acid sequence, the bone morphological protein 15 (BMP15) may impact follicular
growth. Oocyte-specific growth/differentiation factor that promotes the proliferation of granulosa cells (GCs) and
folliculo genesis (Fig. 12).

BMP15

Information
Bone morphogenetic protein 15; May be involved in
follicular development. Oocyte- specific

growth/differentiation factor that stimulate
folliculogenesis and granulosa cellé&€Tgrowth;
Bone morphogenetic piotems

Identifiez-E1SP00000252677, BMP15 *
Ganism: Homo sapiens
el @ Mee X “RetSeq vome: '
NP1 .
ot « show protein sequence

* homologs among STRING organisms
+ Pathways, Functions, Resources (GeneCards)

highlight enriched terms in the analysis table

4 143 p

iohaFoid mo

Figure 12: Prediction of the function of target sequence (BMP15 protein) by STRING online software.

Endocrine and paracrine signals regulate ovarian physiology and fertility. They regulate the ovulation quota in
many mammals according to their species because, within each species, the GDF9 and BMP15 mRNA expression
levels are approximately correlated and impact the ovulation, especially in females of that species [29].

4. Conclusions

The evidence collected from bioinformatics tools was used to identify the structural and functional features of the
BMP15 protein. The findings suggested that the BMP15 plays an important role in determining the state of
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differentiation and function of granulosa cells and the development of follicles. Additional research on BMP15
and signal interactions is needed to provide a better understanding of follicular development and infertility in
women. The functional analysis in this study could be a promising model for further studies in the genetically
inherited infertility field due to the correlation between protein, oocyte maturation, and follicular development
through the activation of granulosa cells.
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