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Abstract 

Fertilization simply is about upstream of kinases and protein interactions, so the justified 

bioinformatics tools were used to understand and analyze the interactions between proteins 

during fertilization progress, that’s would help a lot in this research to understand the protein-

protein interaction. The whole mark of the experiment at hand is to reveal bioinformatics data 

related to PLC gamma and utilize the collected data to understand the concept of fertilization. 

The bioinformatics tools were performed to generate a useful biological knowledge. 
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خالل عملية االخصاب باستخدام قاعدة  PLC GAMA جزيئةدراسة خصائص البروتينات المحيطة بـ

 بيانات المعلوماتية الحيوية

 رنا حسين ناصر

 جامعة ديالى –كلية العلوم  – التقنيات االحيائية قسم
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 ألخالصة

التحركات والتفاعالت البروتينية، لذلك أردنا استخدام أالدوات المعلوماتية  اثر الكاينيزات و منهو منبع اإلخصاب ببساطة 

الحيوية لفهم وتحليل التفاعالت بين البروتينات خالل اإلخصاب، وهذا من شأنه أن يساعد كثيرا في الكشف عن البيانات 

لذا نأمل هنا استخدام . فهم مفهوم اإلخصابكاما واالستفادة من البيانات التي تم جمعها ل PLCالمعلوماتية الحيوية المتعلقة 

 .أدوات المعلوماتية الحيوية لتوليد المعرفة البيولوجية المفيدة

 ، التفاعالت البروتينية.PLCاالخصاب، بيانات المعلومات الحيوية، الجزيئية كاما  الكلمات المفتاحية:

Introduction 

Fertilization in humans involves the fusion of an egg and a sperm in the ampulla of the uterine 

tube. This usually results into the formation of the zygote. When the acrosome of the sperm 

encounters an ovum, it secretes enzymes which assist it to burrow into the jelly coat covering 

the egg. There is a fusion between sperm’s and egg’s plasma membranes; the fertilized egg then 

moves to the uterus where the zygote develops. Research has shown that egg activation 

(transition of an egg to an embryo) requires an increase in Ca2+ [4]. There are several 

mechanisms that are associated with the elevation of Ca2+, which are required for egg 

activation. For instance, in some animals, the production of Inositoal 1, 4, 5 triphosphate (IP3), 

the participation of phospholipase C and the subsequent activation of IP3 receptors [4,10].  

Generally, egg activation contributes to the re-entry of the egg into the cell cycle and the 

subsequent embryonic development.  It should be noted that egg activation is highly influenced 

by the increase in Ca2+ concentration in the cytoplasm [4]. As such, having a detailed 

understanding of how an increase in the concentration of cytoplasmic Ca2+ is the first step 

towards understanding the concept of fertilization.  

In ascidians and echinoderms, there are distinct signaling pathways which determine the 

sequence of events that occur beginning from the interaction of the egg and sperm to the release 

of Ca2+ from the egg endoplasmic reticulum [12]. One of the hypothesized models involves the 

activation of Src family kinases (SFK) of the egg which often leads to the phosphorylation of 

phospholipase C. During this sequence, phosphoinositide biphosphate (PIP2) is hydrolyzed to 
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Inositoal 1, 4, 5 triphosphate (IP3) which stimulates the production of intracellular Ca2+ [12]. 

This is attained via the IP3 receptor Ca2+ in the endoplasmic reticulum of the egg. The 

hydrolysis of PIP2 to IP3 is catalyzed by Phospholipase C (PLP) family members. In 

echinoderms, PLC-beta and PLC gamma are the most common PLC family members that are 

utilized [12]. PLC gamma has been found to be activated by receptor and non-receptor tyrosine 

protein kinases (Tpk). In addition, PLC gamma can be activated through its translocation to the 

plasma membrane where PIP2 is chiefly found [12].  

Materials and Methods 

1. PLC  cDNA sequence 

The current study we utilized starfish Asterina miniata sp. PLC cDNA. The homology of the 

protein of this species (AmPLC) with mammalian PLC1 is 49%. The AmPLC exhibited a 

recombination with 58-kDa Src family kinase and this interrelation forms recombinant 

AmPLC Src homology 2(SH2) domains which particularly helps in fertilization. 

gi|40365362|gb| accession number /AY486068.1/ Asterina miniate phospholipase C- MRNA, 

complete cds. 

2. Identification and characterization of proteins 

The String database (http://string-db.org/) was used to identify known as well as predicted 

proteins from all the organisms which are showing interactions with PLC1 starfish sequence. 

Based on maximum homology with starfish PLC 1 sequence. By using STRING database, we 

have screened the protein of interest according to maximum homology score. In general Homo 

sapiens sp. was identified as a most suitable organism for study because their protein exhibited 

maximum homology scores. The percentage of cDNA homology score vary from 26-58% 

among various organisms including Homo sapiens. 

 

http://string-db.org/
http://string-db.org/
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3. BLAST and its use in study 

To find the regions of local similarity between PLC 1 starfish and other sequences. BLAST 

tool was used. By using tBLASTn translated nucleotide sequence i.e., Asterina miniata 

phospholipase C- mRNA, complete cds compare with protein sequences of interest from 

databases and calculates the statistical significance of matches. Thus, by using tBLASTn for 

this study we can infer functional and evolutionary relationships between starfish and other 

organism sequences as well as help to identify members of gene families.  

Results and Discussion 

STRING database is a biological database of known and predicted protein-protein interaction. 

It is freely accessible and regularly updated. It is a very important tool to analyze protein’s 

interactions with other surrounding proteins, which is the most significant aim for this project. 

Also, it allows analyzing the protein in all other orthologous. STRING database is an interesting 

tool where gives protein-protein interaction network to visualize by. This network is available 

with many views that can help more to know if the surrounding protein is strongly associated 

with the interest protein or not. Furthermore, it allows studying each surrounded protein in detail 

and collect all its available information about to build up an own database like a definition of 

the protein and its sequence and the domains of this protein and some information about each 

domain.  

The goal of these experiments was to identify proteins that may represent targets for interaction 

with PLCγ during fertilization in the starfish. The STRING database (http://string-db.org/) was 

used to identify known as well as predicted proteins that interact with PLCγ1 in other systems. 

Attention was focused on human PLC1 because Homo sapiens has been heavily studied and it 

is an ideal system to identify proteins which bind with PLCγ1 that have homology to a starfish 

sequence. The sequences of starfish which are showing homology will be compared to the 

corresponding human sequence to get a complete comparative analysis of proteins of this 

system. Based on the homology modeling the results of identified proteins that show binding 

to PLCγ and homology with starfish system  
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(http://string-db.org/) 

Figure 1: Proteins showing interaction with PLCγ1 in Homo sapiens, different line color represents 

the different type of association and this picture is adapted from string database 

(http://stringdb.org/newstring_cgi/show_network_section.pl). 

In this study we will discuss two proteins, NTRK1 is showing low homology with starfish 

sequence while FGFR1 is showing high homology score with starfish sequence. 

NTKR1 (Neurotrophic tyrosine kinase receptor) Protein 

Neurotrophic tyrosine kinase receptor (NTKR) family proteins are interacting and binding with 

membranes and this interaction leads to auto-phosphorylation as well as for downstream 

proteins like those of the MAP Kinase pathway. This protein has various important roles 

including cell differentiation and participating in specification of sensory neuron subtypes. 

Function of protein 

The NTKR1 protein is critically involved in growth and development of nervous system (central 

as well as peripheral). The primary role is in growth, propagation, and persistence of 

sympathetic nervous neurons [11,5] reported that Congenital Insensitivity to Pain with 

Anhidrosis (CIPA) occurred due to mutations in NTRK1 gene 

 

http://string-db.org/
http://string-db.org/
http://stringdb.org/newstring_cgi/show_network_section.pl
http://stringdb.org/newstring_cgi/show_network_section.pl
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PLC1 interact with NTKR1 

NGF, as well as the NTRK1 protein, play a major role in neuronal cell growth and 

differentiation. The NGF-NTRK1 complex has the ability to phosphorylate proteins on specific 

tyrosine residues and thus achieve the ability to interact with proteins of signal-transduction 

pathways for example phospholipase C (PLC-γ), phosphatidylinositol-3'-kinase (PI3'-K) and 

SHC [7]. In Homo sapiens using string database it was identified that NTRK1 and PLC1 

displayed effective protein-protein interaction with binding score of 0.983. 

 
Figure 2: NTRK1 protein sequence 
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Figure 3: Graphic overview showing score distribution of 26 BLAST hits on the NTRK1 protein 

sequence with highest (80-200) alignment score for Asterina miniata Src family tyrosine kinase 

(SFK1) mRNA, complete cds (http://blast.ncbi.nlm.nih.gov/Blast.cgi). 
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Figure 4: Graphic table showing sequence producing significant alignment with NTRK1 protein along 

with similarity or identity score of proteins, which Showing the homology with starfish and 

NTRK1 protein the maximum identity score obtained for Asteria minimata Src family kinase 

(SFK1) is 35 %. 
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Figure 5: Alignment statistics of Asterina miniata SFK1 mRNA. 

FGFR1 (Fibroblast growth factor receptor) protein 

Fibroblast growth factor receptor (FGFR) is a protein with highly conserved amino acid 

sequences between members and throughout evolution. Based on tissue distribution and 

ligand affinities the variation persists among members of FGFR. 

Function protein 

This protein plays an important role in the regulation of embryonic development, 

differentiation, cell proliferation and migration. It also plays a critical role in normal 

mesodermal patterning and correct axial organization during embryonic development, normal 

skeletogenesis and normal development of the gonadotropin-releasing hormone (GnRH) 

neuronal system 

PLCγ1 interact with FGFR1  

This protein is very important for activation of various signaling molecules, such as PLC1, 

whose activation leads to synthesis of diacylglycerol and inositol 1,4,5-trisphosphate. Similarly, 

phosphorylation of FRS2 activates recruitment of GRB2, GAB1, PIK3R1 and SOS1, and 

mediates triggering of RAS, MAPK1/ERK2, MAPK3/ERK1 from the MAP kinase signaling 
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pathway, as well as of the AKT1 signaling pathway. It also stimulates phosphorylation of 

SHC1, STAT1 and PTPN11/SHP2. FGFR is regulated by a secondary SH2 domain binding [2]. 

FGF2 becomes stimulated due to its binding to FGFR1, which in turn hydrolyzes cytosolic form 

of PLCγ1 and Phosphatidylinositol 4,5 bisphophate to diacylglycerol (DAG) and Inositol 

triphosphate (IP3).  

The SH2 domain of PLC1 represents marked association with the epidermal growth factor 

(EGF) or platelet derived growth factor (PDGF)-receptors in starfish. Earlier reports in bacterial 

system also suggest that SH2 domain displaying similar kind of interaction [1]. 

 
Figure 6: FGFR1 protein sequence 
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Figure 7: Graphic overview showing score distribution of 29 BLAST hits on the FGFR protein 

sequence with highest (80-200) alignment score for Patiria pectinifera  vegfr  mRNA 

(http://blast.ncbi.nlm.nih.gov/Blast.cgi) 
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Figure 8: Graphic table showing sequences producing significant alignment with FGFR1 protein 

along with similarity or identity score of proteins, and maximum identity score obtained 

for Patiria pectinifera vegfr mRNA is 45 %. 
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Figure 9: Alignment statistics of Patiria pectinifera vegfr mRNA 

The present study proposed the identification and characterization of proteins (known as well 

as predicted) that may interact with PLC γ1 in all the model systems and showed maximum 

homology with the identified starfish sequence. For identification of these proteins, a 

bioinformatics approach was utilized. The two proteins were identified and studied in details 

and how they may interact and bind to plc was investigated. The Neurotrophic tyrosine kinase 

receptor (NTKR1) family protein kinase receptors are known to interact and bind with 

membranes and this interaction leads to phosphorylation of its own proteins as well as the MAP 

kinase pathway proteins. The proteins of this family have many important functions, in diseases 

along with cell differentiation and in specification of sensory neuron subtypes. The NGF and 

TRK gene of NTKR family participate in the control of early and late stages of Alzheimer’s 

disease and thus participate in degeneration of this disease [3]. This protein shows a weak 

interaction and binding with many growth factors including NGF, neurotrophin-3 and 

neurotrophin-4/5 and almost no interaction with BDNF, but large interaction and strong binding 
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with tropomyosin receptor kinases viz., [6]. PLC γ1, along with SHC1 and PI 3-kinase interact 

strongly with Trk receptor of NTRK1 and behave as known substrates for this protein. The 

similarity search using BLAST tool NTKR1 presented a low homology with starfish sequence. 

Due to low homology and similarity scores this protein sequence should not be used for PCR 

studies in to design primer because it has less than 10 identical bases as shown in figure 5. 

The fibroblast growth factor receptor (FGFR) has highly conserved amino acid sequences 

between members and throughout evolution. Based on tissue distribution and ligand affinities, 

the variation persists among members of FGFR1. The extracellular regions of this protein 

interact with fibroblast growth factors and this initiates downstream signaling leading to cellular 

differentiation and mitogenesis. This protein is involved in variety of functions including 

migration, differentiation, proliferation and development of embryonic cells [9] reported that 

FGF ligands and receptors function in skeletogenesis and this has been confirmed through 

comparative genetic profiling. The FGFRs are transmembrane catalytic receptors that have 

significant intracellular tyrosine kinase activity. This protein is very important for activation of 

various signaling molecules, such as PLCγ1 activation leading to the synthesis of diacylglycerol 

and inositol 1,4,5-trisphosphate. This protein shows 45% homology to a starfish sequence. 

During BLAST this protein sequence has 10 or more identical bases and due to similarity scores 

this protein sequence can be used for PCR studies in form of primer.  

Conclusion 

The STRING database was used in this study to find and characterize proteins that may interact 

with PLC γ1 in all the systems and that show maximum homology with the starfish sequence. 

The identified proteins have a homology to a starfish sequence and could be expected to bind 

with PLC γ. Based on maximum similarity score during tBLASTn and showing more than 10 

similar bases during homology studies, suitable proteins that can be utilized for further studies, 

such as in the form of primers for PCR studies present as the best target proteins.  
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