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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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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 Ca?* [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 1P3 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 Ca?* 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 Ca?* 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 Ca?* [12].
This is attained via the IP3 receptor Ca®" 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 y cDNA sequence

The current study we utilized starfish Asterina miniata sp. PLCy cDNA. The homology of the
protein of this species (AmPLCy) with mammalian PLCy1 is 49%. The AmPLCy exhibited a
recombination with 58-kDa Src family kinase and this interrelation forms recombinant
AmPLCy Src homology 2(SH2) domains which particularly helps in fertilization.
gi|40365362|gb| accession number /AY486068.1/ Asterina miniate phospholipase C-y 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 PLCy1 starfish sequence.
Based on maximum homology with starfish PLC y1 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.
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3. BLAST and its use in study

To find the regions of local similarity between PLC y1 starfish and other sequences. BLAST
tool was used. By using tBLASTn translated nucleotide sequence i.e., Asterina miniata
phospholipase C-y 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 PLCy 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 PLCy1 in other systems.
Attention was focused on human PLCy1 because Homo sapiens has been heavily studied and it
is an ideal system to identify proteins which bind with PLCy1 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 PLCy and homology with starfish system
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(http://string-db.org/)

Figure 1: Proteins showing interaction with PLCy1 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 FGFRL1 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 NTKRL1 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
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PLCy1 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-y), phosphatidylinositol-3'-kinase (P13'-K) and
SHC [7]. In Homo sapiens using string database it was identified that NTRK1 and PLCy1

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

Ao L A SRR GG L LKL I AR CAAPC PDACCPAGSGLACT RDGALDSLAHL PGAENLTELY TENQOHLY
HL LR DL R SR AL T TVEGLRFVARDAFHFT PRLSRLNLSFNRLE SLSRTVOGL AL QR LVLAGNPLACSCALRILY
RNEEE G o P E gL G P LA A OGP TRV VRN VIVGDDVLLACVE GRLEQRGHILTELEQSATVIE
LR L LA T R oA AR VY S PRV LT AV E N C T PE SV DGOPARSLARLNGS
VLS LT L A TR AL PTGy T LAANE F 0 ASAS [NRAFVINPEEFNPEDPIFVaF SEVIT
SRR T PGy SV A LAV A LEL ST L LY L RN o LR AV L APE DL B L HFMT LGS 3L3FTE
R aL H  TE Py A A KRR DL VLA L e A R VAR CHNL L PE QL AV ALK EASE SRR ORE
AL TN A T VRV T E R L VR T RH D LREL RS HGE AR LLAGGEIVAPGRLL LAV QVARRIIVY
L L VR LRl LRV DGR L 3T D YRR ML PRI PE S I L REFT TE D3 GVLIIEL
FT YR T L SN T e AL D T TR L e R PR R E YA IMR G RE PO CRA S TR VEARL QRLARPEVYLIVIG

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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Asterina miniata Src family tyrosine kinase (SFK1) mRMNA, complete cds
Sequence ID: gb|AYS518774.1] Length: 1836 MNumber of Matches: 1

Range 1: 849 to 1661 GenBank Graphics

Score Expect Method Identities Positives Gaps Frame

179 bits(455) l1le-48 Compositional matrix adjust. 104/296(35%) 168/2296(56%) 320/296(10%:) +3
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Skjct 849 ENFNTVSLGRDAW-——-EIFRTESLTLESELGAGOFGEVWEGTWNGETP——————VATIETLEE 1004
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+ + F EnR ++ L+H + + + VC++ F+ +WV E M +5 L FL+ = +

Sbjct 1005 GTMTPTAE-FLAR AN ITMERELREPELCOLY AVCSDEEPIY IVAERLMCNGESLLDFLEDGEGRN 1181

Query 608 ARLLAGGEDvapgplglggllava30OVARGMYYLAGSLHFVHRDLATRENCLVGOGLVVEIG 667
EL +L+ + +Q+A+GM +L +++VHRDLAE RN LVGHE +VE+
Skject 1182 LEL-————————————— PELVDMGAQIASGMAFLESMNYVHRDLAARNVLVGEGNIVEVA 1319
Query 668 DFGMSRDIYSTDYY—RVEGRTMLEIRWMEEPES ILYREFTTESDVHSFEVVLWEIFTYGES 726
DFG++R I T+¥ R G + PI+W PE+ +¥ +FT +SDVWSFGVHL E+ T+G+

Skjct 1320 DFGLARMIEDTEY TAROGAFR ——FPIEWTAPEAAMY GRFTIRESDVWSFGVLLTELVTHGRT 1453
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P+ + N E +>D + (=] + + CF +%¥ +M+ CW ++P RH+ + +H+ L
Skjct 1494 PFYPGMMNMEV LDOVEHGY RMPERMANCPDTLYELMORCWDEDFALRHTFEFLHSYLD leel

Figure 5: Alignment statistics of Asterina miniata SFK1 mRNA.

FGFRL1 (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

PLCy1 interact with FGFR1

This protein is very important for activation of various signaling molecules, such as PLCy1,
whose activation leads to synthesis of diacylglycerol and inositol 1,4,5-trisphosphate. Similarly,
phosphorylation of FRS2 activates recruitment of GRB2, GAB1, PIK3R: and SOS;, 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 PLCyl and Phosphatidylinositol 4,5 bisphophate to diacylglycerol (DAG) and Inositol
triphosphate (I1P3).

The SH2 domain of PLCy1 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].

MWK CLLEWAVLVIATLCTARP S PTLPEQACPNGARVEVE SELVEPGDLLOLRCRLRDDVOS INWLROGVQLAE SHRTR
[TGEEVEVQDSVEADSGLYACVT 33 P3G DT TYFSVNVADALE 35ED 00000055 SEERETONTEPNRMEVAR THT SPER
MERKLAAVPARKTVEEKCR S 56T PN T LR LEN GREFERDHRIGGYEVRYATH ST IMD SV P SDKGNYT CIVENEYGSIN
HTYQLDVVERSPHRPTLOAGLPANKTVALGSHVEFMCEVY S D QPRI QWL ER IEVNGSKIGPINLEYVOILRTAGVNTTD
KEMEVLHLRNVSFEDAGEYTCLAGN SIGLIHASANLTVLEALEERPAVMT SELYLEI T TYCTGAFLISCHVGSVIVYEME
SGTKKSDFH3QMAVHELAKSIPLRROVIVSAD3 SASMNSGVLLVRPSRL 33 5CTENLAGYSEYELPEDPRWELPRIRLVL
GRPLGEGCEGYVVIAEATGL DR DK PNRVTEVAVEMLESDATERDLADLT SENEMMEM I GRHENT INLLGACTQDGELYVI
VEYRSKGNLREYLQARREPGLEY YN SHPEEQL 33D LV SCAY OV ARGMEY LA SKECTHROLAARNVLVTEDNVMETA
DFGLARDIRRI DY YRR T THGRL FVEAMAPEALF DR IYTHOS DV S FGVLLREIFT LGGSFYPGVEVEELFKLLREGHRND
KPNCTNELYMMMRDCWHAYPSQRPTFKQLVEDLORIVALT SNQEYLDLSMPLDQYSPSFPDTRISTCSSGEDSVE SHEE
LPEEPCLERHPAQLANGGLERR

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)

Vol: 15 No:2, April 2019 126 P'ISSN:_ 2222-8313
DOI: http://dx.doi.org/10.24237/djps.15.02.492A E-ISSN: 2518-9255



FERTILIZATION by Using Bioinformatics Databases

Rana Hussein Naser

Deseiption

(] Pt peera g MANA o V360 NS o Fcegtr, o

(1] tetna it Sy K SFK) MRNA, gl

(] stetna it Sy K SFV) MRNA, gl

(] e minaa Sr Famly o Knage (8F<1) i, eompee o

(] Ao i i e v 540 R, oo

(] Pt poshter e ivase gl (P¥E) i

(] Pt pootters aur NA fo aurra e, gt ot

(] athastoa g actals parel mANA o aurra it ke e auora geney

(] tetn gectrm GRS AN o 30 G0N S5 Knase comgele cds

(] Astrinapectders mRMA B W, GOt s

(] Pt peutera ot na C g (c2C] MR, G

(] sl ot el Knase e e PR RN il o

(] e pecinera A o o5 eomponen of mauron oot ko, complee g
(0] Psstr avaceys meuraton e vl inage 40 MIPK] A, compee s

(] rvatera s il AN for e signaequled o e e ene)

(] Pt peuitea PO ENA o oot cepententfngz|

() et petiters P MANA R ol i, g

(] Pt peetra A MARAfor YO pende K 2, Cmpie o4

(1 paapesierapoteininas oo (34 A, cmglele

(] Mrhaterae g ek i, 3

(1] et peters mRNA h nase ARIPKS, compice e

(] Satl it e eceotor mRA, gt o

(] Pt poster e mANA o areawal e, camples s

D Astenes amurencs 286 mENA or quanyiale cyease cOMUEE ok

(] At pecters Wyt RN, complee o

(] Pandas g WouchEchU4 ciuchonetttace st 1 (CO) Qe Dt et mcenandral
(] Pandas g HouchEchO3S cyuchone1ttace suumt1(CO0) Qe Dt et mcenondral
(] Pandas g ouchEchO3s cpuchonetttace suumt 1 (CO0) Qe Dt et mcenandral
(] oyt sorescans it AC2 0 G cdac S| {COY) e, sl o, cehantl

Studying the Features of Proteins Surrounding PLC GAMA DURING

Mar Todl Quey E

SC0re | Score

i
Pl

gl
il
Lt

16
il
i
i
82
2
f85
2
i
08
15
03
41
il
il
il
il

il
i
168
18
14
2
2
8
15
i
18
24
T8
ik
Tl
Tl
i3
LK
i
12
10
ik
54
43
41
bil!
bil!
bil!
bl

Cover

i
i
I

i
i
I
M
1%
i
M
I
i
0%
i
1%
1%
i
i
i
i

Viluz

g7

fedl
edl
el
B
fe0
Bl
fef7
7
fedd
E
feld
3
Bl
112
&l
fefl

i
i
i

dent  Acceszion

% gitsisy
8 st
W AR
% At
B At
Wi
W s
W Amsni
X s
B e
T4 1
B HmEL
B
W AL
W AREI
4 BN
W s
B ey
W
B w1
W ALY
B
W AT
W A0S
M
% i
% NG
% EiE

I euEn

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 mMRNA is 45 %.
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Patiria pectinifera vegfr mRNA for vascular endothelial growth factor receptor, partial cds
Sequence ID: dbj|AB705446.1] Length: 1860 Number of Matches: 1

Range 1: 77 to 1162 GenBank Graphics

Score Expect Method Identities Positives Gaps Frame
317 bits(813) 2e-97 Compositional matrix adjust. 166/365(45%) 227/365(62%) 48/365(13%) +2
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Sbijct 251 REATMTELEMLTHIGPHLNVVNLMGACTEID-LLIIVEFCTHGNLEDYLRGRRODYVVES 427
Query 582 EYCYNPSHNPE-————————————————————————————————————————— EQLSSEDL c00
+ + P H+ + E L+ EDL
Sbjct 428 FDTHOPLHHOORLIAASLLSTGASAFRPDESPGLPLDAEDEDEDDDVEFTEVEEEEPLTLEDL c07
Query 601 VECAYOVARGMEY LASKECTHRDLAARNVLVTEDNVMETADFGLARDTHHIDY YEETTNG 660
+ A+QVARGME+LASKECIHRDLAARNVIL+ +DN++EI DEFGL+RDI+H T =
Sbjct 608 LCFAFQVARGMEFLASEECIHRDLAARNVLLADDNIVEICDEGLSRDIYHDPDYVTRGGE 787
Query 661 RLEVEWMAPERALFDRIYTHOSDVWSEGVLLWEIFTLGGSPYPGVEV-EELFELLEEGHRM 715
RLP+EWMAFPE++FD++YT SDVWSEFGV +WE+F LGGHPYPGVEV EE + LE G+EM
Ebjct 788 RLPIFWMAPESIFDEVYTSYSDVWSFGVFMWELFQLGGTPYPGVEVDEEFYNELENGYRM 967
Query 720 DEPSNCTHNELYMMMRDCWHAVESQORPTFEQLVEDLDRIVALTSNQEYLDLSMPLDOYSES 779
P + E+Y +M +CW+ +RPF F LV L + CEYLDL++P + + S
Ebjct Sc8 CAPDHAPOEIYHIMLECWNTEAKERPDFSDLVIELGDOLEANVIQEYLDLNIPFEIENAS 1147
Query T80 FPDTR 784

P T+
Skjct 1148 RPSTO 1162

Figure 9: Alignment statistics of Patiria pectinifera vegfr mMRNA

The present study proposed the identification and characterization of proteins (known as well
as predicted) that may interact with PLC vy1 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 y1, 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 PLCy1 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 y1 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 y. 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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