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Abstract:

Introduction: The PIK3R1 (phosphoinositide-3-kinase regulatory subunit 1) and PIGF (Placenta
growth factor)genes share some common pathways with eNOS,( Endothelial nitric oxide synthase) that
plays a vital role in angiogenesis of blood vessels and regulating endothelial function. The PIK3R1 gene
encodes the receptor for the p85a regulatory subunit of the phosphoinositide-3-kinase (PI3K), that
involved in endothelial cell migration. The PIGF gene encodes for the placenta growth factor, a homolog
of vascular endothelial growth factor (VEGFA) that is involved in angiogenesis. PIK3R1 and/or PIGF
mutations may cause dysregulation of eNOS contributing to endothelial dysfunction in preeclampsia.
This study aims to analyze the effect of mutation of the PIK3R1 and PIGF genes on the structure and
function of PIK3R1 and PGF protein that may have an important role in pathogeneses of preeclampsia.
Methodology: The data on human PIK3R1land PGF genes were retrieved from dbSNP/NCBI. Ten
prediction algorithms; SIFT, PROVEAN, Polyphen, SNAP2, SNPs&GO, PANTHER PhD-SNP, I-
Mutant, Mutpred, and Hope were used to analyzing the effect of nsSNPs on functions and structure of the
PGF and PIK3R1 protein. STRING and KEGG databases were used for PGF and PIK3R1 protein-protein
interaction. Results and Discussion: As per the doSNP database, the humanP1K3R1gene contained 365
missense mutations. A total 3nsSNPs (T239M, S229W, E47K) and 2 nsSNPs (H125Y, V59G) were
predicted to have the most damaging effects on the structure and function of PIK3R1 and PGF
respectively. STRING and KEGG revealed that PIK3R1and PGF had strong interactions with proteins
involved in the VEGF signaling pathway and PI3K-Akt signaling pathway. PIK3RL1 is confirmed to be
linked to important diseases like preeclampsia and can affect its treatment response. Conclusion: Gene-
gene interaction is an important factor in preeclampsia treatment, the effect of mutation of the PIK3R1
and PIGF genes on the structure and function of PIK3R1 and PGF protein may have an important role in
pathogeneses of preeclampsia. Also, these are linked to its treatment effect. This document gives
formatting instructions for authors preparing papers for publication in the journal. Authors are
encouraged to prepare manuscripts directly using this template. This template demonstrates the format
requirements for the Journal.
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1. Introduction

Preeclampsia is a multisystem pregnancy disorder
that occurs in, diagnosed after the 20th gestation
week and causes problems for both maternal and
fetal, complicating 6% to 8% of pregnancies. In most
cases, it may lead to maternal and fetal morbidity and
mortality [1-3]. In preeclampsia (PE),
cytotrophoblasts (CTBs) infestations are restricted,
reducing placental perfusion and oxidative stress, and
may lead to intermittent flow [4-7]. It can occur due
to both fetoplacental and maternal factors, and also
from genetic factors. In the worst cases, severe forms
of PE could lead to systemic endothelial dysfunction,
eclampsia, and maternal and/or fetal death.[7, 8].
Angiogenesis is a compound biological marvel
decisive for correct embryonic development and
post-natal growth. Amongst the several molecular
companies elaborate in angiogenesis, some members
of the VEGF family, VEGF-A, VEGF-B and
placenta growth factor (PIGF), PIK3R1, and the
related receptors VEGF receptor 1 and VEGF
receptor 2 have a decisive role [9-10]. In this
appraisal, we designate the discovery of the effect of
single polymorphism mutation of the PIK3R1 and
PGF genes on the structure and function of PIK3R1
and PGF protein that may have an important role in
pathogeneses of preeclampsia.

PIK3R1 gene is known to be associated with
preeclampsia-related biological processes [11]. The
phosphoinositide-3-kinase  regulatory subunit 1
(PIK3R1) gene, located on chromosome five
(5913.1) contains 22 exons, encodes for p85a, p50a,
and p55a isoforms [12]. This gene encodes the
regulatory subunit of the phosphoinositide-3-kinase
(PI3K) [13]. Since the PI3K gene is involved in
endothelial cell migration, PIK3R1 mutations can
cause dysregulation of the PI3K gene may
contributing to  endothelial  dysfunction in
preeclampsia.

The regulatory subunit is an 85 kD has an amino
acid length of 724 consists of five domains, including
SH3 domain, BH domain, and SH2(nSH2, iSH2, and
cSH2) domains [14] Figure 1. The SH3 domain
Interacts with LYN; this enhances enzyme activity.
The proline-rich regions
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(BH) domain mediates binding to XB-
1, Rac, Cdc42, Rab5, PTEN. The nSH2 domain
interacts with the helical domain of catalytic subunit
alpha (p110a) [14,15]. The SH2 domains interact
with  CCDCB88A/GIV  (tyrosine-phosphorylated
form); the interaction enables recruitment of PIK3R1
to the EGFR receptor, enhancing PI3K activity and
cell migration. The primary functions of the PIK3R1
are to regulate PI3K signaling, the pi3k-akt signal
transduction pathway, receptor trafficking, and
regulation of the unfolded protein response. The
alternatively spliced of pik3rl gene, resulting in four
major protein-encoding transcripts (isoforms) p85p,
p55a, p50a, or pS5y [15].

Placenta growth factor (PIGF) has been the second
member of the VEGF family discovered. The
human plgf gene mapped to chromosome 14q24 [16].
It contains different isoforms due to alternative
splicing are encoded by the human plgf gene. It
encodes four isoforms, PIGF 1-4 ( composed of 131,
152, 203, and 224 amino acids after the elimination
of signal peptide (18 amino acid residues in length),
correspondingly [16,17]. Placental growth factor
(PIGF), an angiogenic factor, The level of PIGF is
reduced in patients who will subsequently develop
preeclampsia, particularly in early-onset
preeclampsia [18].

Although there is a relationship between
preeclampsia and the amount of pik3rl regulatory
subunit and level of PIGF, there is not enough
structural analysis study, to analyze the effects of
mutations on the 3D structure of the subunit, and the
consequence of this alteration on enzyme pathways.
Hence this study aims to analyze the effect of
mutation of the PIK3R1 and PGF genes on the
structure and function of PIK3R1 and PGF protein
that may have an important role in pathogeneses of
preeclampsia.

[
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Figure 1. Schematic primary structure of PIK3R1protein. SH3
domain, BH domain, and SH2 domains are illustrated.

Pharmacogenomics may aid to guide the tailored
treatment for non-responsive hypertensive patients.
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There is an indication for the association of genetic
variants with variable responses to the most
frequently used antihypertensive drugs. Particularly,
gene-gene interaction analyses have been applied to
pharmacogenetic studies, including antihypertensive
drug response[19].

2. Material and method

2.1 Retrieval of databases:

The data on the human PIK3R1 gene (Gene ID: 5295)
was retrieved from the Entrez Gene databases from
National Center for Biological Information (NCBI)
database on 2 Jun 2020. The PIK3R1 protein
sequence (accession ID: P27986 ) and SNPs
information of the PIK3R1 gene were obtained from
UniProtKB databases (http://www.uniprot.org) and
NCBI dbSNP  (http://www.ncbi.nlm.nih.gov/snp/)
respectively.

2.2. ldentification of deleterious NnsSSNPs

To determine the functional impact (deleterious,
damaging, or natural ), coding SNPs were analyzed
using five different tools (SIFT, PROVEAN,
Polyphen -2, SNAP2). nsSNPs predicted to be
deleterious by at least three of these tools were
categorized as high-risk nsSNPs, and subjected for
further analysis like an association with disease,
stability analysis, and structural effect, and protein-
protein interaction using different tools.

2.2.1 SIFT (Sorting intolerant from tolerant) server
was used to identify the tolerated and deleterious
SNPs. The effect of amino acid substitution on
protein structure was assessed based on the degree of
conservation of amino acids using sequence
homology Substitution of an amino acid at each
position with probability <0.05 is predicted to be
deleterious and intolerant, while probability > 0.05 is
considered as tolerant, nsSNPs within dbSNP
retrieved data were selected as an input for SIFT
[20].

2.2.2 PROVEAN (Protein Variation Effect Analyzer)
is used to predict the possible impact of substituted
amino acid andindels on protein structure and
biological function. It analyses the nsSNPs as
deleterious or natural, if the final score was below the
threshold score of —2.5 was considered deleterious;
scores above this threshold were considered neutral
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[21]. The input query is a protein FASTA sequence
along with amino acid substitutions

2.2.3 Polyphen -2 (polymorphism and phenotype)
server was used to predict the functional impact of
amino acid substitution on protein structure and
function based on sequence-based characterization.
The Prediction outcome was obtained in the form of
a probability score which classifies the variations as
‘possibly damaging’, and
‘benign’ [22]. A protein FASTA sequence along with
the position and name of wild type and variant amino
acids of screened nsSNPs were submitted as a query.
224 SNAP2 (Screening of Non-acceptable
Polymorphism 2) is a tool, developed based on a
neural network classification method that is freely
available. It predicts the effect of nsSSNPs on protein
function [23]. The input query submitted is the
protein FASTA sequence and lists of mutants which
provided scores of each substitution that can then be
translated into binary predictions neutral or non-
neutral effect natural.

2.3 Prediction of Disease-Associated SNPs

The SNPs occurring in the protein-coding region may
lead to deleterious consequences in its 3D structure
and thus may lead to disease-associated phenomena.
Here we used SNPs&GO, PANTHER, and PhD-
SNP is tools to examine the disease-associated
nsSNP occurring in the PIK3R1 protein-coding
region.

2.3.1SNPs&GO (Single Nucleotide Polymorphism
Database (SNPs) & Gene Ontology (GO) is a support
vector machine (SVM) based on the method to
accurately predict the disease-related mutations from
protein sequence. FASTA sequence of whole protein
is considered to be an input option and output will be
the prediction results based on the discrimination
among disease-related and neutral variations of a
protein sequence. A probability score higher than 0.5
reveals the disease-related effect of mutation on the
parent protein function [24].

2.3.2 PANTHER (Protein Analysis Through
Evolutionary Relationships) is a protein family and
subfamily database that predicts whether the SNPs
will cause a deleterious functional effect on the
protein [25]. PANTHER output is SsubPSEC
(substitution position-specific evolutionary

‘probably damaging’,
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conservation) score which is the negative logarithm
of the probability ratio of the wild-type and mutant
amino acid at a particular position. The subPSEC
scores are continuous values from 0 (neutral) to about
10 (most likely to be deleterious).

2.3.3PhD SNP (Predictor of human Deleterious
Single Nucleotide Polymorphisms) webserver was
used to predict if a given single point protein
mutation can be classified as a disease-related or as
neutral polymorphism. This server was mainly based
on the support vector machines which can
corroborate all the information regarding variations
from the existing databases [26]. The input FASTA
sequences of protein along with the residues change
were submitted to the PhD-SNP server for analysis.

2.4 Prediction of nsSNPs Impact on the Protein
Stability by I-Mutant2.0

I-Mutant2.0 is a tool used for the prediction of
changes in protein stability due to single-site
mutations under different conditions. It is a web
server based on a support vector machine that worked
on a dataset derived from Protherm, a database of
experimental records on protein mutations. It can
predict the stability changes in protein with 80%
accuracy based on its structure and with 77%
accuracy based on its sequence [27]. The input can be
submitted either in the form of a protein sequence or
on a structured basis. For the present study, input was
submitted in the form of a protein FASTA sequence.

2.5 Analyzing the Effect of nsSNPs on
Physiochemical Properties by Mutpred
Mutpred was used to predict structural and

functional changes as a consequence of amino acid
substitution [28]. These changes were expressed as
probabilities of gain or loss of structure and function.
In addition, it predicts the molecular cause of disease.
The MutPred output contains a general score (g), i.e.,
the probability that the AAS is deleterious/ disease-
associated and top five property scores (p), where p is
the P-value that certain structural and functional
properties are impacted. A missense mutation with a
MutPred (g) score > 0.5 could be considered as
“harmful,” while a (g) score > 0.75 should be
considered high confidence “harmful” prediction.
The input was submitted in the form of protein

pISSN: 2636-4093, elSSN: 2636-4107 28

FASTA sequence along with an amino acid
substitution

2.6 Prediction of structural effect of point
mutation on the protein sequence using Project
HOPE

Have Our Protein Explained (HOPE) is an easy-to-
use web service that analyzes the structural effects of
a point mutation in a protein sequence. FASTA
sequence of whole protein and selection of mutant
variants were submitted to project hope server.
HOPE server predicts the output in the form of
structural variation between mutant and wild-type
residues [29].

2.7 Prediction of Protein-Protein Interactions by
STRING and KEGG

Protein-protein interactions are important to assess all
functional interactions among cell proteins.

2.7.1 STRING (Search Tool for the Retrieval of
Interacting Genes/Proteins) [30]. The STRING
database gives a protein-protein interaction either it is
direct or indirect associations. The input option we
use is the protein name and the organism.

2.7.2 KEGG (Kyoto Encyclopedia of Genes and
Genomes) [31 ] is a knowledge base for systematic
analysis of gene functions in terms of the networks of
genes and molecules, including metabolic pathways,
regulatory pathways, and molecular complexes for
biological systems

3. Results

3.1. SNP dataset from dbSNP

As per the dbSNP database, the human PIK3R1
gene investigated in this work contained a total of
15674 SNPs: 4 SNPs are initiator codon variant, 334
SNPs in 3" UTR region, 59 SNPs in 5’ UTR region,
14817 SNPs in intron region, 185 SNPs in coding
synonymous regions and 365 missense mutations
SNPs (nsSNPs). We selected missense nsSNPs for
our investigation.

3.2. Prediction of functional mutations

A total number of 365 nsSNPs PIK3R1 genes were
submitted as a batch to the SIFT program. According
to SIFT analysis, 30 SNPs were predicted to be
deleterious, 256 SNPs were predicted to be tolerated
and 79 nsSNPs were not found. Deleterious SNPs
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were submitted to PROVEAN, Polyphen-2, and
SNAP.

Out of 13 nsSNPs predicted to be deleterious by
SIFT in PIK3R1, PROVEAN analysis predicted that
6nsSNPs were deleterious and 7nsSNPs were neutral.
Polyphen-2 results analysis predicted that 4nsSNPs
were benign, whereas 8nsSNPs were predicted to be
probably damaging and the remaining one nsSNPs
was predicted to be possibly damaging. The SNAP2
Analyzer predicted that 5 nsSNPs were affecting the
function of protein and 8nsSNPs were neutral (Table
1).

In PGF, out of 9 nsSNPs predicted to be deleterious
by SIFT, PROVEAN analysis predicted that 6
nsSNPs were deleterious and 3 nsSNPs were neutral.
Polyphen-2 results analysis predicted that 2 nsSNPs
were benign, whereas the remaining 7nsSNPs were
predicted to be probably damaging The SNAP2
Analyzer predicted that 7nsSNPs were affecting the
function of protein and 2nsSNPs were neutral (Table
1).

SNPs were considered high risk as predicted
damaging by at least three tools. For PIK3R1, we
classified 6 nsSNPs to be high deleterious while
inPGF 7 nsSNPs were classified to be highly
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deleterious. All the 11 nsSNPs were subjected to
further analysis.
3.3 Prediction of Disease-Associated SNPs

SNPs&GO, PANTHER, and PhD-SNP were used to
validate the results obtained from four previous tools.
SNPs were considered to be associated with a disease
if two or more algorithms predicted It as a disease
associated. Out of 11 nsSNPs that were predicted to
be deleterious, SNPs&GO predicted 2 nsSNP to be
associated with the disease while PANTHER
predicted 6 nsSSNP and PhD-SNP predicted 7 nsSSNP
to be associated with the disease. In total Out of 11
high-risk nsSNPs, 5 nsSNP were predicted to be
associated with disease (Table 2).

Alternative splicing of the PIK3R1 gene results in 5
transcript variants encoding different isoforms. Out
of the 5 nsSNP associated with diseases, 3 nsSNPs
(T239M, S229W, E47K) are located in isoform1 the
canonical sequence, V87L in isoform 2, and V57L in
isoform 3.

Table 1. List of nsSNP analysis by SIFT, PROVEAN, PolyPhen-2, SNAP2

SNP ID AA CHANGE | SIFT PROVEAN POLY-2 SNAP2
PREDICTION PREDICTION PREDICTION PREDICTION
PIK3R1
rs141974044 R9OW Deleterious Deleterious Possibly Damaging Effect
rs141981005 T239M Deleterious Deleterious Probably Damaging | Effect
rs147795824 V357L Deleterious Deleterious Benign Neutral
rs150689648 122T Deleterious Neutral Probably Damaging | Neutral
rs188617536 K103T Deleterious Neutral Benign Neutral
rs188617536 K430T Deleterious Deleterious Probably Damaging | Neutral
rs193921079 L3471 Deleterious Neutral Benign Neutral
rs193921079 L6471 Deleterious Neutral Probably Damaging | Neutral
rs201598843 S229W Deleterious Neutral Probably Damaging | Effect
rs370778654 G41A Deleterious Neutral Probably Damaging | Neutral
rs371778244 P305A Deleterious Deleterious Benign Neutral
rs373560990 E47K Deleterious Neutral Probably Damaging | Effect
rs55896055 R274G Deleterious Deleterious Probably Damaging | Effect
PGF
rs371967102 Ab4V Deleterious Neutral Probably Damaging | Neutral
rs151333373 H125Y Deleterious Deleterious Probably Damaging | Effect
rs370924022 Q124R Deleterious Deleterious Probably Damaging | Effect
rs141182822 R110G Deleterious Deleterious Benign Effect
rs147722227 R114W Deleterious Deleterious Probably Damaging | Effect
rs142448465 R206W Deleterious Neutral Benign Neutral
rs202127516 R220W Deleterious Neutral Probably Damaging | Effect
rs371087083 T121M Deleterious Deleterious Probably Damaging | Effect
rs200471804 V59G Deleterious Deleterious Probably Damaging | Effect
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Table 2. nsSNP predicted as a disease associated by possible molecular mechanism disrupted were
SNPs&GO, PANTHER, and PhD-SNP predicted; Loss of catalytic residue at T239 (P =
SNP ID AA SNPs& PhD-SNP 0.0438) for the mutation T239M Gain of MoRF
Change GO PANTHER binding (P - 0_0345)
PIK3R1 and Loss of disorder (P = 0.039) for the mutation
T239M. Table 4 summarizes the result obtained from
rs141974044 RoOW Neutral Disease Neutral the MutPred server.
rs141981005 T239M Neutral Disease Disease i i
Table 4.Analysis of the effect of nsSNPs in structure,
5188617536 K430T Neutral Neutral Disease function, and evolution by MutPred server.
rs201598843  S220W  Neutral  Disease  Disease cmge Pmb;?"'ty ,ﬁ;gg{‘hﬂfs Top 5 features
rs373560990 E47K Disease Neutral Disease deleter!ous
mutation
rs55896055 R274G Neutral Neutral PIK3R1
PGF i resi
T239M  0.665 Loss of Loss of catalytic residue at
rs151333373 H125Y Disease  Disease Disease (Harmful) catalytic T239 (P = 0.0439)
residue at Gain of MoRF binding (P =
rs370924022 Q124R Neutral  Neutral Disease T239 (P = 0.1732)
0.0438) Gain of helix (P = 0.1736)
rs141182822 R110G Neutral Neutral Neutral Loss of loop (P = 0.3664)
Loss of phosphorylation at
rs147722227 R114W Neutral Disease Neutral T239 (P =0.597)
S229W  0.566 Gain of Gain of MoRF binding (P =
rs202127516 R220W Neutral ~ Neutral Neutral (Harmful) MoRF 0.0345)
. binding (P Loss of disorder (P = 0.039)
rs371087083 T121M Neutral  Disease Neutral = 0.0345) Loss of phosphorylation at
. . Loss of S229 (4 = 0.116)
rs200471804 V59G Neutral Disease Disease disorder (P Loss of relative solvent
=0.039) accessibility (P = 0.1807)
Loss of solvent accessibility (P
o . =0.1952)
3.4 Prediction of nsSNPs Impact on the Protein E47K  0.439 Gain of ubiquitination at E47
Stabilit P = 0.0094)
y (Nonharmful) Gain of glycosylation at E47
All SNPs predicted to be associated with the (LP . =d ¢ 8%3&;
. . oss of disorder (P = 0.
disease were submitted to the I- mutant server to Gain of helix (P = 01736)
predict the impact of these SNPs on the protein Loss of loop (P = 0.2237)
stability. All SNPs were predicted to decrease the PGF
stability of the protein (Table 3).
Table 3: Prediction result of I-Mutant software. H125Y  0.895 Gain of catalytic residue at
L120 P = 0.0757)
Gain of phosphorylation at

SNP ID Amino Stability ~ Reliability DDG

- - H125 (P = 0.0829
Cﬁglr? . Prediction Index (RI) Pr)e/c?ilcut‘i?on Gain of MoRF binding (P =
9 0.1165)
Loss of disorder (P = 0.1175)
PIK3R1 Loss of sheet (P = 0.302
V59G 0.802 Loss of Loss of stability (P = 0)
rs141981005 T239M Decrease 1 -0.29
stability (P Gain of disorder (P = 0.0551)
rs201598843 S229W  Decrease 5 -1.21 = 0) Loss of sheet (P_ = 0.0817)
Loss of MoRF binding (P =
rs373560990 E47K  Decrease 7 -1.05 0.1293)
Gain of helix (P = 0.1736)
PGF
3.6 Analyzing the structural effect of point
rs151333373  H125Y Decrease 7 -0.67

mutation on the protein Structure

The project HOPE was used to investigate the
rs200471804  V59G  Decrease 10 -2.35 structural effects of these amino acid substitutions.
Its results showed that the common effect of this
nsSNPs was an alteration in charge, size, and
hydrophobicity between wild-type and mutant
residues which might lead to loss of interactions
with other molecules and loss of hydrogen bonds
The result showed (T239M, and S229W) were hence, these changes could affect the ability of
harmful E47K was nonharmful. Additionally, the PIK3RL1 to interact the other proteins. Table 5

3.5 Analyzing the Effect of nsSSNPs on
Physiochemical Properties Mutpred
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Table 5. Schematic structures of the wild-type residue (left) and mutant residue (right) amino acid for each Mutation.

Residue Structure

Properties

PIK3R1

T239M

S229W

E47K

OH
OH
HoN
0
OH
Lr"“
HoN
0
OH
0]
I(OH
H,N
0
PGF

H125Y

V59G

OH
HoN

H

HoN

OH
HoN
H
é ;H
HoN

OH

\S
@]
N N
OH
(0]
NH»
o
o
O

HN
0

YV VYV V¥V VYV

YV VYV VYV

The mutant residue is bigger than the wild-type residue.

The mutant residue is more hydrophobic than the wild-type
residue

The wild-type residue forms a hydrogen bond with Glutamine
at position 235

The mutation is located within a domain, annotated in UniProt
as Rho-GAP

The wild-type residue is very conserved and buried in the core
of a domain.

The mutant residue is bigger than the wild-type residue.

The mutant residue is more hydrophobic than the wild-type
residue.

The wild-type residue forms a hydrogen bond with Serine at
position 231.

The mutation is located within a domain, annotated in UniProt
as Rho-GAP.

The mutated residue is located on the surface of the protein.

The mutant residue is bigger than the wild-type residue.

The wild-type residue charge was NEGATIVE, the mutant
residue charge is POSITIVE.

The wild-type residue forms a hydrogen bond with Glycine at
position 45 and a salt bridge with Arginine at position 79

The mutation is located within a domain, annotated in UniProt
as SH3 that is important for Molecular Function and binding
of other molecules.

The mutant residue is bigger than the wild-type residue.

The mutant residue is more hydrophobic than the wild-type
residue.

The wild-type residue forms a hydrogen bond with Cysteine
at position 83

The wild-type residue is very conserved and located in a
domain that is important for the activity of the protein and in
contact with residues in another domain.

The mutant residue is smaller than the wild-type residue.

The wild-type residue is more hydrophobic than the mutant
residue.

The wild-type residue is very conserved and located in a
domain that is important for the activity of the protein and in
contact with residues in another domain.
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Figure 1: Showing 3D structure of T239M substitutions.

The wild-type (green) and the mutant residue (red). SNP . . o .

ID: rs141981005, protein position 239 changed from Figure 4: Showing 3D structure of E47K substitution. The wild-

Threonine to Methionine. type (green) and the mutant residue (red). SNP ID: rs373560990,
protein position 47 changed from Glutamic Acid to Lysine.

Figure 2: Showing 3D structure of V57L/ V87L substitutions. The
wild-type (green) and the mutant residue (red). SNP ID: rs147795824,
protein position57/ 87 changed from Valine to Lysine.

w

Figure 5: Showing 3D structure of H125Y. The wild-type
(green) and the mutant residue (red). SNP ID: rs151333373,
protein position 125 changed from Histidine to a Tyrosine.

™

Figure 3: Showing 3D structure of S229W. The wild-

type (green) and the mutant residue (red). SNP ID:

rs141981005, protein position 229 changed from Serine

to Tryptophan. Figure 6: Showing 3D structure of V59G substitution. The wild-type
(green) and the mutant residue (red). SNP ID: rs200471804, protein
position 59 changed from Valine to Glycine.
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3.7 Protein-protein interactions analysis

STRING interaction analysis revealed that PIK3R1
and PGF gene involved in many molecular and
biological process and has high-confidence
interactions with eNOS, FLT4, KDR, KIT,
PDGFRB, PGF, PIK3CA, PIK3R1, TEK. (fig.7).

KEGG analysis showed that the same set of
proteins are involved in the VEGF signaling
pathway and PI3K-Akt signaling pathway (fig8.).

S—? ] / N
\\ /! PDGFRB —
74

\ o

Figure7: Functional interaction between PIK3R1/
PGFand its related proteins.

igure 8: VEGF signaling pathway (KEGG ID:
hsa04370)

4. Discussion

Over the past time, genome-wide association studies
(GWAS) have permitted significant advances in the
understanding of the genetic basis of many common
diseases. GWAS is established on the idea that the
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genetic foundation of many common diseases is
complex and polygenic with many alternatives, each
with modest effects that contribute to disease risk.
Using this approach in preeclampsia, a large
genome-wide association study (GWAS) recently
recognized and simulated the first robust fetal
genomic region associated with excess risk [32]. The
current study undertakes a systematic in silico
approach to screen the functional mutation in the
human PIK3R1 gene linked to preeclampsia for a
better understanding of how do these mutations
affect the protein function and structure and hence
affect the treatment outcome in such a serious
condition

Ten prediction algorithms; SIFT, PROVEAN,
Polyphen, SNAP2, SNPs&GO, PANTHER PhD-
SNP, I-Mutant, Mutpred, and Hope were select for
the screening of function mutation in the PGF gene,
by comparing the scores of 10 tools, 2 nsSNPs with
positions H125Y and V59G were found highly
deleterious and decrease effective stability of PGF.
With regards to, PIK3R1 gene by comparing the
scores of all 10 tools, 5 nsSNPs with positions
T239M, S229W, EA47K, V87L, and V57L were
found to be highly deleterious and decrease effective
stability of the PIK3RL1.

The common physiochemical effect of this nsSSNPs
was an alteration in charge, size, and hydrophobicity
between wild-type and mutant residues which might
lead to loss of interactions with other molecules and
loss of hydrogen bonds hence, these changes could
affect the ability of PIK3R1 and PGF to interact the
other proteins.

The majority of post-translational modifications
effects this nsSSNPs were altered disorders in protein
structure, alteration in phosphorylation sites, gain or
loss of MoRF activity, gain or loss glycosylation.
loss of catalytic residue, a gain of ubiquitination,
Loss of relative solvent accessibility gain.

If the mutation is predicted to altered disorders in
protein structure, the mutation will have considered
likely to cause disease [33]. Altered protein disorder
was observed for substitution of H125Y and V59G
for the PGF gene. Altered protein disorder was
observed for substitution T239M, S229W, E47K for
the PIK3R1 gene.

Phosphorylation of proteins is an important
regulatory mechanism as it acts as their molecular
switch to perform various functions during signal
transduction pathways [34]. Variation in the
phosphorylation sites can the enzymatic activity of a
protein, disrupt the interactions between two or more
proteins [35]. There is data in the literature
documents that both gain and loss of a
phosphorylation site may represent a molecular
cause of disease for some inherited and somatic



Journal of Medical and Life Science, 2021, Vol.3, No. 2, P.25-37

mutations[36]. Gain of phosphorylation at H125 (P
= 0.0829) and Gain of disorder (P = 0.0551), for
PGF gene. Loss of phosphorylation was observed
for substitutions T239M and S229W, for the
PIK3R1 gene.

Molecular recognition features (MoRFs) are short
interaction prone segments intrinsically disordered
regions (IDPs) in protein sequences that fold upon
binding to their interaction partners [37].
Intrinsically disordered proteins (IDPs) have been
implicated in many human diseases, including
cancer, diabetes [38]. MoRFs are involved
in protein-protein interactions, which serve as the
first step in molecular recognition and binding
functions[39 ]. H125Y Gain of MoRF binding (P =
0.1165), V59G loss of MoRF binding (P = 0.1293)
for PGF gene. Gain of MoRF binding activity was
observed for substitution T239M and S229W for
PIK3RL1.

Protein glycosylation is known as one of the major
post-translational modifications, with significant
effects on protein  folding, conformation,
distribution, stability, and enzyme activity [40].
Point mutations that generating glycosylation sites
have a greater impact on function[41 ]. Alterations
in glycosylation are common to contribute to disease
[42 ]. Gain of glycosylation was observed for
substitution E47K for PIK3R1.

Catalytic residues are typically defined as amino
acid residues directly involved in the chemistry of
catalysis and involved in substrate binding and
protein stability[43]. Therefore, the loss of catalytic
residues may change the rate of enzymatic activity
and catalytic reaction. There is evidence in the
literature suggest that the loss and the gain of
catalytic residues, may be actively involved in
human-inherited disease [44]. loss of catalytic
residue was observed for substitutionT239M for
PIK3R1.

Ubiquitylation is a post-translational modification
that regulates several cellular mechanisms such as
protein degradation, cell cycle division, the immune
response [45]. Variation in the ubiquitination sites
affects the degradation, changes the protein activity,
and alters protein interactions. The abnormality of
ubiquitylation is linked to human pathologies
varying from inflammatory neurodegenerative
diseases to different forms of cancers [46]. Gain of
ubiquitination was observed for substitution E47K
making the region prone to degradation.

Here we present the results upon each residue and
discuss the conformational variations.

PIK3R1 SNPs

rs201598843 (S229W) this mutation resulted in a
change of the Serine to Tryptophan at position 229.
The Serine residue forms a hydrogen bond with
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Serine at position 231. The Tryptophan residue is
bigger and more hydrophobic than the Serine
residue, this might lead to loss of hydrophobic
interactions in the core of the protein. This
substitution  results in  loss of disorder,
phosphorylation, and relative solvent accessibility
but the gain of MoRF binding. The mutation is
located in the surface of the BH domain, involved in
a wide variety of functions that usually require the
interaction of the intact domain with another protein.
S229W mutation might disturb this function.
rs373560990 (E47K) this substitution resulted in a
change of Glutamic Acid to Lysine at position 47.
The Glutamic Acid residue forms a hydrogen bond
with Glycine at position 45 and a salt bridge with
Arginine at position 79. The Glutamic Acid residue
charge was negative; the lysine residue charge is
positive, loss of hydrophobic interactions in the core
of the protein. The majority of
physiochemical properties of this  substitution
were Gain of ubiquitination and glycosylation.

This residue is located within the SH3 domain that is
important for molecular function and binding of
other molecules. E47K mutation might disturb this
as such affect the function of the protein.

The main signaling networks downstream of Tpo/
TPO-R include the JAK-STAT, MAPK, and PI3K-
Akt pathways. These pathways control essential
cellular processes like differentiation, proliferation,
cell survival, and apoptosis with well-established
roles in the initiation and progression of cancer.

PGF SNPs

rs151333373 (H125Y) this mutation resulted in a
change of the Histidine to Tyrosine at position 125.
The Histidine residue forms a hydrogen bond with
Cysteine at position 83. The Histidine residue is
bigger and more hydrophobic than the Tyrosine
residue; this might lead to loss of hydrophobic
interactions in the core of the protein. This
substitution result in loss of disorder and sheet but
the gain of catalytic residue, phosphorylation, and
MoRF binding. The mutation is located in a domain
that is important for the activity of the protein and in
contact with residues in another domain. It is
possible that this interaction is important for the
correct function of the protein. (H125Y) mutation
might disturb this function.

rs200471804 (V59G) this mutation resulted in a
change of Valine to Glycineat position59. The
Valine residue is bigger and more hydrophobic than
the Gylycineresidue; this might lead to loss of
hydrophobic interactions in the core of the protein.
This substitution result in loss of stability, sheet, and
MoRF binding but the gain of disorder and helix.
The mutation is located in the surface of the BH
domain, involved in a wide variety of functions that
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usually require the interaction of the intact domain
with another protein. V59G mutation might disturb
this function.

A study done in 2015, inspected differences in gene
expression between preeclampsia patients and
controls. Network analysis identified PIK3R1,
VEGFA, and ITGB1, are known to be linked with
preeclampsia or preeclampsia-related biological
processes [47]. Our protein interactions analysis
showed that the PIK3R1 and PGF protein PIK3R1
genes share common pathways with eNOS i.e VEGF
signaling pathway and PI3K-Akt signaling pathway.
eNOS enzyme is responsible for nitric oxide (NO)
synthesis in the cardiovascular system. NO plays a
vital role in the angiogenesis of blood vessels and
regulating endothelial function. Reduced expression
of eNOS, therefore, results in reduced NO
bioavailability which plays an important role in the
endothelial dysfunction associated with
preeclampsia. Thus, eNOS is deliberated as a
potential target for therapy for preeclampsia. So
further studies can be done to confirm that PIK3R1
and PGF can affect the antihypertensive response in
preeclampsia.

6. Conclusion

Gene- Gene interaction is an important factor in
preeclampsia treatment, the effect of mutation of the
PIK3R1 and PIGF genes on the structure and
function of PIK3R1 and PGF protein that may have
an important role in pathogeneses of preeclampsia.
Also, these are linked to its treatment effect.

In this study, 2 SNPs are confirmed to be deleterious
and associated with disease in the PGF gene while 5
SNPs are confirmed to cause disease in
PIK3R1.eNOS is an enzyme accountable for nitric
oxide (NO) synthesis in the cardiovascular system.
NO plays a vital role in the angiogenesis of blood
vessels and regulating endothelial function. Reduced
expression of eNOS, therefore, results in reduced
NO bioavailability which plays an important role in
the endothelial dysfunction associated with
preeclampsia. Thus, eNOS is deliberated as a
potential target for therapy for preeclampsia and it
has a common pathway with PIK3R1 and PGF. So
further studies can be done to confirm that PIK3R1
and PGF can affect the antihypertensive response in
preeclampsia.

Abbreviations:

P1K3R1(phosphoinositide-3-kinase regulatory
subunit 1), PIGE (Placenta growth factor), eNOS(
Endothelial nitric oxide synthase), PROVEAN
(Protein Variation Effect Analyzer), SIFT (Sorting

intolerant from tolerant), Polyphen -
2 (polymorphism and phenotype), SNAP2

(Screening of non-acceptable Polymorphism 2),
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SNPs&GO (Single Nucleotide Polymorphism
Database (SNPs) & Gene Ontology (GO), PANTHER
(Protein Analysis Through Evolutionary
Relationships), PhD_SNP (Predictor of human
Deleterious Single Nucleotide Polymorphisms),
HOPE( Have Our Protein Explained ),

STRING (Search Tool for the Retrieval of Interacting

Genes/Proteins) and KEGG (Kyoto Encyclopedia of

Genes and Genomes).
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