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Abstract

Neuropilin-1 (NRP1) which is a main transmembrane cell surface receptor acts as
a host cell mediator resulting in increasing the SARS-Cov-2 infectivity and also
plays a role in neuronal development, angiogenesis and axonal outgrowth. The
goal of this study is to estimate the impact of single nucleotide polymorphisms
(SNPs) in the NRP1 gene on the function, structure and stabilization of protein as
well as on the miRNA-mRNA binding regions using bioinformatical tools. It is
also aimed to investigate the changes caused by SNPs in NRP1 on interactions with
drug molecule and spike protein. The missense type of SNPs was analyzed using
SIFT, PolyPhen-2, SNAP2, PROVEAN, Mutation Assessor, SNPs&GO, PhD-SNP,
I-Mutant 3.0, MUpro, STRING, Project HOPE, ConSurf, and PolymiRTS. Dock-
ing analyses were conducted by AutoDock Vina program. As a result, a total of
733 missense SNPs were determined within the NRPI gene and nine SNPs were
specified as damaging to the protein. The modelling results showed that wild and
mutant type amino acids had some different properties such as size, charge, and
hydrophobicity. Additionally, their three-dimensional structures of protein were uti-
lized for confirmation of these differences. After evaluating the results, nine poly-
morphisms rs141633354, rs142121081, rs145954532, rs200028992, rs200660300,
rs369312020, rs370117610, rs370551432, rs370641686 were determined to be
damaging on the structure and function of NRP1 protein and located in conserved
regions. The results of molecular docking showed that the binding affinity values are
nearly the same for wild-type and mutant structures support that the mutations car-
ried out are not in the focus of the binding site, therefore the ligand does not affect
the binding energy. It is expected that the results will be useful for future studies.
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Introduction

The spike protein of SARS-CoV-2 is main protein responsible for binding to
ACE?2 (angiotensin converting enzyme 2) receptor on the host cell. The spike pro-
tein is required to be activated and degraded by transmembrane protease, serine 2
(TMPRSS2) and FURIN which are host cell proteases (Kermani et al. 2021). In
addition to the role of ACE2, neuropillin 1 (NRP1) which is an essential transmem-
brane cell surface receptor acts as a host cell mediator result in increasing of the
SARS-Cov-2 infectivity (Kyrou et al. 2021; Davies et al. 2020).

Neuropilin-1, one of the signalling and catalytic proteins, has two isoforms as a
secreted form and a transmembrane form that interacts with SARS-CoV-2. NRP1
may act as an entry factor, accelerating the transmission of SARS-CoV-2. In par-
ticular, recent studies have reported that the protein of the virus binds to the NRP1
receptor in addition to ACE2. It was reported that NRP1 expression was suppressed
in cells responsible for ACE2 expression, and SARS-CoV-2 infection was signifi-
cantly reduced. The use of NRPs as entry factors may be due to their high expres-
sion in the surrounding epithelium and their ability to induce cell, vascular and tis-
sue penetration (Cantuti-Castelvetri et al. 2020; Mayi et al. 2021; Klaewkla et al.
2021; Raaben et al. 2017).

Neuropilin-1 is encoded by NRP1 gene which is located in 10p11.22 (https://
www.genecards.org/cgi-bin/carddisp.pl?gene=NRP1). Previous studies investigated
the association of variants in NRP1 gene with some diseases such as colorectal,
breast, gastric, and pancreatic cancer, hepatocellular carcinoma, and migraine (Seo
et al. 2020; Lin et al. 2018; Napolitano and Tamagnone 2019; Morin et al. 2018;
Staton et al. 2013; Ansari et al. 2020; Pollock et al. 2018; Seifi-Alan et al. 2018). In
addition, due to the role of this gene in the development of COVID-19 disease, it is
important to determine the possible effects of variants in NRP1 gene.

SNP is an alteration in the human genome which founds commonly. In some
cases, the SNPs may have the ability to increase genetic susceptibility to disorders.
The identification of SNPs that are associated with the diseases is achieved by geno-
typing of SNPs in patients and controls and determaning the frequency differences
between them (Harley and Narod 2009), (Ozkan et al. 2015). In order to identify
disease-related SNPs, one of the preferred approaches is to determine the possible
harmful effects of SNPs by using in silico tools before planning genotyping studies,
recently (Ozkan Oktay et al. 2019). In addition, miRNAs have important roles in
various biological functions such as development, cell differentiation, viral patho-
genesis, proliferation, and progression of human diseases (Sun et al. 2009). For this
reason, the aim of this study is to investigate the effect of SNPs on the stability,
structure and function of neuropilin-1, to understand the effetcts of the variants on
the ligand—protein interactions via molecular docking, to estimate the impacts of
SNPs on miRNA binding sites, and to investigate the protein—protein interactions
via different bioinformatics tools.
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Methods
Training Data

The accession number of the human NRPI gene (NCBI Gene ID:8829), missense
SNPs, amino acid alterations were provided using the NCBI dbSNP (https://www.
ncbi.nlm.nih.gov/snp/) database in October, 2021. The FASTA format sequence of
the protein, UniProt entry name (NRP1_HUMAN) UniProtKB number (014786) of
neuropilin-1 was provided from the UniProt (https://www.uniprot.org/) database.
Freely available online software tools were used to investigate whether an amino
acid alteration affects the targeted protein as well as to determine deleterious/dam-
aging SNPs and three-dimensional models of the mutant protein (Fig. 1) (Kaman
et al. 2019; Mustafa et al. 2020; Murthy et al. 2021; Ozkan Oktay et al. 2019).
Seven software tools were used for functional analysis of missense SNPs. The SIFT
(https://sift.bii.a-star.edu.sg/www/SIFT_dbSNP.html) estimates the amino acid
effects on the protein function utilizing some features of amino acids and homology
(Ng and Henikoff 2001; Vaser et al. 2016). PolyPhen-2 (http://genetics.bwh.harva
rd.edu/pph2/) characterizes amino acid substitutions in the sequence and gives ideas
on their phylogenetic and structural information (Adzhubei et al. 2010). PROVEAN
(http://provean.jcvi.org/index.php) gives information about the possible effect of an
amino acid alteration on the protein function based on sequence homology (Choi
et al. 2012). SNPs&GO (https://snps-and-go.biocomp.unibo.it/snps-and-go/) esti-
mates if a variation may be identified as associated with disease or neutral (Cala-
brese et al. 2009). SNAP2 (https://rostlab.org/services/snap2web/) server predicts

NRP1
| Retrieval of data from NCBI dbSNP and UniProt ‘
-~ | ~
733 Missense SNPs | 3" UTR SNPs | Protein (Neuropilin-1)
ion of functional and di lated SNPs Prediction of SNPs in miRNA target sites Protein-protein interactions
SIFT, PolyPhen-2, Mutation Assessor, SNAP2, SNPs&GO, PhD- PolymiRTS STRING
SNP, and PROVEAN

Predicted as deleterious/disease SNPs

Conservation Stability
Consurf I-Mutant 3.0 and MUPro
Highly conserved \ / Decrease, /increase
Structural Properties Molecular Docking
and Models
HOPE AutoDock Vina

Fig. 1 Workflow diagram shows the prediction of high-risk SNPs, SNPs in miRNA target sites and pro-
tein—protein interactions
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the functional effects of mutations based on a “neural network” which is a machine
learning device. Then, it classifies SNPs into two categories (effect or neutral)
(Hecht et al. 2015). PhD-SNP (https://snps.biofold.org/phd-snp/phd-snp.html) cat-
egorizes SNPs as disease-associated or as neutral based on SVM (support vector
machine) method (Capriotti et al. 2006). Mutation Assessor (http://mutationasses-
sor.org/r3/) is a server based on the evolutionary conservation of amino acids in pro-
tein homologs and estimates the functional impact of amino acid alterations (Reva
et al. 2007).

Prediction of Protein Stabilization Alteration

SVM based predictors, [-Mutant 3.0 (http://gpcr2.biocomp.unibo.it/cgi/predictors/I-
Mutant3.0/I-Mutant3.0.cgi) and MUpro (http://mupro.proteomics.ics.uci.edu/) were
employed for prediction of protein stability changes (Capriotti et al. 2005), (Cheng
et al. 2006).

Prediction of Amino Acid Properties and Modelling of Protein

Project HOPE (https://www3.cmbi.umcn.nl/hope/method/) was used to form 3D
models of both wild and mutant type proteins and their amino acid sequences to
compare the differences such as size, charge, hydrophobicity, etc. between these pro-
teins (Venselaar et al. 2010).

Determination of Protein-Protein Associations

The STRING database (https://string-db.org) were used to predict the protein—pro-
tein association network. The obtained network contains both physical and func-
tional interactions because all publicly available data of protein—protein interaction
information is collected, scored and integrated by STRING (Szklarczyk et al. 2019).
The prediction was limited to the top ten most interactive proteins.

Prediction of Conservation Profiles

The evolutionary conservation of residues in neurpillin-1 protein was estimated
via the ConSurf server (https://consurf.tau.ac.il/). The conservation scores are
divided on a nine-colour grade scale. Most conserved positions are located in grade
9 whereas most variable positions are located in grade 1. In addition, exposed or
buried and functional or structural residues are predicted by ConSurf server, too
(Ashkenazy et al. 2016, Ashkenazy et al. 2010; Celniker et al. 2013; Berezin et al.
2004).
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Prediction of SNPs and miRNA Associations

PolymiRTS (https://compbio.uthsc.edu/miRSNP/) database were used to predict 3’
UTR SNPs in miRNA target sites. It calculates whether two alleles of SNPs give
rise to other miRNA target sites or not. The results are presented by assigning the
SNPs in one of the four classes (D, N, C, O). “D” and “N” classes represent the dis-
ruption of conserved and non-conserved miRNA sites, respectively. The creation of
a new miRNA site is abbreviated as the “C” class. Finally, the “O” class is used for
other cases when the ancestral allele cannot be determined definitely. Among them,
the “C” and “D” classes are probably to have functional impacts (Bhattacharya et al.
2014).

Molecular Docking

Hesperidine molecules (Fig. 2) was selected for ligand—protein docking stud-
ies. The most stable conformer and the optimized structures were obtained from
selected ligand for chelation studies in Spartan’16 program (Kong et al. 2000) by
semi-experimental PM6 method (Stewart 2008) (Stewart 2009). Pdb id:2qql coded
structure with 1.90 A resolution was selected from the Protein Data Bank (https://
www.rcsb.org/) database as the crystal structure of NRP1 in the docking processes
performed for this study. Before starting the docking process, the protein struc-
ture was kept tight, while the number of rotatable bonds in the ligand molecule is
released. The H,O molecules in the crystalline structure were deleted, H atoms were
added to the structure, and the Kollman charge was calculated. The Thr316, Asp320,
Ser346, Thr349, and Tyr353 aminoacids were selected as active side for the dock-
ing study between NRP1 and hesperidin molecule (Vique-S anchez 2021). A grid
box with dimensions of 40 A x 40 A x 40 A was selected and the grid spacing of
0.375 A was determined, and molecular docking was performed with the Lamarck-
ian Genetic algorithm in 100 working steps. Docking studies were performed with
the AutoDock Vina program (Trott and Olson 2009).

On the other hand, the changes in the interactions of the G101E, G366R, L464R,
S416F, S432F and T337R mutations in NRP1 with the SARS-CoV-2 spike protein
(protein—protein interaction: ppi) were investigated. First of all, mutant structures
were obtained with BIOVIA Discovery Studio Visualizer (Dassault Syst emes

CH3 CHs

HO OH

Fig.2 Hesperidine 2D structure
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BIOVIA, Discovery Studio Modeling Environment, Release 2017, San Diego: Das-
sault Syst'emes, 2016), pdb id:6xra coded crystal structure was selected from pdb
data bank as SARS-CoV-2 spike protein, and while the docking studies between
NRP1 and hesperidine was conducted with Auto Dock Vina, docking analyses
between NRP1 and spike protein was performed with ClusPro2.0 web server (Desta
et al. 2020). Following Eq. 1 (by calculated ClusPro2.0) was used to perform cluster
scores as well as to estimate the lowest binding energy.

E = 0.40Erep + (—0.40Eatt) + 600Eelec + 1.00EDARS )

The repulsive (rep), attractive (att), electrostatic (elec) energies and interactions
taken from the decoys as the natural state (DARS), are calculated using molecu-
lar docking study. All imaging operations for mutant ppi were computed with the
PYMOL program (The PyMOL Molecular Graphics System, Version 1.2r3pre,
Schrodinger, LLC).

Results
Results of Deleterious/Damaging SNPs and Protein Stabilization Analysis

A total of 57,562 variants including 733 missense SNPs were retrieved from the
dbSNP database in the NRP1 gene.

Prediction of deleterious or disease-related SNPs was carried out by using SIFT,
PolyPhen-2, Mutation Assessor, PhD-SNP, SNAP2, PROVEAN, and SNPs&GO
software tools. SNPs that were predicted to be deleterious or disease-related
in all bioinformatics tools were determined as high-risk SNPs (rs141633354,
rs142121081,  rs145954532,  rs200028992,  rs200660300,  rs369312020,
rs370117610, rs370551432, rs370641686) and selected for further analysis. Detailed
information on the results of the functional analysis is given in Tables 1 and 2. Pro-
tein stabilization predictions for deleterious SNPs from I-Mutant 3.0 and MUpro
software were given in Table 3.

Results of Amino Acid Properties and Models

Results of the Project HOPE give schematic structures of the mutant protein show-
ing the amino acid substitutions as well as their specific sizes, charges, hydropho-
bicity values, and location of each focussed variant. Three-dimensional modelling
of protein for variants was structured and shown in Table 4, except three of them
(G101E, G791D and G760D) due to the lack of structural information.

Project HOPE results showed amino acid features such as charge, size, hydro-
phobicity and domains. The size of mutant type residues of G28R, T337R, S432F,
GI01E, L464R, S416F, G791D, G366R and G760D are larger than wild-type resi-
dues. Mutant type residues of G28R, T337R, L464R, and G366R have a positive
charge and G101E, G791D, and G760D have a negative charge while wild-type resi-
dues of them were neutral. Wild-type residues at positions G28R, T337R, G101E,
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Table 2 Results of disease relationship and pathological effects of the NRPI gene

SNP ID Amino Acid SNPs&GO RI  PhD-SNP RI ~ Mutation Assessor  FI score
Alteration
rs141633354  G28R Disease 9 Disease 7 High 3.71
rs142121081 T337R Disease 9 Disease 6 Medium 2.445
rs145954532  S432F Disease 9 Disease 2 Medium 2.635
15200028992  GIO01E Disease 9 Disease 7 Medium 2.705
rs200660300  L464R Disease 10 Disease 9 High 4.205
rs369312020  S416F Disease 9 Disease 4 Medium 3.135
rs370117610  G791D Disease 9 Disease 6 Medium 3
rs370551432 G366R Disease 9 Disease 6 Medium 2.88
1s370641686  G760D Disease 9 Disease 9 Medium 2.765

FI Functional impact

Table3 Results of protein SNP ID Amino Acid I-Mutant3.0  MUpro
stabilization analysis of NRP1 .
Alteration
Result RI Result MUpro
DDG
rs141633354 G28R Decrease 7 Decrease — 0.929
rs142121081 T337R Decrease 5 Decrease — 0.661
1145954532  S432F Decrease 0 Decrease — 0.196
1200028992 GI101E Decrease 5 Decrease — 0.774
rs200660300 L464R Decrease 8 Decrease — 2.341
rs369312020 S416F Increase 5 Decrease — 0.203
rs370117610 G791D Decrease 6 Decrease — 0.887
rs370551432  G366R Decrease 7 Decrease - 0.995
rs370641686 G760D Decrease 6  Decrease — 0.5380

DDG Delta Delta G, RI Reliability Index

L464R, G791D, G366R, and G760D are more hydrophobic than mutant residues,
while mutant residues at positions S432F and S416F are more hydrophobic than
wild-type residues. In addition, HOPE results showed that the G28R and G101E
polymorphisms are found in the CUB 1 domain, G760D and G791D polymorphisms
are located in the MAM domain, T337R, S416F, G366R, L464R, and S432F poly-
morphisms are located in the FV/VIII domain. Those polymorphisms present amino
acids with different properties that can disrupt these domains and damage their func-
tion (Venselaar et al. 2010).

Results of Conservation Analysis

The ConSurf server was used to estimate the conserved regions of neuropilin-1 as
well as to predict exposed/buried and functional/structural residues. The ConSurf
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Table 4 Project HOPE results of the models of the NRP1 protein (Venselaar et al. 2010) (Color figure online)

HEN\(J"H
NH

rs141633354 on
(G28R) HoN — -— H
2

rs142121081
(T337R)

rs145954532
(S432F)

15200028992
(G101E)

15200660300
(L464R)

rs369312020
(S416F)

rs370117610
(G791D)

rs370551432
(G366R)

rs370641686
(G760D)
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Table 4 (continued)

Polymorphism site, wild and mutant type residues represented by pink, green and red colours, respec-
tively

results showed that 189 residues predicted to be functional and 110 residues to be
structural residue in the neuropilin-1. According to the ConSurf results of SNPs pre-
dicted to be high risk via in silico tools; 6 SNPs (G28R, G101E, G366R, S432F,
L464R, G791D) are located in highly conserved regions, 2 SNPs (T337R and
S416F) are located in relatively conserved regions and 1 SNP (G760D) is located
in intermediately conserved regions in neuropillin-1. Furthermore, G101E, G366R,
S432F and G791D are estimated to have functional impact whereas G28R and
L464R are estimated to have structural roles. Figure 3 reveals detailed results of
conservation analysis.

Results of SNPs and miRNA Associations
PolymiRTS results are presented in Table 5 which shows SNPs in miRNA target
sites (dbSNP ID), the ancestral allele, two alleles of the SNP in the mRNA tran-

script, miR ID, miRSite (sequence context of the miRNA site), function class,
context + scores.

Determination of Protein-Protein Interactions

The protein—protein interaction results show that neuropillin-1 interacts with
ten proteins including vascular endothelial growth factor receptor 2 (KDR),

ConSurf Results
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Fig.3 ConSurf result of conservation analysis. Note: In the first row, there are the residues of the query
sequence (numbered 1-923). The second row shows the predicted burial state of the residues (‘b’: buried:
‘e’: exposed). The bottom row indicates the structural or functional importance of the residues (‘s’: struc-
turally important. ‘f*: functionally important). Regions of 9 SNPs are boxed in red.
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Table 5 PolymiRTS results of SNPs of NRP1 (Color figure online)

1 KK
SNP miR-ID *miRSite Function context+
Class score change

MIR4277 | AGAACTGAactgt D —0341

3210224 | MIRS000-5p | agaaCTGAACTgt D ~0.233
MIR584-3p | aGAACTGAactgt D —0.122
MIR148a-5p | AGAACTTAactgt C —0258
MIR3146 agTAGCAT Aaaaa D —0.144
rsl044274 | MIR4913p | agtaGCATAAAaa D ~0.107
MIR50893p | AGTAGCAtaaaaa D —0225

MIR26815p | agtagcGTAAAAA C ~0.001

MIR5089-3p | cactgAGTAGCAL D —0225
MIR510-5p | caCTGAGT Agcat D —0.118
MIR512-5p | caCTGAGT Agcat D —0.128

75414481

B MIR4276 | CACTGAAtageat C ~0.125
MIR506-5p | caCTGAATAgcat C —0.064
MIR892¢-5p | caCTGAATAgcat C —0.056

] MIR639 aaCAGCGAAgcct D —0245
181044268 IR 12513p | aacaGCAAAGCet C —0.244
MIR1206 ttcaaa ATGAACA D -0.077

184871784 I R6853-3p | ttcasAATGAACA D ~0.24
15189072579 | MIR5683 aaATCTGTAaaac C ~0.091
MIR4775 AAAATT Atatgtt D ~0.035

rs1044222 MIR4666a-3p 2aaATTGTATgtt C —0.135
MIR7849-3p | aaAATTGTAlgtt C —0.044

MIR] ACATTCCttagt C —0.075
MIR206 ACATTCCittagt C —0.084

1541276078 MIR4509 acatt CCTTTAGt C —0.123
MIRG613 ACATTCCtttagt C —0.112

rs11553561 MIR4705 taaatt TGATTGA C ~0.05
] MIRS115p | cteAAAGACAtit D ~0.003
1s184237108 I\ IR33a3p | cicasAAACATTL C —0.003
MIR18b-3p geccTTAGGGCtgg D —0.065
rs10827206 [/ 1R6849-3p | sccttaAGGCTGG C —0.122
MIRG808-5p | aataagCCTGCCT D —0.072

MIRG68935p | aataagCCTGCCT D ~0.081

MIR940 aataagCCTGCCT D —0.081

181044210 iR )682-5p | aataagACTGCCT C —0.11
MIR34b-5p | aataagACTGCCT C —0.101

MIR449¢c-5p aataagACTGCCT C —-0.101

15189331586 | MIR548p ttcttaTTTTGCT D ~0.035
MIR1225-5p | aaaaalTACCCAA C —0.083

1541276080 | MIR1229-5p | aaaaatTACCCAA C ~0.085
MIR555 aaaaaTTACCCAa C —0.058

MIR4699-5p | taaAATCTTCcaa D ~0.03

MIR6077 taaaaTCTTCCAa D —0.01
15182221740 | MIRG6079 taaaat CTTCCAA D ~0.032
MIR7-5p taaaaTCTTCCAa D —0.027

MIRG505-5p | taaaaTATTCCAA C ~0.085

MIRI2383p | tGAGGAAAgaaat D ~0.02

MIR670-3p TGAGGAAAgaaat D —0.075

MIR4279 tGAGGAGAgaaat C —0.123

$78617626

“ MIR68333p | tgagGAGAGAAAL C —0.027
MIR6845-3p | tsAGGAGAGAaat C —0.087
MIRG68733p | teagGAGAGAAat C ~0.019

MIR12383p | gtGAGGAAAgaa D —0.02

1574951878 | MIR670-3p | etTGAGGAAAgaa D —0.075
MIR883-5p | eTTGAGTAaagaa C —0.004

MIRI2383p | taagttGAGGAAA D ~0.02

STT375943 T \R6703p | aagtTGAGGAAA D ~0.075
1579553126 | MIRIO0I-5p | (GATAACTigagg C ~0.022
MIR325 galltTACTAGAC D — 025
rs186106864 I R628-3p | pattTTACTAGAG D ~0.068
MIR185-5p TCTCTCCtatcte D —0.087
rs113384027 | MIR4306 TCTCTCCtatete D ~0.087
MIR4644 TCTCTCCtatete D —0.152
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Table 5 (continued)

MIR6888-5p tcTCTCCTAtcte D —0.052

MIR1253 actcTCTTCTCtt D —0.026

MIR5197-3p actCTCTTCTectt D —0.051

MIR3150b-3p acTCTCCTCtett C —0.078

rs41276082 MIR4784 acTCTCCTCtett C —0.078

MIR5192 ACTCTCCtctett C —0.133

MIR6758-5p actctCCTCTCTt C —0.099

MIR6856-5p actctCCTCTCTt C —0.118

MIR203b-3p AGTTCA Atttcat D -0.017

MIR7158-3 AGTTCAAtttcat D —0.046

1s191006414 = re3600 5 agtTCACTTTcat C ~0.015

MIR548ah-5p agtTCACTTTcat C —0.025

MIR4423-5p GGCAACAtggctt C - 0.09

18147311176 MIR6501-5p GGCAACAtggctt C —0.109

MIR744-3p GGCAACAtggctt C —0.124

152506143 MIR4733-3p tcaaacCCTGGTG D —0.088

MIR1226-3p cttGCTGGTGAaa D —-0.243

MIR197-3p cttgcTGGTGAAa D —0.034

1576544934 MIR4733-3p cttgCTGGTGAaa D —0.079

MIR634 ctTGCTGGTgaaa D —-0.131

MIR451b CTTGCTAgtgaaa C —0.084

MIR323b-5p GACAACCgcaaca D —0.121

MIR410-5p GACAACCgcaaca D -0.121

18181361730 MIR494-5p GACAACCgcaaca D —0.121

MIR4684-3p gacaacTGCAACA C —0.084

MIR6516-5p gacaACTGCAAca C -0.075

rs190118186 MIR3159 tacTAATCCTcgt C -0.019

rs183117326 | MIR3591-3p tttttcTGGTGTT C —0.123

116715236 MIR4462 tgcCCGTGTCgtg C —-0.185
MIR602 tgCCCGTGTegtg C —02

MIR548au-3p | gtatAACTGCCcg C —0.129

17502571 T 1125p | stataaC TGCCCG C ~0.27
MIR3912-5p tttgg ATGGACAL D - 0.09

MIR1470 ttGGAGGGACcat C —0.15

rS144780576 | 0iR46673p | GGAGGGAcat C ~0.137

MIR6834-3p tttggaGGGACAT C -0.152

MIR3167 ctgagcGAAATCC D —0.115

18185916629 MIR876-5p ctgagcGAAATCC D —0.14

MIR1290 ctgagcAAAATCC C —0.102

MIR1468-3p tTTTTGCAaactg C —0.004

MIR450b-5p ttTTGCAAActg C —0.093

MIR518a-5p ttTTTGCAAactg C —0.03

MIRS527 ttTTTGCAAactg C —0.03

rs111249372 | MIR548aj-5p tTTTTGCAaactg C —0.004

MIR548aw tTTTTGCAAactg C —0.156

MIR548f-5p tTTTTGCAaactg C —0.018

MIR548g-5p tTTTTGCAaactg C —0.004

MIR548x-5p tTTTTGCAaactg C —0.004

MIR29a-5p atAATCAGAtgct D —0.054

rs184019721 ™ 0R3920 aTAATCAGAtgct D —0.237

MIR421 CTGTTGAtttcat C —0.162

157897898 MIR4709-5p CTGTTGAtttcat C -0.127

MIR551b-5p ctgTTGATTTcat C —-0.013

MIR4448 2acAAGGAGCtgt D -0.14

MIR6736-3p gacaaGGAGCTGt D —0.224

15145872657 | MIR103a-2-5p | gacAAGAAGCtgt C —0.088

MIR3655 GACAAGAagctgt C —0.128

MIR578 gACAAGAAgctgt C —0.005

MIR194-3p gatgaCCACTGAg D —0.102

MIR203b-5p | gatGACCACTgag D —0.258

15148999764 MIR5693 2atgaCCACTGAg D —0.101
MIR6718-5p 2atGACCACTgag D -0.23

MIR6755-3p gaTGACAACtgag C —0.195

*Capital letters represent bases complementary to the seed region and SNPs are shown in red

*%A more negative value of the context+score difference shows increased possibility of disruption or
newly creation of miRNA targeting by the mutation
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semaphorin-3A (SEMA3A), vascular endothelial growth factor receptor 1 (FLT1),
Plexin-A1 (PLXNAI1), vascular endothelial growth factor A (VEGFA), semaphorin-
3F (SEMA3F), semaphorin-3C (SEMA3C), Plexin-D1 (PLXNDI1), Plexin-A2
(PLXNAZ2), Semaphorin-3B (SEMA3B). The details are presented in Fig. 4.

Results of Molecular Docking

In a part of this study, the changes caused by possible mutations in NRP1 on interac-
tions with drug molecule and spike protein were investigated. When the literature
is examined, the hesperidin molecule was chosen as the drug molecule in the cou-
pling studies of NRP1, therefore hesperidin was chosen as the drug reference in this
study, and for the Wild Type (WT) and generated G101E, G366R, L464R, S416F,
S432F and T337R mutations in Fig. 5 below. 2D interaction maps are given. When
the 2D maps were examined, the binding affinity for WT-hesperidin chelating was
— 9.7 kcal mole™!, and the interacted amino acids were consistent with the litera-
ture (Seadawy et al. 2020). On the other hand, when the docking interaction maps
of the mutant structures were examined, it was calculated as — 9.9 kcal mole™,
— 9.7 keal mole™!, 9.8 kcal mole™!, — 9.7 kcal mole™!, — 9.7 kcal mole™! and
— 9.7 kcal.mole™" for the GI01E, G366R, L464R, S416F, S432F and T337R muta-
tions, respectively.

The list of amino acids with which WT and mutant protein structures interact in
the active site as a result of docking with the hesperidin molecule is given in Table 6
below. Another important data that can be deduced from the table below is that there
is no interaction with the mutant structures created.

The obtained interaction map and binding energies (kcal.mole-1) as a result of
protein—protein docking between the Human NRP-1 receptor and the created mutant
structures with the SARS CoV-2 spike protein fragment are given in Fig. 6 below.
As can be seen from Fig. 6, no significant difference was detected between the
protein—protein binding energies obtained. This result is also consistent with the
ligand—protein docking results.

Discussion

It is necessary to investigate the possible effects of SNPs causing amino acid
alterations on NRP1 due to the important roles of NRP1. Here, we attempted
bioinformatical analysis to predict damaging SNPs on the structure, stabiliza-
tion and function of NRP1. As a result, among 733 missense SNPs within NRP1
gene, nine SNPs rs141633354 (G28R), rs142121081 (T337R), rs145954532
(S432F), rs200028992 (G101E), rs200660300 (L464R), rs369312020 (S416F),
rs370117610 (G791D), rs370551432 (G366R), rs370641686 (G760D) were iden-
tified as high-risk SNPs by using bioinformatical analysis tools as shown in work-
flow in Fig. 1 in this study (Tables 1 and 2). The changes in the interactions of the
G101E, G366R, L464R, S416F, S432F and T337R mutations in NRP1 with the
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Fig.4 Protein—protein association network of NRP1 obtained from STRING database

SARS-CoV-2 spike protein (protein—protein interaction: ppi) were investigated
via AutoDock Vina. The fact that the binding affinity values are approximately
the same for wt and mutant structures supports that the mutations carried out are
not in the focus of the binding site, therefore the ligand does not affect the bind-
ing energy. Amino acid substitutions caused by missense SNPs were also inves-
tigated in terms of charge, hydrophobicity, and size differences by the Project
HOPE server and those 9 SNPs were estimated how they affect the structure and/
or function of the protein.

The protein stabilization results of the amino acid substitutions due to SNPs
showed that eight amino acid substitution would have a decreasing effect on protein
stabilization by both I-Mutant 3.0 and MUpro servers. S416F variant (rs369312020)
is predicted to increase protein stability by the [-Mutant 3.0 server while it is pre-
dicted to decrease protein stability by the MUpro server (Table 3). Single amino
acid substitutions caused by nsSNPs generally affect protein function by altering
the structure and/or stability of the protein (Bromberg and Rost 2009). Protein sta-
bility alteration is a known mechanism by which amino acid substitutions result in
human disease (Teng et al. 2010). Wang and Moult (2001) have reported that major-
ity of disease-causing missense mutations (83%) are found to affect protein stability
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Fig.5 Representation of the 2D interactions map of the best docked pose of hesperidine molecule with
the amino acids of NRP1 binding site and binding affinities

(Wang and Moult 2001). Moreover, Teng et al (2009) suggested that disease-causing
mutations are inclined to destabilize protein—protein interactions (Teng et al. 2009).
Therefore, STRING server was used to predict functional interactions pattern of

NRP1 with other proteins.
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Table 6 List of amino acids WT GIOIE G366R LA464R S416F S432F T337R
with which WT and mutant
prOtein constructs interact ILE13 * * * * %
ALA17 * *
ASP24 * * x
ILE25 * *
GLY77 x
ASP84 x * x
SER109 * x *
VALI13 x x
THR115 x x
ALA116 *
GLNI21 * x *
GLY136 x * x
PRO135 x x x x
LYS137 * *
SER140 x

Evolutionary conservation of a residue in the sequence of protein is very impor-
tant to find if a mutation has any adverse effects on the host (Hossain et al. 2020).
The ConSurf tool was used to obtain evolutionary conservation analysis for these
nine amino acid substitutions in NRP1. As a result, all of those SNPs are predicted
to be situated in conserved regions in varying proportions (highly/relatively/inter-
mediately conserved).

SNPs in miRNA genes or their target cites have been reported to be associ-
ated with human diseases due to their key regulatory roles in gene expression
(Gong et al. 2012). Therefore, in this study, we focused on the possible effects
of SNPs on NRP1 using the PolymiRTS software tool. As a result, PolymiRTS
predicted that 41 SNPs affects 164 target sites of the miRNA of NRP1 (Table 5).

Conclusion

In this study, the possible effects of SNPs in the NRPI gene on the protein and
miRNA target sites were investigated using various bioinformatics tools. In silico
studies may provide an opportunity to identify the possible effects of functional
SNPs in genes associated with various diseases and to understand the potential
effects of SNPs. Further wet laboratory studies are recommended to confirm the
results.
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Fig.6 The 2D ppi maps between SARS CoV-2 spike protein fragment-NRP1 and SARS CoV-2 spike
protein fragment-NRP1 mutant structures and binding affinities values
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