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ABSTRACT

Proteins have unique properties to participate in many structural and physiological processes. ARTICLE HISTORY

Knowledge of the three-dimensional structure of proteins is important to understand their sR,eo?eweijzozz
roles in the physiological processes and the functions of these processes. Any structural defect Accltje%l:: d

in proteins due to mutations can cause diseases, treatment unresponsiveness, and drug 2 November 2022
resistance development. The recent emergence of the new SARS-CoV-2 variants containing

mutations that accelerate the spread of the virus by affecting infectiousness has been of KEYWORDS
concern. In the study, visualization of the homology model and investigation of the chemical

. . . . ) in silico,
properties of L18F mutation responsible for the formation of mutant type SARS-CoV-2 spike spike protein
protein via in silico approach was intended. In this study, amino acid number, molecular homology '

weight, theoretical pl value, the percentage composition of amino acids, total negatively modeling
charged residue number, total positively charged residue number, atomic composition, SARS-Cc;V-Z
formula, total atomic number, molar extinction coefficient, aliphatic index, and the average '
hydropathy were calculated via ProtParam. The FASTA amino acid sequence was used for
visualization of the homology models via UCSF Chimera in wild-type and mutant-type spike
proteins. Basic chemical calculations also were displayed on BIOVIA Discovery Studio
Visualizer. AAG value and the changes in the stability in L18F mutation were predicted via I-
Mutant Suite software. We detected that location of the mutant residue is near a highly
conserved position and the L18F mutation may not cause the damage.

mutation

Introduction

Proteins are molecules that participate in many physiological processes and are found in all
organisms. Proteins participate in many physiological processes such as cell structure, cell
viability, cell signals, ligand binding, and enzyme catalysis [1]. All proteins consist of
amino acid sequences called polypeptide chains. In proteins in biological organisms, there
are 20 types of amino acids with different characteristics, all of which have a common
central carbon atom, an amino group, and a carboxyl group [2]. Each amino acid has its
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properties [3]. The three-dimensional structure (3D) is important for understanding protein
structure [4]. The specific order of amino acids determines the 3D structure of a protein
[5]. The folding of a protein into a certain conformation depends on physicochemical
properties such as hydrogen bonds, ionic interactions, Van der Waals forces and
hydrophobic interactions, and covalent interactions between amino acids [6]. The amino
acid sequence determines how these interactions occur. The way a protein folds also
depends on environmental influences such as the presence of water or lipids and the pH of
the environment [7]. Knowing this structure is vital in understanding the function of the
protein. Changing any amino acid can disrupt the entire structure or function of the protein
by disrupting the protein and its environment, as well as the forces of interaction within the
protein [8].

Knowing the three-dimensional structure of proteins is important in understanding their
role in the physiological process and the functioning of this process [9]. Three-dimensional
structures of proteins can be revealed by various experimental studies. However, besides
these experimental studies, there are also important developments in studies on determining
the three-dimensional structural models of proteins using bioinformatics methods. Any
structural defect in proteins due to mutations can cause diseases, treatment
unresponsiveness, and drug resistance development [10].

The emergence of new variants of SARS-CoV-2, which have emerged recently and contain
mutations that affect transmissibility and accelerate the spread of the virus, has been a
matter of concern [11]. Especially with the identification of two independent strains that
emerged in the United Kingdom and South Africa, studies on the detection of new
mutations gained momentum. SARS-CoV-2 strains B.1.1.7 emerged in the UK (HV 69-70
deletion, Y144 deletion, N501Y, A570D, P681H, T716l, S982A, D1118H) and B.1.351 in
South Africa (L18F, D80A, D215G, R2461, K417N, E484K, N501Y, and A701V) were
detected in the spike protein receptor binding site (RBD) [12].

Within the scope of the study, homology modelling studies of the L18F mutation res-
ponsible for the formation of mutant type coronavirus occurring in the receptor-binding

domain (RBD) of spike protein by Swiss Model and amino acid number, molecular weight,
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theoretical pl value, the percent composition of amino acids, the total amino acid content of
wild and mutant type were calculated via ProtParam.

Materials and Methods

The L18F mutation was detected in the B chain in the receptor-binding domain (RBD) of
the spike protein of the Sars CoV2 virus that causes Severe Acute Respiratory Syndrome
(SARS). The homology model of L18F mutation was created by bioinformatics tools. In
the study, the Uniprot website and GenBank database of the National Center for
Biotechnology Information (USA, NCBI) website were used detection of the amino acid
sequence of the SARS CoV2 spike RBD protein [13]. Sequence information was arranged
according to wild type and mutant type. Homology models of Spike protein types (wild and
mutant types) were created with the Swiss Model Program which is a web-based
bioinformatics tool, and the obtained three-dimensional models were examined with the
UCSF Chimera program which is a visualization tool [14, 15]. Physico-chemical properties
of models were obtained by EXPASy-ProtParam which is a bioinformatic tool and results
were evaluated. sequence with accession numbers PODTC2 was used for wild type in this
study [16].

Swiss model analysis

The homology modelling study was carried out using Swiss-Model [17] database and the
Chimera program. Wild and mutant type sequence sets were loaded into the system
separately and their three-dimensional structures were obtained. The selection was made by
looking at the Qualitative Model Energy Analysis (QMEAN) values of the three-
dimensional structures obtained.

Homology Modelling by Chimera Program

Using UCSF Chimera program tools, all proteins were superimposed with each other, and
visualization of three-dimensional structures was provided. The structural differences of the
mutant protein were observed by visualizing the wild-type and mutant protein structures

with a ribbon display.
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Detection of Physico-chemical Properties

In the study, the Physico-chemical properties of Spike protein were calculated to
understand the functional diversity. For this purpose, the ProtParam program of the
ExXPASy database, which is one of the bioinformatics tools, was used. FASTA formats of
wild and mutant types were obtained on the GeneBank database. Physico-chemical
properties of models were calculated. In both models (wild and mutant type); amino acid
number, molecular weight, theoretical pl value, the percent composition of amino acids,
total number of negatively charged residues, the total number of positively charged
residues, atomic composition, formula, total atomic number, molar extinction coefficient,

aliphatic index, and average hydropathy were calculated.
Result and Discussion

In homology modelling, protein sequence and three-dimensional structure information
previously obtained by methods such as X-ray are used. Although a nature-like structure is
not fully met in modelling, these studies are of great importance for clinical drug
development studies. Mutations occurring in the RBD region are an important issue
affecting sustained ligand binding and thus virus infectivity [18]. The changes caused by
these mutations on the binding surface give us information about the degree of danger of
the variation.

The amino acid sequence format that will be used as a basis in bioinformatics studies has
been created based on the NCBI-P30518 accession number sequence. These arranged
sequence sets were used to create the three-dimensional structure and extract the pysico-
chemical properties of the models. The sequence of wild-type and mutant-type proteins is

shown in Figures 1 and 2.
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MFVELVLLEL
TQDLEFLEFFS
IRGWIFGTTL
SWMESEFRVY
FKIYSKHTPI
PGDSSSGWTA
CTLKSFTVEK
YAWNRKRISN
VIRGDEVRQI
YLYRLFRKSN
NGVGYQPYRV
VLTESNKKFL
GTNTSNQVAV
IGAEHVNNSY
AENSVAYSNN
NLLLQYGSFC
NFSQILPDES
CAQKFNGLTV
OMAYRFNGIG
VVNQNAQALN
LOSLQTYVTQ
SFPQSAPHGV
HWEVTQENEY
ELDKYFKNHT
QELGKYEQYTI
GSCCKFDEDD

VSSQCVNLTT
NVIWFHAIHV
DSKTQSLLIV
SSANNCTFEY
NLVRDLPQGF
GARAYYVGYL
GIYQTSNFRV
CVADYSVLYN
APGQTGKIAD
LKBFERDIST
VVLSFELLHA
PFOQFGRDIA
LYQDVNCTEV
ECDIPIGAGT
SIAIBTNFTI
TQLNRALTGT
KPSKRSFIED
LPPLLTDEMI
VTONVLYENQ
TLVKQLSSNF
QLIRAAEIRA
VFLHVTYVPA
EPQIITTDNT
SPDVDLGDIS
KWEWY TWLGF
SEPVLKGVKL

Wild Type

RTQLPPAYTN SFTRGVYYED
SGTNGTKREFD NPVLPENDGV
NNATNVVIKV CEFQFCNDEF
VSQPFLMDLE GKQGNFKNLR
SALEPLVDLP IGINITRFQT
QPRTFLLKYN ENGTITDAVD
QPTESIVRFP NITNLCPFGE
SASFSTFKCY GVSPTKLNDL
YNYKLEDDET GCVIAWNSNN
EIYQAGSTEC NGVEGFNCYF
PATVCGEKKS TNLVENKCVN
DTTDAVRDEQ TLEILDITEC
PVAIHADQLT PTWRVYSTGS
CASYQTQTNS PRRARSVASQ
SVITEILPVS MTKTSVDCTM
AVEQDENTQE VEAQVKQIYK
LLENKVTLAD AGFIKQYGDC
AQYTSALLAG TITSGWTFGA
KLIANQFNSA IGKIQDSLSS
GAISSVLNDI LSRLDKVEAE
SANLAATKMS ECVLGQSKRV
QEKNFTTAPA ICHDGKAHFP
FVSGNCDVVI GIVNNTVYDE
GINASVVNIQ KEIDRLNEVA
IAGLIAIVMV TIMLCCMTSC

HYT

KVFRSSVLHS
YFASTEKSNI
LGVYYHRNNK
EFVFENIDGY
LLALHRSYLT
CALDPLSETK
VENATRFASV
CFTNVYADSF
LDSKVGGNYN
PLQSYGEQPT
FNFNGLTGTG
SFGGVSVITP
NVFQTRAGCL
SIIAYTMSLG
YICGDSTECS
TPPIKDEGGF
LGDIAARDLI
GAALQIPFAM
TASALGKLQD
VQIDRLITGR
DFCGKGYHLM
REGVFVSNGT
LQPELDSFKE
KNLNESLIDL
CSCLEGCCSC

Fig 1 Wild-type sequence for the formation of the three-dimensional structure

MFVFLVLLPL
TQDLFLEFFS
IRGWIFGTTL
SWMESEFRVY
FKIYSKHTPI
PGDSSSGWTA
CTLKSFTVEK
YAWNRKRISN
VIRGDEVRQI
YLYRLFRKSN
NGVGYQPYRV
VLTESNKKFL
GTNTSNQVAV
IGAEHVNNSY
AENSVAYSNN
NLLIQYGSFC
NFSQILPDPS
CAQKFNGLTV
OMAYRFNGIG
VVNQNAQALN
LOSLOTYVTO
SFPQSAPHGV
HWEVTQRNEY
ELDKYFKNHT
QELGKYEQYT
GSCCKFDEDD

L18F Mutation

VSSQCVNEFTT RTQLPPAYTN
NVTWFHATHV SGTNGTKRED
DSKTQSLLIV NNATNVVIKV
SSENNCTFEY VSQPFLMDLE
NLVRDLEQGF SALEPLVDLE
GAAAYYVGYL QPRTFLLKYN
GIYQTSNFRV QPTESIVREP
CVADYSVLYN SASFSTFKCY
APGQTGKIAD YNYKLPDDET
LKPFERDIST EIYQAGSTEC
VVLSFELLHA PATVCGPKKS
PFQQFGRDIA DTTDAVRDEQ
LYQDVNCTEV PVATHADQLT
ECDIPIGAGI CASYQTQTNS
SIATPTNFTI SVITEILPVS
TQINRALTGI AVEQDKNTQE
KPSKRSFIED LLENKVTLAD
LPPLLTDEMI AQYTSALLAG
VTONVLYENQ KLIANQFNSA
TLVKQLSSNF GAISSVLNDI
QLIRAAETRA SENLAATKMS
VFLHVTYVPA QEKNFTTAPA
EPQIITTDNT FVSGNCDVVI
SPDVDLGDIS GINASVVNIQ
KWPWYIWLGF IAGLIATVMV
SEPVLKGVKL HYT

SFTRGVYYPD
NPVLEFNDGV
CEFQFCNDEF
GKQGNFKNLR
IGINITREQT
ENGTITDAVD
NITNLCPEGE
GVSPTKLNDL
GCVIAWNSNN
NGVEGENCYF
TNLVKNKCVN
TLEILDITEC
PTWRVYSTGS
PRRARSVASQ
MTKT SVDCTM
VFAQVEQIYK
AGFIKQYGDC
TITSGWTEGA
IGKIQDSLSS
LSRLDKVEAE
ECVLGQSKRV
ICHDGKAHFP
GIVNNTVYDE
KEIDRLNEVA
TIMLCCMTSC

KVFRSSVLHS
YFASTEKSNI
LGVYYHKNNK
EFVFKNIDGY
LLATHRSYLT
CALDPLSETK
VENATRFASV
CEFTNVYADSF
LDSKVGGNYN
PLQSYGFQPT
FNFNGLTGTG
SFGGVSVITP
NVFQTRAGCL
SIIAYTMSLG
YICGDSTECS
TPPIKDFGGF
LGDIAARDLI
GAALQIPFAM
TASALGKLQD
VQIDRLITGR
DFCGKGYHLM
REGVFVSNGT
LQPELDSFKE
KNLNESLIDL
CSCLKGCCSC

Fig 2 Mutant-type sequence for the formation of the three-dimensional structure
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3D structures of the spike protein were obtained by using wild and mutant-type sequence
sets. 3D structure of Spike protein homology modelling was performed using the Swiss-
Model (www.swissmodel.expasy.org) database and the Chimera program,

By examining the QMEAN values of the three-dimensional structures obtained, high
models were selected and used as models (Table 1). We used the PODTC2 accession
number sequence for the wild type as the basis. The selection was made by evaluating the
QMEAN values of the 3D structures obtained as a result of Swiss Homology modelling.
The QMEAN for the wild type was detected at -1.59 and the mutant type was detected at -
1.58.

Table 1 QMEAN values of the models that homology modeling was built by Swiss-Model

QMEAN
Wild-type -1,59
L18F -1,58

Basic chemical calculations were displayed on BIOVIA Discovery Studio Visualizer (Table
2). Leucine is a more hydrophobic amino acid than phenylalanine (Hydrophobicity values
are 3.8 and 2.8, respectively). Protein-ligand binding needs hydrophobic interactions. L18F
mutation at the RBD site of the spike protein gains more hydrophilic character to the
protein. Changing the stability and AAG value in L18F mutation was predicted via I-
Mutant software. The conditions were selected as 25°C, pH: 7.0 (default settings), and the
software showed that the stability of the mutant spike protein decreased. Also, the graph of
temperature—AAG was created in Microsoft Excel. According to the data, AAG is increased
when the temperature is decreased. The increased temperature causes a more unstable
mutation at the B: 18F site.
Table 2 Calculation of hydrophobicity by BIOVIA Discovery Studio Visualizer

Full name Hydrophobicity Secondary struc-
N v ture
Wild-type B:Lecul8 3.8 Coil
Mutant-type B:Phel8 2.8 Coil
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Also HOPE web service was utilized for determining the structural effects of the mutant
protein in this study. The location of the mutant residue is near a highly conserved position
and L18F mutation may not cause damage. Receptor-ligand interactions could be changed
negatively in the structural base because the mutant residue is bigger than the wild-type

residue. The amino acid change was detected for the mutant type (Figure 3).

Fig 3 Wild-type ribbon structure

The change in the receptor-binding domain of the mutant type Spike protein is shown in
Figure 4. The amino acid Leucine at position 18 in the wild-type receptor-binding domain
of the spike protein was converted to mutant-type as phenylalanine. When the ribbon

structure of both models was examined, conformational change was not observed.
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Fig 4 Amino acid changes

Leucine is a more hydrophobic amino acid than phenylalanine (Hydrophobicity values are

3.8 and 2.8, respectively). Protein-ligand binding needs hydrophobic interactions. L18F
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mutation at the RBD of the spike protein gains more hydrophilic character to the protein.
Also HOPE web service was utilized for determining the structural effects of the mutant
protein in this study. The location of the mutant residue is near a highly conserved position
and L18F mutation may not cause damage. Receptor-ligand interactions could change
negatively in the structural base because the mutant residue is bigger than the wild-type
residue.

Travel restrictions have been imposed in most countries since the pandemic was declared.
However, the SARS-CoV-2 virus continued to mutate. New SARS-CoV-2 variants
occurred and continued to spread across continents.

Substitution of phenylalanine with aromatic ring instead of leucine with aliphatic chain
impairs steric elasticity in the protein chain. It may cause the ligand not to cleave. It breaks
conformational elasticity sterically. Aromatic rings increase stability [19]. As the increased
stability also strengthens the ligand-protein bonds, continuous binding takes place. This
increases the damage of the mutation. It is a negative situation in methods such as xray in
the study of protein ligand interactions. Because the relaxed structure of the protein cannot
be visualized. There is no such disadvantage in homology modelling [20].

In a study, Kuzmina A. et al. detected that the L18F mutation (B. 1. 351 variant) is more
resistant to greater infectivity and antibody neutralization [21]. Moreover, they showed that
when K417T/E484K mutants were compared with L18F, it was detected that these mutants
resisted the post-vaccination serum neutralization similarly to L18F.

On the contrary, Thomson EC. et al. found that N439K facilitated resistance to antibody
neutralization [22]. Boon S. et al. speculated that N439S, T478S, and N501K mutations
gave the virus a chance to infect host cells more efficiently and with low antigenicity. They
detected that these mutations allow SARS-Cov2 to enter the host cell easily and make it
easier to infect the cell [23].

Shahhosseini N. et al. used the SWISS-MODEL database to create homology models for
SARS-CoV-2 Spike protein mutants [24]. We also used the SWISS-MODEL database for
homology modelling. However, we cannot obtain hydrophobic interactions, hydrophobic
structure, or atom-bond visualizing for protein by SWISS-MODEL. Because of this

situation, we used the Chimera program and we backed up our models with Chimera.
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Conclusion

Detection of the effects of changes in the protein sequences of the SARS-CoV-2 virus is an
important element in determining the spread and severity of COVID-19. In particular, since
spike protein is closely related to receptor proteins such as ACE2, FURIN, and TMPRSS2
in humans, it is extremely necessary to determine the rate and direction of change in this
protein. The change from leucine to phenylalanine at amino acid 18 is found in the VOC
strain that has a replicative advantage, and it is clear that such mutations result in
subspecies with novel properties. When we consider the drug development process from a
technological point of view, vaccine studies against COVID-19 are at the beginning and it
is a matter of debate whether they are sufficient against variants. We think that it is
important to model all newly formed variants just like in our study and to examine them
from all chemical aspects. In addition to our in silico study, performing in vitro studies will
be important in terms of understanding the beta coronavirus species and subspecies that are

likely to occur in the future.
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