Meduyunckas ummynonroeus
2022, T. 24, No 4,

cmp. 729-740

© 2022, CII6 PO PAAKH

Medical Immunology (Russia)/
Meditsinskaya Immunologiya
2022, Vol. 24, No 4, pp. 729-740
© 2022, SPb RAACI

Opucunaavnvie cmamou
Original articles

WAEHTUDUKALNSA MYTALMA NOBEPXHOCTHOIO
NMUAKOMPOTENHA SARS-CoV-2 B LULTAMMAX,

N30JINMPOBAHHbIX B UPAKE
Hasyn Amu AL, dcum B %, Puag-ann-axanmnan O.1

I Mocyavcuit ynueepcumem, e. Mocyn, Hpak
2 Huneesuiickuii ynueepcumem, 2. Mocya, Hpax

Pe3siome. [loGanbHast maHaeMusi KOpPOHABUPYCHO MHGMEKIINY CTajla JUTMTETbHOW KPU3UCHOM CUTyalnei
IUJTsT OOIIIeCTBa, 9KOHOMUKY U 3ApaBOOXPaHEHUS, KOTopas IIpoaonKaeTcs 1 ceityac. Cnalk-rIMKOIIpOTeH
Bupyca SARS-CoV-2 gBnsieTcsi OTHUM U3 NEPBUYHBIX KOMIIOHEHTOB BUPYJIEHTHOCTH, TKAHEBOIO TPOITM3Ma
1 00BbEKTOB HOCUTEbCTBA. Llenbio paboThl OBLUIO OIpeaesieHre MyTaluii S-0ejika B M30JIsITaX OT OOJbHBIX
COVID-19 B Upake. MeToabl: NOJHOTEHOMHbBIE MOCJIEA0BaTEIbHOCTU JUHUM BUpyca B Upake mosaydanu us
6a3e1 GISAID. Mcrnonb3ys CTaTUCTUKU CaTypallMOHHOTO MyTareHesa 1 Apyrue MeTOAUKU OMMH(POPMATUKH,
Mbl u3yunsin 20 nocaenosBatebHocTe U30J151TOB SARS-CoV-2 ¢ MucceHc-MyTallMeit fTaHHOro OeJika, Bbl-
aBiieHHbIX B Mpake 1 BeiOpaHHbIX 13 0a3bl naHHbIX NCBI. Pe3ynbrarsl: Bo BceX IMHUSX BUpYyca, IIPU CpaB-
HEHWU ¢ TUKUM TUIIOM, OBUTH BBISIBJICHBI cienytomue mytaunu: L452R, A522V, E583D and D614G. Yucno
MYTaLMil 3TUX JJUHUI ObIJIO Pa3sIMYHBIM, B 3aBUCUMOCTH OT MecTa coopa oopa3noB. Myrauus D614G oObuia
oOHapykeHa B 19 muausx. OnHa u3 TMHUI nMesia 3 MyTallud, TOoTAa Kak apyrasi OTHOCWIMCH K IMKOMY TUITY
Bupyca. CTpyKTypa MyTaHTHOTO OejIKa CyIIIeCTBEHHO M3MEHSIETCS M3-3a SHEePreTUYCCKUX B3aUMOICHCTBUIA
aTOMOB B 30HE€ CTBIKOBKH, UYTO BJIMSIET HA CTAOMJIBHOCTH OeJika. BeIBOABI: cTaOMILHOCTD S-0eKa MOXKET 13-
MEHSITBbCSI B 3aBUCUMOCTU OT MecTa MyTaiimu. CTeikoBKa MoJieKyJibl RBD-ACE?2 Hapymiaercs mo-pasHoMy
npu 3aMmeHax aMuHokucaoT L452R and A522V.

Karouesvie crosa: SARS-CoV-2, cnaiik-npomeun, mymayuu, nosepxnocmuvie, ACE2, RBD

IDENTIFICATION OF SURFACE GLYCOPROTEIN MUTATIONS
OF SARS-CoV-2 IN ISOLATED STRAINS FROM IRAQ

Ali Adel Dawood?, Bassam Ismael Jasim®, Omar Riadh Al-Jalily?

@ University of Mosul, Mosul, Iraq
b Ninevah University, Mosul, Iraq

Abstract. Background: The global pandemic of coronavirus disease is a societal, economic, and public-
health crisis that is still underway. The spike glycoprotein of SARS-CoV-2 is one of the primary ingredients for
virulence, tissue tropism, and host areas. Aim: This study aimed to determine mutations in the S protein of the
Iragi COVID-19 isolates.

Full genome sequences of Iraqi strains were obtained from GISAID. Using statistical saturation mutagenesis
and other informatics methods, we investigated 20 sequences of SARS-CoV-2 S protein missense mutation
isolates in Iraq selected from NCBI.
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The following mutations were detected for all the strains under study compared to the wild type: L452R,
AS522V, E583D and D614G. The number of mutations in the strains was different depending on the location
of the state from which the sample was collected The D614G mutation was found in 19 strains. One strain
had three mutations, while the other was a wild form strain. The structure of the mutant protein changes
dramatically, as does the energy of the atoms concerning the docking position, affecting the protein’s stability.

The mutation sites would improve the S protein’s stability. Molecular docking of RBD-ACE2 is affected

differently by residues L.452R and A522V.
Keywords: SARS-CoV=-2, Spike, Mutation, Surface, ACE2, RBD

Introduction

The global pandemic of coronavirus disease is an
ongoing social, economic, and public health issue.
COVID-19 etiologic agent was recently designated
SARS-CoV-2 by the Coronavirus Study Group on
the International Committee of Virus Taxonomy [6,
16]. The latest member of the coronaviridae family
is closely linked to serious acute coronavirus
syndrome [5, 28].

Thespike glycoprotein of SARS-CoV-2isone ofthe
primary ingredients for virulence, tissue tropism, and
host areas and plays a key goal for the neutralization of
antibodies and the design ofa vaccine [8, 12, 26, 38].
The S protein of SARS-CoV-2 is generally regarded
as the most promising immunogenic for eliciting
defensive immunity [24]. However, since the S protein
has adapted to conduct its functions when evading host
neutralizing antibody responses, it should be designed
toensure the best immune response possible [13]. The
protein of coronavirus S is split into two domains:
S1 and S2 [7, 24]. The domain S1 mediates receptor
binding and the domain S2 mediates membrane
fusion downstream. In S1 there is a core and receptor
binding motif (RBM) that explicitly recognizes ACE2
in the recipient binding domain (RBD) [4, 25]. For
the host and cross-species SARS-CoV-2 infections,
the RBD-ACE?2 interactions are important [1, 3].
The recent experiments have shown that the ACE2
affinity of SARS-Cov-2 S protein and bat coronavirus
is greater than that of SARS-CoV [16]. The cryogenic
electron microscopy (cryo-EM) work has been used
to establish a prefusion ectodomain trimer in open
and closed SARS-COV-2 S conformation states [34,
35]. The computer modeling of the SARS-CoV-2
RBD-ACE2 interaction has found several residues
potentially involved in the interaction, although the
true residues which mediate the interaction remain
unclear [14, 30]. In addition, no isolated SARS- CoV
monoclonal antibodies can neutralize SARS-CoV-2
in place of observable SARS-CoV-2 neutralizing
serum/plasma activity in patients recovering from the
SARS-CoV infections [19, 23].

Compared to other RNA viruses, coronaviruses
are at high rates of mutation. New mutations are
constantly emerging in SARS-CoV-2 and are the
main challenge in the synthesis of wide neutralizing
antibodies [17]. Computational mutagenesis for
saturation offers a quick technique for investigating all

conceivable mutations and identifying new functional
locations. Therefore, it is essential to study RBD-CE2
affinity and S stability.

In this study, the SARS-CoV-2 S missense mu-
tations were investigated with computational
saturation mutagenesis. We retrieved 20 completed
Iraqi SARS-CoV-2 isolates from various regions.
A total of four S-protein mutations and one RBD
domain mutation were observed. The future target
locations for antiviral drug formulation and vaccines
for the latest coronavirus strain study have been
identified.

Materials and methods

The current research has conducted complete
genome sequence data from the ancestral cladding
of SARS-CoV-2 strains presented in GISAID of
Iraq viral isolated from Samawa and Erbil (https://
www.gisaid.org). NCBI Genbank has been retrieved
full genome sequences of 20 SARS- CoV-2 isolates
corresponding to the following accession numbers:
MW290973, MW512847, MW633517, MW546610,
MT940504, MT940484, MT940500, MT940492,
MT940489, MT940508, MT940497, MT940487,
MT940499, MT940486, MT940496, MT940507,
MT940494, MT940503, MT940490, and MT940498.
The surface glycoprotein sequences were derived from
each genome annotation or by locally aligning the
SARS-CoV-2 protein in the coding segment (CDS)
translation characteristic: QPI19598, QQW45569,

QRW43499, QQZ48538, QNL36298, QNL36058,
QNL36250, QNL36154, QNL36118, QNL36346,
QNL36214, QNL36094, QNL36238, QNL36082,
QNL36202, QNL36334, QNL36226, QNL36178,
QNL36286, and QNL36130 (https://www.ncbi.

nlm.nih.gov). China-reference entire genome
(YP_009724390) and S protein (QQZ48538) were
selected as template sequences for alignment and
homology modeling.

Multiple sequence alignment and phylogenetic tree
analysis

MAFFT 7 server and Clustal-Omega were used
for the degree of convergence between sequences.
Similarity estimation with Jalview was seen. The
phylogenetic tree has been derived with ViPR tool.

Predication of 2D structure

A PSIPRED webserver was used to identify the
secondary structural portion (random spool, alpha
helices beta-strands) of S protein. Imaging and
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comparison of protein structure with PyMoL software
were conducted.

Predication of homology modeling and 3D structural
analysis

The wild and mutant S protein crystal model
was created by homology modeling approach using
servers from Swiss-Model and Maestro-Schrodinger.
PDB (6VXX) reference of S protein has been
selected as a template. Models are built based on the
target-template alignment using ProMod3. In the
structural validation and model accuracy (protein
preparation, covalent geometry, angles of torque,
protein minimization, residues scanning estimation,
energy calculation, hydrogen bond optimization, and
whole atomic contact analysis), BioLuminate 4.2 and
QMEAN were used to calculate wild and mutant of S
proteins. Images were viewed using PyMol.

The ProtParam in the ExPASy portal has
calculated the physiochemical characteristics of wild
and mutant S proteins. Inelastic network models,
changes caused by mutations in the protein dynamic
structure were simulated. The DynOmics 1.0 server
is used to analyze S protein structure mutations and
complex molecule modifications. By comparing
experimentally crystallographic results with wild and
mutant model data obtained in this analysis, both the
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Conservation

Gaussian network and anisotropic network model
measured the collective protein motion and mean
quadrangular fluctuations of each residue.

Construction 3D structure of S protein mutations
on the molecular docking model

We used Schrodinger sever to build the crystal
structure of the detected mutations on the molecular
docking region between receptor-binding domain
(RBD) and angiotensin-converting enzyme 2 (ACE2)
on the host cell membrane. PyMol was used to
decipher the images. The RBD-ACE2 model with
1D (6MO0J) was chosen from the PDB. The distances
between the atoms were measured to see whether the
mutations influenced the chain of molecular docking
or the overall model’s conformational changes.

Results

Multiple sequence alignment of 20 S proteins
compared with the wild type is shown in Figure (1).
Only 1 out of 20 sequences did not notice any changes
and adopt the wild form. A total of 4 existing mutations
were detected. S gene mutation analysis determined:
D614G mutation [aspartic acid (D) substituted with
glycine (G) in codon 614]. This mutation is linked to
the facilitation of virus transmission and virulence in
19 sequences. Other mutations showed in the S gene
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Figure 1. MSA showed 4 mutations in different residues of 19 sequences of S proteins
Note. Mutations are L452R, A522V, E583D and D614G. Each strain shows the numbers of mutations. D614G is found in 19 starins.
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QOW45568_1_SP_SARS-CoV-2__Irag__8_2_2021

QNL36298_1_SP_SARS-CoV-2__Iraq__29_8 2021
QNL36058_1_SP_SARS-CoV-2__Iraq__28_8_2020
QNL36250_1_SP_SARS-CoV-2__Iraq__29_8_2020
QNL36154_1_SP_SARS-CoV-2__lraq__29_8_2020
QNL36118_1_SP_SARS-CoV-2__lraq__29_8_2020
QNL36346_1_SP_SARS-CoV-2__lraq__29_8_2020
QNL36214_1_SP_SARS-CoV-2__Iraq__29_8_2020
QNL36094_1_SP_SARS-CoV-2__lraq__29_8_2020
QNL36238_1_SP_SARS-CoV-2__lraq__29_8_2020
QNL36082_1_SP_SARS-CoV-2__Iraq__29_8_2020
QNL36202_1_SP_SARS-CoV-2__Iraq__29_8_2020
QNL36334_1_SP_SARS-CoV-2__Iraq__29_8_2020
QNL36226_1_SP_SARS-CoV-2__Iraq__29_8_2020
QNL36178_1_SP_SARS-COV-2__lraq__29_8_2020

QML36286_1_SP_SARS-Cov-2__Iraq__29_8_2020

QML36130_1_SP_SARS-CoV-2__Iraq__29_8_2020

[ YP_009724390_1_SP_SARS-CoV-2__Ref 18 7_2020

QPI19598_1_SP_SARS-CoV-2__lrag__25_11_2020

| QQZ48538_1_SP_SARS-Cov-2__Jrag__2_2_2021

QRW43498_1_SP_SARS-CoV-2__lraq__25_2_2021

Figure 2. Phylogenetic tree of 21 sequences of S protein

Note. The QNL36238 strain is related to the wild type. 17 strains are not closely related to the wild strain.
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Figure 3. Prediction 2D structure of S protein sequences
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Note. (A) the original residues of wild type. (B) site of D614G mutation of the strain QPI119598 in pink color. (C) site of A522V and D614G mutations
of 17 strains. (D) site of L452R, E583D, and D614G mutations of the strain QRW43499.

region were: L452R mutation [lysine (L) substituted
with arginine (R) in residue 452 of QRW43499.
AS522V mutation [alanine (A) substituted with valine
(V) in residue 522 of 17 sequences. E583D mutation
[glutamate (E) substituted with aspartate (D) in
residue 583 of QRW43499.

Phylogenetic analyzes of the tree have shown
that one genome is entirely linked to the wild form.
Other sequences with various similarities in the same
cladding are linked to the comparison (Figure 2).

We have shown that there is a conformational
change in chains due to mutations in the prediction
of two-dimensional structure. Mutations ES83D and
D614G have changed from the coil to the strand,
but we have not seen any difference in the chains in
positions L452R and A522V (Figure 3).

In global structures, like expanded random coil
protein, with a poor secondary structure or molten
globules, the native disorder still occurs, which have
normal secondary structure elements that do not
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Figure 4. Analysis of Disopred (DISOPRED 3) and membrane helix prediction (MEMSAT-SVM)
Note. (A) wild type shows the original residues with blue lines in the plot and schematic. (B) D614G mutation of the strain QP119598. (C) L452R,
E583D, and D614G mutations of the strain QRW43499. (D) A522V and D614G mutations of 17 strains.
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Figure 5. Cartoon 3D structure of wild type and mutant sequences
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Figure 6. Surface view of the 3D structure of wild type and mutant sequences
Note. (A) wild type. (B) D614G mutation of the strain QPI19598 shows in pink color. (C) A522V and D614G mutations of 17 strains shows in red

color. (D) L452R, E583D, and D614G mutations of the strain QRW43499.

Figure 7. Measurement of distances between atoms of wild type and mutagenic patterns

Note. (A) distances between 4 residues in wild type 29.78A, 17.8A and 37A. (B) distances between none mutated residues and D614G mutation
of the strain QP119598, 30.9A, 7.8A and 37A respectively. (C) distances between wild residues and (A522V and D614G mutations) of 17 strains
30.9A, 16.8A and 38.1A respectively. (D) distances between wild residues and (L452R, E583D, and D614G mutations) of the strain QRW43499,

30.3A, 19.1A and 38A respectively.

condense into a stable globular fold. The change in
the protein secondary structure can be observed by
analyzing the original disorder concerning the main
type and mutant strains using DISOPRED 3 server
and membrane helix prediction (MEMSAT-SVM)
(Figure 4).

We constructed a three-dimensional structure of
the mutagenic strains obtained on the template chosen

for the S protein. In the cartoon and ribbon surface
models as shown in Figures 5 and 6, the photographs
have shown the proportion of modifications in the
protein structure and the morphological changes
related to each mutation.

The findings of the study measure the distance
between the wild-type atoms and the mutant strains.
The current study showed that the distance between
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Figure 8. Energy level of 4 mutations
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Figure 9. Molecular docking of RBD-ACE2 of wild and mutant sequences show the position of mutations in the docking

interaction

Note. (A) wild type. (B) L452R mutation of the strain QRW43499. (C) A522V mutation of 17 strains.

atoms is markedly different. The spacing between
residues L452R and A522V of the C3 atoms is 37 for
the wild type, while the distance for the mutated type is
38 and 38.1 (Figure 7C and D) respectively. Between
AS522V and E583D residues, the gap between the wild

and mutant strains was reduced, from 17.8 to 16.8.
The interval between C3 atoms, on the other hand,
ranged from 29.7 to 30.9 between positions E583D
and D614G (Figure 7). The energy calculation of
atoms including hydropathy, rotatable bonds, prime
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TABLE 1. MODIFICATION OF ENERGY EQUATIONS BETWEEN WILD AND MUTANT RESIDUES

A Stability A rﬁt:&t;lle A SASA A Prime | A Stability
Residue | Original Mutate (solvated) | Hydropathy (total) Energy Covalent
bonds
kcal/mol kcal/mol kcal/mol kcal/mol kcal/mol
kcal/mol
A:614 Asp Gly -3.15 1.31 -2 -25.47 32.27 2.13
A:583 Glu Asp 8.12 -0.41 -1 27.30 -6.60 -12.59
A:522 Ala Val -6.34 0.10 1 -11.97 1.03 2.01
A:452 Leu Arg 2.95 -1.86 2 23.08 -30.55 0.54
TABLE 2. MODIFICATION OF ENERGY EQUATIONS BETWEEN WILD AND MUTANT RESIDUES
- A Prime -
A Stability A A SASA A Stability
Residue | Original | Mutate | (solvated) | Hydropathy A Total rotatable (total) Energy Covalent
bonds kcal/mol kcall
kcal/mol kcal/mol kcal/mol mol kcal/mol
A:522 Ala Val -7.68 0.45 1 -4.14 -0.31 3.65
A:452 Leu Arg -2.37 -1.46 2 9.23 -35.87 3.44
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energy, stability solvate, and covalent bonds resulting
from mutations was shown in table (1). The mutations
have led to the protein stability by reading the data,
especially for the E583D and D614G mutations
(Figure 8).

The receptor-binding domain (RBD), which is
part of the S1 subunit, responsible for the docking
of S protein to the ACE2 receptor on the host cell
membrane. PDB (6M0J) was selected to detect
mutation effects and build the three-dimensional
structure of new mutations. The RBD region contains
residues in the range of (333-526). There are only
two detected mutations found in it (Arg-452 and
Val-522). RBD interface fusion residues include sites
(473-508), while ACE2 molecular docking residues
include sites (21-100). Since the observed mutations
do not occur inside the fusion site, but rather through
the construction of the crystal structure, it became
apparent that mutation Arg-452 has an impact on
the fusion site. We noticed a change in the distance
between the carbon atom no. 3 and the fusion sites for
the wild type (26.9 ,13.3,4.7 ,and 20.4 ), while for the
mutated type it was (27.9A, 14.4A, 4.1, and 20.1A).
In this study, we did not observe a change concerning
mutation Val-522 in the coalescence region because it
is relatively distant (Figure 9). The energy calculation
of atoms including hydropathy, rotatable bonds, prime
energy, stability solvate, and covalent bonds resulting
from 2 mutations was shown in table (2). Since the
energy of a solvated bond is greater than the energy
of a covalent bond, the mutations L452R and A522V
result in stability proteins. This finding may affect
the total energy of the RBD-ACE2 docking fusion
residues (Figure 10).

Discussion

Despite the development of vaccines for the
emerging coronavirus, scientists are still trying to
figure out how the virus interacts with the host cell.
Researchers are also working to restrict the virus by
detecting mutations and thereby preventing it from
entering the cell [33, 36].

Several genomic regions of increased genetic
variation in SARS-CoV-2 isolates were discovered in
recent studies of fine-scale sequence variation [20, 23].
We discovered four apparent mutations by studying
the amino acid sequence pattern of the selected
strains. The most common mutation (D614G) in the
second wave of the epidemic in Brazil and the United
Kingdom was detected in 19 sequences [15]. In many
of the places where it has been detected, the mutant
virus with glycine at the residue (G614) has shown to
quickly dominate [31, 37]. This finding indicates that
the G614 virus may have a propagation advantage over
the D614 virus, but we can’t rule out the possibility
that non-stochastic sampling of virus sequences and
spontaneous founder effects contribute to its current
dominance [11, 22]. The D614G mutation is thought

to facilitate an open configuration of the S protein
that is more conducive to ACE2 association [27, 34].

The wild form was followed by one strain. Three
mutations were also discovered (L452R, AS522V,
and E583D). Three forms of mutations were found
in the strains (QRW43499). By predicting the two-
dimensional structure of mutated strains, it became
clear to us that there is a change in the shape of the
chain from the coil to strand for the two mutations
(E583D and D614G). This is yet another example
of how modifying the protein’s two-dimensional
structure affects its three- dimensional form. This
confirms that using the Disopred server, the mutation
frequency for the wild type has increased, particularly
for the D614G mutant. An amino acid modification
(D614G) outside the RBD was shown to be more
contagious in a previous study, but no evidence of
being immune to neutralizing antibodies was found.
The increasing domination of D614G, on the other
hand, needs special consideration [2, 29].

After constructing the mutants’ crystal structures
and comparing them to the wild form, we discovered
that there is a significant difference, especially in
the surface view of residue mutation L452R. The
conformational change in the distance between the
atoms confirms this. On the other hand, variations in
energy measurements that were often directed toward
protein stability were observed. The solvate energies
of D614G and AS522V are lesser than those of ES83D
and L452R. In contrast to the rest of the mutations,
the energy of the covalent bonds was lower in the
position ES83D.

We conducted that the L452R mutation is nearest
to the fusion region and has an effect on the protein’s
structure, while the A522V mutation has little effect
on the overall shape due to its distance from the fusion
region (473-508). What confirms our perception is
the change of the distances between the atoms for
the mutated from the wild type. As compared to
the energy of covalent bonds, the solvated energy
of the two mutations was stronger. When we equate
the mutational energy of protein S to the mutagenic
energy of RBD-ACE2 molecular docking, we find an
important difference. For example, the solvate energy
for the L452R mutation in the S protein was (2.95
kcal/mol), while the same mutation in RBD-ACE2
had lower energy (-2.37 kcal/mol). The rotatable
energy between S protein mutations and RBD-ACE2
docking was revealed to be unchanged in the current
study. Furthermore, the study recorded important
variations in the various energies of mutations under
study between S protein and RBD-ACE2 molecular
docking.

S protein conformational changes that result in
membrane fusion include not only receptor binding
but also adequate protease activation. It’s also helpful
to know the rate and pace of mutations because they
play a key role in the virus eluding the host immune
system and increasing drug resistance [10]. We
speculated that since human ACE2 hasn’t adapted to
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accept the SARS-CoV-2 S enzyme, mutations that
increase affinity could be discovered. Without a doubt,
mutations in the S protein play the most important
role in modifying the virus’s pattern of host-cell
attachment and interaction. It’s also crucial to know
the rate and pace of mutations because they play a key
role in the virus eluding the host immune system and
gaining drug resistance [31].

According to one review, the furin-cleavage
site tends to confer a fitness benefit that has yet to
be determined. The D614G S-protein mutation
that tends to facilitate SARS-CoV-2 transmission
in humans also improves functional S-protein
integration into SARS-CoV-2 VLP and retroviral
PV, increasing PV infectivity [38]. To assess the effect
of this transition on the existence and magnitude of
COVID-19, further research will be needed.

Our findings suggest that stabilizing mutations will
keep S protein stable enough to perform its function
and also improving SARS-CoV-2 resistance. Via
calculating energy variations, we conducted that the
viral mutants are substitutions with minimum and
maximum folding.
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