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ABSTRACT

SARS-CoV-2, the causative agent of the COVID-19 pandemic, is an RNA virus that has inherent high rate of
mutation. Due to the mutations, the virus evolves at a rapid pace that helps them to survive better inside the
host. One of the hotspots of pharmacological interventions is to inhibit binding of virus with the host cells, which
is mediated by Spike glycoprotein of SARS-CoV-2 and ACE2 receptors present on the human cells. This study was
conducted with an aim to identify and characterise the mutation (s) present in the Spike glycoprotein of the
SARS-CoV-2. Towards this, an in silico methodology was used, and the mutations on Spike glycoprotein were
identified by comparing the Spike glycoprotein of first reported sequence from Wuhan wet seafood market virus
with the available sequences of SARS-CoV-2 from Indian isolates. Our analysis revealed the presence of twenty-
five mutations in Spike glycoprotein among Indian SARS-CoV-2 isolates. These mutations spread all over the
protein and can be clustered at least into four distinct positions. Further, mutations at eleven positions exhibited
alterations in the secondary structure of the polypeptide chain. We also investigated the influence of these
mutations on overall protein dynamics and have shown that they affect the dynamic stability of the Spike

glycoprotein.

1. Introduction

The novel coronavirus SARS-CoV-2 has recently been reported as a
human pathogen in the city of Wuhan in China's Hubei province,
causing COVID-19 (Chan et al., 2020; Huang et al., 2020) with normal
to severe respiratory problems among other symptoms. According to
the publicly available datasets on various online platforms, as of 25th
May 2020, there are more than 5.4 million global confirmed cases of
COVID-19 and at least 0.34 million deaths. SARS-CoV-2 is an enveloped
virus with a positive-sense RNA genome of approximately 29.8kb in
length, that encodes structural (spike, membrane, envelope protein, and
nucleocapsid) and 16 non-structural proteins (nspl to nsp16) (Lu et al.,
2020). SARS-CoV-2, being an RNA virus, is potentially endowed with a
high mutation rate (Pachetti et al., 2020). These mutations contribute
to minor variations in the viral genome and drive them to confer re-
sistance to host immune system as well as to develop drug resistance
(Fung and Liu, 2019; Tay et al., 2020).

SARS-CoV-2 utilises a densely glycosylated spike (S) protein to ac-
cess entry into host cells. The viral Spike glycoprotein is localised in the
outermost layer of their envelope and is indispensable for attaching
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with the host receptor protein, Angiotensin-Converting Enzyme 2
(ACE2). Once attached to the host cell receptor, the Spike glycoprotein
goes through an extensive structural rearrangement that enables the
fusion of the viral and host cell membranes (Bosch et al., 2003; Li,
2016). The Spike glycoprotein of SARS-CoV-2 is 1273 amino acids long
and is comprised of a distinct N-terminal domain, receptor-binding
domain, subdomain 1/2, transmembrane domain, C-terminal domain
with heptad repeats 1/2 and a cytoplasmic tail (Wrapp et al., 2020).
Further, each Spike monomer consists of an N-terminal S1 domain and
a membrane proximal S2 domain that mediate receptor binding and
membrane fusion, respectively (Hoffmann et al., 2020; Walls et al.,
2020). The N-terminal S1 region of Spike glycoprotein interacts with
ACE2 receptor to attach with the host cell. Because of the indispensable
function of the S protein, it is one of the most attractive viral target
molecules for various interventions.

The SARS-CoV-2 spread worldwide within a few months (Sohrabi
et al., 2020) and its rapid global reach provided the virus an ample
opportunity to mutate and for natural selection to act (Duffy, 2018).
Most likely, due to these mutations in SARS-CoV-2 the new and more
resistant strains are constantly getting generated, which can
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Fig. 1. A) The sequences of Spike glycoprotein obtained from India were aligned with the sequence from Wuhan (wet seafood market) SARS-CoV-2. The mutations
were identified by amino acid sequence alignment by CLUSTAL Omega. The mutant residues are highlighted in the scheme of Spike glycoprotein. The Spike
glycoprotein sequence of Wuhan SARS-CoV-2 was used as reference. The dotted circle represents mutation clusters. B) The location of mutant amino acids in the

secondary structure of the Spike glycoprotein. The position of each amino acid mutation is highlighted as sticks in their respective panels.

successfully evade host immune system and nullify pharmacological
molecules designed against them (Chand et al., 2020; Korber et al.,
2020a). Therefore, in this study we decided to investigate the varia-
tions, if any, in the Spike glycoprotein of SARS-CoV-2 isolated from
different geographical regions of India and compare them with the first
reported isolate from ‘Wuhan wet seafood market virus’. Here, we
identified twenty-five mutations in Spike glycoprotein of SARS-CoV-2
isolated from India and their probable implications on protein dyna-
micity have also been discussed.

2. Materials and methods
2.1. Sequence retrieval

As of 6th June 2020, the NCBI-Virus-database has 153 Spike gly-
coprotein sequences of SARS-CoV-2 deposited from India. All these
(153) sequences were downloaded and their protein database accession
numbers are shown in supplementary table 1. For comparison, we re-
trieved the Spike glycoprotein sequence of the SARS-CoV-2 that was
first reported genome sequence deposited in the NCBI-Virus-database
from the ‘Wuhan wet seafood market area’ (formerly called ‘Wuhan
seafood market pneumonia virus’) during the initial days of COVID-19
spread (Wu et al., 2020) having the protein database accession number
‘YP_009724390’.

2.2. Sequence alignments

All the 153 Spike glycoprotein sequences (Indian isolates) and the
reference (Wuhan isolate) were downloaded from the NCBI-Virus-da-
tabase. We used these sequences for multiple sequence alignment using
the CLUSTAL Omega web server provided by EMBL's European
Bioinformatics Institute, UK (Madeira et al., 2019). This platform em-
ploys seeded guide trees and HMM profile-profile methodologies to
form alignments among three or more input sequence data-sets. The
output alignment files were analysed and the mismatched amino acid
were carefully recorded.

2.3. Secondary structure predictions

To obtain a basic idea about the probable secondary structure, we
input the mutant portion of Indian isolates' sequences and that of the
Wuhan isolate (reference) into CFSSP (Chou and Fasman secondary
structure prediction) (Ashok Kumar, 2013). This web server predicts
the most plausible secondary structure, for instance, a helix, 3 sheet,
and turns from the provided input amino acid sequence. CFSSP utilises
the Chou-Fasman algorithm that uses solved X-ray crystallography
structures of proteins to predict the relative frequencies of each input
amino acid in the secondary structures of proteins.
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Fig. 2. Prediction of changes in the secondary structure of Spike glycoprotein due to mutations. Fig. A, B, C, D, E, F, G, H, I, J and K demonstrate mutations observed
in Indian isolates. Panel (i) represents sequence of Wuhan isolate and panel (ii) represents sequence of Indian isolates. We observed a drastic change in the secondary
structure between Wuhan and Indian isolates at four mutation sites as highlighted in the green box (Panel D, G, H and I). (For interpretation of the references to color

in this figure legend, the reader is referred to the web version of this article.)

2.4. Protein dynamics study

To evaluate the effect of mutations on protein structure, we have
used mCSM web server (Pires et al., 2014). We uploaded the recently
reported structure of SARS-CoV-2 from RCSB dataset [PDB ID: 6VYB
(Walls et al., 2020)] to mCSM server, which in turn calculates and
provides the impact of a mutation on the atomic-distance patterns
surrounding the target residue (amino acid). mCSM tool relies on
graph-based signatures to measure the protein fluctuations (Pires et al.,
2014). mCSM works on the principle that the impact of a mutation can

be correlated with the atomic distance patterns surrounding an amino
acid residue. mCSM encodes distance patterns between atoms (up to 10
A®) and are used to represent the protein residue environment and also
to train predictive models (Pires et al., 2014).

For examining the effect of mutations on the structural conforma-
tion and intramolecular interactions in the target protein, we used
DynaMut web server (Rodrigues et al., 2018). The crystal structure of
SARS-CoV-2 Spike glycoprotein ectodomain (open configuration); PDB
ID: 6VYB (Walls et al., 2020) was uploaded onto DynaMut web server.
Doing so, we have analysed the effects of the mutations in multiple
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Table 1

The analysis of AAG and AASVib ENCoM between wild-type and mutant SARS-
CoV-2 Spike glycoprotein. DynaMut webserver was used to calculate the above
two parameters.

S. No Mutation AAG AASVib ENCoM
(kcal/mol) keal.mol 1K™ 1)

1 V1104L 0.687 —0.102

2 L54F 0.558 -0.26

3 A930V 0.486 —0.408

4 D614G 0.406 0.047

5 Q271R 0.379 0.092

6 T5721 0.296 —0.025

7 A706S 0.167 —0.644

8 T8271 0.044 4.943

9 R4081 —-0.014 0.16

10 A892V —-0.05 0.084

11 E583D —0.143 0.293

12 Y28H -0.217 0.035

13 A879S —0.384 -0.389

protein structure stability factors including the vibrational entropy,
atomic fluctuations and deformation energies. The DynaMut program
models conformational alterations and measures the outcome of mu-
tations on protein dynamics and stability. The calculations were exe-
cuted over the first ten non-trivial modes of the protein molecule.
Further, the DynaMut integrates graph-based signatures alongside
normal mode dynamics to create a consensus prediction of the effect of
any mutation on protein dynamicity (Rodrigues et al., 2018). DynaMut
additionally provides estimates to gauge changes occurred on protein
folding free energy by combining the information determined by Bio3D,
ENCoM and DUET to produce an advanced and increasingly strong
indicator (Rodrigues et al., 2018). The DynaMut also incorporates a lot
of correlative data with respect to the environmental characteristics of
the wild-type residues such as relative solvent accessibility, residue
depth and secondary structure to calculate the impact of mutation on
protein dynamicity (Rodrigues et al., 2018).

3. Results

3.1. Multiple sequence alignment to identify Spike glycoprotein mutations
from Indian isolates

Overall, 153 Spike glycoprotein sequences, reported till 6th May
2020 from various parts of India, were downloaded from the NCBI-
Virus-database and analysed by sequence alignment to identify any
mutations. The sequence of Spike glycoprotein isolated from Wuhan
(YP_009724390) has been used as a reference in this report. We ob-
served a total of 25 mutations in Spike glycoprotein as shown in Fig. 1A.
More importantly, our analysis shows that approximately 88% (134 out
of 153) of the Indian samples harbour D614G mutation marking it as a
dominant strain of SARS-CoV-2 in India. Among these, triple mutations
occurred in the two Indian isolate QJR84429 (D614G, A706S and
C1243F) and QJX44562 (L54F, E471Q and D614G). Furthermore, our
data shows that there are 46 mutants that have double mutations
(D614G with another mutation) and the rest have single mutation only.
The tables showing the list of mutations identified in this study are
listed in supplementary tables 2a and 2b. Moreover, these mutations are
spread all over the Spike glycoprotein; however, four distinct clusters
were observed between residues 1-100, 148-255, 570-680 and
820-930 as highlighted in Fig. 1A.

Next, we analysed the location of these mutations in the secondary
structure of the Spike glycoprotein by utilising the mCSM tool (Pires
et al., 2014). The analysis shows that thirteen mutations are present on
those areas of Spike glycoprotein whose structure has been solved re-
cently by crystallography. Out of these, four mutations are in the
sheet (namely 28, 271, 614 and 1104), three are in a helix (408, 879
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and 930) and rest are in loop areas (572, 583, 614, 706, 827 and 892)
as shown in Fig. 1B.

3.2. The mutations in Spike glycoprotein leads to alteration in secondary
structure

Next, we investigated the effect of these mutations on the structure
of Spike glycoprotein. On analysing the secondary structures using
secondary structure prediction tool, we observed that eleven mutations
are leading to alteration in secondary structure as shown in Fig. 2
(compare panel i and ii). However, five mutations failed to show any
effect on the secondary structure (Supplementary Fig. 1). Out of the
eleven mutations that alter the secondary structure, four of them have a
drastic effect as highlighted with box (panel D, G, H and I). Our analysis
revealed that the T572I mutation is causing the shifting of coiled region
to helix (Fig. 2D); however, A879S, A892V and A930V mutations lead
to replacement of helix with beta-sheet (Fig. 2G, H and I; compare panel
i and ii). Further, our results are in consistence with earlier reports that
have shown alanine as a good helix-forming amino acid residue as
compared to valine, which is a bad helix-forming residue at certain
positions in a-helix of a native protein (Gregoret and Sauer, 1998).

3.3. The mutations influence the dynamic stability of Spike glycoprotein

To assess the effect of the mutations on the structural dynamics of
Spike glycoprotein, we measured the differences of free energy (AAG)
between wild-type and mutant. The AAG, as a consequence of mutation,
correlates with the structural changes in three-dimensional structure of
protein, and, thus, measures the effect of mutation on protein stability
(Eriksson et al., 1992). The value of AAG below zero signifies destabi-
lisation and above zero represents stabilisation in protein structure.
Here, our analysis showed positive AAG for eight mutations and nega-
tive for five mutations as shown in Table 1. We have observed high
positive AAG for V1104L, L54F, A930V and D614G, indicating stabi-
lising mutation (more than 0.4 kcal.mol~1); on the other hand, A879S
yielded a high negative AAG (approx. -0.4 kcal.mol ) indicating de-
stabilisation.

Further, to evaluate the consequences of these mutations on the
structural dynamics of the Spike glycoprotein, we performed protein
modelling to analyse the change in vibrational entropy energy between
wild-type and mutant protein (AASy;,ENCoM). Vibration entropy is the
major contributor of the configurational-entropy of the proteins
(Goethe et al., 2015). By definition, the negative AASy;,ENCoM signifies
the rigidification and a positive value represents gain in flexibility of
the protein structure. Our analysis shows a very high AASy;,ENCoM for
T8271 mutation (4.94 kcal.mol™'.K~ 1), which indicates gain in flex-
ibility of the protein structure (Table 1). A930V, A879S and A706S
cause considerable negative AASy;,ENCoM (in the range of
—0.4 kecal.mol~*.K™1), which indicates rigidification in the protein
structure.

Subsequently, we also analysed the impact of the mutations on the
overall protein structural flexibility. We selected those mutations that
exhibited larger alteration in AAG as well as in AASy;,ENCoM (shown in
Table 1). Our data revealed that L54F, T8271 and V1104L mutations
induce localised alteration in protein structure (Fig. 3A); however,
D614G, A706S, A879S and A930V exhibit alteration in a broader region
of the protein structure (Fig. 3A). Altogether, our AAG and
AASy;,ENCoM data revealed that mutations at 54, 614, 706, 879, 930
and 1104 have a greater impact on protein stability and structural
dynamics. Therefore, we sought to analyse the impact of these muta-
tions on the close range interactions made by mutant amino acids in the
Spike glycoprotein. Our data show that the substitutions of the wild
type amino acids by mutant ones are notably affecting the in-
tramolecular bonds in the pockets where these amino acids reside
(Fig. 3B). Specifically, considering L54F, D614G, A930V and V1104L
mutations, the difference in intramolecular interactions between the
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Fig. 3. Prediction of mutation impact on structural integrity of Spike glycoprotein, A) Analysis of protein flexibility due to mutations in Spike glycoprotein. The blue
color signifies rigidification of the structure and red represents gain in flexibility. B) Interatomic interactions in Spike glycoprotein- The molecular structure of wild-
type and mutant amino acid are highlighted in light-green color. The surrounding residues that are making close contacts with the wild type and mutant residues are
also highlighted. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

wild type and mutants are distinct (Fig. 3B).

4. Discussion

Within a span of six months, the COVID-19 pandemic spread rapidly
to more than 200 countries and territories in different continents. We
sought to understand whether the migration of SARS-CoV-2 into dif-
ferent geographical areas is causing generation of distinct SARS-CoV-2
strains, because of variation in temperature, climate and the host
human populations. We performed an in silico analysis on publicly
available data of RNA sequences of SARS-CoV-2 isolates from India and
compared them with the first reported virus from Wuhan province,
China. Here, we have reported the occurrence of twenty-five mutations
in the Spike glycoprotein isolated from India (Fig. 1A and Supple-
mentary table 2). Large scale analyses have shown that SARS-CoV-2 in

most of the countries have evolved to various mutated strains and Spike
glycoprotein is one of the mutational hot spots (Pachetti et al., 2020;
Phelan et al., 2020). More recently, a study with 3067 genomic se-
quence of SARS-CoV-2 identified approximately 450 non-synonymous
mutations (Laamarti et al., 2020). Consistent with these reports, our
study also shows various mutations in Spike glycoprotein. In addition,
we have also observed four distinct clusters where the prevalence of
mutations is very high compared to other regions of the protein struc-
ture. Interestingly, at the N-terminal end (residues 1-200) there are
nine mutations and this region is a part of NTD of Spike glycoprotein
that is known to be N-linked glycosylated (Fung and Liu, 2018). The
other two mutation clusters in S1 and S2 domains of Spike glycoprotein.
Furthermore, we found some mutations that reside at very important
locations in this protein. One of the mutations identified in this study is
Q677H, which is just four residues upstream of S1/S2 conserved site
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and it could potentially affect the processing at S1/S2 site. The Spike
glycoproteins are present on viral envelope and aid in viral entry to
ACE2 expressing host cells. During this process, the S1 domain interacts
with host cell receptor whereas the S2 domain is involved in fusion of
the viral membrane with the host cell lipid membrane (Lan et al.,
2020). The initiation of lipid membrane fusion is primarily subjected to
the Spike glycoprotein cleavage by host cell proteases at the S1/S2
(residue 681/682) (Markus Hoffmann, 2020).

The structural studies on hACE2 and Spike glycoprotein interactions
revealed that there are strong polar contacts between the SARS-CoV-2
Spike residue A475 and E484 (present on a long loop region) with
hACE2 residues (Wang et al., 2020). In this study, we have identified
another mutation E471Q, which is also present in the same loop region
and we hypothesize that this mutation might affect the interactions
mediated by A475 residue with hACE2. Among the twenty-five, the
mutation at 930, 614, 706 and 879 positions, lead to comparatively
notable deviation in the structure of the protein and precisely add to the
alterations in flexibility of the polypeptide chain. The resulting loss of
flexibility may hamper host cell invasion too, either positively or ne-
gatively, as a cluster of mutations are housed in the S2 domain and
involves the helices heptad repeat 1. There have been consistent efforts
to study the mutation profile of SARS-CoV-2, after it spreads from
Wuhan, China. The RBD (331 to 524 residues) of Spike glycoprotein is
frequently mutated and various mutations have been mapped in this
domain. Here, in this study we are reporting two additional mutations,
R408I and E471Q found among the Indian isolates. Further, one of the
mutations at the 614th position of the Spike glycoprotein (D614G) has
gained considerable interest due to its rapid dominance worldwide and
thus, may be a potential candidate responsible for making COVID-19
more virulent (Korber et al., 2020b) by making it resistant to proteo-
lytic cleavage (Daniloski et al., 2020). It has also been hypothesized
that the D614G mutation enables the RBD to acquire an open con-
formation that is better suited for its interaction with the host ACE2
(Bhattacharyya et al., 2020; Trucchi et al., 2020; Zhang et al., 2020).
Therefore, the D614G variant is the most prominent strain already re-
ported from various countries (Korber et al., 2020b). Our data also
indicate that D614G is the dominant form among the Indian isolates,
approximately 88% (134 out of 153) of the samples analysed in this
study harbour this mutation (Fig. 1). Additionally, the molecular
characterization of the mutations in Spike glycoprotein strongly in-
dicates an emerging diversity among Indian isolates and, at the same
time, raises concerns about the efficacy of diagnostics, prevention, and
treatment measures against SARS-CoV-2.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.genrep.2020.100891.
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