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Abstract

Analysis of SARS-CoV-2 spike protein sequences of over 19 countries from biological
databases submitted around the globe was carried out with help of bioinformatics tools and
structure prediction databases. Initial data analysis showed entry of virus into different
geographic regions started in the month of January 2020. Meanwhile, aignment of spike
protein sequences of SARS-CoV-2 isolates from China and other countries revealed a critical
mutation of D614G. Surprisingly, mutation D614G was not seen in early samples submitted
in the month of January but gradually it started appearing globally from the month of March
2020. However, the mutations of amino acids in the spike protein other than D614G
exhibiting similar pl and altered polarity were found to be specific to geographical regions.
Besides, prediction of homology model for interaction of spike protein showed predominant
role of chain C of trimeric spike protein in adhering receptor binding domain (RBD) of
human ACE2 receptor. Furthermore, the prediction of glycosylation points has reveaed that
there are about 20 N-glycosylation potential sites on spike protein. We believe that the
information present here would not only help in thorough understanding of infectivity but
also enhance the knowledge of the scientific community in developing prophylactics and/or
therapeutics for SARS-CoV 19-2 virus.

Keywords. Coronavirus, spike protein, database, sequence aignment, mutation, homology
model, hydrophobic amino acids.
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I ntroduction

SARS-CoV-2 is a RNA virus consisting of postive-sense single-strand RNA of
approximately 27-32 kb. This virus, a member of the Coronaviridae family is classified into
four genera of CoVs: alpha, beta, delta and gamma. This virus appears like a crown under an
electron microscope, hence it is named as CORONA. It is known to infect a wide range of
hosts including humans, other mammals, and birds. Infected people will have clinical
symptoms like asymptomatic to severe symptoms in their respiratory and digestive tracts etc.
Interestingly, before it was reported/assumed that asymptomatic person can contribute up to
80% of SARS-CoV-2 transmission (Cascella et al. 2020).However, recently, (9" June 2020)
WHO has mentioned that spread of virus by asymptomatic patients is rare but very next day
retracted their statement since data was based on few studies. Therefore more studies are
required to conclude the potential source and route of transmission of SARS-CoV-2.

The infectious SARS-CoV-2 penetrates human cells via a transmembrane spike (S)
glycoprotein, which is atrimeric class | fusion protein and consists of two domains, S1 and
S2. The S1 subunit mediates the attachment of the virus, and subsequently the S2 subunit
mediates downstream membrane fusion of the viral and human cellular membranes
(Hoffmann et al. 2020, Walls et a. 2020, Zhou et a. 2020). The receptor binding domain
(RBD) for SARS-CoV-2 has been identified as the human angiotensin-converting enzyme 2
(hACE2), and recent studies determined a high binding affinity to hACE2 (Shang et al. 2020,
Walls et a. 2020). Considering its key role, the S protein is one of the mgor targets for the
study and development of preventive and therapeutic modalities. Meanwhile, presence of
glycans on proteins serve several purposes starting from binding/attachment interaction,
protein folding, masking epitopes to evade the host defense system. Therefore, it is also
crucia to understand their location on the protein for the development of vaccines, which has
been ignored previously (Wolfert and Boons 2013). However, recently many researchers are
taking this fact into consideration (Watanabe et al. 2020).

Bioinformatics tools and biological databases have tremendous potential in extracting
the information on the causative agent which helps in monitoring spread of disease and
discovery of any new drugs or preventive strategies (Bianco et al. 2012; Sosa et a. 2017).
Biological databases play a centra role in Bioinformatics, especialy, structural databases
help to analyse 3 dimensional structures, and studying protein ligand interactions which
facilitates screening and identification of candidate targets for drug discovery. Meanwhile,

databases are vital for storage and updating information and not only provide a platform for
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banking but also guard scientific data, and also key elements for the progress of scientific
research.

As of June 19" 2020, a total of 84.6 million confirmed cases and 4.53 million deaths
along with a total globa recovered number 41.42 million were reported. First reporting of
SARS-CoV-2 virus ever happened since 27" December 2020 and transmission of virus from
human to human on 19" January 2020 by China. Ever since, SARS-CoV-2 has become
pandemic, lockdown, socia distancing, wearing a mask and staying and working from home
has become new normal around the globe. Besides, it has aso kept the scientific community,
governments, healthcare workers, police, and diagnostic kit manufacturing industries on their
toes for development of appropriate monitoring strategies to control the spreading of disease.
Many countries have developed their own diagnostic kits, which helps them in early detection
and to contain virus from spreading. Despite stringent measures taken to control the disease,
the constantly changing nature of the virus has created panic not only among the common
man but also in the scientific and healthcare community, globally. However, the only way to
understand it better is to share information from everyone’s experience and surveying
available databases. Therefore, we have made an attempt to compile the information available
in the biological databases and share the critical information which shall be useful to the
scientific community. This might help in monitoring and understanding of disease as well as

developing preventive and therapeutic modalities for SARS-CoV-2.

Methods

NCBI data survey: NCBI database was searched for protein using the keyword “Covid19 and

respective country” (https.//www.ncbi.nim.nih.gov ). Once the list is displayed sequences,
protein sequences (surface glycoprotein) will be collected in fasta format based on date of
sequence publication, else date of submission or sampling. Sequences published on the same
date are considered as one to avoid duplication of sequences or reduce the numbers. Each
sequence was collected and stored based on category as on the date of
publication/sampling/submission. Later on, information was extracted and tabulated (Table 1)
like, country of origin, date of publication, patient travel history (if available), mutation site,
charge and position of mutant amino acids etc.

Multiple sequence alignment and domain prediction: Sequences collected were grouped

based on country of origin in fastaformat in atext file. The same files were used for multiple
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aignment using ClustalX software version 2.1 (Higgins 1994; Chenna et a. 2003).
Subsequently, alignment was analysed to look for mutation in the sequences and the same
were tabulated (Table 1). For prediction of domainsin spike protein of SARS-Covid19-2, the
following sequence accession no. of NCBI QHU36864 was used, which was isolated from a
61 year old aged male person from Hubei, Wuhan, China. After downloading the sequencein
fasta format the same was used for domain prediction using online web-tool prosite scan of
expasy.org (De Castro et a. 2006).

Homology modelling: Homology model of SARS-CoV-2 spike protein (AN: QHU36864)
was constructed using SWISS-MODEL homology modelling online tool in expasy.org.
(Guex et a. 2009; Bertoni et al. 2017; Bienert et a. 2017; Waterhouse et al. 2018; Studer et
al. 2020,). Interaction of SARS-CoV-2 spike protein and human ACE2 receptor model was
also constructed using SWISS-MODEL onlinetool. Template used was 1R42 1 (chain A).

Protein structure view: Homology models of SARS-CoV-2 spike protein and human ACE2
Receptor Binding Domain (RBD) were viewed and analysed using pyMOL software version
2.4. (Schrodinger, 2010). Protein chain colouring and locating position of amino acids was

also done using pyMOL.

Prediction of glycosylation sites: Glycosylation points on spike protein for SARS-CoV-2
were predicted by NetNGlyc.

Results and discussion

Analysis of collected spike protein sequences from over 19 countries revealed that the entry
of virus into respective geography (except China) started in the month of January 2020 since
the official publication of protein sequence by China. Countries like, India, Republic of
Koreg, Italy, Australia and USA showed entry in the month of January (based on date of
sample collection in Table 1). Whereas, entries in countries like Japan, Brazil and Israel took
place in the month of February. Followed by in countries like Nepal, South Africa,
Bangladesh, Pakistan, Iran, Sri Lanka, and Turkey in the month of March and April 2020.
However, these conclusions are based on data available in the NCBI database, which might
not contain al the information. Though, the entry of virusin India, USA and Italy started in
January, the virus spread and fataity rate was low in India (3.3%,
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/https.//coronavirus.jhu.edu/data/mortality), this could be due to change in geographical

region physical factors, ethnicity, different genetic determinants and phenome of local
population, food habit and relative herd immunity etc., of an individual. However,
interestingly, a magjor mutation was seen in sequences which were submitted outside China
indicating that the virus started mutating in the new host at different geographical regions or
territory. These were evident in our multiple alignment sequences results as described in
Table 1, Figure 1 & 2 and supplementary Figure 1. However, irrespective of temperature,
race, ethnicity and diet at different geographical regions major mutation was still seen in
every country trailing many doubts that how could virus spread so rapidly?. It is suspected
that other specific mutations found in different isolates might play a key role in infectivity of
the virus by stabilizing spike protein through replaced hydrophobic amino acids.

LR

<— D614G, mutation site in chain C

Figure 1. Multiple alignment of globa SARS-CoV19-2 spike protein sequences showing
mutation site pattern at amino acid position 614. Where, CH, China, BR, Brazil; IT, Italy; IR,
Iran; SP, Spain; USA, United States of America; JP, Japan, KR, Republic of Korea, BD,
Bangladesh, F, France; IS, Isreal; N, Nepal; P, Pakistan; A, Africa.

Multiple alignments of protein sequences originating from 19 countries revealed one
major and common mutation site and a few other mutations as listed in Table 1. The major
mutation noticed is at the amino acid position D614 of the spike protein i.e. change of amino
acids from aspartic acid (D) to glycine (G) D614G. Surprisingly, the mutation at D614G was

not noticed in the Chinese virus isolated from the very first coronavirus in Hubei, Wuhan,
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China until the last reported on 24™ May 2020. This data also indicates that genetics drift of
the virus started occurring when entered the new host at a different geographical region.
However, some specific mutations (different mutation apart from D614G) were seen in
Chinese protein sequences and all were hydrophobic in nature (Table 1). Hydrophobic amino
acids like valine, leucine, isoleucine, phenylal anine and methionine have nonpolar side chains
and these are considered as essentia for folding of polypeptide chains in a protein and to
maintain its globular structure (Kauzmann, 1959; Perutz et al. 1965; Dill, 1990; Gowder et al.
2014). Therefore, it is supposed that the majority of hydrophobic nature of amino acids on
chain C surface might provide interna stability of protein chains to maintain globular
structure and in maintaining trimeric structure of the spike protein (Dyson et al. 2006).
Interestingly, D614G mutation was not seen at amino acid position D614 among
Indian, Italian, Japanese and American isolates during the months of January and February
however, the mutation was found in the isolates collected from March 2020 onwards. This
clearly demonstrated the gradual/faster adaptation of virus and subsequent genetic drift with
enhanced infectivity in the new host at different geographical regions. Mutations were also
observed in other positions of spike protein too, however, they were specific to particular
strain and not commonly seen in al other protein sequences as listed in table 1. Again,
mutated amino acids were hydrophobic in nature, except in two samples, where it was acidic.
Surprisingly, none of these mutations atered pl of the protein (Table 1) as that of D614G
mutation. However, the majority of mutations were observed in the S1 domain and on the
amino acids present on the surface of the protein. Similarly, the probable reason for change of
amino acid from acidic to neutral in mutation D614G was explained recently by Zhang et a.
(2020), where they say introduction of glycine provides greater backbone flexibility and
orientation to adjacent amino acids at that position and helps in greater stability of the

protein.
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Figure 2. Graphical representation of SARA CoV-2 spike protein predicted domains
generated by Prosite.expasy.org using protein sequence QHU36864. Red box indicates
mutation site (D614G) and black box indicated Furin cleavage site.
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D614G

Figure 3. SARS-CoV-2 and human ACE2 RBD complex. Graphical representation of SARS-
CoV-2 protein mutation point which was seen frequently on amino acid position D614G,
Aspartic acid (D) to Glycine (G).

Protein sequence scan for domain analysis revealed two domains S1 and S2 (Figure 2)
but when we look at the position of mutation site D614G on protein it was located outside of
RBD domain and has no role in interaction with human ACE2 receptor (Figure 3). The
homology model constructed showed protein has three chains A, B and C which givesit a
trimer structure, similar to SARS spike protein (Krichdoerfer et a. 2018, Figure 4A,B & C,
supplementary Figure 2). Chain C of the protein was mainly involved in interaction with
human ACE2 receptors (Figure 4B & D).

" chaimB:
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Figure 4. Homology Model of SARC-CoV-2 (PDB ID: 6acg) and human ACE2 receptor
complex. Panel A, depicts front view, B, side view and C, back view of the complex. Model
of and human ACE2 RBD complex. Letters in circle A,B,C are chains of SARS-CoV-2
protein and D is ACEZ receptor. A, N-acetyl-D-glucosamine points.

Glycosylation prediction revealed there were 20 N-glycosylation potential sites
present on the spike protein (Figure 5). Glycosylation of glycoprotein is important since
many viruses use them to mask surface peptides epitopes that would otherwise elicit antibody
response (Zhou et al. 2020). Therefore, it is essential to consider their presence on protein

while designing vaccines.
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Figure 5. Graphical representation of predicted glycosylation sites on spike protein
(QHU36864). Prediction shows 20 potential glycosylation sites and among them 15 are
above the threshold (0.5) indicating higher probability.

A recent study by Sino Biosciences which developed a recombinant S1 protein with a
D614G mutation showed comparable binding efficiency as the original 614D with ACE2
protein based on ELISA analysis (https.//www.sinobiological .com/research/virus/2019-ncov-

antigen?utm). They also claim that mutation D614G was initially predominantly found in
European countries, which is converse to data analysed in this study. Besides, they claim this
mutation strain is more transmissive. The study was carried out by a US-based Los Alamos
National Laboratory in collaboration with Duke University and University of Sheffield,
England. Author Bette Korber studied a total of 6000 sequences around the globe and found
14 mutations. They also say that this predominant strain migrated to the US East coast in
mid-March 2020. But at this point of timeit is not clear whether strain was carried to the US
or it got mutated in the USA? However, in search of thelr clam (mutant D614G is more
transmissive) aliterature survey was carried out and found a recent study by Zhang et al 2020
investigated this fact. They showed that mutation D614G indeed enhances viral transmission
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based on their experimental evidence using retroviruses pseudotyped with S infected
ACE2-expressing cells markedly more efficiently than those with SP°*.

In conclusion, major mutation was seen at amino acid position 614 and this mutation
D614G changed amino acid from acidic to neutral. Mutation D614G did change pl of the
protein from 6.05 to 6.13 but surprisingly other mutations did not affect/change pl of the
protein. Based on data collected, entry of SARS-CoV-2 could be predicted, data indicates
entry started in early month of January 2020 in countries like India, Republic of Korea, Italy,
and USA. In Japan, Israel and Brazil it started in the month of February. Critical mutation
was observed only when viruses moved outside from Chinese geography. None of the spike
proteins collected from China till the end of May month 2020 showed critical mutation.
Mutation D614G was seen in chain C and in the S1/S2 domain of spike protein. It is still
unclear why and how this mutation has occurred? It is important to investigate both proteins
(D615 and 614G) binding ability with human ACE2 receptors. Considering these factors
might help in understanding virus behaviour and also in designing and finding medicine for

virus inhibition.
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Table 1. Details of survey data of SARS-CoV 19-2 spike protein sequences submitted from around the globe to NCBI database.

Sl. Country of origin

No.
Karnataka
Kerala
1 India
Gujarat
Telangana
2 Nepal
3 South Africa
4 Bangladesh
Hubel
Wuhan
Fuyang
5 China
Beijing
Guangzhou
Hangzhou
Pakistan

Republic of Korea

Sequence published/
Sample collected

*28 April

6 May
7May
6 April/27 January
6 April

6 May
11 May

19 May
23 May

24 May
25 May

30 April/11 March

30 April/11 March
12 May/25 March
12 May/24 March
6 April

13 April/7 March
15 May/14 April
25 May

26 May

11 February/1 January
18 March

30 March

6 April

6 April/10 March

11 April
30 April

14 May
15 May
8 May

21 May
4 March

11 February/January 2020

NCBI
Accession no.

QJF11812

QIQ27842
QJQ39968
QHS34546
QIA98583

QJQ28345
QIR84513

QJIW69139
QJY 40601

QJY51384
QJIY 77055

QUIF77846

QIF77870
QJS39651
QJS39639
QIB84673
QIZ15537
QJU11812
QIY 77043
QIX59599
QHU36864
QHD43416
Y P9724390
QIS30018
QIU80913

QHZ00369
QJG65958

QIU81873
QIU81974
QJQ84088
QIQ68654
QIQ22760

QHZ00379

L ength of
Protein/pl

1213/6.13

1213/6.05
1213/6.13
1212/5.98
1213/6.05

1213/6.13
1213/6.13

Issues with
sequence
Issues with
sequence
1213/6.13
Issues with
sequence
1213/6.05

1213/6.05
1213/6.05
1213/6.13
1213/6.05
1213/6.13
1213/6.13
1213/6.13
1213/6.05
1213/6.05
1213/6.05
1213/6.05
1213/6.05
1213/6.05

1213/6.05
1213/5.98

1213/6.05
1213/6.05
1213/6.05
1213/6.05
1213/6.05

1213/6.05

Mutation
position/chain A,
B,C

614/C
1250/C

Nil
614/C
Nil
614/C
930/C
614/C
614/C
55/C
614/C
78/C
Nil
614/C
Nil
614/C
28/C
Nil
Nil
614/C
Nil
614/C
614/C
614/C
Nil
Nil
Nil
Nil
Nil
Nil
50/C
Nil
Nil
273/C, 275/C
276/C, 750/C

Nil
Nil
Nil
Nil
Nil
221/C
13

Number of
Mutations
occurred

O P O0OO0OO0OORRPRFRPROFRPROO - o NEFE, N OFRO

N

P O OO0OO0OO

Change of
Amino acid
(AA)

Ll

D-G
C-F

O

JDOr0Og>»0 O

Ll L Lol

SO0 o

o
I O
@

OO0 O
o0l O0ODCoDoooO! | | Ol OOl O O
OO ©

(7]

R-MF-Y
L-1,S-1

O U000

Charge of
mutated AA

Neutral
Hydrophobic
(HP)

Neutral

Neutral
Hydrophobic
Neutral
Neutral
hydrophobic
Neutral
Hydrophobic

Neutral

Acidic (-ve)

Neutral

Neutral
Neutral
Neutral

Hydrophobic

HP, Neutral
HP, HP

Position of AA
on protein
surface/domain

Interface/S1-S2
Bottom surface/S2

Interface /S1-S2

Interface /S1-S2
Side surface/S2
Interface /S1-S2
Interface /S1-S2
Interface /S1
Interface /S1-S2
Side surface/S1

Interface /S1-S2

Side surface/S1

Interface /S1-S2
Interface /S1-S2

Interface /S1-S2
Interface /S1-S2

Side surface/S1

Remarks

Total seq.
submitted on this
date (TS) 7

TS4
TS3

Returned from
Iran
Returned from
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D - Wuhan, China
7 April QlIV14984 1213/6.05 Nil 0 D - - -
29 February BCA87371 1213/6.05 Nil 0 D - - -
7 March BCB15090 1213/6.05 Nil 0 D - - -
28 March BCB97901 1213/6.05 Nil 0 D - - -
8 Japan 21 April BCD57643 1213/6.05 Nil 0 D - - -
22 April BCD58753 1213/6.05 Nil 0 D - - -
15 May BCF74569 1213/6.13 614/C 1 D-G Neutral Interface /S1-S2 -
16 May BCF79804 1213/6.13 614/C 1 D-G Neutral Interface /S1-S2 -
16 Apr/9 March QIU80900 1213/6.05 Nil 0 D - - -
11 May/26 March QJQ84843 1213/6.05 22/C 1 T 1 Hydrophobic Side surface/S1 _
9 Iran Nil D - -
13 May QJS54466 1213/6.05 22/C 1 T 1 Hydrophobic Side surface/S1 _
Nil D - -
11 April/31 January QIC50498 1213/6.05 Nil 0 D - - -
10  Italy 13 April/30 January QIA98554 1213/6.05 Nil 0 D - - -
28 May/23 March QKE43715 1213/6.13 614/C 1 D-G Neutral Interface /S1-S2 -
11 February/25 January QHR84449 1213/6.13 Nil 0 D - - _
11 Ausralia _ 247_/C S-R Acidic Side surface/S1
15 June/11 April QKR86605 1213/6.05 Nil 0 D - - -
9 May QKR86065 1213/6.13 614/C 1 D-G Neutral Interface /S1-S2 -
10 March QJD20849 1213/6.13 614/C D-G Neutral Interface /S1-S2 -
12 SriLanka 16 March QJD20837 1213/6.05 Nil 0 D - - -
31 March QJD20873 1213/6.05 Nil 0 D - - -
18 March QKV28229 1213/6.13 614/C 1 D-G Neutral Interface/S1-S2 -
13  Russia 20 March QJY 78005 1213/6.13 614/C 1 D-G Neutral Interface/S1-S2 -
22 March QKV 26486 1213/6.13 614/C 1 D-G Neutral Interface/S1-S2 -
17 March QI1Z16509 1213/6.05 Nil D
14 Turkey 7721C L Voo Hydrophobic Interface/S2 -
16 April QKG865% 1213/6.13 614/C 1 D-G Neutral Interface/S1-S2 TS3
15  France 14 May QJT72134 1213/6.05 Nil 0 D - - TS6
16 Israd 6 April/February QIT06987 1213/6.05 Nil 0 D - - -
17 Spain 6 April/9 March QIU78755 1213/6.05 Nil 0 D - - -
20 April/15 March QJC21005 1213/6.13 614/C 1 D-G Neutral Interface/S1-S2 -
6 April/28 February QIG55994 1213/6.05 Nil 0 D _ _ Swissto Italy to
) Brazil
18 Brazl 17 April QUA41641 Nil 1 D - - ~
1213/6.05 75/C N - K Acidic (-ve) Side surface/S1
- 19 January QHO605%4 1213/6.05 Nil 0 D - - -
Washington 19 January QlQ50182 1213/6.05 Nil 0 D - - -
Utah 14 April QlZ64326 1213/6.13 614/C 1 D-G Neutral Interface /S1-S2 -
MC, Arizona 4 May QIZ97062 1213/6.13 614/C 1 D-G Neutral Inside/S1-S2 -
Washington 17 April QJA41665 1213/6.05 Nil 0 D - - -
19  USA Louisiana 5May QJQ26997 1213/6.13 614/C 1 D-G Neutral Inside/S1-S2 -
Inside/S1-S2
614/C D-G Neutral )
- 22 May QJX 70300 1213/6.13 621/C 2 P_S Neutral Side sugzace/SL -
- 26 May QJY 78248 1213/6.13 614/C 1 D-G Neutral Inside/S1-S2 -
27 May QJS57231 1213/6.05 Nil 0 D - - -

* sequences submitted on the same data are considered as one sequence
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