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Abstract

Coronavirus disease 2019 (COVID-19), which is the pandemic caused by the virus, severe acute respiratory syndrome
coronavirus-2 (SARS CoV-2), first appearing in December 2019, continues to confound the world. In this update we pro-
vide insights into how some of the new mutant variant strains of SARS CoV-2 have evolved to be more infective. We also
introduce our supplement of the special issue on the topic of the proteins of SARS CoV-2 in the Protein Journal, which

follows this introduction.
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COVID-19 (coronavirus disease-2019), the pandemic caused
by the virus, SARS CoV-2, has become an ongoing problem
of the global community since December 2019. Now that
vaccinations are helping mitigate the effects of COVID-19,
there seems to be some relief. However, this global pan-
demic is an evolving situation and current global research
efforts are focused on how to slow down the rapid spread
of the more infective SARS CoV-2 mutants (see Tables 1
and 2 for select examples) [1]. One potentially confusing
part of these mutant strains [2] are the various nomencla-
ture systems employed to refer to the different strains [3].
Of particular interest of the mutant strains are the variants
that have mutations in the spike protein of the virus (Fig. 1).
The spike protein is a trimer. Figure 1A shows the spike
protein in its closed conformation where each protomer is
colored differently (blue, green, and red). In Fig. 1B, the
spike protein is bound to the human ACE2 protein (cyan).
All structures in the Figs. 1, 2, 3 and 4 were generated using
Chimera software [4].

In order to navigate the location of the mutations on the
spike protein of each strain shown in Tables 1 and 2, Fig. 2
shows the spike protein (PDB: 6VXX, the structure itself
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has residues 28-1147) colored by four different regions (the
spike protein is 1273 amino acids in length—position 1-300
is red, 301-600 is yellow, 601-900 is green, and 901-1200
is blue). For clarity, Fig. 3 shows the structures of these indi-
vidual ranges of the spike protein. The mutations are labeled
in the sequences shown in Fig. 2B and C.

These mutant strains arise from the misincorporation of
complementary nucleotides during replication [5] by the
low-fidelity [6] RNA-dependent RNA polymerase com-
plex. Furthermore, these mutant strains are likely to be more
infective because they have a higher affinity towards the
human receptor protein (ACE2). In particular, the spike pro-
tein of the UK variant strain (Table 1, Entry 1, also known
as VOC202012/01—“variant of concern” 202012/01) had a
tenfold greater affinity towards the ACE2 protein compared
to the original strain [7]. One explanation of the enhanced
affinity towards the ACE2 protein in these mutations could
be due to an introduction of a potential salt bridge when a
charge is incorporated. For instance, mutants B1.427 and
B1.429 have a leucine mutated to an arginine at position
452 (LA52R) (Table 2, entries 4 and 5). Careful inspection
of the structure of the SARS CoV-2 spike protein complexed
with the human ACE2 protein shows that a glutamate on the
ACE2 protein (E35) is near the residue-L452 on the spike
protein (9.1 1&) (Fig. 4). A mutation at position 452 to an
arginine on the spike protein will potentially introduce a
salt bridge between the spike and ACE2 proteins (i.e. posi-
tively charged R452 will interact with the negatively charged
residue, E35). Other factors that potentially enhance the
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Table 1 Mutant strains of SARS CoV-2 that are more infective than the original strain

Entry Name of strain: Nextstrain ~ Mutation on the spike protein® Original geographical location
[8], Pango lineage [9]
{0-300} {301-600} {601-900} {901-1200}
1 201/501Y.V1, B.1.1.7 A69/70, (E484K), D614G, S982A, United Kingdom (U.K.)
Al44 (S494P), P681H D1118H
N501Y, T7611 (K1191N)
A570D
2 20H/501Y.V2, B.1.351 D80A, K417N, D614G, South Africa
D215G, E484K, A701V
A241/242/243 N501Y
3 20J/501Y.V3,P.1 L18F, K417T, D614G, T10271 Brazil (subsequently Japan)
T20N, E484K, H655Y
P26S, N501Y
D138Y,
R190S

“Mutations shown in parentheses mean some sequences had them but not all

Table 2 Mutant strains of SARS CoV-2 that are more infective than the original strain (continuation from Table 1)

Entry Name of strain: Nextstrain Mutation on the spike protein Original geographical location

[8], Pango lineage [9]
{0-300} {301-600} {601-900} {901-1200}

20C/S:452R, B1.427 L452R D614G California (U.S.A.)

5 20C/S:452R, B1.429 S13I, L452R D614G California (U.S.A.)
Wwi152C

(A) Spike protein (closed conformation)

Fig.1 A SARS CoV-2 spike protein (PDB ID: 6VXX). B SARS red protomer has its RBD pointing up in position to bind to a second
CoV-2 spike protein bound to the human ACE2-receptor protein ACE2 protein. The blue protomer has its RBD pointing in the closed
(PDB ID: 7A96). The green protomer has its receptor binding domain conformation (Color figure online)

(RBD) pointing up and is bound to the ACE2 protein (cyan). The
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(A)

(B) Residues 1-300 (), 301-600 (yellow)

NTD(13-305)5
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CTLKSFTVEK GIYQTSNFRV QPTESIVREP NITNLCPFGE VENATRFASV YAWNRKRISN
RBD (319-541)
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CVADYSVLYN SASFSTFKCY GVSPTKLNDL CFTNVYADSF VIRGDEVRQI APGQTGKIAD
2-3
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YNYKLPDDFT GCVIAWNSNN LDSKVGGNYN YLYRLFRKSN LKPFERDIST EIYQAGSTPC
4-5
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1-2-3 1 1-2-3
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PFQQFGRDIA DTTDAVRDPQ TLEILDITPC SFGGVSVITP

1

ENFNGLTGTE VLTESNKKFL

Fig.2 A Spike protein (closed conformation, PDB: 6VXX) colored
where position 1-300 is red, position 301-600 is yellow, position
601-900 is green, and position 901-1200 is blue. B Sequence of the
spike protein from 100 to 600 (colored as described in (A) of this
figure). C Sequence of the spike protein from 601 to 1200 (colored
as described in (A) of this figure). The numbers below the bold
residues in the sequences refer to the changes in residues for each

interaction between the spike and ACE2 proteins are dis-
cussed in the review article in this special issue.

Another aspect that may be important to consider regard-
ing these mutant variants is that some monoclonal antibodies

(C) Residues 601-900 (green), 901-1200 (ST
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mutant strain presented in Tables 1 and 2. For mutant strains that
have the same mutations, the numbers of the entries are separated
by a hyphen—for example, the N501Y mutation is in entries 1, 2,
and 3 from Table 1; therefore, position 501 is labeled with “1-2-3”.
NTD N-terminal domain, RBD receptor binding domain, HR/ heptad
repeat sequence 1, HR2 heptad repeat sequence 2, TM transmem-
brane domain, CT cytoplasm domain (Color figure online)

and vaccines may not be as effective towards treating and
preventing COVID-19. A selection of current mutant strains
that are circulating in the world are listed in Tables 1 and 2.
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(A) Residues 0-300 (1)

(B) Residues 301-600 (yellow)

Fig. 3 The spike protein with residues colored in the four different ranges: A 0-300 (red), B 301-600 (yellow), C 601-900
(green), and D 901-1200 (blue). Glycan moieties shown for reference (Color figure online)

Herein, we disclose our own update and efforts in the
Protein Journal on recent publications focused on helping
us understand SARS CoV-2 to help the worldwide research
community. We have combined these manuscripts into the
second part of our special issue on COVID proteins.

Recently, in Cell Biochemistry and Biophysics (Volume
79 - Number 2 - pp. 175-188, June 2021) in a manuscript
entitled, “Piece of the puzzle: Remdesivir disassembles the
multimeric SARS-CoV-2 RNA-dependent RNA polymer-
ase complex,” Soliman and co-workers have reported on
some molecular dynamics simulations on how remdesivir
triphosphate binds to the RNA-dependent RNA polymerase

@ Springer

(NSP12-NSP7-NSP8) complex of SARS CoV-2. [https://
link.springer.com/article/10.1007/s12013-021-00977-y].

In this special issue supplement on the topic of COVID
proteins, we feature four articles:

(1) A review on the biochemical activities of the non-
structural proteins (NSPs) and the spike protein and a
description of a recent ribosomal profiling study that
revealed 23 new SARS CoV-2 proteins

(2) Aninsilico study of the mutational stability of SARS
CoV-2 proteins


https://link.springer.com/article/10.1007/s12013-021-00977-y
https://link.springer.com/article/10.1007/s12013-021-00977-y
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Fig.4 A Spike protein from
SARS CoV-2 (tri-colored: red,

(A)

blue, green) bound to human

ACE?2 protein (cyan)—PDB ID:
7KNE. Boxed is residue 1452
on the spike protein and residue
E35 on the ACE2 protein. B
The zoomed in picture of L452
(spike) and E35 (ACE2) (Color
figure online)

(3) A docking study of milk peptides binding to various

SARS CoV-2 proteins

(4) A docking study of possible anti-SARS CoV-2 main

protease inhibitors

We hope that these articles in this special issue will con-

tinue to help advance our knowledge in combating SARS
CoV-2, the virus that caused COVID-19.
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