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Abstract

The coronavirus disease 2019 (COVID-19) pandemic, caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), had caused over 382 mil-
lion cases and over 2.7 million deaths globally as of 23 March 2021. By that
date, at least 10 SARS-CoV-2 variants had emerged. The transmissibility and
lethality of the variants are higher than those of the Wuhan reference strain.
Therefore, a universal vaccine for the reference strain and all variants
(present and future) is indispensable. The coronavirus envelope (E) protein is
an integral membrane protein crucial to the viral lifecycle and the pathogene-
sis of coronaviruses. The SARS-CoV-2 E protein has a postsynaptic density
protein 95/Drosophila disc large tumor suppressor/zonula occludens-1 (PDZ)
binding motif (PBM), and its interaction with PDZ-domain-2 of the human
tight junction protein may interrupt the integrity of lung epithelium. Fur-
thermore, the SARS-CoV-2 E protein itself is a homopentameric cation
channel viroporin, which may be involved in viral release. This protein is thus
a potential target for the development of a universal COVID-19 vaccine, be-
cause of its highly conserved amino acid sequence. The variant mutations
occur mainly in the spike protein, and conservation of E protein remained in
most Variants of Concern (VOC). Only one of the extant VOC have muta-
tions in the E protein that P71L mutation occurs in the South African variant
501Y.V2 (B.1.351). If a vaccine is designed to target E protein, two scenarios
are possible: 1) SARS-CoV-2 maintains a highly conserved E protein amino
acid sequence, rendering the virus consistently or permanently susceptible to
the vaccine; or 2) the E protein mutates and new variants evolve accordingly.
In scenario 2, the tertiary structure and function of the E protein homopen-
tameric cation channel viroporin, PBM, or other aspects affecting pathoge-
nicity would be attenuated. Either scenario would thus ameliorate the pan-
demic. I therefore propose that a vaccine targeting the SARS-CoV-2 E protein
would be effective against the Wuhan reference strain and all current and fu-
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ture SARS-CoV-2 variants. Efforts to create E protein-based vaccines are on-
going. Further research and clinical trials are needed to realize this universal
COVID-19 vaccine.
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1. Introduction

The coronavirus disease 2019 (COVID-19) pandemic, caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), has already led to more
than 382 million cases and more than 2.7 million deaths globally as of 23 March
2021 [1]. Here, I have presented the following hypothesis regarding a universal
COVID-19 vaccine targeting the SARS-CoV-2 E protein: “a vaccine targeting the
SARS-CoV-2 E protein would be effective against the SARS-CoV-2 Wuhan ref-
erence strain and all current and future SARS-CoV-2 variants. The SARS-CoV-2
which causes COVID-19 cases in Wuhan, China [2] is designated as the “Wuhan
reference strain”, while the SARS-CoV-2 strains with mutations are referred to
as variants. Thus far, several variants have emerged, including mink Cluster 5,
lineage B.1.525, lineage P.3, the UK variants (B.1.1.7, variant of concern [VOC]
202012/01, and VOC 202102/02), Indian variant (B.1.617), Nigerian variant
(B.1.1.207), South African variant (B.1.351), California variants (B.1.429 and
B.1.427), Brazil variants (lineages P.1 and P.2), and le variant Breton. The B.1.1.7
variant has increased the lethality of the disease from 2.5/1000 to 4.1/1000 [3].

Currently available vaccines are based on spike protein. The Pfizer/BioNTech and
Oxford-AstraZeneca vaccines provided protection against the UK variant of concern
(B.1.1.7) [4]. However, whether the currently available spike (S) protein-based
COVID-19 vaccines from Pfizer/BioNTech, Moderna, Oxford-AstraZeneca, and
Johnson & Johnson have a protective effect against the Indian variant (B.1.617)
is still uncertain. Even if these vaccines are effective against B.1.617, there might
be still new emergence of SARS-CoV-2 variants, thus a universal vaccine for all
variants of SARS-CoV-2 is urgently needed. Firstly, immune escape variants may
still emerge [5] under the pressure of population-level vaccination with S pro-
tein-targeting vaccines. Secondly, the advantage of a universal COVID-19 vac-
cine is that there would be no need for modifications to target new variants. If
the current S protein-based vaccines are found to be ineffective against any of
the variants, a universal COVID-19 vaccine would indeed be indispensable.

The development of a universal COVID-19 vaccine would rely on an under-
standing of the origin of SARS-CoV-2 and its pathogenic mechanisms so that
the appropriate corresponding strategies can be applied to vaccine design. Al-
though the origin of SARS-CoV-2 is still under investigation, two bat SARS-like
(SL) coronaviruses, bat-SL-CoVZC45 and bat-SL-CoVZXC21, should be taken

into account. One of the earliest studies on COVID-19 after the outbreak in
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Wuhan [6], which was received by the journal Emerging Microbes & Infections
on 16 January 2020 and published online on 28 January 2020, revealed that
SARS-CoV-2 is most closely related to these two bat SARS-like coronaviruses.
Indeed, the genome of human 2019-nCoV HKU-SZ-005b (accession: MN975262)
had 89% nucleotide identity with bat-SL-CoVZXC21 [7] (accession: MG772934;
http://www.ncbi.nlm.nih.gov/nuccore/1369125429,
https://www.ncbi.nlm.nih.gov/nuccore/MG772934). The complete genomes of
bat-SL-CoVZC45 [8] (accession: MG772933
http://www.ncbi.nlm.nih.gov/nuccore/1369125417,
https://www.ncbi.nlm.nih.gov/nuccore/MG772933.1) and bat-SL-CoVZXC21
were isolated from the mitochondrial cytochrome b gene in the muscle tissues of

Rhinolophus pusillus bats in Zhoushan City, Zhejiang province, China, between
2015 and 2017, and reported by Hu et a/ in 2018 [9]. Bat-SL-CoVZC45 can in-
fect rat lungs, where it causes partial fusion of alveolar cavities and mild emphy-
sema [9]. The complete genome of bat-SL-CoVZC45 and bat-SL-CoVZXC21
were submitted by Dan Hu, Institute of Military Medicine Nanjing Command,
Nanjing, Institute of Military Medicine Nanjing Command, Nanjing, China on 5
January 2018 [7] [8].

Among the amino acid sequences of SARS-CoV -2, the amino acid sequence of
the structural protein envelope (E) protein
(MYSFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTALRLCAYCCNIVNVSLVK
PSFYVYSRVKNLNSSRVPDLLV) had the highest similarity to the bat isolates: it
was 100% identical to that of the E protein from both bat-SL-CoVZXC21 and
bat-SL-CoVZC45 [6] [10]. Notably, three nucleotides of the SARS-CoV-2 E pro-
tein gene (C26313, T26331, C26464) were different from those of bat-SL-
CoVZC45 (T26218, C26236, T23369) and bat-SL-CoVZXC21 (T26149, C26167,
T26300), according to the BLAST results. The amino acid sequence of the E
protein of the bat coronavirus RaTG13 is also identical to that of SARS-CoV-2.
RaTG13 is the closest relative to SARS-CoV-2, with a genome that is generally
acknowledged to be 96% identical to it, and was claimed to have been discovered
in Yunnan, China in 2013 [11], a narrative that is currently widely accepted by
the scientific community. However, the nature of the development of RaTG13 is
questionable, since the study on it and its genome was submitted only after the
first emergence of COVID-19. That study, which was authored by Chou et al.
[11], Prof. Zhengli Shi’s research group, was received by the journal Nature on
20 January 2020 and published online on 3 February, and the genome (acces-
sion: MN996532; https://www.ncbi.nlm.nih.gov/nuccore/1916859392) was sub-
mitted by Zhu ef al on 27 January 2020. A challenge to the natural existence of
RaTG13 has been summarized by Yan et al [10], and further solid evidence

against its natural existence was later published by the same authors [12].

The coronavirus E protein is a small integral 75 amino acid membrane protein
involved in crucial aspects of the viral lifecycle, including assembly, budding,
envelope formation, and pathogenesis [13]. The E protein of SARS-CoV is in-
dispensable for viral replication [14]. Furthermore, the SARS-CoV E protein has
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a binding motif at its C-terminal end called postsynaptic density protein
95/Drosophila disc large tumor suppressor/zonula occludens-1 protein (zo-1)
(PDZ)-binding motif (PBM), which can disrupt the integrity of lung epithelium
[15]. The SARS-CoV-2 E protein also has a PBM at its C-terminal end
(DLLV:72-75), and it interacts with PDZ-domain-2 of human ZO-1 [16]. The
coronavirus E protein also forms viroporins that may mediate viral release [13]
[17]. Tomar and Arkin [18] revealed that the SARS-CoV-2 E protein may be an
ion channel viroporin. Further, Saurabh and colleagues [19] described the
Born-Poisson-Nernst-Planck-Lennard-Jones model illustrating the flow of Na+
and Cl- through ion channel viroporins formed by pentameric SARS-CoV-2 E
proteins. Mandala and colleagues [20] investigated the 2.1 A structure of the E
protein’s transmembrane (ETM) domain via solid-state nuclear magnetic re-
sonance spectroscopy, and they found that the ETM forms a homopentameric
cation with a five-helix bundle surrounding a narrow pore. Finally, Cabrera-Garcia
and colleagues [21] demonstrated that the SARS-CoV-2 E protein increases the
intra-Golgi pH and regulates the homopentameric cation channel via pH.

We can infer that the tertiary structure of the E protein is the same in
SARS-CoV-2 as in ZC45 and ZXC21, since the amino acid sequences are iden-
tical. Further, we can infer that all strains of SARS-CoV-2 that have developed
since the outbreak have almost the same tertiary structure, since 98.8% of
SARS-CoV-2 strains are highly conserved, with an extremely low mutation rate:
1.2% of SARS-CoV-2 strains had gene mutations (synonymous and nonsyno-
nymous) from the Wuhan reference strain [22]. High levels of amino acid varia-
tion in the PBM (D72Y, D72G, D72H, D72N, D72V, and D72A; L73F, L73V;
L74P, L74V; V75L, V75F) have been observed [22], and these may alter the
binding of the SARS-CoV-2 E protein to ZO-1 and/or protein associated with
LIN7 1 (PALS1) [22]. Except for the V25A mutation in the transmembrane do-
main [22], most of the mutations do not affect the tertiary structure with respect
to the homopentameric cation channel viroporin. If SARS-CoV-2 accrues further
mutations in areas that are currently not mutated, the tertiary structure will be
altered, which would eventually lead to the malfunction of the E protein viropo-
rin.

The SARS-CoV-2 E protein has a highly conserved amino acid sequence [21].
Importantly, the E protein of the B.1.1.7 variant was not mutated relative to the
Wuhan reference strain (Table 1). The multiple mutations in VOC 201212/01
(B.1.1.7) are located within the S, ORF1lab, Orf8, and nucleocapsid (N) proteins
[23], and the E protein is not mutated at all. Most of the multiple mutations of
South African variant 501Y.V2 (B.1.351) are located in the spike protein [24].
Most Variants of Concern including Indian variant (B1.617) remained the
identical amino acid sequence of E protein as that of the Wuhan reference
strain. Only a P71L mutation located in the E protein of the South African va-
riant 501Y.V2 (B.1.351) was noted among all Variants of Concern at present
(Table 1). Singh et al [25] had reported the P71L mutation in the E protein of
501Y.V2.
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Table 1. The amino acid sequence of the SARS-CoV-2 envelope protein of Variants of
Concern.

Envelope protein
Lineage (Fist detection)

Amino acid sequence® Accession

B.1.17 (UK) MYSFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTALRLC QVI17691
o AYCCNIVNVSLVKPSFYVYSRVKNLNSSRVPDLLV

) MYSFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTALRLC
B.1.617.1 (India) QTP09030
AYCCNIVNVSLVKPSFYVYSRVKNLNSSRVPDLLV

) MYSFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTALRLC
B.1.617.2 (India) QTW58948
AYCCNIVNVSLVKPSFYVYSRVKNLNSSRVPDLLV

B.1.351/501Y.V2 MYSFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTALRLC

V103432
(South Africa) AYCCNIVNVSLVKPSFYVYSRVKNLNSSRVLDLLV Q

B.1.427 (USA) MYSFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTALRLC QSF02699
o AYCCNIVNVSLVKPSFYVYSRVKNLNSSRVPFLLV

MYSFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTALRLCA
B.1.429 (USA) QVI45778
YCCNIVNVSLVKPSFYVYSRVKNLNSSRVPDLLV

. MYSFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTALRLC
P.1 (Japan and Brazil) QV]J13923
AYCCNIVNVSLVKPSFYVYSRVKNLNSSRVPDLLV

MYSFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTALRLCA
YCCNIVNVSLVKPSFYVYSRVKNLNSSRVPDLLV

Wuhan reference strain NC_045512

a. The randomization method of the sample selection was by selecting the latest released protein sequence
with envelope protein on the SARS-CoV-2 Data Hub, NCBI Virus
(https://www.ncbi.nlm.nih.gov/labs/virus/vssi/#/virus?SeqType_s=Protein&VirusLineage_ss=SARS-CoV-2,
%20taxid:2697049), of each lineage by the date of 19 May 2021 (The date of manuscript revision after ac-
ceptance). The amino acid sequences were obtained from the GenBank Protein
(https://www.ncbi.nlm.nih.gov/protein) according to the corresponding Accession of the complete or par-
tial genome. b. The amino acid sequences were identical to the that of the Wuhan reference strain.

These facts suggest a strategy for developing a universal vaccine against
SARS-CoV-2 that would be effective against all variants, current and future: a
vaccine based on the E protein. There are two possible scenarios that may occur
in response to such a vaccine:

1) If the highly conserved E protein amino acid sequence is maintained,
SARS-CoV-2 (including all variants) would be consistently or permanently sus-
ceptible to the vaccine.

2) If the E protein accrues more mutations than it has previously and accor-
dingly evolved into further variants, the tertiary structure and function of the E
protein homopentameric cation channel viroporin and PBM would be atte-
nuated. This would necessarily attenuate the pathogenicity of SARS-CoV-2,
which is governed by replication, assembly, budding, and envelope formation.

Both of these scenarios are unfavorable for the further spread of SARS-CoV-2
and may thus attenuate the COVID-19 pandemic.

The Hypothesis

A vaccine targeting the SARS-CoV-2 E protein would be effective against the
SARS-CoV-2 Wuhan reference strain and all current and future SARS-CoV-2

variants.
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2. Discussion

2.1. Evaluation of the Hypothesis

Bhattacharya et al [26] first systemically proposed SARS-CoV-2 E protein as a
suitable target for vaccine development, and Bhattacharya er al [26]. Recently,
an in silico approach to developing an E protein-based COVID-19 vaccine using
a chimeric peptide found that the vaccine had a high affinity to major histo-
compatibility complex (MHC) molecules [27]. There is also an ongoing research
into another peptide-based vaccine, using predicted epitopes in the envelope
protein [28]. Furthermore, multiepitope-based peptide vaccine against
SARS-CoV-2 E protein were designed based on T-cell epitope-based peptide
immunization, in which the world population coverage of MHC class II could be
up to 99.99% [29].

2.2. Consequences of the Hypothesis and Discussion

This hypothetic study focuses on the concept of a universal vaccine targeting the
E protein. It will be up to future experimental approaches and clinical trials to
accept or reject my hypothesis. If the hypothesis is accepted, this study may con-
tribute to the development of a universal COVID-19 vaccine. Once a universal
COVID-19 vaccine is established, there would be no need for modifications to it
when new variants emerge, and such a vaccine may help to end the COVID-19

pandemic.

2.3. The Bridge between the Current S Protein-Based Vaccines
and the Future E Protein-Based Universal Vaccine

If an E protein-based universal vaccine becomes available in the future, people
who have already been vaccinated with S protein-based vaccines will be able to
receive the E protein-based vaccine without immune system conflicts. The cur-
rent S protein-based vaccines enable the immune system to recognize the S pro-
tein of SARS-CoV-2 and trigger innate and adaptive responses [30]. The E pro-
tein-based universal vaccine would enable the immune system to independently
recognize the E protein, and should provide coverage against all variants. It
would therefore be safe to receive an E protein-based universal vaccine after re-

ceiving an S protein-based vaccine.

2.4. From Hypothesis to Arms

The SARS-CoV-2 E protein had been identified as a potential target for vaccine
development even before the variants started to emerge [31]. Variants have now
been circulating for at least four months, and we know that the E protein of all
variants has remained unmutated. This fact, together with the functional role of
the E protein in the pathogenicity of the virus, has suggested my hypothesis. If it
is shown to be correct, in vitro studies, in vivo studies, and clinical trials should
be commenced as early as possible, building on the current experiences of

COVID-19 vaccine development.
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3. Conclusion

COVID-19 variants emerge and threaten lives globally, yet the current S pro-
tein-based vaccines may be less effective against variants than they are against
the Wuhan reference strain, because of mutations in the spike protein. Here, I
have presented the following hypothesis regarding a universal COVID-19 vac-
cine targeting the SARS-CoV-2 E protein: “a vaccine targeting the SARS-CoV-2
E protein would be effective against the SARS-CoV-2 Wuhan reference strain
and all current and future SARS-CoV-2 variants.” The main concept of the hy-
pothesis is based on the highly conserved E protein amino acid sequence and the
fact that this protein is unmutated in the variants, as well as on the pathogenic
role of the E protein. If this hypothesis is accepted, such a universal COVID-19
vaccine targeting the E protein may help to end the COVID-19 pandemic.
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