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Why is the SARS-CoV-2 Omicron variant milder?
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In November 2021, a new SARS-CoV-2 variant emerged in South Africa and
was designated the fifth variant of concern and named Omicron. It was detected
in more than 26 countries worldwide, including China. The Omicron variant is
highly transmissible and has extensive morbidity, which has raised concerns
related to antiviral therapy. Recent reports have revealed that the Omicron variant
exhibits a longer cycle of viral shedding and a decreased replication capacity and
results in substantially attenuated lung pathology, indicating that the pathogenic
ability of the Omicron variant is lower than that of previous variants.1 Omicron has
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 a cytokine storm, and even cause acute respiratory distress syndrome-like dam-

age in vivo.2 A channel inhibitor was found to exhibit excellent antiviral activity
in vivo.2 Here, we focus on mutations in the 2-E channel, one of the most enig-
matic and least studied structural proteins.

Four high-quality E protein sequences of Omicron variants (BA.1, BA.1.1, BA.2,
and BA.3; https://cov-lineages.org/index.html) in the CNCB database as of April
9th, 2022, were comprehensively analyzed, and the mutation 2-ET9I (T9I, threo-
nine to isoleucine) caught our attention. Among the more than 100 identified
2-Emutations in theOmicron variant comparedwith the originalWuhan reference
strain, T9I shows amuch higher frequency than the rest of themutations. In addi-
tion, the allele frequency of T9I in all statistical samples was higher than 99.49%.
In Omicron strain BA.3, the allele frequency was found to increase to 100.00%
(Figures 1A and 1B). According to the solved NMR structure, T9 is located at
the top of the transmembrane domain of the 2-E protein.3 The influences of
T9I have not yet been studied.

Whether T9I retains channel activity was investigated. We purified the T9I pro-
teinand reconstituted theprotein onaplanar lipid bilayermembrane (BLM)aspre-
viously described.2 The observedT9I-induced typical single-channel currents sup-
ported the hypothesis that T9I is also able to form ion channels as the wild-type
(WT)2-Eproteindoes (Figure1C).2However, the reversal potential of theT9I chan-
nels was shifted to the left, from 57 mV to 3 mV, in an asymmetric KCl solution.
Similar shifting of the reversal potential was also detected in an asymmetric
NaCl solution (Figure 1D). The reversal potential of close to 0 mV suggests that
T9I may have lost its cation selectivity. To determine whether T9I is permeable
to chloride, the channel activity of T9I was further examined in an asymmetric
15:150 mM (trans:cis) choline chloride solution. Most cation channels are imper-
meable to quaternary ammonium choline, and it is thus always used to detect
anion permeability. As expected, outward currents were indeed observed when
the holding voltage potentials were higher than the theoretical reversal potential
for chloride (Erev> 70 mV) (Figure 1D). These results revealed that the ion selec-
tivity of T9I mutant channels is different from that of WT channels.

WT 2-E channels are pH sensitive.2 The influences of pH on T9I channels were
evaluated with the same channels using a titration strategy. After the channels
were incorporated into membranes, hydrochloric acid (HCl) was titrated into
either the cis or trans side to alter the pH to 4 from6. Consistent with our previous
results, a reduction in pH on either the cis or trans side induced a significant in-
crease in the amplitude and open probability of WT channels.2 In contrast, a
reduction in pH on the cis side failed to increase the channel activity of T9I chan-
nels (Figure 1E). Althoughwe did not have direct evidence to explain how the thre-
onine (T9) site is sensitive to pH changes, the structure of 2-E channels supported
the hypothesis that the residues (Glu7 and Glu8) around T9 were sensitive to pH
changes and that their side-chain carboxyl could be deprotonated at neutral pH
and protonated at acidic pH.3 It has been reported that SARS-CoV-2 traffics to ly-
sosomes for egress by lysosomal deacidification instead of via the classical
biosynthetic secretory pathway.4 The envelope (E) protein channels of coronavi-
rus are localized in intracellular organelles.4 The cellular localization of WT and
T9I was assessed using immunocytochemistry and confocal microscopy. We
found that both WT and T9I were colocalized with the lysosomal marker LAMP
(Figure 1F). Given the localization on lysosomes, the influence of WT and T9I
on the luminal pH of lysosomes was compared. Flow cytometry was used to
analyze the fluorescence intensity ratio of the pH probe (pHluorin). This pH probe
consists of a green fluorescent protein pHluorin molecule fused to the lysosome-
resident protein CD63. Expression of WT channels robustly neutralized the lyso-
somal pH, whereas T9I channels exhibited less influence on the luminal pH,
consistent with our electrophysiological findings (Figure 1G). Therefore, the
deacidification capability of 2-E channels in lysosomeswas significantly impeded
by the T9I mutation. Based on the above findings, whether the weakened deacid-
ification capability hampers virus productionwas examined.We transfectedVero
E6 cells with WT or T9I plasmids on day 1 and then infected the cells with SARS-
CoV-2 on day 2. As determined by qRT-PCR, compared with exogenous expres-
sion of the WT protein, exogenous expression of the T9I mutant significantly
attenuated the viral load (Figure 1H). It was logical to deduce that some exoge-
nous T9I subunits would coassemble with the WT subunits originating from
the virus and form heteromultimers with impaired pH sensitivity, resulting in
reduced deacidification of lysosomes and reduced SARS-CoV-2 production.

Finally, the channel activity of the 2-E protein is a virulence determinant. We
used Annexin V/PI staining to evaluate the cell lethality of T9I in Vero E6 cells.
We found that although the expression level of T9I far exceeded the expression
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level ofWT, it caused cell death similar to that caused byWT (Figure 1I). Similarly,
in the mouse macrophage cell line (RAW264.7), much greater expression of T9I
induced increases in inflammatory cytokines comparable to those induced by
WT (Figure 1I). The correlation between the cell lethality and the expression level
was further compared. As shown in Figure 1I, in comparison with that of WT, the
cytotoxic ability of T9Iwas approximately 150-fold lower, aswas cytokine produc-
tion. Notably, according to another recent study, 2-E expression in an Omicron
variantwas decreased approximately 3-fold, whichmay further suppress the viru-
lence of Omicron variants. The degree to which the weakened abilities to kill cells
and induce cytokine production result in themilder clinical symptoms of Omicron
warrants further investigation.
Overall, as SARS-CoV-2 infections are ongoing, there is the chance that the vi-

rus will accumulate new mutations. Among the existing antiviral targets—in
contrast to the S protein, RNA-dependent RNA polymerase, and 3C-like protease,
whichmediate viral entry, viral replication, and protein cleavage, respectively—the
E protein primarily participates in viral release. Here, we report for the first time
that the high-frequency mutation T9I in 2-E of the SARS-CoV-2 Omicron variant
results in the formation of a nonselective ion channel with reduced acid sensitivity
compared to WT channels. In addition, T9I decreased cell death and weakened
cytokine production. These changes in channel properties might be responsible
for the less efficient release and lower level of induced cell damage of the Omi-
cron variant (Figure 1J). We speculated that, in comparison with those of WT
channels, the reduced potassium efflux and additional chloride influx mediated
by T9I channels would cause less severe ionic dyshomeostasis, membrane
disruption, and lysosome-related cell death.
Viruses may evolve to be less virulent to spare their hosts.5 Before the emer-

gence of Omicron variants, the T9I mutation was found in the E proteins of other
SARS-CoV-2 variants, including Alpha, Beta, Gamma, and Delta. The prevalence
frequency of T9I in these variants was less than 0.20%. We speculated that the
T9I mutation may have originated in these previous variants and been retained
through evolutionary screening, perhaps due to the reduced virulence of the
affected strains. Notably, in the most recently emerged Omicron XE strain, a
BA.1/BA.2 recombinant, T9I was retained and is the only mutation identified in
its E protein. However, we cannot exclude the possibility that the origin of T9I
is just a coincidence, as may be the milder severity of Omicron.
One limitation of our study is the lack of evidence in the context of infectionwith

this single-mutation SARS-CoV-2 strain in vivo,which can technically be achieved
by generating a SARS-CoV-2 single mutant using reverse genetics. Considering
the urgency of the COVID-19 pandemic and the lack of resources in P3 labs,
we are very eager to share our discoveries. Overall, our study provides valuable
insights into key features of the Omicron variant and critical information for the
evolution of COVID-19.
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