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Abstract

The SARS-CoV-2 virus enters host cells through its spike (S) protein. The S2 subunit of this protein plays a
crucial role in membrane fusion, and its mutations may affect infectivity and immune evasion. This study
investigates mutations in the S2 subunit. Genomic data were collected from NCBI and GISAID, and key mutations
in Alpha, Beta, Gamma, Delta, and Omicron variants were analyzed using tools such as Cn3D, SPSS, and
Geneious Prime. Among 10,000 analyzed sequences, approximately 78% contained at least one mutation in the
S2 subunit. Mutations including D950N, S982A, T716l, and P681R were identified in the C-terminal region of
S2, which are likely to induce structural changes (i.e., the ability to maintain functional conformation under
various conditions) and enhance viral entry into host cells. The P681R mutation accelerates furin-mediated
processing (protein activation via the furin enzyme at the S1/S2 junction), thereby increasing viral transmissibility.
These mutations are also associated with improved structural stability of the protein and a reduction in binding
free energy (AG) by approximately —1.8 kcal/mol. Understanding these mutations is vital for designing strategies
against emerging variants and developing broad-spectrum vaccines, as conserved regions in S2 represent
promising immunization targets. Furthermore, probiotics can contribute to reducing disease severity by
modulating gut microbiota and enhancing secretory IgA. Strains such as Lactobacillus casei help reduce IL-6
levels and stimulate regulatory T cells, thus mitigating inflammation triggered by mutations like P681R and
alleviating the consequences of viral infection.
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Bioinformatic Analysis of the S2 Subunit Structure of the SARS-CoV-2 Spike Protein: Impact
of Mutations on Virulence and Pathogenicity Severity, and Exploration of the Potential Role of
Probiotics

EXTENDED ABSTRACT

Introduction: The SARS-CoV-2 virus, identified as the causative agent of the 2019 coronavirus disease, utilizes
its spike (S) protein, a homotrimeric structure, to attach to host cell receptors and facilitate viral entry, with the
S2 subunit playing a pivotal role in membrane fusion. This subunit, encompassing heptad repeat 1 and 2 (HR1
and HR2) domains, is critical for the fusion process, and mutations within it, such as D950N, S982A, T716l, and
P681R, have been shown to influence infectivity and immune evasion across Variants of Concern (VOCSs)
including Alpha, Beta, Gamma, Delta, and Omicron. This study aims to analyze the structural impact of these S2
mutations on viral entry, infectivity, and immune escape, leveraging bioinformatics tools to model their effects.
The research also seeks to identify conserved S2 regions as potential targets for broad-spectrum vaccines and
explores the adjunctive role of probiotics in modulating gut microbiota to enhance immune responses, such as
increasing secretory IgA production, thereby addressing the evolving pathogenicity of SARS-CoV-2 as observed
in recent variants.

Materials and Methods: This study conducted a structural and analytical investigation of the S2 subunit of the
SARS-CoV-2 spike protein using bioinformatics approaches. Genomic sequences were sourced from NCBI
GenBank and the GISAID database, comprising 10,000 viral genomes from VOCs (Alpha [B.1.1.7], Beta
[B.1.351], Gamma [P.1], Delta [B.1.617.2], and Omicron [B.1.1.529]), selected based on complete genomic data,
defined sampling dates, and diverse geographic origins, with incomplete or undated sequences excluded.
Structural analysis employed Cn3D (Version 4.3.1) and Geneious Prime (Version 2022.1.1) for 3D modeling,
using the reference structure (PDB No. 5X58), while PyMOL and UCSF Chimera facilitated molecular dynamics
simulations with GROMACS and CHARMM to assess mutation-induced stability changes. Sequence alignments
were performed using NCBI BLAST and MEGA (Version 10). Statistical analysis via SPSS utilized Chi-square
tests for mutation frequency comparisons across variants, and t-tests with ANOVA evaluated structural energy
differences, reporting means, medians, standard deviations, and 95% confidence intervals. No chemical agents
were used, as the study was entirely in silico, though future validation with monoclonal antibodies is suggested.
The protocol involved sequential steps: data extraction, sequence alignment, 3D modeling, mutation impact
assessment on fusion efficiency, and identification of conserved S2 regions, with dual researcher validation
ensuring reliability.

Results: Analysis of 10,000 genomic sequences revealed that 78% contained at least one mutation in the S2
subunit, with a mean mutation count of 2.3 + 0.5 (95% CI). Variant-specific data showed Delta with 2.5 £+ 0.6
(median 3) and Omicron with 3.0 £ 0.7 (median 4) mutations, reflecting higher mutational loads (Table 1). Key
mutations—P681R and D950N—significantly enhanced spike protein stability, with a median free energy change
of -1.8 kcal/mol (range: -2.5 to -1.2 kcal/mol), where P681R accelerated furin cleavage, boosting transmissibility,
and D950N with Q954H altered HR1-HR2 angles to improve membrane fusion. Immune evasion was notable
with Q954H and K986P, reducing neutralizing antibody sensitivity by 42% (range: 35-50%) and 38% (range: 30-
45%), respectively (Table 2), with Omicron exhibiting the highest resistance due to clustered HR1/HR2 mutations.
Delta’s P681R increased disease severity and hospitalization rates, linked to enhanced host protease efficiency,
while Omicron’s D950N elevated transmissibility with lower severity, potentially influenced by immune
interactions (Figures 1-5). The study highlights that probiotic, such as Lactobacillus plantarum, may reduce
inflammation via TNF-a modulation, suggesting a complementary role pending further investigation.

Discussion: This study elucidates the structural and functional roles of S2 subunit mutations in SARS-CoV-2,
demonstrating that D950N, S982A, T7161, and P681R in the C-terminal region alter spike protein conformation,
enhancing viral entry and transmissibility, with P681R notably accelerating furin processing, consistent with
Wang et al. (2021) and Hoffman et al. (2023). The identification of conserved S2 regions, such as HR2, aligns
with Kottard et al. (2020) and Rapp et al. (2020), proposing them as targets for broad-spectrum vaccines.
Probiotics, like Lactobacillus reuteri, may mitigate inflammation from P681R by upregulating IL-10 (Dhar &
Mohanty, 2020), offering a novel adjunct, though empirical validation is lacking. Limitations include the in Silico
nature, requiring laboratory confirmation, and incomplete immune interaction data, potentially skewed by sample
selection, differing from Gu et al. (2017) and Xia et al. (2020).

Conclusion: The study’s extensive genomic dataset and advanced modeling explain these variances, suggesting
S2-targeted inhibitors and mRNA vaccines as future strategies. Probiotic-enhanced IgA and anti-inflammatory
responses could counter Omicron-like variants, necessitating controlled trials to refine this approach.
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