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Abstract Over the last 34 months, at least 10 severe acute respiratory syndrome-
coronavirus 2 (SARS-CoV-2) distinct variants have evolved. Among these, some
were more infectious while others were not. These variants may serve as candidates
for identification of the signature sequences linked to infectivity and viral transgres-

Supplementary Information The online version contains supplementary material available at
https://doi.org/10.1007/978-3-031-28012-2_14.

N. Najeeb - A. B. Murukan - A. Renjitha - M. Jayaram - A. A. Jabbar - H. Haridasan -

A. Prijikumar - S. Baiju - A. A. Nixon - P. A. Krishnan - S. Rodriguez - B. G. Nair - A. Aloor -
R. Suravajhala - P. Suravajhala (P<)

Amrita School of Biotechnology, Amrita Vishwa Vidyapeetham, Clappana, Kerala, India
e-mail: prash@am.amrita.edu

S. Kumar - S. K. Polipalli

Genome Sequencing Lab, Lok Nayak Hospital, Delhi, India

K. K. Singh

Department of Genetics, Heersink School of Medicine, University of Alabama at
Birmingham, Kaul Genetics Building, Birmingham, AL, USA

S. D. Ghate - R. S. P. Rao
Center for Bioinformatics, NITTE University, Mangaluru, India

P. B. K. Kishor
Department of Genetics, Osmania University, Hyderabad, India

G. Chaubey
Cytogenetics Laboratory, Department of Zoology, Banaras Hindu University,
Varanasi, Uttar Pradesh, India

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 253
P. C. Guest (ed.), Application of Omic Techniques to Identify New Biomarkers

and Drug Targets for COVID-19, Advances in Experimental Medicine and

Biology 1412, https://doi.org/10.1007/978-3-031-28012-2_14


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-28012-2_14&domain=pdf
https://doi.org/10.1007/978-3-031-28012-2_14
mailto:prash@am.amrita.edu
https://doi.org/10.1007/978-3-031-28012-2_14#DOI

254 N. Najeeb et al.

sions. Based on our previous hijacking and transgression hypothesis, we aimed to
investigate whether SARS-CoV-2 sequences associated with infectivity and
trespassing of long noncoding RNAs (IncRNAs) provide a possible recombination
mechanism to drive the formation of new variants. This work involved a sequence
and structure-based approach to screen SARS-CoV-2 variants in silico, taking into
account effects of glycosylation and links to known IncRNAs. Taken together, the
findings suggest that transgressions involving IncRNAs may be linked with changes
in SARS-CoV-2-host interactions driven by glycosylation events.
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1 Introduction

Since the emergence of the unique coronavirus 2019 (COVID-19) which first
appeared in Wuhan, China, the mechanism of how the severe acute respiratory
syndrome-coronavirus 2 (SARS-CoV-2) spike protein mediates viral binding and
how post-translational modifications affect this is beginning to be understood [1, 2].
Glycosylation is a significant post-translational event that can influence protein
structure and functional characteristics either directly or indirectly. Structural stud-
ies have shown that the spike protein and spike-angiotensin converting enzyme 2
(ACE2) complexes exhibit several glycosylations, which may have a substantial
impact on the ability of the virus to infect and induce an immune response in the
host [1]. The SARS-CoV-2 spike protein glycans are sometimes referred to as a
“glycan shield” because they sterically obscure the underlying polypeptide epitopes
from detection from potentially neutralizing antibodies [2—4]. In addition, the spike
protein receptor binding domain (RBD) glycans play a critical role in binding pro-
teins involved in COVID-19 pathogenesis, including the ACE2 receptor and trans-
membrane protease, serine 2 (TMPRSS2), to host glycoproteins [5-6]. Because
viral glycoproteins are exposed on the virus surface, they are the primary targets of
host antibodies [7]. In turn, all antibodies are glycoproteins and the attached glycans
can have a major impact on their function in the immune response [8]. Therefore,
understanding how the spike protein is glycosylated has crucial implications for
studies on SARS-CoV-2 pathobiology and vaccine development.

Glycosylation is the enzyme-catalyzed addition of a sugar molecule/oligosac-
charide to a macromolecule such as a protein. Nitrogen (N)-linked glycosylation
takes place co-translationally on asparagine residues at a specific sequence on the
nascent protein known as a sequon, which consists of asparagine-X-threonine/
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serine/cysteine (AsnXThr/Ser/Cys), where X cannot be proline (Pro) [9]. Oxygen
(O)-linked glycosylation occurs post-translationally on the side chain of Ser or Thr
residues during transport of the nascent proteins through the Golgi compartment of
cells [9]. N-glycans contain a common pentacore which consists of two
N-acetylglucosamine (GlcNAc) and three mannose residues which can be extended
by various monosaccharide units via the action of various glycosyl-transferases, and
these units can be modified by glycosidases. Since the process depends on multiple
factors such as cell type and metabolic state, the resultant glycan structures are often
heterogeneous in nature. If the pentacore is extended only with mannose, the struc-
ture is known as high mannose. N-glycans of the second type are complex sugars
where the two antennae of the pentacore are extended by different sugars including
GlcNAc, galactose, fucose, and sialic acid residues. If one antenna is extended with
mannose and other with various monosaccharides the sugar structure is known as
hybrid. Based on linkages and composition, the structure can be further divided to
many subtypes creating high complexity [10].

Host glycoproteins on cells such as those of the immune system play a major role
in the pathogenic and immunogenic activity during infections. SARS-CoV-2 infec-
tion induces changes in the pattern of host antibody glycosylations with significant
variations in the levels of IgG galactosylation and fucosylation [11]. The increase in
fucosylation can lead to increased production of proinflammatory cytokines which
can lead to the damaging cytokine storm effect in patients [12—17]. In addition to
these effects, spike protein glycan variations can modify binding of viruses to host
receptors and alter the severity of the pathogenesis and immune responses [10, 18].
Importantly, the composition of N-glycosylation modifications on viruses and host
cell receptors has been reported to have a significant impact on virus-receptor iden-
tification, binding, and cellular penetration [19, 20]. For example, seven glycosyl-
ation sites on the SARS-CoV-1 spike protein from the 2002-2004 epidemic were
shown to be necessary for dendritic cell-specific intercellular adhesion molecule-3-
grabbing non-integrin (DC/L-SIGN)-mediated infection [21]. The extracellular
domain of the human ACE2 receptor contains seven N-glycosylations (Asn53,
Asn90, Asnl03, Asn322, Asn432, Asn546, and Asn690) and several
O-glycosylations, which are likely to impact viral entry into host cells [22, 23]. The
glycosylations at N90 and N322 appear to be important in binding to SARS-CoV-2
spike protein RBD [21, 24]. Also, molecular dynamic simulations have shown that
the glycan linked to the ACE2 Asn90 position interferes with virus binding, explain-
ing reports of heightened susceptibility to infection when glycosylation at this site
is removed [25]. With hyper sialylation and oligomannose-type modification of
ACE?2 glycans, the binding affinity between ACE2 and SARS-CoV-2 spike decreases
modestly [26]. Acting in concert with the ACE2 receptor, the TMPRSS?2 protease
involved in SARS-CoV-2 entry into host cells is glycosylated at amino acids Asn213
and Asn249 [6]. However, the structural impact of this has not been investigated
extensively. In terms of glycosylated structures, SARS-CoV-2 is reported to bind
specifically to heparan sulfate and sialic acid residues on host cells [27, 28]. As
many immune cells such as macrophages, dendritic cells, T cells and B cells, and
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immune system proteins are glycosylated, it is likely that SARS-CoV-2 may have
interactions with these in the ensuing pathogenic and immunogenic processes.

Although most studies on the host response to viral infections have focused on
genes that encode proteins, it is now emerging that noncoding RNA molecules are
also involved [29]. Early studies in this field found that changes in the expression of
long noncoding RNAs (IncRNAs) can alter the innate immune response during viral
infections [30, 31]. A more recent study found changes in the expression of multiple
IncRNAs during SARS-CoV-2 infection of human bronchial epithelial cells [32].
Another investigation found that dysregulated IncRNAs in SARS-CoV-2 infection
are involved in multiple aspects of the infection process including viral prolifera-
tion, the host immune response, and disease outcome [33]. There is also evidence
that rearrangements or polymorphisms in IncRNAs may drive disease-causing
mutations, as shown in cancer research [34, 35].

In this study, we have carried out in silico analyses to determine (1) if any new
IncRNAs are known in transgression pathways induced by SARS-CoV-2 infection,
(2) whether or not IncRNAs encoded or transgressed by the virus could provide
clues into the mechanisms of how the SARS-CoV-2 variants have emerged, and (3)
if changes in RBD N-glycosylation status are associated with the altered binding
affinity of different SARS-CoV-2 variants. For the latter, we used in silico docking
complex analyses to calculate the effect of binding energies between host glycan
and spike protein variants. This involved comparison of the binding energies of the
Omicron (7WPB) and Delta variants (7TEW) with that of the Wuhan strain (6LZG),
with respect to the three commonly found host glycan structures A2F, 6Gl,
and Man 5.

2 Methods

2.1 Datasets

SARS-CoV-2 and selected nucleotide sequences were retrieved from an NCBI
database search [36]. We filtered the several thousands of results using Boolean
expressions AND, OR, and NOT and retrieved RefSeq accession numbers of rel-
evant annotated sequences. Following this, we performed NCBI BLAST search in
which SARS-CoV-2 reference sequences were compared to the SARS-CoV-2
genome using different databases (nucleotide collection [nr/nt], sequence read
archives, refseq representative genome, Protein Data Bank, refseq genome data-
base, whole-genome shotgun contigs, refseq select RNA sequences, expressed
sequence tag). The results obtained were tabulated with information on similarity
and dissimilarity between the query and subject (Fig. 14.1a). We chose accessions
based on characteristics such as e-value, mismatches, and % identity, and selected
hits were used for downstream analysis (Table 14.1 and Supplementary Table 14.
ST1). We then used Protein Data Bank (PDB) to screen candidate SARS-CoV-2
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Fig. 14.1 Pictorial methodology of the tools used for the analysis. (a) Sequences of the SARS-
CoV-2 variants were downloaded from NCBI and subjected to phylogenetic/evolutionary analyses
before reconfirming their lineages with Pangolin. As a final check to understand the matching
IncRNAs, we used the NONCODE.org database to analyze these by BLAST. (b) Overview of the
molecular docking analysis

spike protein sequences from the Delta (pdb id: 7TEW) and Omicron (pdb id:
TWPB) variants against the spike sequences of the Alpha, Beta, and Gamma vari-
ants as reference (pdb id: 6LZG) (Fig. 14.1b).

2.2 Structural Interpretation and Docking

MolView was used to visualize small molecules of 2D and 3D structures. We
inserted the Simplified Molecular Input Line Entry System (SMILE) of the mole-
cule to obtain 2D and 3D structures and downloaded these in spatial data file (SDF)
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Table 14.1 List of spike proteins associated with IncRNAs

N. Najeeb et al.

Accession number IncRNA Query length Putative variant
MZ558096.1 NONHSAT156862.1 21,705-21,726 | Deltacron
MZ558096.1 NONHSAT079728.2 21,793-21,814 | Deltacron
MZ427312.1 NONHSAT156862.1 21,701-21,722 | Gamma
MZ427312.1 NONHSAT079728.2 21,789-21,810 | Gamma
MZ433432.1 NONHSAT156862.1 21,713-21,734 | Beta
MZ433432.1 NONHSAT079728.2 21,801-21,822 | Beta

MZ 297238.1 NONHSAT247026.1 12,481-12,504 | Beta
OK189649.1 NONHSAT247026.1 12,494-12,517 | Delta
ONO017450.1 NONHSAT156862.1 21,701-21,722 | Zeta
ONO017450.1 NONHSAT079728.2 21,789-21,810 | Zeta
MZ780476.1 NONHSAT156862.1 21,720-21,741 Beta
MZ780476.1 NONHSAT079728.2 21,808-21,829 | Beta
ONO017446.1 NONHSAT247026.1 12,461-12,484 | Zeta

format [37]. AutoDock containing Molecular Graphics Laboratory (MGL) tools
and Autodock4 was used for in silico docking, evaluating the binding energy (AG)
and binding inhibition constant (K;). We used MGL tools to set the parameters of
ligand and protein by minimizing the energies and converted the files to Protein
Data Bank, Partial Charge (Q), and Atom Type (T) (pdbqt) files for both ligands and
proteins. The grid parameters were set for each protein with respect to each ligand
separately by considering the X, Y, and Z coordinates, and the Grid Parameter Files
(GPFs) were generated. Furthermore, the docking parameters for each protein with
respect to each ligand were set considering Lamarckian and generic algorithms and
the files were saved as dock parameter files (DPFs). Autogrid in Autodock com-
mands were run using command prompt (Fig. 14.1). Chimera was used for visual-
ization (https://www.cgl.ucsf.edu/chimera/download.html) in the analysis of spike
protein from three different SARS-CoV-2 strains (6LZG: original Wuhan strain,
TTEW: Delta variant, and 7WPB: Omicron variant) (Fig. 14.2).

2.3 Selection of Ligands

The ligands were chosen based on binding patterns of host glycans to the spike
protein RBD with steric hindrance checked for each [28]. We used the glycan struc-
tures from PubChem to obtain 2D and 3D structures [38]. These structures were
downloaded in SDF format and then converted into PDB format (Table 14.2). The
three ligands used were A2F N-glycan, 6 G1-glycan, and mannose.
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Fig. 14.2 Representation
of SARS-CoV-2 spike
protein 3D structures from
(a) the March 2020
original strain (6LZG) and
(b) the Delta (7TEW) and
(¢) Omicron (7WPB)
variants

2.4 Phylogenetic and Pangolin Analyses

Clustal Omega was used to align multiple sequences [39]. The sequences from best
hits selected from BLAST searching were converted into FASTA files which were
uploaded in Clustal Omega to obtain the alignment results [40]. From this, we
obtained guides and phylogenetic trees showing the evolution of the different
strains. The guide tree data from the Clustal Omega analysis was uploaded to the
Interactive Tree of Life (iTOL) online tool to obtain a circular phylogenetic tree
[41]. We also used Pangolin (Phylogenetic Assignment of Named Global Outbreak
Lineages) to assign lineages to genome sequences of SARS CoV-2 [42].
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Table 14.2 Docking results showing the binding energy and affinity of the ligands for the
indicated amino acids

PBD
Protein ID ligand AG K; AA residues
SARS-CoV-2 spike | 6LZG | A2F —9.11 keal/ |210.60 nM | ASP364, CYS336,
protein (reference N-glycan v mol NAG601, GLY339,
sequence er | LEU441, ASN440
q ) pot-pet L
6 Gl-glycan |—7.19 kcal/ |5.37 pM ASN370, SER371,
mol LEU368, PHE374,
NAG601
Man-5 —4.89 keal/ | 261.35 pM | NAG601, PHE342
o sun mol
SARS-CoV-2 Delta | 7TEW | A2F —7.79 kcal/ | 1.94uM | NAG706, SER317,
spike protein N-glycan v mol VAL316, NAG704,
Res | GLU312,LYS313
sometne
6 Gl-glycan | —6.97 kcal/ |7.75 pM NAG704, VAL316,
@ | mol LYS313
Man-5 -3.62kcal/ |2.22puM | NAG706, SER545,
mol SER317,LYS313,
L3
ILE421
SARS-CoV-2 7WPB | A2F ~7.79 kcal/ |1.94 M | NAG902, ASN546,
Omicron spike N-glycan mol SER317, LYS313
. ; v
roteimn +OR
P some®e
6 Gl-glycan | —6.37 kcal/ |21.24 pM | NAG902, VAL316,
“aeemE | mol LYS313
Man-5 —4.29 kcal/ |711.08 pM | PHE374, TYR362,
::)_ . Mol ILE431, LEU365,
VAL364, PHE339

@ = sialic acid, @= galactose, B= GIcNAc, @= mannose, A= core fucose
Asp aspartate, Cys cysteine, Gly glycine, Leu leucine, Asn asparagine, Ser serine, Phe phenylala-
nine, Val valine, Lys lysine, Ile isoleucine, Tyr tyrosone, NAG N-acetylglucosamine

2.5 LncRNA Analysis

We used the Noncode RNA database [43] to enable retrieval of data and to compare
IncRNA sequences with SARS-CoV-2 and host protein sequences using BLAST. The
query sequence was given in FASTA format and the database used was NONCODE
V6 animal. From the obtained hits, the ones with e-values less than zero, we chose
human IncRNAs and sought to check the expression profile data to know where the
particular IncRNA is expressed in human. Similarly, BLAST was performed for
every other accession selected from NCBI earlier. Finally, data wrapper was used to
design charts ranging from simple bars and lines to arrow, range, and scatter plots,
which can be done using steps [44].
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3 Results and Discussion

3.1 Sequence Similarities and Dissimilarities for All
SARS-CoV-2 Variants

The SARS CoV-2 nucleotide sequences downloaded from the NCBI database were
BLAST-searched against the RefSeq database and the resulting candidate hits are
listed in Supplementary Table 14.ST2. The cut off for the e-value was set at <0
which indicates that the sequence is an exact match to the query. Thus lower e-values
are indicative of better hits with respect to % identity and query coverage. The %
identity for the 27 assemblies ranged between 89.5% and 100%. The assembled
sequences were then assigned to specific SARS-CoV-2 variant sequences. For this,
we employed a similar strategy as above and the best hits were tabulated in
Supplementary Table 14.ST3. While a large number of sequences were mapped to
Beta and Zeta, some were mapped to Gamma and a lower number to the Delta and
Deltacron [45] variants.

3.2 Pangolin Outbreak Lineages of 38 Different Variants

The Pangolin tree yielded seeded guide alignments, and hidden Markov model
(HMM) profile—profile techniques were used to generate alignments between three
or more sequences. We considered the accession numbers of 38 different variants of
the virus, with the rest of the information downloaded in FASTA format for multiple
sequence alignment (Fig. 14.3a). The tree showed distinct clades with many vari-
ants sub-claded together. The ones which were sub-claded were assumed to belong
to the same variants which we confirmed. We also checked assignment conflicts,
ambiguity, and lineages showing the metadata files of the given accession number
of viruses including the type of variants, dates, and regions where these variants
were also depicted. From this, we finally considered 11 sequences as belonging to
the Gamma, Delta, and Beta variants (Fig. 14.3b).

3.3 Noncoding RNA Sequences Known to Be Trespassed

We searched the NONCODE database to identify IncRNA sequences within the
complete genome sequences of the selected viral accessions in FASTA format.
From the resulting table, we considered human IncRNA sequences that showed
100% sequence identity (Fig. 14.4). Binary values of 0 and 1 were ascribed to a
IncRNA sequence if absent or present, respectively, in specific viral accession num-
bers and entries were summed row- and column-wise to obtain the final lists of
matching IncRNAs. This showed that MW562722.1 had the lowest sum of 17
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Fig. 14.3 Circular phylogenetic trees of (a) all similar SARS-CoV-2 sequences and (b) dissimilar
sequences emerging from different SARS-CoV-2 variants
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Fig. 14.4 Visualization of IncRNAs (NONHSAT codes) versus viral accessions. The Y-axis shows
percentage of IncRNAs present for each viral accession (X-axis). This analysis revealed no
IncRNAS in two viral accessions: 7MKY_A (SARS-CoV-2 chain A, RNA 66-MER) and 7080_
AH (SARS-CoV-2 chain AH, mRNA). Note that the figure shows only 15 of the 22 IncRNAs

IncRNA sequences (NONHSAT252687.1, NONHSAT209697.1,
NONHSAT209698.1, NONHSAT169548.1, NON HSAT155452.1,
NONHSAT209695.1, NONHSAT156862.1, = NONHSAT038071.2,  NON
HSAT163412.1, NONHSAT252688.1, NONHSAT079728.2, NONHSAT163413.1,
NONHSAT038068.2, NONHSAT152019.1, NONHSAT235842.1,
NONHSAT184145.1, NON HSAT038067.2). We also found strains with a sum of
22 as the highest number of IncRNA sequences. Some of the IncRNA sequences
such as NONHSAT163412.1 and NONHSAT163413.1 were repeated in more than
30 viral sequences. We also identified the loci of the genes which code for the spike
protein by examining sequences of the identified strains using the Pangolin tool. We
then selected these stains and retrieved the sequences from the NCBI database and
searched for those with 100% identity with IncRNA sequences. This resulted in the
identification of seven viral accession numbers which had similarities to some
IncRNAs (Table 14.1). Finally, the hypothesized transgression hypothesis is
depicted in Fig. 14.5.

3.4 Molecular Interaction Studies

Our in silico molecular docking approach investigated the binding of the SARS-
CoV-2 spike protein variants to specific carbohydrate groups. It revealed that the
original Wuhan SARS-CoV-2 spike protein (6LZG) bound to A2F N-glycan with a
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Fig. 14.5 Hypothesis of how IncRNAs transgress: (A) SARS-CoV-2 particles enter the body; (B)
the spike protein binds to the host ACE2 receptor, followed by cleavage by TMPRSS?2 protease
which activates the fusion process; (C) the virus fuses with host cell membrane; (D) the virus
enters the cell by endocytosis; (E) the virus destroys or deactivates interferons and interleukins
responsible for innate immunity; (F) the virus hijacks mitochondria; (G) the virus undergoes
uncoating and release of RNA; (H) the viral RNA enters the nuclei; and (I) the viral RNA trans-
gresses specific IncRNAs of the host cell and takes the neighboring genes under its control
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low free energy (AG) of —9.11 kcal/mol and high affinity (K;) of 210.60 nM, at the
indicated RBD amino acids (Fig. 14.6 and Table 14.2). 6 G1-glycan bound to the
6LZG spike protein with a AG of —7.19 kcal/mol and K; of 5.37 pM as indicated.
Mannose was also bound with a AG of —4.89 kcal/mol and a low affinity
(261.35 puM).

The same analysis of the SARS-CoV-2 Delta spike protein (7TEW) revealed
binding to A2F N-glycan witha AG of —7.79kcal/molanda K;of 1.94 uM. 6 G1-glycan
bound with a AG of —6.97 kcal/mol and K; of 7.75 pM, and mannose bound to the
Delta variant with AG equal to —3.62 kcal/mol and high binding affinity of 2.22 pM
(Fig. 14.7 and Table 14.2).

Finally, SARS-CoV-2 Omicron spike protein (7WPB) bound to A2F N-glycan
with a AG of —7.79 kcal/mol and K; of 1.94 uM, 6G1-glycan was bound with a AG
of —6.37 kcal/mol and a K; of 21.24 pM, and mannose was bound at —4.29 kcal/mol
with a low affinity of 711.08 pM (Fig. 14.8).

We next differentiated the number of H-bonds formed between the host glycan
and the spike RBD with the reference spike protein (6LZG). This showed that A2F
N-glycan formed six H-bonds, 6 G1-glycan formed five H-bonds, and mannose had
two H-bonds. The Delta spike protein (7TEW) interacts with A2F N-glycan forming
six H-bonds, while interaction with 6 G1-glycan gave three H-bonds and mannose
had five H-bonds. Lastly, the Omicron spike protein (7WPB) interacted with A2F

Fig. 14.6 2D representation of (a) A2F N-glycan, (b) 6 G1 glycan, and (¢) mannose structures of
6LZG SARS-CoV-2, and (d) 3D representation of 6LZG SARS-CoV-2 with glycan complexes
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A) B)

Fig. 14.7 2D representation of (a) A2F N-glycan, (b) 6 G1 glycan, and (¢) mannose structures of
TTEW SARS-CoV-2, and (d) 3D representation of 7TEW SARS-CoV-2 with glycan complexes

N-glycan forming four H-bonds, while interaction with 6 G1-glycan gave three
H-bonds and mannose had six H-bonds.

In summary, the analysis revealed that A2F N-glycan had the lowest binding
affinity for the Delta and Omicron spike protein RBD sites. However, A2F N-glycan
and 6 G1-glycan are bound with a lower free energy at RBD sites for all spike pro-
teins compared to mannose. 6 Gl-glycan had marginally lower affinity for the
Omicron spike RBD (21.24 pM) compared to the Wuhan strain and the Delta vari-
ant. In contrast, mannose is bound to the Delta variant with markedly higher affinity
(2.22 pM) compared to the original strain (K; =261.35 pM) and the Omicron variant
(K;=711.08 uM).

4 Conclusions

The sequence similarity and dissimilarity approaches helped us to increase our
understanding of how the SARS-CoV-2 variants achieve different binding, infectiv-
ity, and transmission properties in host cells. In the first part of the study, we identi-
fied key IncRNAs that could play a role in these transgression effects, and in the
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Q)

Fig. 14.8 2D representation of (a) A2F N-glycan, (b) 6 G1 glycan, and (¢) mannose structures of
TWPB SARS-CoV-2, and (d) 3D representation of 7WPB SARS-CoV-2with glycan complexes

second part, we focused on the sequence differences in spike proteins from the
Delta and Omicron variants with regard to glycan binding in the host. Taken
together, the findings revealed that the sequence differences in the variants of con-
cern can affect glycosylation of the SARS-CoV-2 spike and host proteins which, in
turn, can impact on the various transgression pathways. For example, such changes
could increase infectivity by enhancing interactions with the ACE2 receptor or
block the effect of neutralizing antibodies by disrupting their binding to the virus. In
the current study, we examined the effects on three N-glycan structures (A2F, 6-G1,
and high mannose) which differed with respect to fucosylation and terminal sugar
composition, and showed differential binding with the SARS-CoV-2 Delta and
Omicron spike RBDs compared to that of the original Wuhan strain. We suggest that
the methods described in this study could be used to predict the virulence and trans-
missibility of new SARS-CoV-2 variants as these emerge. This would enable imple-
mentation of appropriate response measures and help to prepare us for the next
pandemic.
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