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Fighting Against SARS-CoV-2 Variants:
Mono-GlcNAc-Decorated Spike Vaccine Can Help

The conserved areas between the spike proteins of SARS-CoV-2 variants tend to be shielded with glycans on
the surface to escape immune recognition. Trimming down the glycan shield to expose the conserved epitopes
on these spike proteins can facilitate the development of vaccine against variants.

he coronavirus disease 2019 (COVID-19) pandemic caused by severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) has caused millions of deaths worldwide. As a result, tremendous efforts have been made to develop COVID-19
vaccines. Although several COVID-19 vaccines are now available, viruses constantly mutate, which enables them to escape
vaccine-induced immune recognition and decreases vaccine efficacy. SARS-CoV-2 variants of concern (VOCs) that can evade
vaccine protection remain a major obstacle, and novel strategies for tackling them are urgently required.

Chi-Huey Wong, Che Ma and Kuo-I Lin (Academia Sinica) launched a joint effort to develop a broader-spectrum COVID-19
vaccine against VOCs during the pandemic.” Because the vaccine antigen, namely the spike protein, disguises itself with
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Fig. 1: (a) Structural models of St and Swe protein vaccine. (b) Immunization schedule for BALB/c mice, Syrian hamsters, and hACE2 transgenic mice.
(c) Anti-spike IgG titers. (d) Pseudovirus neutralization titers against SARS-CoV-2 wildtype and VOCGs. (e) Weight change and survival analysis for
WT-SARS-CoV-2-challenged hamsters (n = 5). (f) Weight change and survival analysis for SARS-CoV-2 alpha variant-challenged hACE2 transgenic
mice (n =5). [Reproduced from Ref. 1]
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glycan shield on its surface acting as a mask, the research team adopted an enzymatic digestion method to trim down the
N-glycan coat of the spike glycoprotein from the fully glycosylated form (Ses) to the mono-GIcNAc (Swe) glycoform (Fig. 1(a)).
The processed Syc protein was subsequently tested as a vaccine antigen, and its immune response elicitation in different
animal models was analyzed, including BALB/c mice as a common immune response assessment model, Syrian hamsters

as a mild SARS-CoV-2 infection model, and hACE2 transgenic mice as a severe SARS-CoV-2 infection model (Fig. 1(b)). In

the BALB/c mice, compared with the Sgs vaccine, the Syg vaccine induced a more favorable immune response against SARS-
CoV-2 wildtype (WT) and VOCs, with increased anti-spike 1gG titer (Fig. 1(c)) and SARS-CoV-2 pseudovirus neutralization
titer (Fig. 1(d)). During WT SARS-CoV-2 infection, both the Sis and Sus vaccines effectively decreased weight loss and viral
load in the hamster lungs compared with the control (phosphate-buffered saline, PBS) group, indicating that both vaccines
can provide sufficient protection against WT SARS-CoV-2 infection. However, during challenges with SARS-CoV-2 VOCs, the
Sme-vaccinated hACE2 transgenic mice exhibited lower weight loss and a higher survival rate than the Sgs-vaccinated mice.
For example, in the alpha variant real virus challenge, all of the Sys-vaccinated mice survived, whereas the Sge-vaccinated mice
experienced severe weight loss, and only 60% of them survived. These results provide proof of concept that the Sy vaccine
has great potential for fighting against SARS-CoV-2 variants.
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Fig. 2: (a) Overview of the single B-cell screening platform. Single spike protein-specific B cells from the spleens of immunized mice were subjected
to fluorescence-activated cell sorting (FACS). After sequencing, cDNAs from the variable regions of the IgH or IgL genes were subcloned into
expression vectors. The chimeric monoclonal antibody was produced by Expi293, and its binding to spike-expressing 293T cells was measured
using FACS. The isolated m31A7 is one of the broad-spectrum antibody candidates. (b) Cryo-EM map fitted with the m31A7-Fab/S protein
complex structure and an enlarged view of the receptor-binding domain (RBD)-m31A7 interface. Heavy chain, dark green; light chain, light
green; RBD, red; NTD, orange; remainder of S1, light gray; S2, dark gray; and N-glycans, blue. The star marks the vicinity between the m31A7 light
chain and the N165-glycan. (c) View of the m31A7-Fab-bound RBD crystal structure. (d) Footprint comparison of COV253 (pink) and m31A7
(green) on RBD (gray) showing similarity, with residues of VOCs labeled and drawn as red spheres. [Reproduced from Ref. 1]

To explore how Sys works as a broad-spectrum weapon against variants, the research group analyzed the B-cell repertoire
after Sue immunization through a spike-specific B-cell sorting assay (Fig. 2(a)). Several monoclonal antibodies with
broader-spectrum effectiveness were identified from a uniquely abundant locus, namely IGHV1-18; one of the most

effective antibodies, m31A7, was found to neutralize WT SARS-CoV-2 and its VOCs with astonishing subpicomolar potency.
Subsequently, the research team led by Ma reported the cryo-electron microscopy (cryo-EM) and crystal structures of the
m31A7-Fab-bound spike protein, and the diffraction data were collected at TLS 15A1 of the NSRRC (Figs. 2(b) and 2(c)). The
structural information revealed that m31A7 targeted the spike receptor-binding domain (RBD) only when it was in the “up”
position (Figs. 2(b) and 2(c)). Footprint mapping indicated that m31A7 approached the RBD from a unique angle and that
the contact area bypassed the important mutated residues of most VOCs, such as E484 and K417, contributing to escaping
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antibody binding (Fig. 2(d)). This finding supported the hypothesis that removing or trimming down the glycan shield of the
spike antigen could elicit different immune responses against SARS-CoV-2 and greater efficacy against VOCs.

In summary, trimming the glycan shield of the spike protein to mono-GIcNAc glycoform enabled the conserved epitopes to
be exposed to the immune system, leading to improved elicitation of more effective and broadly protective immune response
against SARS-CoV-2 VOCs. Moreover, taking the broadly neutralizing m31A7 antibody in this study as an example, these
targeted conserved epitopes could facilitate next-generation vaccine antigen design and development. (Reported by Han-Yi

Huang, Ecole Polytechnique Fédérale de Lausanne, Switzerland)

This report features the work of research groups led by Chi-Huey Wong, Che Ma and Kuo-I Lin published in Sci. Transl. Med. 14,

eabm0899 (2022).
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®
How Binding of CDN to STING Reduces Phage

Propagation in Bacteria

This crystallographic analysis of the complex structures of PcCSTING and MySTING with cyclic di-GMP elucidated
how cyclic dinucleotide (CDN) was recognized and revealed the driving force behind filament formation.

ammalian STimulator of INterferon Genes (STING)
I\/l is essential to innate immunity. During viral
infection, the enzyme cyclic GMP-AMP synthase (cGAS)
acts as a sensor that rapidly recognizes foreign nucleic
acid molecules and synthesizes 2'3'-cGAMP as a second
messenger. The binding of 2'3'-cGAMP to the STING
dimer triggers its further oligomerization into filamentous
structures, which in turn activate downstream effectors.
Similarly, to combat viruses, the cyclic-oligonucleotide-
based antiphage signaling system® in the bacterial arsenal
consists of a cGAS/DncV-like nucleotidyltransferase
(CD-NTase) that synthesizes diverse cyclic dinucleotide
(CDN) and cyclic trinucleotide second messengers upon
phage infection and an effector protein that binds to

the CD-NTase product and induces programmed cell
death through its various activities. The signaled suicide
commitment serves as a defense strategy that restricts
phage propagation. Recently, STING protein was revealed
to be enlisted by bacteria.? In fact, eukaryotic STING has an
origin in bacteria. Although mammalian STING has been
investigated in detail, the three-dimensional structure of
bacterial STING, the precise mode through which CDN

binds to the dimeric protein, and the specific recognition
mechanism have not yet been elucidated. In this work, a
research team led by Yeh Chen (China Medical University)
determined the C-terminal domain structures of PcSTING
from Prevotella corporis and MySTING from Myroides sp.
ZB35 by using multiwavelength anomalous dispersion and
molecular replacement methods with data collected from
SeMet-labeled and CDN-bound crystals at beamlines TPS
05A, TPS 07A, and TLS 15A1 of the NSRRC.2

The crystals of PcSTING and MySTING belong to the space
groups P2:2:2 and P2, respectively; in both these groups,
an asymmetric unit contains one dimer. The structures were
refined to 2.25 and 2.17-A resolution, and the coordinates
were deposited in the PDB under accession codes 7EBD
and 7EBL. The protomers in the PcSTING and MySTING
crystals had root-mean-square deviations (RMSDs) of 0.29
and 0.64 A for 158 and 160 matched Ca pairs, respectively,
with the STING domain forming canonical V-shaped dimers
(Figs. 1(a) and 1(b), see next page). Each protomer has

a mixed a/f fold with a central five-stranded B-sheet
surrounded by five a-helices and a flanking B-ribbon.





