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Abstract: COVID-19 represents the most serious public health event in the past few decades of the 21*
century. The development of vaccines, neutralizing antibodies, and small molecule chemical agents have
effectively prevented the rapid spread of COVID-19. However, the continued emergence of SARS-CoV-2
variants have weakened the efficiency of these vaccines and antibodies, which brought new challenges for
searching novel anti-SARS-CoV-2 drugs and methods. In the process of SARS-CoV-2 infection, the virus
firstly attaches to heparan sulphate on the cell surface of respiratory tract, then specifically binds to
hACE2. The S protein of SARS-CoV-2 is a highly glycosylated protein, and glycosylation is also
important for the binding of hACE2 to S protein. Furthermore, the S protein is recognized by a series of
lectin receptors in host cells. These finding implies that glycosylation plays important roles in the invasion
and infection of SARS-CoV-2. Based on the glycosylation pattern and glycan recognition mechanisms of
SARS-CoV-2, it is possible to develop glycan inhibitors against COVID-19. Recent studies have shown
that sulfated polysaccharides originated from marine sources, heparin and some other glycans display
anti-SARS-CoV-2 activity. This review summarized the function of glycosylation of SARS-CoV-2,
discoveries of glycan inhibitors and the underpinning molecular mechanisms, which will provide
guidelines to develop glycan-based new drugs against SARS-CoV-2.
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Figure 1  Structure model of SARS-CoV-2.
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Figure 2 Distribution of the glycosylation sites in S protein of SARS-CoV-2. (A) Distribution of
glycosylation sites in S protein. The lower branch with blue indicates N-glycosites and the upper branch with
red indicates O-glycosites; NTD: N-terminal structural domain; RBD: receptor binding domain; FP: fusion
peptide; HR1: heptad repeat 1; HR2: heptad repeat 2; CH: central helix; CD: connector domain; TM:
transmembrane structural domain; CT: cell tail. (B) Structural simulation of glycosylated S proteins (PDB:
6XR8%")). Pink indicates S protein A chain, purple indicates S protein B chain, yellow indicates S protein C
chain, red dots indicates O-glycosylation sites, green dots indicates N-glycosylation sites.
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Figure 3 The process of SARS-CoV-2 infection and conformation change of S protein. (A) SARS-CoV-2
infection processes through cell surface HSPG. HSPG: acetyl heparan sulfate proteoglycan; hACE2: human
angiotensin-converting enzyme 2; TMPRSS2: transmembrane serine protease. (B) Structure conformation
simulation of SARS-CoV-2 (one RBD-up conformation, PBD: 7EB3[46]; two RBD-up conformation, PBD:

TEB51%)).
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#1 MERES SARS-CoV-2 HEHRERFIK

Table 1 Lectin receptors binding to SARS-CoV-2 on the cell surface

Receptors Organ Cell types

Glycan ligand References

DC-SIGN Lung Dendritic cells

High mannose and fucosylated glycans [57-58,60,63-64]

L-SIGN Lung Lung endothelial cells, type II alveoli cells High mannose and complex N-glycans  [57-58,60,64]
MGL Lung Dendritic cells and macrophage Gal and GalNAc terminated glycans, [58,60,63-64]
Upper complex N-glycans
respiratory
tract
MR Lung Dendritic cells and macrophage High mannose N-glycans [60]
Upper
respiratory
tract
Langerin Marrow  Langerhans cells High mannose and sulfated glycans [58]
Siglec-1 Lung Myeloid cells, macrophage GM1 [57,65]

Siglec-3/9/10 Marrow  Monocytes, macrophage, neutrophil, DCs,
NK cells, T-lymphocytes, B-lymphocytes,

eosinophilic granulocyte

Fucosylated or sulfated a2,3-sialic acid, [63]
02,6-sialic acid
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Figure 4 Multi-targets of antiviral glycans and the underpinning molecular mechanisms.
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Table 2 Activities and mechanisms of anti-viral polysaccharides

Types Virus Possible mechanisms References

Polysaccharide extract from Laminaria RSV Inhibit RSV replication and induce IFN-a secretion [101]

japonica

Fucoidan 1AV Target viral neuraminidase and cellular EGFR pathway [98]

Sulphated polysaccharides from HSV Inhibit virus replication [102]

Enteromorpha compressa

Polysaccharide from Laminaria japonic  EV71 Inhibit viral proliferation, suppress viral-induced [103]
apoptosis, induce IFN-3 expression

Iota-carrageenan \VAY% Inhibit viral proliferation [104]

EPS 26a from Lactic Acid Bacteria HAdV-5 Inhibit viral particles formation and release [76]

Fucoidan from Sargassum henslowianum HSV-2 Inhibit viral attachment [105]
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HEIEIE R H 82 2L B (glucuronomannan) F4i
AL FL B A B2 0 (sulfated galactofucan) &
FERPUR RN BRI S 2
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