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Peptide Glycosylation: How to Coat Peptides with a
“Sugar Coat”?

Imagine a bustling international airport where tens of thousands of
passengers pass through daily. How do passport inspectors swiftly identify
and determine each traveler's clearance status? Within the microscopic
world of our bodies, cells possess a similarly sophisticated “passport
system”—glycosylation. These sugar molecules attached to peptides or
proteins function like intricate barcodes, conveying crucial information to
cells: “Who I am,” “Where I come from,” and “What I'm here to do.”
Peptide glycosylation, simply put, is the process of adding sugar chains to
peptide molecules (smaller fragments of proteins). This process is not
merely decorative; it endows peptides with new identities and capabilities.
In nature, over 50% of proteins undergo glycosylation. These “sugar coats”
influence protein folding, stability, immunogenicity, and functional activity.

I.Why Coat Peptides with a “Sugar Coating”?

Functional Enhancement: Glycosylation can significantly alter the
physicochemical properties of peptides. For example, erythropoietin

(EPO), a glycoprotein hormone, possesses sugar chains that not only
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protect the protein from degradation but also directly influence its half-
life and biological activity within the body. Unglycosylated EPO is
cleared within minutes, whereas appropriate glycosylation enables it to

persist for several hours.

Targeted Navigation: Specific sugar structures can function as “postal
codes,” guiding peptides to specific sites within the body. The de-
sialylated glycoprotein receptors on the surface of liver cells recognize
and internalize glycoproteins bearing galactose at their terminals. This
principle has been applied to design drug delivery systems targeting the

liver.

Immune stealth: Coating therapeutic peptides with specific sugar chains
can reduce their immunogenicity, preventing premature clearance by the
immune system. Polyethylene glycol (PEG) modification is a common
analogous strategy, while naturally occurring sugar chains typically

exhibit superior biocompatibility.

Structural stability: Glycan chains can protect critical regions of
peptides from protease attack through steric hindrance and hydrophilic

interactions, thereby enhancing stability.

I1. How to Coat Peptides with Sugar?

Natural Laws: Biosynthesis in the Cellular Factory
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Within living organisms, glycosylation is a highly ordered process that
primarily occurs in the endoplasmic reticulum and Golgi apparatus. This
environment functions much like a precision assembly line:

N-linked glycosylation: A pre-synthesized oligosaccharide core is
transferred as a whole onto the asparagine residue at a specific sequence
(Asn-X-Ser/Thr, where X is not proline). Subsequently, the sugar chain is
trimmed and extended by enzymes to form diverse structures.

O-linked glycosylation: Primarily involves the sequential addition of
individual sugar residues to serine or threonine residues. While no
consistent sequence requirements exist, it typically occurs in regions rich
in proline, serine, and threonine. This “biosynthetic pathway” generates
structurally complex native glycans, but precise control over product
homogeneity is challenging. The process is cumbersome and costly.

Chemical Ingenuity: Precision Modification in the Laboratory

When natural sources cannot meet demand, chemists have developed
various “artificial glycosylation” methods:

Chemical selective coupling: Like a spy connector, it utilizes specific
functional groups on peptides to react with sugar molecules in a highly
specific manner. For example, the sulfthydryl group of cysteine can undergo
a Michael addition reaction with maleimide-modified sugars; natural
chemical coupling methods can utilize the thioester at the C-terminus of

peptides to react with glycopeptides containing N-terminal cysteine.
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Solid-phase synthesis strategy: The first amino acid is immobilized on
the resin, followed by sequential addition of protected monosaccharides or
glycosylated amino acids in a bead-like manner. This method enables
precise control over each modification site and glycan structure, but it
demands high technical expertise.

Enzymatic modification: Utilizing the specific catalytic activity of
glycosyltransferases to transfer sugar residues from donors (such as UDP-
sugars) onto peptide acceptors in vitro. This approach combines the
controllability of chemical methods with the efficiency of biosynthesis,
though enzyme cost and stability pose challenges.

[II.Application Scenarios of Glycosylated Peptides

Next-Generation Biologics: Many natural peptide hormones and
cytokines—such as insulin and interferon—are glycoproteins. By
optimizing glycosylation patterns, improved drugs with longer efficacy
and fewer side effects can be developed. For instance, modifying the
structure of sugar chains can alter an antibody's effector function, making
it better suited for specific therapeutic scenarios.

Precision Diagnostic Tools: Many diseases (such as cancer and
inflammation) are accompanied by alterations in cell surface glycosylation
patterns. Glycosylated peptides can serve as specific probes for early
disease diagnosis and monitoring. For example, the glycosylation pattern

of prostate-specific antigen (PSA) changes in cancer patients, and detecting
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this alteration enhances diagnostic accuracy.

New Approaches to Vaccine Design: Glycosylation of surface proteins in
many pathogens (such as HIV and influenza viruses) is key to their immune
evasion. Designing vaccines that target these conserved glycosylation
epitopes holds promise for overcoming the limitations of traditional
vaccines. Research on broad-spectrum neutralizing antibodies targeting
specific glycan chains on HIV envelope proteins has opened new avenues
for AIDS vaccine development.

Tissue Engineering and Regenerative Medicine: Glycosylated peptides
can mimic glycan signals in the extracellular matrix, guiding cellular
behavior and promoting tissue repair and regeneration. For example,
glycopeptides containing the RGD sequence (a cell adhesion motif)
enhance the adhesion and differentiation of osteoblasts on biomaterial
surfaces.

I'V.Challenges and Future

Despite significant advances in peptide glycosylation modification
technology, numerous challenges remain:

Structural Complexity: Unlike proteins composed of only 20 amino acids,
glycans are formed by over a dozen monosaccharides linked through
diverse bonding patterns, resulting in a staggering number of theoretical
structural possibilities. This “infinite potential in the microscopic realm”

poses immense challenges for separation, analysis, and preparation.
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Mass Production: How to efficiently, economically, and environmentally
produce structurally uniform sugar peptides on a large scale remains a
bottleneck for industrialization. Automated synthesis platforms and
engineered cell factories are current research hotspots.

Functional Decoding: How specific sugar chain structures precisely
regulate peptide functions remains largely unexplored. This requires deep
integration across multiple disciplines, including chemistry, biology, and
computational science.

Looking ahead, the field of peptide glycosylation is advancing toward
intelligent, personalized, and dynamic approaches. Artificial intelligence
will enhance the prediction and design of sugar chain structures; precise
glycosylation technologies enabling site-specific, quantitative, and
structure-specific modifications will mature further; and ‘“‘smart”
glycosylation modifications responsive to environmental stimuli may give
rise to truly intelligent molecular drugs.

From cellular ID cards to disease indicators, from drug enhancers to
novel vaccine targets, the glycosylation modification of peptides is not only
a marvel of nature's design but also a vital tool for humanity to unravel
life's mysteries and enhance health and well-being. When we learn to coat
peptides with the right “sugar coating,” we gain another key to unlocking
life's secrets in the microscopic realm. Behind this sweet modification lies

the ingenuity of chemistry, the wisdom of biology, and humanity's
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relentless pursuit of health.
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