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The central dogma of molecular biology—detailing the unidirec-
tional flo 
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standing biological processes [1]. While this concept has proven 
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(Fig. 1)  [  
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w of genetic information from DNA to RNA to proteins— 
been regarded as the definitive framework for under-

le, it leaves many cellular phenomena unexplained. Recent 
ies in glycobiology challenge this framework by introduc-
paracentral dogma, which positions glycans as the third 

of life, complementing nucleic acids and proteins 
2,3]. The finding that RNA molecules can be glycosylated 
fined our understanding of molecular interactions [4,5]. 
t about DNA? Could it, too, undergo glycosylation? This 
lies at the intersection of emerging research in glycomics, 
dicine, and fundamental inquiries into cellular biology. 
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idering whether similar processes might apply to DNA. By 
ing the central dogma with the paracentral dogma [1,2], 
inate new dimensions of molecular biology, offering a 
for future research into this uncharted territory. 
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2. RNA glycosylation: A new molecular frontier 

RNA glycosylation represents a paradigm-shifting discovery in 
molecular biology, significantly expanding our understanding of 
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nd to undergo N-glycan modifications, such as sialylation 
sylation. These glycosylated RNAs exhibit distinct molecu-
tions compared to their non-glycosylated counterparts 
coRNAs—RNAs covalently modified with N-glycans—have 
ed the conventional view that glycosylation is restricted to 
and lipids, revealing RNA as a dynamic substrate for gly-
n [4]. This discovery highlights the intricate interplay 
for research in molecular communication and cellular regulation. 
between glycobiology and RNA biology, opening a new avenue 
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underscores its evolutionary importance [4,6]. Notably, such sugar 
modifications have been detected in various mammalian cell lines, 
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protein expression and genetic transfection (HEK293T cells), 
human e 
tempora 
cervical 
(HeLa ce 
inviting 
ery iden 

mbryonic stem cells characterized by specific spatial and 
l expression patterns (H9 ES cells), and an immortalized 
cancer cell line frequently employed in oncological studies 
lls) [4]. These findings challenge traditional perspectives, 
further investigation into how the glycosylation machin-
tifies and modifies RNA substrates. 

g human embryonic kidney cells extensively utilized for
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e oxidation and aldehyde labeling (rPAL) have enabled 
enrichment and labeling of glycoRNAs. When coupled 

uential window acquisition of all theoretical mass spectra
-MS), researchers achieved unprecedented sensitivity and 
y in identifying glycoRNAs [4,6]. This methodological 
ment has revealed the widespread presence and diversity 
NAs, highlighting their biological relevance. 
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2.2. Biological significance 

GlycoRNAs are predominantly localized on the surface of living 
cells, where they serve as molecular interfaces for interactions 
with other biomolecules, particularly immune receptors such as 
sialic ac 
receptor 
immune 
modulat 
ance, un 

id-binding immunoglobulin-like lectins (Siglecs). These 
s play critical roles in recognizing glycans and mediating 
responses. The engagement of Siglecs with glycoRNAs 

es inflammation, pathogen recognition, and immune toler-
derscoring glycoRNAs’ functional significance [4]. 
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es, while the glycan moiety facilitates structural recogni-
lycan-binding proteins. This dual functionality positions 
As as versatile molecules capable of integrating genetic 
ion with cellular signaling networks [4,6]. 
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ic applications and as therapeutic targets. 
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s like tissue development, wound healing, or tumor pro-
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loit these interactions to evade immune detection, reveal-
ossible co-evolutionary relationship between host and 
[4,6]. 
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glycoRNA interactions with Siglecs might suppress inflam-
r enhance immune clearance of pathogens [4,6]. 
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tility underscores the need to integrate RNA biology with glycobi-
ology, fostering interdisciplinary approaches to unravel the 
complexities of molecular life. 
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into immune regulation, disease mechanisms, and poten-
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ers in the paracentral dogma. 
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t it may also extend to DNA under specific biochemical 
ar conditions (Fig. 2). If proven, DNA glycosylation could 
e new functional and structural roles within the cell. 
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ore exploring the potential mechanisms and functions of 
DNA glycosylation, it is important to distinguish it from DNA’s role 
in glycosylation, similar to the differentiation between glycoRNA 
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ctions. Although no direct evidence currently supports 
ic DNA glycosylation, non-enzymatic DNA glycation 
rates that sugar modifications on DNA are chemically fea-
gesting the possibility of enzymatic mechanisms yet to be 
ed. Exploring DNA glycosylation in various forms of DNA— 
nuclear DNA, mitochondrial DNA, plasmid DNA, and cell-
—offers critical insights into cellular processes and poten-
peutic targets [8]. 
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and regulating glycosylation-related processes. This 

esis, such as glycosyltransferases, glycosidases, and 
e sugar transporters, which are responsible for protein, 
d RNA glycosylation. Mutations in glycosylation-related 
n lead to congenital disorders of glycosylation (CDGs) 
er metabolic diseases. Genomic sequences of various 
s contain glycogenes that encode a diverse array of 
involved in sugar metabolism. To date, more than 180
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glycogenes linked to human biological processes have been identi-
fied, cloned, and extensively characterized (GlycoGene DataBase).

3.2. Structural and chemical challenges 

DNA is a chemically stable molecule, characterized by the 
deoxyribose sugar in its backbone [9]. Unlike RNA, DNA lacks the 
reactive hydroxyl group at the 2 position of its sugar moiety, 
which is a critical site for many biochemical modifications. This 
absence 
tions. Fu 
tightly p 
tion site 

′ 

makes DNA less amenable to typical glycosylation reac-
rthermore, the double-helical structure of DNA, with its 
acked base pairs, limits accessibility to potential modifica-
s [9]. 
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unique structural features might facilitate non-traditional glycosy-
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ver, DNA’s phosphate backbone and exposed nitrogen 
its bases could, under the right enzymatic or environmen-
itions, serve as attachment points for glycans. These 

echanisms, potentially mediated by novel enzymes or 
ecific cellular contexts, such as stress responses, chro-
modeling, or during DNA repair processes [1,9]. 

3.3. Evidence from non-enzymatic glycation 

While enzymatic DNA glycosylation remains hypothetical, non-
enzymatic glycation provides indirect evidence of sugar–DNA 
interactions. DNA glycation is a spontaneous non-enzymatic 
amino-carbonyl reaction that occurs when reducing sugars react 
with DN 
products 

A, leading to the formation of advanced glycation end 
(AGEs). 
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thological conditions like diabetes, elevated levels of glu-
its reactive derivatives lead to DNA glycation, which has 
ed to increased mutation rates, compromised DNA stabil-

result in: ① cross-linking of DNA strands, DNA–protein 
ons, and disruption of chromatin structure and normal cel-
ction; ② accumulation of glycated DNA adducts, which 
n implicated in cancer, cardiovascular diseases, and neu-
rati ve disorders.
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sylation, 
sugar-re 
whether enzymatic pathways might similarly target DNA for 
glycosyla 

glycation differs mechanistically from enzymatic glyco-
its existence underscores the susceptibility of DNA to 

lated chemical alterations and raises the question of 

tion. 

3.4. Hypothetical mechanisms of DNA glycosylation 

If DNA glycosylation occurs, it would likely involve specialized 
enzymatic machinery adapted to DNA’s unique structure. Glycosyl-
transferases, the enzymes responsible for transferring sugar moi-
eties to acceptor molecules, are typically associated with proteins 
and RNA 
need to: 
complex 
the phos 
within t 
enzyme 

. A hypothetical DNA-specific glycosyltransferase would 
① recognize DNA as a substrate amidst the molecular 
ity of the cell; ② identify specific sites on DNA bases or 
phate backbone for glycan attachment; and ③ operate 
he constraints of chromatin organization, which limits 
access to DNA.
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Advances in structural biology and enzymology could uncover 
whether 

enzymes might function in specific cellular compartments, 
he nucleus or mitochondria, and could be regulated by fac-
h as cell cycle phase, DNA damage, or metabolic state. 

glycosyltransferases with these capabilities exist. 

3.5. Potential cellular roles 

If DNA glycosylation were proven, it could revolutionize our 
understanding of DNA’s role beyond genetic information storage. 
8

Possible functions include: ① Epigenetic regulation and cellular 
information storage: Glycosylated DNA could serve as a novel layer 
of epigenetic modification, influencing chromatin structure and 
gene expression. ‘‘The Cellular Dogma” suggests genetic informa-
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e may not be sufficient to define cell identity, implying 
ence of additional regulatory mechanisms [11]. Glycosy-
A might interact with histones, transcription factors, or 
in remodeling complexes, modulating accessibility to 
tional machinery. Furthermore, if glycosylation marks 
ited across cell divisions, they could provide an additional 
cellular memory, contributing to long-term epigenetic 
ce and cellular identity regulation. ② DNA repair and sta-
lycosylation might play a protective role, shielding DNA 
dative damage or facilitating repair processes. ③ Immune 
ion: Similar to glycoRNAs, glycosylated DNA could partici-
immune surveillance, distinguishing self from non-self 
mmune responses or pathogen recognition. ④ Cell–cell 
ication: Surface-localized glycosylated DNA, if present, 
ediate intercellular communication, similar to the roles
for glycoRNAs.
xpe3.6. E rimental evidence and future directions 

Although the evidence for DNA glycosylation is currently cir-
tantial, advances in glycomics and molecular biology are 

likely to shed light on this possibility. Tools such as glycan-specific 
odies, glycosylation inhibitors, microarray, high pressure liq-
hro 
elec 
har 
me-
pa 
co 

mes 

cums 

antib 
uid c 
cryo-
and c 
geno 
short 
(Cas9) 
enzy 

matography, high-resolution mass spectrometry, and 
tron microscope could be employed to detect, image, 
acterize potential DNA glycosylation events. Furthermore, 
editing technologies like clustered regularly interspaced 
lindromic repeats (CRISPR)-CRISPR-associated protein 9 
uld be used to manipulate genes encoding glycosylation 
, probing their effects on DNA and cellular functions. 
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iscovery of glycoRNAs has demonstrated that seemingly 
logical paradigms can be overturned. By investigating 
ibility of DNA glycosylation, researchers may uncover 

of DNA’s role in cellular biology and disease. Whether gly-
n will join methylation, acetylation, and phosphorylation 
gnized DNA modification remains an open and exciting 
for future research. 
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mary, while DNA glycosylation is currently speculative, 
ration could reveal transformative insights into the molec-
hanisms governing life, bridging the gap between the cen-
4. Conclusion 

e question of whether DNA can be glycosylated remains 
wered but is deeply compelling. The discovery of RNA glyco-
on has already transformed our understanding of molecular 
y, highlighting the dynamic interplay between nucleic acids 
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ans. Extending this research to DNA could uncover new 
ns of cellular communication and molecular regulation, 
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comedicine continues to expand, the exploration of DNA 
tion represents a frontier ripe for discovery. By embracing 
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y and unlock new possibilities for therapeutic innovation. 
th 

secrets a 
DNA dou 

In e words of those who pioneered this field, life’s sweet 
re waiting to be uncovered—perhaps even within the 
ble helix itself [12].
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