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RNA 2’-O-methylation modification and its
implication in COVID-19 immunity

Arumugam Paramasivam’

The recent outbreak of a novel human coronavirus
infection (COVID-19), caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) is a serious threat
to public health, which has currently led to more than 25
million confirmed cases and more than 800 thousand
deaths in 216 countries according to the World Health
Organization (www.who.int). The current development of
novel therapeutic and prophylactic approaches to SARS-
CoV-2 infection could be categorized into at least four
different strategies such as; (1) broad-spectrum antiviral
agents, (2) drugs targeting the proinflammatory cytokines,
(3) inhibitors of host cell proteases that participate in the
priming of the viral spike protein, and (4) therapeutics
targeting the virus—host interface linking the viral spike
protein to the angiotensin-converting enzyme 2 (ACE2)
receptor in host cells'. Despite significant insights into
SARS-CoV-2 replication, and virus—host interactions,
there is currently no approved medications or vaccines
that can cure or prevent SARS-CoV-2 infection.

Coronaviruses are a group of enveloped positive-sensed
RNA viruses that replicate in host cell cytoplasm through
a large membrane associated RNA replication/transcrip-
tion machinery comprising at least 16 virus-encoded non-
structural proteins (NSP1 to NSP16). Of these, NSP16 as a
viral 2’-O-methyltransferase (2’-O-MTase), which func-
tion with its co-factor NSP10 activator protein are
essential for methylation of 5-end RNA cap”. Recent
identification of SARS-CoV-2 2-O-MTase led to the
possibility of utilizing this pathway to both attenuate
SARS-CoV-2 infection and develop novel therapeutic
treatment options (Fig. 1).

Viral epitranscriptomics is an emerging field, which
refers to post-transcriptional modifications of RNA and
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plays an important role in the life cycles of different
viruses including human coronavirus®. 2/-O-methylation
(2’OMe) is one of the most common modification in the
viral RNA including SARS-CoV-2 RNA"? This mod-
ification is functionally linked to all stages of RNA
metabolism such as structure, stability and interactions,
and plays a critical role in several biological processes
such as modulating the replication of viruses and antiviral
immune responses™”.

Accumulating evidence indicate that 2’-O-methylation
of viral RNA (2’OMe-RNA) plays an important role in
evasion of cellular innate immune responses in the host
cells®”. Ziist and colleagues recently demonstrated that 2/
OMe of viral RNA contributed to evasion of the inter-
feron (IFN)-mediated antiviral response, thereby pro-
moting viral replications, Moreover, human coronavirus
mutants lacking 2’-O-MTase activity induced increased
expression of IFN. These findings suggest that 2-OMe-
RNA modification provides a molecular signature for
discrimination of self from non-self RNA.

More recent studies demonstrated that SARS-CoV2
replicate in the cytoplasm and encode their own viral 2’-
O-MTase, which catalyze the formation of cap structures
at the 5’-end of SARS-CoV-2 RNA to impede degradation
by 5’ exoribonucleases, ensure efficient translation, and
evade recognition by the host cell innate immune sys-
tem">>!°, These studies also showed that SARS-CoV2 2/-
O-MTase (NSP16 protein), which requires a cofactor
NSP10 for its proper activity and the NSP10-NSP16
complex is high conserved between SARS-CoV, MERS,
and SARS-CoV-2"*7'°  Interestingly, nonmethylated
RNA in cytoplasm is prone to degradation and cannot be
efficiently translated’. Crucially, the lack of 2/-O-MTase
activity results in a significant attenuation of SARS-CoV
infection, by decreased viral replication in vivo models'.
Therefore, SARS-CoV2 2/-O-MTase represents a
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Fig. 1 Regulation of host immune system responses by 2’-O-methyl (2’0Me) modification of SARS-CoV-2 RNA. SARS-CoV-2 RNA replicate in
the cytoplasm of infected host cells and encode their own viral 2/-O-methyltransferase (2/-O-MTase), which catalyze the formation of 2’OMe at the 5-
end of SARS-CoV-2 RNA to impede degradation by 5" exoribonucleases. 2’OMe modification of SARS-CoV2 RNA promotes uncontrolled replication,
efficient translation, and evade recognition by the host cell innate immune system via inhibition of interferons production by immune system cells.
Importantly, recent study reported that the food and drug administration (FDA) approved drugs include antivirals, alkaloids, cardiac glycosides,

anticancer, and steroids act as specific inhibitor for 2’-O-MTase of SARS-CoV-2.

potential target for antiviral drug development and acti-
vate intrinsic cell immunity against SARS-CoV-2
infection.

Sharma and colleagues also recently identified that the
SARS-CoV-2 genome encodes for 2/-O-MTase using its
protein sequence, which plays an important role in
methylation of viral RNA for evading host immune sys-
tem. Moreover, they modeled the structure of 2/-O-
MTase using a comparative modeling approach and
screened the food and drug administration (FDA)
approved drugs include antivirals, alkaloids, cardiac gly-
cosides, anticancer, and steroids against 2/-O-MTase'".
Encinar et al. also used a virtual screening approach of
molecular docking of FDA approved investigational and
experimental drugs to identify potential candidates that
can be directed to the SARS-CoV-2 2/-O-MTase'.
Therefore, these findings suggested that these drugs may
act as specific inhibitor for SARS-CoV2 2/-O-MTase.

In conclusion, the SARS-CoV-2 genome encodes for 2’-
O-MTase, which plays a key role in methylation of SARS-
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CoV-2 RNA for evading host immune system. Therefore,
SARS-CoV2 2/-O-MTase represents a potential target for
FDA-approved broad-spectrum antiviral drugs or new
small molecule inhibitors development and activate
intrinsic  antiviral immunity against SARS-CoV-2
infection.

Conflict of interest
The authors declare that they have no conflict of interest.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 9 September 2020 Accepted: 21 October 2020
Published online: 08 November 2020

References
1. Encinar, J. A. & Menendez, J. A. Potential drugs targeting early innate immune
evasion of SARS-coronavirus 2 via 2-O-methylation of viral RNA. Viruses 12,

525 (2020).



Paramasivam Cell Death Discovery (2020)6:118

Selvaraj, C. et al. Structure-based virtual screening and molecular
dynamics simulation of SARS-CoV-2 Guanine-N7 methyltransferase
(nsp14) for identifying antiviral inhibitors against COVID-19. J. Biomol.
Struct. Dyn. 16, 1-12 (2020).

Netzband, R. & Pager, C. T. Epitranscriptomic marks: emerging modulators of
RNA virus gene expression. Wiley Interdiscip. Rev. RNA 11, e1576 (2020).
Gonzales-van Horn, S. R. & Sarnow, P. Making the mark: the role of adenosine
modifications in the life cycle of RNA viruses. Cell Host Microbe 21, 661-669
(2017).

Hyde, J. L. & Diamond, M. S. Innate immune restriction and antagonism of viral
RNA lacking 2-O methylation. Virology 479, 66-74 (2015).

Dimitrova, D. G, Teysset, L. & Carré, C. RNA 2-O-methylation (Nm) modification
in human diseases. Genes 10, 117 (2020).

Official journal of the Cell Death Differentiation Association

Page 3 of 3

Wu, L. HIV evades immune surveillance by methylation of Viral RNA. Bio-
chemistry 58, 1699-1700 (2019).

ZUst, R. et al. Ribose 2-O-methylation provides a molecular signature for the
distinction of self and non-self mMRNA dependent on the RNA sensor Mdas.
Nat. Immunol. 12, 137-143 (2011).

Krafcikova, P, Silhan, J, Nencka, R. & Boura, E. Structural analysis of the SARS-
CoV-2 methyltransferase complex involved in RNA cap creation bound to
sinefungin. Nat. Commun. 11, 3717 (2020).

Viswanathan, T. et al. Structural basis of RNA cap modification by SARS-CoV-2.
Nat. Commun. 11, 3718 (2020).

Sharma, K, Morla, S, Goyal, A. & Kumar, S. Computational guided drug
repurposing for targeting 2-O-ribose methyltransferase of SARS-CoV-2.
ChemRxiv. https.//doi.org/10.26434/chemrxiv.12111138v1 (2020).


https://doi.org/10.26434/chemrxiv.12111138.v1

	RNA 2&#x02032;-O-methylation modification and its implication in COVID-19 immunity
	Acknowledgements




