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ABSTRACT
We have recently shown that arginine methylation by protein arginine N-methyltransferase 1 (PRMT1)
controls the response to cisplatin in ovarian cancer cells. In addition to increased methylation of
chromatin proteins that favors senescence-associated secretory phenotype (SASP) activation, our
study unraveled global hypo-methylation of RNA-binding proteins, which – we speculate – may
promote their phase separation and stress granules formation.
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Main text

Arginine (R)-methylation is a protein post-translational modifica-
tion implicated in the regulation of several cellular processes,
including transcription, RNA splicing and metabolism, DNA
damage response and growth factor-mediated signaling.1

R-methylation is catalyzed by themembers of the protein arginine
methyltransferase (PRMT) family, of which protein arginine
N-methyltransferase 1 (PRMT1) is the predominant enzyme.

The recent optimization of biochemical workflows for the
affinity enrichment of R-methyl peptides from cultured cells,
coupled to high-resolution Mass Spectrometry (MS) analysis for
their identification and quantification, has led to the expansion of
the experimental R-methyl proteome annotation and to a better
understanding of its plasticity in response to external stimuli.

Recently, our team has employed an MS-based proteomic
approach to investigate the role of PRMT1-mediated
R-methylation in response to the genotoxic stress induced
by cisplatin (CDDP).2 We detected methylation changes in
92 R-sites on 56 proteins, with an overall methylation increase
of histone H4 and chromatin-associated proteins, which was
mirrored by the hypo-methylation of numerous soluble RNA-
binding proteins (RBPs).

The increased methylation of chromatin-associated proteins
following CDDP treatment was shown to be dependent on the
activity of the PRKDC gene product, best known as DNA-
dependent protein kinase catalytic subunit (DNA-PKcs), which
promotes PRMT1 accumulation on chromatin. Here, PRMT1
induces the senescence-associated secretory phenotype (SASP)
transcriptional program, a mechanism mediated by the activa-
tion of the nuclear factor kappa-light-chain-enhancer of acti-
vated B cells (NF-kB) pathway that, in dividing cells, serves to
counteract the apoptosis triggered by sustained genotoxic stress.
SASP leads to the expression and secretion of pro-inflammatory
cytokines, which reinforce the DNA damage-induced cell cycle
arrest and promote senescence.3

While our study mainly focused on the increase of PRMT1
activity on chromatin, in response to genotoxic stress, the
observed global reduction of methylation of soluble RBPs is
particularly intriguing and stimulates interesting speculations
for future investigations.

In particular, we noticed that 82% of the down-regulated
R-methyl sites localize within the PRMT1 recognition motif
arginine-glycine-glycine/arginine-glycine (RGG/RG), which is
highly enriched in low complexity (LC) regions of RBPs and is
involved in liquid-liquid phase separation (LLPS) transition of
this specific class of proteins.4 LLPS of RBPs is, in fact,
mediated by the cationic interactions of arginines with aro-
matic (π) amino acids that lead to RBPs condensation and the
consequent formation of membrane-less organelles. In this
scenario, R-methylation of the RGG/RG motifs reduces
LLPS by weakening cation–π interactions.5 In line with this,
modulation of R-methylation in specific RBPs was shown to
regulate stress granules (SGs), which are cytoplasmic mem-
brane-less organelles assembled upon condensation of stalled
messenger RNAs, RBPs and translation initiation factors
when translation initiation is inhibited, by either drugs or
stress.6 For instance, sodium arsenite induces the decrease of
R-methylation of Ras GTPase-activating protein-binding pro-
tein 1 (G3BP1) and Ubiquitin-associated protein 2-like
(UBAP2L), promoting SG formation, which is instead inhib-
ited by PRMT1 overexpression.7,8

Intriguingly, when we intersected our RBPs hypo-
methylated by CDDP treatment with the list of proteins
annotated in the RNA Granule Database (http://rnagranu
ledb.lunenfeld.ca/), we found that 55% of them are function-
ally or structurally linked to SG formation.

Correlating all these facts with our observation that CDDP-
induced DNA-PKcs-dependent phosphorylation of PRMT1
redirects PRMT1 activity toward histone H4 and chromatin-
associated proteins at the cost of RBP methylation,2 we
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envisage a model whereby cells exposed to sustained geno-
toxic stress activate a signaling cascade leading to the switch
of PRMT1 substrate preference toward chromatin-proteins
and against soluble RBPs. These events have opposite conse-
quences on gene expression, at different levels: SASP pro-
motes transcriptional activation in the nucleus, and SG
assembly maintains the translation inhibition of stalled mes-
senger RNAs in the cytosol (Figure 1).

Last, as an additional layer of regulation, we noticed that several
RBPs that are hypo-methylated in our settings and contain repe-
titive RGG/RG motifs (for example, heterogeneous nuclear ribo-
nucleoprotein A1 (hnRNPA1) and RNA-binding protein EWS
(EWSR1)) are phosphorylated during DNA Damage Response
(DDR).9,10 This suggests that, upon CDDP treatment, DNA-
PKcsmay reduce the interactionof PRMT1with its RBP substrates
through their phosphorylation, in line with the evidence that
phosphorylation can act as a molecular switch to rapidly modify
protein functions and/or interactions during DDR.

Recent studies have demonstrated that RBPs undergoing
LLPS are enriched not only in arginines, but also in serines (S),
threonines (T), and tyrosines (Y), whose modification bymethy-
lation and phosphorylation, respectively, can regulate protein
phase transitions.5 Hence, it will be very interesting, in the
future, to investigate the crosstalk of ST/Y-phosphorylation
and R-methylation of RBPs in the regulation of SG dynamics
and – more in general – of LLPS during stress response.
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Figure 1. Dual role of PRMT1-dependent arginine methylation in cellular responses to genotoxic stress.
Proposed model of the dual role of protein arginine N-methyltransferase 1 (PRMT1) activity, which is dependent on the PRKDC gene product DNA-dependent protein
kinase catalytic subunit (DNA-PKcs), in cells exposed to genotoxic stress: the induction of the senescence-associated secretory phenotype (SASP) transcriptional
program in the nucleus; the formation of stress granules in the cytosol. me = methylation; P = phosphorylation.
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