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The ability of mammalian cells to modulate global protein synthesis in response to cellular
stress is essential for cell survival. While control of protein synthesis is mediated by the
regulation of eukaryotic initiation and elongation factors, RNA-binding proteins (RBPs)
provide a crucial additional layer to post-transcriptional regulation. RBPs bind specific
RNA through conserved RNA-binding domains and ensure that the information contained
within the genome and transcribed in the form of RNA is exported to the cytoplasm,
chemically modified, and translated prior to folding into a functional protein. Thus, this
group of proteins, through mediating translational reprogramming, spatial reorganisation,
and chemical modification of RNA molecules, have a major influence on the robust
cellular response to external stress and toxic injury.

Introduction
Following exposure to a wide range of toxic agents, several gene regulation programmes are initiated
to orchestrate the appropriate cellular response. An essential part of the cell stress response occurs
post-transcriptionally, with over 90% of all mRNAs being regulated at this level. Post-transcriptional
control is achieved through combinatorial sets of RNA-binding proteins (RBPs) which, in conjunction
with post-translational modification programmes, recognise RNA regulatory motifs or regions of sec-
ondary structure within RNAs [1]. RBPs control gene expression through a wide range of processes.
For example, proteomic and genetic screening has suggested a large co-transcriptional engagement of
splicing factors in the response to toxic injury such as DNA damage [2]. In addition, following expos-
ure to heat and cold shock, oxidative stress, hypoxia, ultraviolet light (UV) exposure, and ionising
irradiation, RBPs have been shown to regulate a wide range of cytoplasmic processes such as RNA sta-
bility, translation efficiency, and localisation to cytoplasmic granules (Table 1). Moreover, the recent
improvement of next-generation sequencing platforms has enabled investigation of the extensive
chemical modifications of RNAs [3] and suggests that RBP-mediated modification of the epitranscrip-
tome is a key component of the response to toxic injury [4].
In this review, we will retrace fundamental notions of post-transcriptional regulation following

stress and toxic injury and will highlight recent findings on the crucial contribution of RBPs in the
process.

RBP-mediated reprogramming of translation following
toxic injury
Cap-dependent translation is a three-stage process, comprising initiation, elongation and termination,
regulated by eukaryotic initiation and elongation factors (eIFs and eEFs). The process of initiation
requires the trimeric protein complex eIF4F, composed of the scaffold protein eIF4G, the cap-binding
protein eIF4E, and the DEAD-box helicase eIF4A. The interaction between eIF4G and eIF3 is required
for recruitment of the ribosome, whereas the interaction between eIF4G and poly(A)binding protein
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(PABP) circularises the mRNA and stabilises the complex [5]. mRNA decoding occurs during the elongation
stage, the rate of which is determined by tRNA- and eEF1A-dependent codon decoding, and eEF2-dependent
ribosome translocation.
Although it has been proposed that translational control is mostly exerted at the initiation phase [5], recent

data suggest that elongation also makes a major contribution to the overall regulation of this process [6].
Global control of protein synthesis is mediated by the phosphorylation of eIF2α, which inhibits the formation
of a translationally competent ternary complex [5], dephosphorylation of eIF4E-BP, which prevents the assem-
bly of the eIF4F complex by sequestration of the eIF4E factor [5], and phosphorylation of eEF2, which inhibits
ribosome translocation [7].
Protein synthesis is one of the most energy-demanding processes within the cell. Therefore, in response to a

toxic insult, cells reduce global levels of protein synthesis to conserve energy and embark on the process of
translational reprogramming, which is vital for the cellular response to stress [8–10]. For example, DNA
damage and ER stress have been described to inhibit global protein synthesis through the regulation of eIF2,
while simultaneously enhancing the translation of mRNAs required for DNA repair and restoration of ER
homeostasis, respectively [8,11]. Similarly, during hypoxia, global translation is inhibited through inactivation
of eIF4E, but residual hypoxic translation is maintained by switching to the eIF4E isoform eIF4E2, which
works in a complex with hypoxia-inducible factor 2α (HIF-2α) and the RBP RBM4 [12]. Since eIF4E2 is not
able to bind to eIF4G1 [13], it is possible that specific 4G isoforms might also be involved in the stress
response. This would not be unprecedented, given that the eIF4G homologue DAP5 has been reported to allow
for translation of specific mRNAs following ER stress [14].
Currently, over 800 human RBPs have been identified [15,16], many of which regulate the translation of

target mRNA in a combinatorial manner. The modulation of RBPs present on an mRNA represents an import-
ant aspect of translational reprogramming, as it leads to changes in stability and translational efficiency of the
message. For example, in response to the hypoxia mimic cobalt chloride, the translation of HIF-1α mRNA was
shown to be up-regulated through the combined binding of HuR and PTB [17]. Conversely, the translation of
cytochrome c mRNA is co-ordinated by the opposing actions of HuR (translational activator) and TIA-1
(translational repressor), to maintain precise levels of the pro-apoptotic protein within the cell [18].
Intriguingly, proteomic analysis has identified RBPs as potential substrates for DNA damage response

(DDR) kinases ATM and ATR [19], indicating that modulation of RBP function is of paramount importance
for the reprogramming of translation after DNA damage. One of the most extensively studied RBPs, HuR, pre-
dominantly stabilises its target mRNAs and regulates cellular processes such as mRNA processing and cell-cycle
regulation [20]. In response to DNA damage induced by ionising radiation, checkpoint kinase 2 phosphorylates
HuR and triggers its dissociation from target mRNA. HuR target mRNAs include MDM2 (a negative regulator
of p53) and Bax (pro-apoptotic protein), and dissociation of HuR reduces their stability and translational effi-
ciency, resulting in enhanced cell survival [21]. Moreover, HuR plays a key role in enhancing the translation of
specific mRNA whose protein products are required for the DDR. In response to UV radiation, HuR was

Table 1 RBPs modulated in response to stress
List of nuclear and cytoplasmic RBPs identified to be modulated in response to cold and heat shock, hypoxia, and DNA damage.

Stress RBPs References

Cold shock
<35°C

CIRBP, RBM3, PABP, EIF3B, G3BP [51,66]

Heat shock
>42°C

YTHDF2, YTHDF1, TIA1, TIAR, HSP70, HSP110, G3BP, ATXN2, ATXN2L,
FMRP, TDRD3

[46,60,67–69]

Hypoxia
Mild: 8% O2

Severe: 1% O2

HuR, PTB, TTP, NCL, CPEBs, TIA1, TIAR, G3BP, ERBP, hnRNPs (A18, L),
RBM3, CIRBP, GAPDH

[17,70,71]

DNA damage
Chemotherapeutics
UV
IR
Replication errors
Oxidative metabolism

HuR, EWS, YB1, PCBP4, NCL, hnRNPs (A0, A1, A18, F, H, K, R, U-like),
KSRP, PSF, RBMX, SRSF1, MDM2, DDX17, TLS/FUS, SKIP, RPL26, TAF15,
AATF, BRCA1, BCLAF1, DDX39B, CDCL5, DDX5, NONO, RBM14, RBM38,
RPS3, SUMO1, USP10, XRCC6, XRCC5, XRCC6, RBM3, G3BP, TIAR, FMRP,
PABP1, Staufen, TDRD3

[66,68,72–78]
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shown to enhance the translation of p53 [22]. Additionally, HuR was identified to bind p21 mRNA [23], a
message that is transcriptionally up-regulated by p53, presumably enhancing its stability during p53-dependent
cell-cycle arrest. The RNA-binding activity of nucleolin was also shown to be up-regulated following induction
of ionizing radiation (IR)- and UV-dependent DNA damage, enhancing the translation of target transcripts
involved in the stress response [24]. Interestingly, DNA damage also alters the transcription of mRNAs encod-
ing RBPs, for example the anti-apoptotic protein Staufen2 is down-regulated, resulting in the activation of cell
death pathways [25].
Whereas DNA damage inhibits global protein synthesis through the inhibition of initiation, the cold shock

response, such as the drop in temperature observed in hibernating animals, regulates global protein synthesis
through the inhibition of elongation [26]. Importantly, two cold shock proteins, RBM3 and CIRBP, function as
RBPs and are transcriptionally up-regulated during mild hypothermia [27,28]. In particular, RBM3 contributes
to cold shock-induced translational reprogramming by up-regulating the translation of RTN3 mRNA during
global protein synthesis inhibition [29]. Therapeutic hypothermia is a promising treatment for

Figure 1. Translational reprogramming in response to cellular stress.

Toxic insults, including DNA damage (orange), oxidative stress (grey), heat shock (red), ER stress (purple), and cold shock

(blue), activate eIF2 kinases and phosphorylate eIF2 (p-eIF2) to induce SG formation and inhibit global protein synthesis.

Translation inhibition can also be achieved via phosphorylation of eEF2 following cold shock. Translational reprogramming

enables the expression of specific stress response mRNAs and can be mediated by the presence of upstream open reading

frames (uORFs), chemical modifications within mRNAs, and modulation of RBP activity.
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neurodegenerative disorders and cooling has been shown to be neuroprotective in mice [30]. Importantly, the
enhanced translation of RTN3 during cooling was shown to mediate the neuroprotective properties of RBM3
[29], highlighting the clinical relevance of translational reprogramming.
In summary, RBPs play a crucial role in the regulation of translational reprogramming during cellular stress,

providing an additional mechanism to mediate the translation of mRNA required for the cellular response to
toxic injury.

RBP-mediated stress-induced spatial reorganisation
of RNAs
As part of the stress-induced inhibition of translation, mRNAs encoding non-essential housekeeping proteins
are redirected from polysomes to stress granules (SGs) or processing bodies (P-bodies). These translationally
inactive, membraneless cytoplasmic foci allow the cell to reorganise the translational pool in order to focus
resources into the translation of stress response mRNAs [31,32]. In mammals, RNP granules exhibit properties
of viscous liquid-like structures, or droplets, that form through phase transitions and can be tuned by several
physical factors [33,34]. Although such phase transition seems to be driven by promiscuous interactions among
RBPs through their low-complexity domains [34], RNA also plays a major role by serving as a platform for
multivalent interactions [35–37].
P-bodies are highly conserved and generally thought to represent sites of mRNA degradation [38,39],

enriched for several mRNA decay factors, including the decapping complex DCP1/DCP2, the helicase RCK/
p54, and the 50-30 ribonuclease Xrn1 [40]. In mammals, the presence of P-bodies is not strictly dependent on
conditions of stress; however, certain stimuli trigger the formation of de novo P-bodies, as well as changes in
the size and mRNA and protein content of pre-existing ones [41–43].
In contrast to P-bodies, stress granules do not appear to function as sites of RNA degradation as much as

RNA storage and generally form in response to the phosphorylation of eIF2α by stress-activated kinases [40].
A series of core components of SGs have been identified, which mainly consists of 40S ribosomal subunits
and several RBPs. TIA-1 and G3BP1 are particularly important as they act as SG-nucleating proteins and
their overexpression alone is sufficient to drive the assembly of ‘constitutive’ stress granules [44–46]. Other
canonical components of SGs include PABP and several translation initiation factors, such as eIF3, eIF4, and
eIF5 [41]. Therefore, transcripts are generally considered to be in a situation of stalled translation initiation
while in SGs [47].
Despite the identification of such core elements, the protein and mRNA contents of SGs change depending

on the type of stress stimulus. For example, following heat shock, the bulk of cellular mRNA is redirected to
SGs, with the exception of transcripts encoding HSP70 proteins [48], whereas HSP90 mRNAs are excluded
from SGs induced by treatment with the oxidative stress-inducing agent sodium arsenite (SA) [49]. Moreover,
the chaperone HSP27 is present in granules induced by heat shock but not by SA or UV [46]. Different iso-
forms of the same protein can also be differentially localised. For example, eIF4E1 is found in both P-bodies
and SGs following either SA treatment or heat shock, while eIF4E2 localises to P-bodies only following SA
treatment and to both P-bodies and SGs following heat shock [49]. Moreover, following exposure to SA and
UV, eIF4E3A is exclusively found in SGs, whereas eIF4E3B does not localise to either P-bodies or SGs [49].
Recently, the protein composition and assembly dynamics of human SGs induced by a plethora of stimuli

have been examined, providing an unprecedentedly detailed characterisation of stress-specific differences [50].
Treatment with SA was found to result in the formation of canonical foci containing poly(A) mRNAs, as well
as all the constitutive RBPs and factors described above. Poly(A) mRNAs were also found to accumulate in SGs
induced by hyperosmotic stress, heat shock, and ER stress, but not in UV radiation-induced foci. UV-induced
granules also contain less eIF3b and eIF4G, suggesting that they might be distinct from SGs. As expected, all
the stresses examined promote accumulation of G3BP1 and TIA-1 [50].
In addition to differences in SG composition, SGs also differ in mechanisms of formation. Indeed, phosphor-

ylation of eIF2α is necessary for the formation of SGs and the inhibition of translation following oxidative and
ER stress, but is not required for hyperosmotic pressure-induced translational repression and SG formation
[50]. Remarkably, specific kinases phosphorylate eIF2α following different stresses. The formation of SGs and
translation inhibition rely on the activity of HRI following SA treatment, or PERK following ER stress [50] and
cold shock [51]. Conversely, heat shock seems to achieve translation repression and formation of SGs by acti-
vating multiple eIF2α kinases [50]. UV-induced foci rely both on eIF2α phosphorylation-dependent, via
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GCN2, and -independent mechanisms. In addition to phosphorylation of eIF2α, other mechanisms have been
implicated in the formation of SGs. Among these are the down-regulation of mTOR and the disruption of the
eIF4F complex, either by impairing the function of eIF4A or by interfering with the interaction between eIF4E
and eIF4G [52].
It is clear, therefore, that stress-dependent RNP granules in mammals are remarkably dynamic entities and

that a complex network of regulation mechanisms, both global and finely tuned, combine to enable the stra-
tegical restructuring of the translatome.

RBP-mediated modification of the epitranscriptome
The relatively recent discovery of mRNA modification has opened a new realm of post-transcriptional gene
regulation in eukaryotes [4]. mRNA modifications include 7-methylguanosine (m7G), N1-methyladenosine
(m1A), 5-methylcytosine (m5C), N6-methyladenosine (m6A), and pseudouridine (Ψ), which combine to form
the epitranscriptome. These modifications provide an additional layer of information to regulate protein synthe-
sis by altering the translation efficiencies of individual messages [53].
Capping of newly transcribed pre-mRNAs represents a crucial event as transcripts are predominantly trans-

lated in a cap-dependent manner. Most capped mRNAs are modified by the addition of a single methyl group
at N7 (m7GpppN or simply m7G) in a reaction catalysed by RNA guanine-7 methyltransferase (RNMT). The
activity of RNMT is enhanced following mitosis by CDK1-cyclin B1: mRNA capping and translation initiation
are therefore co-ordinated with G1 phase transcription [54]. Accordingly, RNMT can be indirectly regulated by
stresses which induce cell-cycle arrest by modulating either CDK1-cyclin B1 activity [55] or its cellular localisa-
tion [56].
The process of reversible mRNA methylation, such as m6A, is carried out by RBPs termed writers, erasers,

and readers [57]. At present, four components of the mammalian m6A writer complex (methyltransferase-like
3, METTL3; METTL14; Wilms tumour 1-associated protein, WTAP; and KIAA142) and two eraser proteins
(fat mass and obesity-associated protein, FTO and AlkB homologue 5, ALKBH5) have been identified. The
number of known reader proteins is wider and includes members of the YT521-B homology (YTH) domain-
containing protein and the heterogeneous nuclear ribonucleoprotein (hnRNP) protein families [4]. m6A methy-
lation promotes mRNA translation through distinct mechanisms. For example, YTHDF1 increases the
efficiency of cap-dependent translation of m6A-modified mRNAs by recruiting several eIFs to their 30-UTR
(untranslated region), whereas METTL3 enhances cap-independent, eIF3-dependent translation of a subset of
mRNAs by promoting the addition of m6A in the 50-UTR [58].
It has been shown that m6A modification of mRNAs is important in response to cell stress and toxic injury

and can dictate cell fate. For example, following SA-initiated oxidative stress, the reader protein YTHDF1 loca-
lises to stress granules bound to stalled translation complexes, but promotes post-stress recovery by reinstating
protein synthesis. During heat shock, YTHDF2 localises to the nucleus, inhibits FTO binding, and promotes
50-UTR methylation. As a consequence, subsets of mRNAs produced during heat shock carry more m6A marks
within their 50-end, a modification which allows an increase in their translation through cap-independent
mechanisms, overcoming global translation suppression [59,60]. Hypoxic stress induces HIF-dependent
ALKBH5 expression and subsequent removal of m6A from the transcripts encoding the pluripotency factor
NANOG, leading to increased NANOG expression [57].
Ψ forms a more stable base pair with adenosine than its isomer uridine [61] and, as a consequence, affects

RNA stability and mRNA translation. Pseudouridylation of spliceosomal small nuclear RNAs and ribosomal
RNAs has been well described. However, previous reports show that mRNA is also pseudouridylated under a
range of conditions, including cell stress [62,63]. Pseudouridylation could enhance the synthesis of specific
stress response proteins by allowing alternative decoding and increasing translational efficiency of a subset of
transcripts [64]. Alternatively, as pseudouridylation stabilises RNA structures, it has been suggested that this
may influence the translatome following heat shock [63]. Interestingly, it has been shown recently that incorp-
orating N1-methyl-pseudouridine (N1mΨ) nucleotides into mRNAs increases ribosome pausing and density,
suggesting that, on these modified mRNAs, initiation is increased through either enhanced ribosome recycling
on the same mRNA or enhanced ribosome recruitment [65].

Concluding remarks
For many years, mainly due to experimental limitations, the study of cellular responses to external stresses has
focused on the transcriptional level. However, recent technical advances have led to an explosion in the
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number of identified RBPs that actively regulate the cellular response at the post-transcriptional level. Either
canonical or putative RBPs assist in the global inhibition of protein synthesis by sequestering mRNA within
SGs, while simultaneously enhancing the translation of specific mRNAs that are required to regulate cell fate
(Figure 1). The number of identified RBPs will continue to grow as further advancements in quantitative mass
spectrometry and methods of RBP isolation are made. However, one of the most important questions will
concern the modulation of RBPs, and subsequent changes in RNA-binding efficiency upon exposure to
external cues. Future studies will continue to enhance our current understanding of the regulation of RNA,
but also have the potential to identify novel RBPs as therapeutic targets that could mark a new era of
therapeutic treatments.

Abbreviations
ALKBH5, AlkB homologue 5; eEF, eukaryotic elongation factor; eIF, eukaryotic initiation factor; ER, endoplasmic
reticulum; FTO, fat mass and obesity-associated protein; HIF, hypoxia-inducible factor; hnRNP, heterogeneous
nuclear ribonucleoprotein; HSP, heat shock protein; HuR, Hu antigen R; IR, ionizing radiation; m6A,
N6-methyladenosine; METTL, methyltransferase-like; mTOR, mechanistic target of rapamycin; PABP, poly
(A)-binding protein; PTB, polypyrimidine tract-binding protein; P-bodies, processing bodies; RBP, RNA-binding
protein; RNMT, RNA guanine-7 methyltransferase; SA, sodium arsenite; SGs, stress granules; UTR, untranslated
region; UV, ultraviolet light; YTH, YT521-B homology; Ψ, pseudouridine.

Funding
R.H., V.D., and M.P. are supported by the Wellcome Trust [grant number 110071/Z/15/Z]. A.E.W. is supported by
the Medical Research Council [MRC programme funding 5TR00].

Competing Interests
The Authors declare that there are no competing interests associated with the manuscript.

References
1 Gerstberger, S., Hafner, M. and Tuschl, T. (2014) A census of human RNA-binding proteins. Nat. Rev. Genet. 15, 829–845 doi:10.1038/nrg3813
2 Shkreta, L. and Chabot, B. (2015) The RNA splicing response to DNA damage. Biomolecules 5, 2935–2977 doi:10.3390/biom5042935
3 Li, X., Xiong, X. and Yi, C. (2017) Epitranscriptome sequencing technologies: decoding RNA modifications. Nat. Methods 14, 23–31 doi:10.1038/

nmeth.4110
4 Zhao, B.S., Roundtree, I.A. and He, C. (2016) Post-transcriptional gene regulation by mRNA modifications. Nat. Rev. Mol. Cell Biol. 18, 31–42

doi:10.1038/nrm.2016.132
5 Sonenberg, N. and Hinnebusch, A.G. (2009) Regulation of translation initiation in eukaryotes: mechanisms and biological targets. Cell 136, 731–745

doi:10.1016/j.cell.2009.01.042
6 Richter, J.D. and Coller, J. (2015) Pausing on polyribosomes: make way for elongation in translational control. Cell 163, 292–300 doi:10.1016/j.cell.

2015.09.041
7 Ryazanov, A.G. and Davydova, E.K. (1989) Mechanism of elongation factor 2 (EF-2) inactivation upon phosphorylation phosphorylated EF-2 is unable to

catalyze translocation. FEBS Lett. 251, 187–190 doi:10.1016/0014-5793(89)81452-8
8 Powley, I.R., Kondrashov, A., Young, L.A., Dobbyn, H.C., Hill, K., Cannell, I.G. et al. (2009) Translational reprogramming following UVB irradiation is

mediated by DNA-PKcs and allows selective recruitment to the polysomes of mRNAs encoding DNA repair enzymes. Genes Dev. 23, 1207–1220
doi:10.1101/gad.516509

9 King, H.A., Cobbold, L.C., Pichon, X., Pöyry, T., Wilson, L.A., Booden, H. et al. (2014) Remodelling of a polypyrimidine tract-binding protein complex
during apoptosis activates cellular IRESs. Cell Death Differ. 21, 161–171 doi:10.1038/cdd.2013.135

10 Somers, J., Wilson, L.A., Kilday, J.-P., Horvilleur, E., Cannell, I.G., Pöyry, T.A.A. et al. (2015) A common polymorphism in the 50 UTR of ERCC5 creates
an upstream ORF that confers resistance to platinum-based chemotherapy. Genes Dev. 29, 1891–1896 doi:10.1101/gad.261867.115

11 Baird, T.D., Palam, L.R., Fusakio, M.E., Willy, J.A., Davis, C.M., McClintick, J.N. et al. (2014) Selective mRNA translation during eIF2 phosphorylation
induces expression of IBTKα. Mol. Biol. Cell 25, 1686–1697 doi:10.1091/mbc.E14-02-0704

12 Uniacke, J., Holterman, C.E., Lachance, G., Franovic, A., Jacob, M.D., Fabian, M.R. et al. (2012) An oxygen-regulated switch in the protein synthesis
machinery. Nature 486, 126–129 doi:10.1038/nature11055

13 Joshi, B., Cameron, A. and Jagus, R. (2004) Characterization of mammalian eIF4E-family members. Eur. J. Biochem. 271, 2189–2203 doi:10.1111/j.
1432-1033.2004.04149.x

14 Lewis, S.M., Cerquozzi, S., Graber, T.E., Ungureanu, N.H., Andrews, M. and Holcik, M. (2008) The eIF4G homolog DAP5/p97 supports the translation of
select mRNAs during endoplasmic reticulum stress. Nucleic Acids Res. 36, 168–178 doi:10.1093/nar/gkm1007

15 Castello, A., Fischer, B., Eichelbaum, K., Horos, R., Beckmann, B.M., Strein, C. et al. (2012) Insights into RNA biology from an atlas of mammalian
mRNA-binding proteins. Cell 149, 1393–1406 doi:10.1016/j.cell.2012.04.031

16 He, C., Sidoli, S., Warneford-Thomson, R., Tatomer, D.C., Wilusz, J.E., Garcia, B.A. et al. (2016) High-resolution mapping of RNA-binding regions in the
nuclear proteome of embryonic stem cells. Mol. Cell 64, 416–430 doi:10.1016/j.molcel.2016.09.034

© 2017 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution License 4.0 (CC BY).1012

Biochemical Society Transactions (2017) 45 1007–1014
DOI: 10.1042/BST20160364

D
ow

nloaded from
 http://port.silverchair.com

/biochem
soctrans/article-pdf/45/4/1007/431454/bst-2016-0364c.pdf by guest on 10 April 2024

http://dx.doi.org/doi:10.1038/nrg3813
http://dx.doi.org/doi:10.3390/biom5042935
http://dx.doi.org/doi:10.1038/nmeth.4110
http://dx.doi.org/doi:10.1038/nmeth.4110
http://dx.doi.org/doi:10.�1038/nrm.2016.132
http://dx.doi.org/doi:10.1016/j.cell.2009.01.042
http://dx.doi.org/doi:10.1016/j.cell.2015.09.041
http://dx.doi.org/doi:10.1016/j.cell.2015.09.041
http://dx.doi.org/doi:10.1016/0014-5793(89)81452-8
http://dx.doi.org/doi:10.1016/0014-5793(89)81452-8
http://dx.doi.org/doi:10.1016/0014-5793(89)81452-8
http://dx.doi.org/doi:10.1101/gad.516509
http://dx.doi.org/doi:10.1038/cdd.2013.135
http://dx.doi.org/doi:10.1101/gad.261867.115
http://dx.doi.org/doi:10.1091/mbc.E14-02-0704
http://dx.doi.org/doi:10.1091/mbc.E14-02-0704
http://dx.doi.org/doi:10.1091/mbc.E14-02-0704
http://dx.doi.org/doi:10.1038/nature11055
http://dx.doi.org/doi:10.1111/j.1432-1033.2004.04149.x
http://dx.doi.org/doi:10.1111/j.1432-1033.2004.04149.x
http://dx.doi.org/doi:10.1111/j.1432-1033.2004.04149.x
http://dx.doi.org/doi:10.1093/nar/gkm1007
http://dx.doi.org/doi:10.1016/j.cell.2012.04.031
http://dx.doi.org/doi:10.1016/j.molcel.2016.09.034
https://creativecommons.org/licenses/by/4.0/


17 Galbán, S., Kuwano, Y., Pullmann, R., Martindale, J.L., Kim, H.H., Lal, A. et al. (2008) RNA-binding proteins HuR and PTB promote the translation of
hypoxia-inducible factor 1α. Mol. Cell. Biol. 28, 93–107 doi:10.1128/MCB.00973-07

18 Kawai, T., Lal, A., Yang, X., Galban, S., Mazan-Mamczarz, K. and Gorospe, M. (2006) Translational control of cytochrome c by RNA-binding proteins
TIA-1 and HuR. Mol. Cell. Biol. 26, 3295–3307 doi:10.1128/MCB.26.8.3295-3307.2006

19 Matsuoka, S., Ballif, B.A., Smogorzewska, A., McDonald, E.R., Hurov, K.E., Luo, J. et al. (2007) ATM and ATR substrate analysis reveals extensive
protein networks responsive to DNA damage. Science 316, 1160–1166 doi:10.1126/science.1140321

20 Lebedeva, S., Jens, M., Theil, K., Schwanhäusser, B., Selbach, M., Landthaler, M. et al. (2011) Transcriptome-wide analysis of regulatory interactions
of the RNA-binding protein HuR. Mol. Cell 43, 340–352 doi:10.1016/j.molcel.2011.06.008

21 Masuda, K., Abdelmohsen, K., Kim, M.M., Srikantan, S., Lee, E.K., Tominaga, K. et al. (2011) Global dissociation of HuR-mRNA complexes promotes
cell survival after ionizing radiation. EMBO J. 30, 1040–1053 doi:10.1038/emboj.2011.24

22 Mazan-Mamczarz, K., Galbán, S., de Silanes, I.L., Martindale, J.L., Atasoy, U., Keene, J.D. et al. (2003) RNA-binding protein HuR enhances p53
translation in response to ultraviolet light irradiation. Proc. Natl Acad. Sci. U.S.A. 100, 8354–8359 doi:10.1073/pnas.1432104100

23 Wang, W., Furneaux, H., Cheng, H., Caldwell, M.C., Hutter, D., Liu, Y. et al. (2000) Hur regulates p21 mRNA stabilization by UV light. Mol. Cell. Biol.
20, 760–769 doi:10.1128/MCB.20.3.760-769.2000

24 Yang, C., Maiguel, D.A. and Carrier, F. (2002) Identification of nucleolin and nucleophosmin as genotoxic stress-responsive RNA-binding proteins.
Nucleic Acids Res. 30, 2251–2260 doi:10.1093/nar/30.10.2251

25 Zhang, X., Trépanier, V., Beaujois, R., Viranaicken, W., Drobetsky, E. and DesGroseillers, L. (2016) The downregulation of the RNA-binding protein
Staufen2 in response to DNA damage promotes apoptosis. Nucleic Acids Res. 44, 3695–3712 doi:10.1093/nar/gkw057

26 Knight, J.R.P., Bastide, A., Roobol, A., Roobol, J., Jackson, T.J., Utami, W. et al. (2015) Eukaryotic elongation factor 2 kinase regulates the cold stress
response by slowing translation elongation. Biochem. J. 465, 227–238 doi:10.1042/BJ20141014

27 Danno, S., Nishiyama, H., Higashitsuji, H., Yokoi, H., Xue, J.-H., Itoh, K. et al. (1997) Increased transcript level of RBM3, a member of the glycine-rich
RNA-binding protein family, in human cells in response to cold stress. Biochem. Biophys. Res. Commun. 236, 804–807 doi:10.1006/bbrc.1997.7059

28 Nishiyama, H., Itoh, K., Kaneko, Y., Kishishita, M., Yoshida, O. and Fujita, J. (1997) A glycine-rich RNA-binding protein mediating cold-inducible
suppression of mammalian cell growth. J. Cell Biol. 137, 899–908 doi:10.1083/jcb.137.4.899

29 Bastide, A., Peretti, D., Knight, J.R.P., Grosso, S., Spriggs, R.V., Pichon, X. et al. (2017) RTN3 is a novel cold-induced protein and mediates
neuroprotective effects of RBM3. Curr. Biol. 27, 638–650 doi:10.1016/j.cub.2017.01.047

30 Peretti, D., Bastide, A., Radford, H., Verity, N., Molloy, C., Martin, M.G. et al. (2015) RBM3 mediates structural plasticity and protective effects of
cooling in neurodegeneration. Nature 518, 236–239 doi:10.1038/nature14142

31 Yamasaki, S. and Anderson, P. (2008) Reprogramming mRNA translation during stress. Curr. Opin. Cell Biol. 20, 222–226 doi:10.1016/j.ceb.
2008.01.013

32 Mahboubi, H. and Stochaj, U. (2017) Cytoplasmic stress granules: dynamic modulators of cell signaling and disease. Biochim. Biophys. Acta 1863,
884–895 doi:10.1016/j.bbadis.2016.12.022

33 Sfakianos, A.P., Whitmarsh, A.J. and Ashe, M.P. (2016) Ribonucleoprotein bodies are phased in. Biochem. Soc. Trans. 44, 1411–1416 doi:10.1042/
BST20160117

34 Kroschwald, S., Maharana, S., Mateju, D., Malinovska, L., Nüske, E., Poser, I. et al. (2015) Promiscuous interactions and protein disaggregases
determine the material state of stress-inducible RNP granules. eLife 4, e06807 doi:10.7554/eLife.06807

35 Courchaine, E.M., Lu, A. and Neugebauer, K.M. (2016) Droplet organelles? EMBO J. 35, 1603–1612 doi:10.15252/embj.201593517
36 Lin, Y., Protter, D.S.W., Rosen, M.K. and Parker, R. (2015) Formation and maturation of phase-separated liquid droplets by RNA-binding proteins. Mol.

Cell 60, 208–219 doi:10.1016/j.molcel.2015.08.018
37 Smith, J., Calidas, D., Schmidt, H., Lu, T., Rasoloson, D. and Seydoux, G. (2016) Spatial patterning of P granules by RNA-induced phase separation of

the intrinsically-disordered protein MEG-3. eLife 5, e21337 doi:10.7554/eLife.21337
38 Sheth, U. and Parker, R. (2003) Decapping and decay of messenger RNA occur in cytoplasmic processing bodies. Science 300, 805–808 doi:10.1126/

science.1082320
39 Kedersha, N. and Anderson, P. (2007) Mammalian stress granules and processing bodies. Methods Enzymol. 431, 61–81 doi:10.1016/S0076-6879

(07)31005-7
40 Anderson, P. and Kedersha, N. (2006) RNA granules. J. Cell Biol. 172, 803–808 doi:10.1083/jcb.200512082
41 Kedersha, N., Stoecklin, G., Ayodele, M., Yacono, P., Lykke-Andersen, J., Fitzler, M.J. et al. (2005) Stress granules and processing bodies are

dynamically linked sites of mRNP remodeling. J. Cell Biol. 169, 871–884 doi:10.1083/jcb.200502088
42 Ernoult-Lange, M., Baconnais, S., Harper, M., Minshall, N., Souquere, S., Boudier, T. et al. (2012) Multiple binding of repressed mRNAs by the P-body

protein Rck/p54. RNA 18, 1702–1715 doi:10.1261/rna.034314.112
43 Aizer, A., Kalo, A., Kafri, P., Shraga, A., Ben-Yishay, R., Jacob, A. et al. (2014) Quantifying mRNA targeting to P-bodies in living human cells reveals

their dual role in mRNA decay and storage. J. Cell Sci. 127, 4443–4456 doi:10.1242/jcs.152975
44 Tourrière, H., Chebli, K., Zekri, L., Courselaud, B., Blanchard, J.M., Bertrand, E. et al. (2003) The RasGAP-associated endoribonuclease G3BP

assembles stress granules. J. Cell Biol. 160, 823–831 doi:10.1083/jcb.200212128
45 Gilks, N., Kedersha, N., Ayodele, M., Shen, L., Stoecklin, G., Dember, L.M. et al. (2004) Stress granule assembly is mediated by prion-like aggregation

of TIA-1. Mol. Biol. Cell 15, 5383–5398 doi:10.1091/mbc.E04-08-0715
46 Kedersha, N.L., Gupta, M., Li, W., Miller, I. and Anderson, P. (1999) RNA-binding proteins TIA-1 and TIAR link the phosphorylation of eIF-2α to the

assembly of mammalian stress granules. J. Cell Biol. 147, 1431–1442 doi:10.1083/jcb.147.7.1431
47 Kimball, S.R., Horetsky, R.L., Ron, D., Jefferson, L.S. and Harding, H.P. (2003) Mammalian stress granules represent sites of accumulation of stalled

translation initiation complexes. Am. J. Physiol. Cell Physiol. 284, C273–C284 doi:10.1152/ajpcell.00314.2002
48 Kedersha, N. and Anderson, P. (2002) Stress granules: sites of mRNA triage that regulate mRNA stability and translatability. Biochem. Soc. Trans. 30,

963–969 doi:10.1042/bst0300963
49 Frydryskova, K., Masek, T., Borcin, K., Mrvova, S., Venturi, V. and Pospisek, M. (2016) Distinct recruitment of human eIF4E isoforms to processing

bodies and stress granules. BMC Mol. Biol. 17, 21 doi:10.1186/s12867-016-0072-x

© 2017 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution License 4.0 (CC BY). 1013

Biochemical Society Transactions (2017) 45 1007–1014
DOI: 10.1042/BST20160364

D
ow

nloaded from
 http://port.silverchair.com

/biochem
soctrans/article-pdf/45/4/1007/431454/bst-2016-0364c.pdf by guest on 10 April 2024

http://dx.doi.org/doi:10.1128/MCB.00973-07
http://dx.doi.org/doi:10.1128/MCB.00973-07
http://dx.doi.org/doi:10.1128/MCB.26.8.3295-3307.2006
http://dx.doi.org/doi:10.1128/MCB.26.8.3295-3307.2006
http://dx.doi.org/doi:10.1126/science.1140321
http://dx.doi.org/doi:10.1016/j.molcel.2011.06.008
http://dx.doi.org/doi:10.1038/emboj.2011.24
http://dx.doi.org/doi:10.1073/pnas.1432104100
http://dx.doi.org/doi:10.1128/MCB.20.3.760-769.2000
http://dx.doi.org/doi:10.1128/MCB.20.3.760-769.2000
http://dx.doi.org/doi:10.1093/nar/30.10.2251
http://dx.doi.org/doi:10.1093/nar/gkw057
http://dx.doi.org/doi:10.1042/BJ20141014
http://dx.doi.org/doi:10.1006/bbrc.1997.7059
http://dx.doi.org/doi:10.1083/jcb.137.4.899
http://dx.doi.org/doi:10.1016/j.cub.2017.01.047
http://dx.doi.org/doi:10.1038/nature14142
http://dx.doi.org/doi:10.1016/j.ceb.2008.�01.�013
http://dx.doi.org/doi:10.1016/j.ceb.2008.�01.�013
http://dx.doi.org/doi:10.1016/j.bbadis.2016.12.022
http://dx.doi.org/doi:10.1042/BST20160117
http://dx.doi.org/doi:10.1042/BST20160117
http://dx.doi.org/doi:10.7554/eLife.06807
http://dx.doi.org/doi:10.15252/embj.201593517
http://dx.doi.org/doi:10.1016/j.molcel.2015.08.018
http://dx.doi.org/doi:10.7554/eLife.21337
http://dx.doi.org/doi:10.1126/science.1082320
http://dx.doi.org/doi:10.1126/science.1082320
http://dx.doi.org/doi:10.1016/S0076-6879(07)31005-7
http://dx.doi.org/doi:10.1016/S0076-6879(07)31005-7
http://dx.doi.org/doi:10.1016/S0076-6879(07)31005-7
http://dx.doi.org/doi:10.1016/S0076-6879(07)31005-7
http://dx.doi.org/doi:10.1083/jcb.200512082
http://dx.doi.org/doi:10.1083/jcb.200502088
http://dx.doi.org/doi:10.1261/rna.034314.112
http://dx.doi.org/doi:10.1242/jcs.152975
http://dx.doi.org/doi:10.1083/jcb.200212128
http://dx.doi.org/doi:10.1091/mbc.E04-08-0715
http://dx.doi.org/doi:10.1091/mbc.E04-08-0715
http://dx.doi.org/doi:10.1091/mbc.E04-08-0715
http://dx.doi.org/doi:10.1083/jcb.147.7.1431
http://dx.doi.org/doi:10.1152/ajpcell.00314.2002
http://dx.doi.org/doi:10.1042/bst0300963
http://dx.doi.org/doi:10.1186/s12867-016-0072-x
http://dx.doi.org/doi:10.1186/s12867-016-0072-x
http://dx.doi.org/doi:10.1186/s12867-016-0072-x
http://dx.doi.org/doi:10.1186/s12867-016-0072-x
https://creativecommons.org/licenses/by/4.0/


50 Aulas, A., Fay, M.M., Lyons, S.M., Achorn, C.A., Kedersha, N., Anderson, P. et al. (2017) Stress-specific differences in assembly and composition of
stress granules and related foci. J. Cell Sci. 130, 927–937 doi:10.1242/jcs.199240

51 Hofmann, S., Cherkasova, V., Bankhead, P., Bukau, B. and Stoecklin, G. (2012) Translation suppression promotes stress granule formation and cell
survival in response to cold shock. Mol. Biol. Cell 23, 3786–3800 doi:10.1091/mbc.E12-04-0296

52 Panas, M.D., Ivanov, P. and Anderson, P. (2016) Mechanistic insights into mammalian stress granule dynamics. J. Cell Biol. 215, 313–323
doi:10.1083/jcb.201609081

53 Helm, M. and Motorin, Y. (2017) Detecting RNA modifications in the epitranscriptome: predict and validate. Nat. Rev. Genet. 18, 275–291 doi:10.1038/
nrg.2016.169

54 Aregger, M., Kaskar, A., Varshney, D., Fernandez-Sanchez, M.E., Inesta-Vaquera, F.A., Weidlich, S. et al. (2016) CDK1-cyclin b1 activates RNMT,
coordinating mRNA Cap methylation with G1 phase transcription. Mol. Cell 61, 734–746 doi:10.1016/j.molcel.2016.02.008

55 Sanchez, Y., Wong, C., Thoma, R.S., Richman, R., Wu, Z., Piwnica-Worms, H. et al. (1997) Conservation of the Chk1 checkpoint pathway in mammals:
linkage of DNA damage to Cdk regulation through Cdc25. Science 277, 1497–1501 doi:10.1126/science.277.5331.1497

56 Charrier-Savournin, F.B., Château, M.-T., Gire, V., Sedivy, J., Piette, J. and Dulic,́ V. (2004) p21-mediated nuclear retention of cyclin B1-Cdk1 in
response to genotoxic stress. Mol. Biol. Cell 15, 3965–3976 doi:10.1091/mbc.E03-12-0871

57 Licht, K. and Jantsch, M.F. (2016) Rapid and dynamic transcriptome regulation by RNA editing and RNA modifications. J. Cell Biol. 213, 15–22
doi:10.1083/jcb.201511041

58 Wu, R., Jiang, D., Wang, Y. and Wang, X. (2016) N6-methyladenosine (m6A) methylation in mRNA with A dynamic and reversible epigenetic
modification. Mol. Biotechnol. 58, 450–459 doi:10.1007/s12033-016-9947-9

59 Meyer, K.D., Patil, D.P., Zhou, J., Zinoviev, A., Skabkin, M.A., Elemento, O. et al. (2015) 50 UTR m6A promotes cap-independent translation. Cell 163,
999–1010 doi:10.1016/j.cell.2015.10.012

60 Zhou, J., Wan, J., Gao, X., Zhang, X., Jaffrey, S.R. and Qian, S.-B. (2015) Dynamic m6A mRNA methylation directs translational control of heat shock
response. Nature 526, 591–594 doi:10.1038/nature15377

61 Karijolich, J., Yi, C. and Yu, Y.-T. (2015) Transcriptome-wide dynamics of RNA pseudouridylation. Nat. Rev. Mol. Cell Biol. 16, 581–585 doi:10.1038/
nrm4040

62 Carlile, T.M., Rojas-Duran, M.F., Zinshteyn, B., Shin, H., Bartoli, K.M. and Gilbert, W.V. (2014) Pseudouridine profiling reveals regulated mRNA
pseudouridylation in yeast and human cells. Nature 515, 143–146 doi:10.1038/nature13802

63 Schwartz, S., Bernstein, D.A., Mumbach, M.R., Jovanovic, M., Herbst, R.H., León-Ricardo, B.X. et al. (2014) Transcriptome-wide mapping reveals
widespread dynamic-regulated pseudouridylation of ncRNA and mRNA. Cell 159, 148–162 doi:10.1016/j.cell.2014.08.028

64 Fernández, I.S., Ng, C.L., Kelley, A.C., Wu, G., Yu, Y.-T. and Ramakrishnan, V. (2013) Unusual base pairing during the decoding of a stop codon by the
ribosome. Nature 500, 107–110 doi:10.1038/nature12302

65 Svitkin, Y.V., Cheng, Y.M., Chakraborty, T., Presnyak, V., John, M. and Sonenberg, N. (2017) N1-methyl-pseudouridine in mRNA enhances translation
through eIF2α-dependent and independent mechanisms by increasing ribosome density. Nucleic Acids Res. 45, 6023–6036 doi:10.1093/nar/gkx135

66 Zhu, X., Bührer, C. and Wellmann, S. (2016) Cold-inducible proteins CIRP and RBM3, a unique couple with activities far beyond the cold. Cell. Mol. Life
Sci. 73, 3839–3859 doi:10.1007/s00018-016-2253-7

67 Kaehler, C., Isensee, J., Nonhoff, U., Terrey, M., Hucho, T., Lehrach, H. et al. (2012) Ataxin-2-like is a regulator of stress granules and processing
bodies. PLoS ONE 7, e50134 doi:10.1371/journal.pone.0050134

68 Goulet, I., Boisvenue, S., Mokas, S., Mazroui, R. and Côté, J. (2008) TDRD3, a novel Tudor domain-containing protein, localizes to cytoplasmic stress
granules. Hum. Mol. Genet. 17, 3055–3074 doi:10.1093/hmg/ddn203

69 Henics, T., Nagy, E., Oh, H.J., Csermely, P., Von Gabain, A. and Subjeck, J.R. (1999) Mammalian Hsp70 and Hsp110 proteins bind to RNA motifs
involved in mRNA stability. J. Biol. Chem. 274, 17318–17324 doi:10.1074/jbc.274.24.17318

70 Gorospe, M., Tominaga, K., Wu, X., Fähling, M. and Ivan, M. (2011) Post-transcriptional control of the hypoxic response by RNA-binding proteins and
microRNAs. Front. Mol. Neurosci. 4 doi:10.3389/fnmol.2011.00007

71 Wellmann, S., Bührer, C., Moderegger, E., Zelmer, A., Kirschner, R., Koehne, P. et al. (2004) Oxygen-regulated expression of the RNA-binding proteins
RBM3 and CIRP by a HIF-1-independent mechanism. J. Cell Sci. 117, 1785–1794 doi:10.1242/jcs.01026

72 Scoumanne, A., Cho, S.J., Zhang, J. and Chen, X. (2011) The cyclin-dependent kinase inhibitor p21 is regulated by RNA-binding protein PCBP4 via
mRNA stability. Nucleic Acids Res. 39, 213–224 doi:10.1093/nar/gkq778

73 Adamson, B., Smogorzewska, A., Sigoillot, F.D., King, R.W. and Elledge, S.J. (2012) A genome-wide homologous recombination screen identifies the
RNA-binding protein RBMX as a component of the DNA-damage response. Nat. Cell Biol. 14, 318–328 doi:10.1038/ncb2426

74 Dutertre, M., Lambert, S., Carreira, A., Amor-Guéret, M. and Vagner, S. (2014) DNA damage: RNA-binding proteins protect from near and far. Trends
Biochem. Sci. 39, 141–149 doi:10.1016/j.tibs.2014.01.003

75 Conrad, T., Albrecht, A.-S., de Melo Costa, V.R., Sauer, S., Meierhofer, D. and Ørom, U.A. (2016) Serial interactome capture of the human cell nucleus.
Nat. Commun. 7, 11212 doi:10.1038/ncomms11212

76 Kai, M. (2016) Roles of RNA-binding proteins in DNA damage response. Int. J. Mol. Sci. 17, 310 doi:10.3390/ijms17030310
77 Moutaoufik, M.T., El Fatimy, R., Nassour, H., Gareau, C., Lang, J., Tanguay, R.M. et al. (2014) UVC-induced stress granules in mammalian cells. PLoS

ONE 9, e112742 doi:10.1371/journal.pone.0112742
78 Yang, C. and Carrier, F. (2001) The UV-inducible RNA-binding protein A18 (A18 hnRNP) plays a protective role in the genotoxic stress response. J. Biol.

Chem. 276, 47277–47284 doi:10.1074/jbc.M105396200

© 2017 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution License 4.0 (CC BY).1014

Biochemical Society Transactions (2017) 45 1007–1014
DOI: 10.1042/BST20160364

D
ow

nloaded from
 http://port.silverchair.com

/biochem
soctrans/article-pdf/45/4/1007/431454/bst-2016-0364c.pdf by guest on 10 April 2024

http://dx.doi.org/doi:10.1242/jcs.199240
http://dx.doi.org/doi:10.1091/mbc.E12-04-0296
http://dx.doi.org/doi:10.1091/mbc.E12-04-0296
http://dx.doi.org/doi:10.1091/mbc.E12-04-0296
http://dx.doi.org/doi:10.�1083/jcb.201609081
http://dx.doi.org/doi:10.1038/nrg.2016.169
http://dx.doi.org/doi:10.1038/nrg.2016.169
http://dx.doi.org/doi:10.1016/j.molcel.2016.02.008
http://dx.doi.org/doi:10.1126/science.277.5331.1497
http://dx.doi.org/doi:10.1091/mbc.E03-12-0871
http://dx.doi.org/doi:10.1091/mbc.E03-12-0871
http://dx.doi.org/doi:10.1091/mbc.E03-12-0871
http://dx.doi.org/doi:10.�1083/jcb.201511041
http://dx.doi.org/doi:10.1007/s12033-016-9947-9
http://dx.doi.org/doi:10.1007/s12033-016-9947-9
http://dx.doi.org/doi:10.1007/s12033-016-9947-9
http://dx.doi.org/doi:10.1007/s12033-016-9947-9
http://dx.doi.org/doi:10.1016/j.cell.2015.10.012
http://dx.doi.org/doi:10.1038/nature15377
http://dx.doi.org/doi:10.1038/nrm4040
http://dx.doi.org/doi:10.1038/nrm4040
http://dx.doi.org/doi:10.1038/nature13802
http://dx.doi.org/doi:10.1016/j.cell.2014.08.028
http://dx.doi.org/doi:10.1038/nature12302
http://dx.doi.org/doi:10.1093/nar/gkx135
http://dx.doi.org/doi:10.1007/s00018-016-2253-7
http://dx.doi.org/doi:10.1007/s00018-016-2253-7
http://dx.doi.org/doi:10.1007/s00018-016-2253-7
http://dx.doi.org/doi:10.1007/s00018-016-2253-7
http://dx.doi.org/doi:10.1371/journal.pone.0050134
http://dx.doi.org/doi:10.1093/hmg/ddn203
http://dx.doi.org/doi:10.1074/jbc.274.24.17318
http://dx.doi.org/doi:10.3389/fnmol.2011.00007
http://dx.doi.org/doi:10.1242/jcs.01026
http://dx.doi.org/doi:10.1093/nar/gkq778
http://dx.doi.org/doi:10.1038/ncb2426
http://dx.doi.org/doi:10.1016/j.tibs.2014.01.003
http://dx.doi.org/doi:10.1038/ncomms11212
http://dx.doi.org/doi:10.3390/ijms17030310
http://dx.doi.org/doi:10.1371/journal.pone.0112742
http://dx.doi.org/doi:10.1074/jbc.M105396200
https://creativecommons.org/licenses/by/4.0/

	Post-transcriptional control of gene expression following stress: the role of RNA-binding proteins
	Abstract
	Introduction
	RBP-mediated reprogramming of translation following toxic injury
	RBP-mediated stress-induced spatial reorganisation of RNAs
	RBP-mediated modification of the epitranscriptome
	Concluding remarks
	Abbreviations
	Funding
	Competing Interests
	References


