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Accumulation of impaired proteins poses a critical issue for all cells, and elaborate quality control 

systems have evolved to minimize their effects. In particular, cells have developed failsafe mechanisms to cope 

with deleterious ribosomal stalls that result from damaged mRNA. Though temporary ribosome stalls can have 

biological functions, like co-translational protein folding or targeting, persistent stalls are generally indicative of 

a stress, leading to ribosomal collisions, promoting degradation of the nascent peptide (NP) and triggering 

mRNA decay. 

Recognition of ribosomal collisions involves factors and mechanisms that are highly conserved in 

eukaryotes, as exemplified in the S. cerevisiae model. Thus, ribosome collisions form a particular conformation 

recognized by a conserved ubiquitin ligase, Hel2. Specific ribosomal proteins are then ubiquitinated and 

associate with the Ribosome Quality Triggering (RQT) complex, which disassembles the colliding ribosomes 

and generates a 60S subunit still attached to a peptidyl RNA. Then, the Ribosome-mediated Quality Control 

(RQC) pathway can interact with this particular 60S subunit, and triggers the degradation of the arrested product 

by the proteasome system. It is proposed that this quality control is coupled to mRNA decay processes that target 

problematic mRNAs and prevent ribosomes from continuously producing aberrant peptides, potentially toxic to 

the cell. It is now admitted that problematic mRNAs (stalling within coding sequence) are mostly degraded 

through 5’-decapping and 5’-3’ exonucleolytic processing by the canonical degradation machinery, with the 5’-

3’ exoribonuclease Xrn1 playing a major role. How all these processes are coordinated has not been clarified. 

Nor has the interconnection of these processes been elucidated, if it exists at all. 

To investigate whether mRNA and peptide degradation are coupled, we wondered whether mRNA 

decay factors are able to affect RQT and/or RQC processes. We thus designed different mRNA reporters 

containing rare codons, and analyzed the impact of a set of mRNA decay mutants on aberrant peptide 

production. The tricky part of this approach is that a greater stabilization of faulty mRNAs may simply result, in 

a passive mode, in the accumulation of aberrant peptides. We have therefore designed our mRNA reporters to 

limit this issue and we propose promising candidates interconnecting all these quality control processes via 

mechanisms and interactions to be deciphered. 
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Beyond tRNA splicing and No Go mRNA Decay, the Importance of the RNA Kinase Trl1 

Abstract (required) 

 

The No-Go Decay (NGD) mRNA surveillance pathway degrades mRNAs containing stalled 

ribosomes during the elongation step of translation. NGD occurs when ribosomes are blocked 

by the presence of stable intra- or intermolecular RNA structures, enzymatic cleavage, 



chemically damaged sequences, or rare codons. Other mRNA surveillance pathways can also 

ultimately lead to NGD. For instance, transcripts synthesized without a stop codon due to 

premature polyadenylation have stalled ribosomes that are initially detected by the Non-Stop 

Decay (NSD) pathway. NSD targets mRNAs are cleaved and become targets of NGD when 

ribosomes reach the new 3’-end and stall. NGD thus plays a key role in resolving translational 

issues potentially detrimental to cellular homeostasis. 

 

  

 

These problematic mRNAs can be degraded through 5’-decapping and 5’-3’ exonucleolytic 

processing by the canonical degradation machinery, with the 5’-3’ exoribonuclease Xrn1 

playing a major role. When ribosomal collisions are too robust, Cue2-mediated 

endonucleolytic cleavage activity can serve as a fail-safe system. Cue2 displays an SMR 

(small MutS-related) hydrolase Cter-domain and two conserved CUE ubiquitin-binding 

domains, allowing its recruitment to collided ribosomes after the ubiquitination of specific 

ribosomal proteins by the ubiquitin ligase Hel2. Cue2 cleavage proximal to the stalling site 

results in the production of 5′ NGD and 3′ NGD‐ RNA intermediates. 5′ NGD RNA 

intermediates are degraded by the 3’-5’ exonucleolytic pathway, which involves the Ski 

complex (Ski2, Ski3 & Ski8), Ski7, and the cytoplasmic exosome, while the 3′ NGD‐ RNA 

intermediates are degraded by the 5’-3’ Xrn1 exoribonuclease. 

 

  

 

Several years ago, we focused on 3’ NGD-RNA intermediates and demonstrated that these 

RNAs were 5'-hydroxylated. Surprisingly, these intermediates, now known to be produced by 

Cue2, are degraded by the 5’-3’ Xrn1 exoribonuclease, which exclusively requires a 5’-

monophosphorylated extremity for degradation. Our investigation revealed that the RNA 

kinase activity of Trl1 is responsible for the phosphorylation of these 5'-hydroxylated RNAs 

generated by NGD. 

 

  

 

Trl1 is a well-characterized factor with RNA kinase, cyclic phosphodiesterase activity, and 

ligase activities essential for tRNA processing. Indeed, splicing of tRNAs is known to 

generate 5’OH-intronic RNAs, which require Trl1 kinase activity to permit their degradation 

by Xrn1. Here we show that its RNA kinase activity is not limited to tRNA splicing and 

NGD-targeted mRNAs but also degrades the majority of 5’-hydroxylated RNA species 

present in the cell. The importance and cellular advantage of such RNA kinase activity are 

discussed. 
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    Aberrant or damaged mRNAs can stall ribosomes during translation and 
adversely affect cellular functions. Eukaryotic cells exhibit multiple quality control 
mechanisms to manage problematic protein synthesis. For instance, Ribosome Quality 
Control (RQC) monitors incomplete nascent peptides associated with such stalled 
ribosomes. Any failure to complete RQC can result in the production of incomplete and 
dysfunctional proteins, as well as the formation of potentially toxic cellular aggregates. 

    In these defective mRNAs, collisions of ribosomes are considered the primary 
trigger for quality control mechanisms, leading to the degradation of nascent peptides 
(NPs) along with mRNA decay. Although significant progress has been made in 
understanding the mechanisms leading to NP degradation, the coordination between NP 
decay and RNA decay pathways remains unclear. It is proposed that NP degradation 
coincides with mRNA degradation, offering the advantage of curtailing translation cycles 
of aberrant messengers, thereby preventing excessive burden on the NP quality control 
system. 

Upon ribosome collisions, problematic mRNAs are primarily degraded through 
5’-decapping and 5’-3’ exonucleolytic processing by the canonical degradation 
machinery, with the 5’-3’ exoribonuclease Xrn1 playing a major role. When ribosomal 
collisions are too robust, or in the absence of RQC, Cue2-mediated endonucleolytic 
cleavage activity may serve as a fail-safe system. Cue2 cleavage, proximal to the stalling 
site, results in the production of 5′ NGD mRNA intermediates, which are further 
degraded by the 3’-5’ exonucleolytic pathway involving the Ski complex (Ski2, Ski3 & 
Ski8), Ski7 and the cytoplasmic exosome and in the production of 3′ NGD‐mRNA 
intermediates degraded by the 5’-3’ exoribonuclease Xrn1. 



Based on preliminary genetics and proteomic studies using mRNA reporters 
known to produce ribosome collisions, we have focused on the importance of 3’-5’ 
mRNA degradation in RQC and obtained evidence for the importance of the interaction 
of 3’-5’ mRNA decay activators for proper NP degradation.  
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