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1.  Quality control for translation abnormalities 
Molecular mechanism of RQC and NGD

Ribosome-associated Quality Control (RQC) mon-
itors aberrant translations and decomposes and re-
moves abnormal proteins during synthesis. RQC 
plays an extremely important role as the very early 
stage of maintaining protein homeostasis. We have 
reported a molecular mechanism that recognizes and 
dissociates stagnant ribosomes during translation 
elongation, the early stage of RQC. In the last several 
years, we have reported that E3 ubiquitin ligase Hel2 
and its mammalian homolog ZNF598 are required for 
RQC, and the novel RQT complex is involved in the 
dissociation of the ubiquitinated ribosomes to subu-
nits. We and Hegde lab have reported that E3 ubiqui-
tin ligase recognizes collided ribosomes (Disome/Tri-
some), and the specific structure of collided ribosomes. 
We reported that the ubiquitination of uS10 by Hel2 
was reconstituted. Next, we identified an RQT com-
plex that specifically dissociates ubiquitinated ribo-
somes into subunits and reconstituted the reaction in 
vitro. We also elucidated the structures of ANKZF1 
and 60S ribosomes that cleave peptidyl-tRNA on 60S. 
The collision of ribosomes also induces NGD (No-Go 

Decay) quality controls in conjugation with RQC and 
triggers endonucleolytic cleavage of mRNA in the 
collided ribosome. We also reported two pathways of 
NGD, mRNA cleavage coupled to the dissociation of 
collided ribosome response in RQC and mRNA cleav-
age independent of RQC at the vicinity of the collided 
ribosomes.

NEMF (Rqc2 in yeast) interacts with 60S RNCs 
and recruits Ltn1/Listerin, which ubiquitinates pepti-
dyl-tRNAs on dissociated 60S subunits. In the 60S 
subunit, the Rqc2 protein catalyses the C-terminal ex-
tension of stalled tRNA-bound peptides with alanine 
and threonine residues (CAT-tails) in a non-canonical 
mRNA-independent elongation reaction. CAT-tailing 
enables the degradation of substrates that lack a Lt-
n1p-accessible ubiquitination site by exposing a ly-
sine residue that is normally sequestered in the ribo-
some exit tunnel. In the context of nascent chain 
degradation in budding yeast, CAT-tailing is a fail-
safe mechanism that expands the range of RQC-de-
gradable substrates. However, the physiological func-
tion of CAT-tailing remains elusive. We recently 
found that Failure to Degrade CAT-Tailed Proteins 
Disrupts Neuronal Morphogenesis and Cell Survival. 
NEMF, a mammalian RQC2 homolog, modifies trans-
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Translation quality controls eliminate aberrant proteins to maintain protein 
homeostasis and normal cell function. Improving the accuracy of translation and 
preventing the production of abnormal proteins is a practical approach for 
suppressing a series of neurodegenerative diseases such as Alzheimer’s disease 
and Parkinson’s disease. We analyze the molecular mechanism of quality control 
mechanisms that suppress abnormal proteins and clarify drug discovery’s 
molecular basis. We propose that the increase in translation accuracy and the 
enhancement of translation quality control mechanisms are possible strategies to 
prevent abnormal protein production and prolong healthy life expectancy.
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lation products of nonstop mRNAs, major erroneous 
mRNAs in mammals, with a C-terminal tail mainly 
composed of alanine with several other amino acids. 
Overproduction of nonstop mRNAs induces NC ag-
gregation and caspase-3-dependent apoptosis and 
impairs neuronal morphogenesis, which are amelio-
rated by NEMF depletion. Moreover, we found that 
homopolymeric alanine tailing at least partially ac-
counts for CAT-tail cytotoxicity. These findings ex-
plain the cytotoxicity of CAT-tailed NCs and demon-
strate physiological significance of RQC on proper 
neuronal morphogenesis and cell survival. We also 
found that the nascent polypeptide in the 60S subunit 
determines the Rqc2-dependency of ribosomal quali-
ty control. We propose that poly-tryptophan sequenc-
es induce Rqc2-independent RQC, suggesting that 
CAT-tailing in the 60S subunit could be modulated by 
the polypeptide in the ribosome exit tunnel.

1.1.  The ribosome collision sensor Hel2 func-
tions as preventive quality control in the secre-
tory pathway.

Yoshitaka Matsuo1 and Toshifumi Inada1,2 : 1Gradu-
ate School of Pharmaceutical Sciences, Tohoku Uni-
versity, Sendai 980-8578, Japan. 2Division of RNA 
and Gene Regulation, Institute of Medical Science, 
The University of Tokyo, Tokyo, Japan.

Ribosome collision because of translational stall-
ing is recognized as a problematic event in translation 
by the E3 ubiquitin ligase Hel2, leading to non-canon-
ical subunit dissociation followed by targeting of the 
faulty nascent peptides for degradation. Although 
Hel2-mediated quality control greatly contributes to 
maintenance of cellular protein homeostasis, its phys-
iological role in dealing with endogenous substrates 
remains unclear. This study utilizes genome-wide 
analysis, based on selective ribosome profiling, to sur-
vey the endogenous substrates for Hel2. This survey 
reveals that Hel2 binds preferentially to the pre-en-
gaged secretory ribosome-nascent chain complexes 
(RNCs), which translate upstream of targeting sig-
nals. Notably, Hel2 recruitment into secretory RNCs 
is elevated under signal recognition particle (SRP)-de-
ficient conditions. Moreover, the mitochondrial de-
fects caused by insufficient SRP are enhanced by hel2 
deletion, along with mistargeting of secretory pro-
teins into mitochondria. These findings provide in-
sights into risk management in the secretory pathway 
that maintains cellular protein homeostasis.

1.2.   Optimized protocol for tRNA identification in 
the  ribosomal  complexes  from  human  cell 
lines.

Tsuyoshi Udagawa1, Moeka Seki1 and Toshifumi In-
ada1,2 : 1Graduate School of Pharmaceutical Scienc-
es, Tohoku University, Sendai, Miyagi 981-8567, Ja-

pan. 2The institute of Medical Sciences, The 
University of Tokyo, Minato-ku, Tokyo 108-8639, 
Japan.

We described a protocol for tRNA identification in 
the 60S ribosome-nascent peptide complex co-puri-
fied with Nuclear Export Mediator Factor (NEMF), a 
responsible factor for C-terminal alanine and threo-
nine tailing of the nascent peptide. Our protocol is 
based on regular reverse transcription followed by 
quantitative Polymerase chain reaction (PCR). Al-
though this method cannot distinguish between ami-
no acid-charged and uncharged and base-modified 
and unmodified tRNAs, it is a convenient way to esti-
mate the relative level of tRNA species and thus can 
be useful for researchers.

2.  Molecular mechanism of quality control NRD 
for deficient ribosomes

The ribosome is the central machinery for protein 
synthesis responsible for accurate codon recognition 
and highly efficient peptide bond formation. The ri-
bosome interacts with various factors to perform es-
sential functions for gene expression. Since abnormal 
ribosomes generated during the synthesis cause vari-
ous expression abnormalities, cells have a quality 
control mechanism Nonfunctional Ribosomal RNA 
Decay (NRD) recognizes and eliminates functionally 
defective ribosomes. We recently analyzed the quality 
control of ribosomes deficient in function due to base 
substitution mutations conserved in all species, es-
sential for accurate codon recognition in 18S rRNA, 
and ubiquitin at the K212 residue of ribosomal pro-
tein uS3. We identified E3 ubiquitin ligases that are 
essential and involved. It was also revealed that the 
ubiquitinated stagnant 80S ribosome was dissociated 
into each subunit by Slh1, and then the abnormal 40S 
was degraded.

3.   The  function  of  ribosome  dynamic  modifica-
tion in stress response

Synthesis and modification of secretory proteins 
in the endoplasmic reticulum are essential for cells. 
Accumulation of abnormal proteins in the endoplas-
mic reticulum is harmful to cells and therefore re-
sponds by inducing the UPR pathway. In Saccharomy-
ces cerevisiae, the membrane protein Ire1 activated by 
endoplasmic reticulum stress splices the precursor 
mRNA of the transcription factor Hac1, and Hac1 is 
synthesized to induce transcription of chaperones. In 
higher eukaryotes, PARK phosphorylates eIF2α and 
suppresses cell-wide translation initiation. In the pro-
cess of elucidating the physiological function of ribo-
somal ubiquitination, we discovered a novel transla-
tional regulation in the endoplasmic reticulum stress 
response. We discovered a novel translational control 
mechanism during endoplasmic reticulum stress in S. 
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cerevisiae and clarified that ubiquitination of the ribo-
somal protein eS7 by E3 ubiquitin ligase Not4 is es-
sential.

4.  Discovery of new molecular mechanisms that 
determine mRNA stability

The genetic information encoded by mRNA is 
converted into protein by the ribosome. The ribosome 
decodes the genetic information using the three base 
sequences on the mRNA as one reading frame (co-
don), but multiple types of codons encode most ami-
no acids. Each codon corresponding to the same ami-
no acid is called a synonymous codon, and the 
intracellular abundance of the corresponding tRNA is 
biased. The codons that are often used are called opti-
mal codons, and whether synonymous codons are 
optimal is quantified according to the abundance of 
the corresponding tRNA, and the higher the amount 
of tRNA, the higher the optimality. Therefore, it is 
known that when translating mRNA with many co-
dons with optimal codons, the elongation rate is high, 
and many proteins are synthesized. Codon optimali-
ty plays a crucial role in gene expression because the 
translation elongation rate is closely linked to the reg-
ulation of expression level and the folding and target-
ing of the peptide chain to be synthesized. In recent 
years, Coller lab reported that the optimality of co-
dons regulates the inherent stability of individual 
mRNAs. It has been established that mRNAs with 
more optimal codons are stable and mRNAs with less 
optimal codons are unstable. The higher the optimal 
codon, the faster the translation elongation rate, so 
the optimal codon determines the mRNA’s half-life. 
We have elucidated the molecular basis by which 
Ccr4-Not senses the translation elongation rate and 
determines the degradation rate as an mRNA stabili-
ty-determining mechanism, in collaboration with 
Beckmann lab and Coller lab. It is widely known that 
the Ccr4-Not complex involved in transcription/deg-
radation and translational repression of mRNA binds 
to mRNA via RNA-binding protein, but we first used 
biochemical techniques to Ccr4. Buschauer in Beck-
mann lab has found that the Not5 subunit of the Ccr4-
Not complex binds directly to the ribosome. Subse-
quently, a comprehensive analysis by selective 
ribosome profiling was performed to characterize the 
mRNA translated by the ribosome to which the Ccr4-
Not complex specifically binds. The results showed 
that codon-level analysis showed that the affinity be-
tween the Ccr4-Not complex and the ribosome 
showed a very strong inverse correlation with codon 
optimality. We clarified the actual state of the mRNA 
degradation control mechanism by codon optimiza-

tion and the significance of synonymous codons in 
genetic information that had been unknown for many 
years. Abnormal translation rate regulation during 
protein synthesis causes severe defects in protein 
function, leading to disruption of protein homeosta-
sis. Proteostasis disruption causes a wide range of cel-
lular dysfunctions such as defective protein accumu-
lation, organelle damage, and disruption of signaling 
pathways. It is thought to cause neurodegenerative 
diseases such as Alzheimer’s disease and Parkinson’s 
disease, and aging. These results are expected to serve 
as a basis for understanding the pathogenic mecha-
nism and aging mechanism of diseases caused by the 
synthesis of function-deficient proteins due to trans-
lation abnormalities.

4.1.  The ubiquitination-deubiquitination cycle on 
the ribosomal protein eS7A is crucial  for effi-
cient translation.

Yuka Takehara1, Hideki Yashiroda1, Yoshitaka Mat-
suo2, Xian Zhao1, Akane Kamigaki1, Tetsuo Matsu-
zaki1, Hidetaka Kosako3, Toshifumi Inada2,4, and 
Shigeo Murata1; 1Laboratory of Protein Metabo-
lism, Graduate School of Pharmaceutical Sciences, 
The University of Tokyo, Bunkyo-ku, Tokyo 113-
0033, Japan. 2Graduate School of Pharmaceutical 
Sciences, Tohoku University, Aoba-ku, Sendai 980-
8578, Japan. 3Division of Cell Signaling, Fujii Me-
morial Institute of Medical Sciences, Tokushima 
University, 3-18-15 Kuramoto-cho, Tokushima 770-
8503, Japan. 4Department of RNA and Gene Regu-
lation, Institute of Medical Science, The University 
of Tokyo, Minato-ku, Tokyo 108-8639, Japan.

Ubiquitination is a major post-translational modi-
fication of ribosomal proteins. The role of ubiquitina-
tion in the regulation of ribosome functions is still 
being elucidated. We show that the cycle of ubiquiti-
nation and deubiquitination of the 40S ribosome sub-
unit eS7 is important for efficient translation. eS7 
ubiquitination at lysine 83 is required for efficient 
protein translation. We identified Otu2 and Ubp3 as 
the deubiquitinating enzymes for eS7. An otu2Dub-
p3D mutation caused a defect in protein synthesis. 
Ubp3 inhibited polyubiquitination of eS7 in pol-
ysomes to keep eS7 in a mono-ubiquitinated form, 
whereas Otu2 was specifically bound to the free 40S 
ribosome and promoted the dissociation of mRNAs 
from 40S ribosomes in the recycling step. Our results 
provide clues for understanding the molecular mech-
anism of the translation system via a ubiquitina-
tion-deubiquitination cycle.
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