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3. Research projects and annual reports

Since our discovery of Bacillus subtilis MifM, which monitors the activity of the YidC-mediated membrane
insertion pathway, we have been interested in and studying this class of proteins called ‘regulatory nascent
chains’, which function while they are still in the midst of the process of biosynthesis on the ribosome. A
remarkable property of this class of gene products is that they interact cotranslationally with components of
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the ribosome including those comprising the polypeptide exit tunnel, and thereby arrest their own translation
elongation. The arrested state of translation elongation affects translation of the downstream target gene
either positively (in the case of MifM) or negatively. Importantly, these regulatory nascent chains serve as a
co-translational substrate of the protein localization pathway to be monitored, such that the arrest can be
stabilized or canceled in response to changes in the effectiveness of the localization machinery under given
conditions of the cell. Thus, these nascent chains represent unique biological sensors that enable real-time
feedback regulation of the target machinery. In the MifM regulatory system, its translation arrest is released
when the nascent MifM chain, as a monitoring substrate of YidC (the regulatory target), engages in the YidC-
mediated insertion into the membrane. The regulated elongation arrest of MifM enables cells to maintain
the capacity of membrane protein biogenesis. As introduced above, our interests are also focused more
generally on the mechanisms of protein localization and biogenesis, the biological processes where nascent
substrates undergo dynamic interactions with the machineries of translation, targeting and translocation. We
envision that our research activities should ultimately lead to the development of a new research area that
might be called “nascent chain biology”, which aims at understanding the still hidden principle of the central
dogma of gene expression, where nascent chains are likely to play key roles.

This year’s accomplishments

1) Proteome-wide capture of co-translational protein dynamics using a transposable protein-dynamics
reporter (TnDR)

The elongation arrest of MifM is force-sensitive and is canceled when the MifM nascent chain is pulled from

the N-terminus. We took advantage of such a force-sensitivity to capture co-translational pulling force on
nascent chains in a proteome-wide fashion. Using transposon, we constructed a gene-fusion library, in which
the N-terminal regions of proteins were fused N-terminally to the arrest sequence of MifM and then screened
proteins that canceled elongation arrest. We have recently identified hundreds of proteins that canceled the
elongation arrest of the protein-dynamics reporter, most probably reflecting their abilities to initiate the
maturation and/or localization process co-translationally (Fujiwara et al., 2020. Cell Rep.). We currently
developed a second generation of TnDR or TnDR-seq, which greatly improves coverage by combining the
current version of TnDR with the next-generation DNA sequencing technology. This new method indeed
allowed us to detect co-translational dynamics of nascent proteins in a genome-wide fashion.

2) ldentification and characterization of novel translation arrest factors

Three of the translation arrest factors previously found in eubacteria (SecM, MifM, and VemP) are
encoded upstream of genes encoding components of the protein localization machinery. Using this and other
information, we have previously searched more than 400 eubacterial genomes and found three more
translation arrest factors encoded upstream of genes for the protein localization machinery, and named ApcA,
ApdA, and ApdP, respectively (Sakiyama et al., Nucleic Acids Res. 2021). We now continued our search across
more than 30,000 eubacterial genomes and identified more than 10 candidate genes that may encode novel
arrest peptides.
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