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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 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) Identification and Analysis of Novel Translation Arrest Factors

Translation arrest peptides are unique proteins that exert their physiological functions while in the state
of a nascent polypeptide chain. In recent years, our laboratory has conducted a comprehensive search
for arrest peptides across more than 30,000 bacterial genomes, using common features shared by
previously identified translation arrest peptides in bacteria as clues. We then identified more than 10
genes that code for novel arrest peptides. Among these, several contained amino acid sequences with
motifs similar to RAPP and RGPP (the RAPP-like motif). Meanwhile, we also identified those having
motifs with no sequence similarity to known arrest peptides. Currently, to gain insights into the
molecular mechanisms of translation arrest by these arrest peptides, we conducted mutational and
biochemical analyses, determining arrest sites on mMRNA and identifying critical sequences. Additionally,
by searching for proteins containing RAPP-like sequences, we further identified novel arrest peptides.
These studies suggest that bacteria might utilize a common mechanism of translation arrest to achieve
diverse cellular regulation.

2) Analysis of the Arrest Mechanism of the RAPP Motif-Containing Arrest Peptides ApdA/ApdP

As mentioned above, recent comprehensive screenings conducted in our laboratory identified
numerous arrest peptides, many of which shared a common amino acid sequence (RAPP-like motif).
ApdA, derived from actinomycetes, and ApdP, derived from alphaproteobacteria, were also those
identified in our initial screenings and contained the arrest-essential RAPP sequence. To understand
the arrest mechanisms of these arrest peptides, we engaged in international collaboration with Prof.
Daniel Wilson at the University of Hamburg. We determined the structure of the ribosome complexes
with ApdA and ApdP using cryo-electron microscopy and conducted mutational analyses. The analyses




of ApdA and ApdP complexes with the ribosomes of Bacillus subtilis and Escherichia coli, respectively,
suggested that the RAPP motifs in both arrest peptides adopt the same conformation within their
respective ribosomes. Furthermore, it was revealed that this structure is also common with that of SecM,
discovered previously by Koreaki Ito and colleagues. These studies suggests that different bacterial
species have independently acquired arrest peptides that induce arrest through a common molecular
mechanism during evolution, indicating the occurrence of convergent evolution of arrest motifs.
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