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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. 

1) Systematic search for B. subtilis YidC substrates 
In bacteria, protein membrane insertion is mediated mainly by two pathways: the Sec and YidC 
pathways. The Sec pathway utilizes the SecYEG membrane protein complex as a protein-conducting 
channel to translocate polypeptides across the membrane. In contrast, YidC has a functionally crucial 
membrane-embedded hydrophilic groove instead of a channel. However, the molecular mechanism of 
how YidC mediates membrane protein insertion remains to be largely unknown. To understand the 
interaction between YidC and substrate membrane proteins, it is important to identify many substrates. 
However, particularly in Gram-positive bacteria, only a limited number of substrates have been currently 
identified. Therefore, to identify novel B. subtilis YidC substrates, we now constructed a unique 
membrane insertion assay system using MifM an arrest peptide and examined the YidC-dependence 
of membrane insertion for various membrane proteins derived from Bacillus subtilis. We then identified 
a total of eight novel membrane proteins that are likely to be novel YidC substrates. Subsequent 
analysis using these proteins demonstrated the universal importance of arginine in the membrane-
embedded groove of YidC. 
 
2) Identification and characterization of novel translation arrest peptides 
 Three of the translation arrest peptides previously found in eubacteria (SecM, MifM, and 
VemP) are encoded upstream of genes encoding components of the protein localization machinery. 
Based on common features shared by these arrest peptides, we have previously investigated more 
than 30,000 eubacterial genomes and then identified more than 10 putative novel arrest peptides. Using 
E. coli and B. subtilis systems, we currently demonstrated that they indeed induce translation arrest in 
either one or both of these bacteria. We also demonstrated that at least some of the highly conserved 
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residues are crucial for the arrest. Our toeprinting analysis determined the arrest sites of these arrest 
peptides. Interestingly, many arrest peptides contained RAPP-like sequences, while some were found 
to possess novel arrest-inducing sequences. Our analyses suggests that a wide variety of bacteria 
encode arrest peptides upstream of the sec/yidC genes, highlighting the universality of regulation of 
protein localization machinery by an essentially shared mechanism involving regulated translation 
arrest of the upstream gene. 
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