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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) Proteome-wide capture of co-translational protein dynamics using a transposable force reporter

(7nFR)

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 indeed
identified hundreds of proteins that canceled the elongation arrest of the force reporter, most
probably reflecting their abilities to initiate the maturation and/or localization process co-
translationally.
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2) Identification and characterization of a novel ribosome rescue factor in 5. subtilis

Ribosome stalls on mRNA when it translate mRNA that lacks an in-frame stop codon (non-
stop mMRNA). Ribosome rescue factors mediate rescue of the ribosomes on the non-stop mRNA. In
addition to previously-identified primary ribosome rescue factor, tmRNA-SmpB complex, we here
identified BrfA as a secondary ribosome rescue factor in B. subtilis. We demonstrated that BrfA
recruits RF2 to the stalled ribosome to facilitate a stop codon-independent translation termination on
the non-stop mMRNA. BrfA is the first reported example of RF-dependent ribosome rescue factor in
Gram-positive bacteria.

3) Screening of chemical compound that inhibits YidC

We have previously constructed a reporter strain of B. subtilis that exhibits an elevated level
of LacZ activity in response to dysfunction of YidC. By screening chemical compounds that elevate
the reporter activity, we are searching for those that inhibit the YidC pathway of membrane protein
insertion. We now identified several compounds that elevate the reporter activity in a dose-dependent
manner.
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