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3. Research projects and annual reports

Since our discovery of Bacillus subtilis MifM as a regulatory nascent chain that monitors the
activity of the YidC-mediated membrane insertion pathway, we have been interested in and studying a
class of proteins called ‘regulatory nascent chains’, which function while they are still in the midst of
the process of biosynthesis. A remarkable property of this class of nascent chains is that they interact
cotranslationally with components of the ribosome including those of the polypeptide exit tunnel, and
thereby arrest their own translation elongation. The arrested state of translation elongation affects
translation of the target gene either positively (in the case of MifM) or negatively. Importantly, the
arrest can be stabilized or canceled in response to changes in the cellular physiology that is executed
by the target gene function, allowing each nascent chain to serve as a unique biological sensor to
feedback-regulate the target gene expression. 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. 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 outlined above may ultimately
lead to the development of a new research area that might be called “nascent chain biology”, which

-55 -



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) Extensive interactions between MifM and the ribosome are involved in elongation arrest

MifM is a regulatory nascent chain that monitors cellular activity of membrane protein
insertase, YidC, by a mechanism involving regulated translation elongation arrest. The elongation
arrest requires cotranslational interactions between a specific amino acid motif (arrest motif) near the
C-terminus of the MifM nascent polypeptide and the ribosomal components in the region from the
peptidyl transferase center through the polypeptide exit tunnel of the large ribosomal subunit. Our
current analysis revealed that amino acid substitution or deletion of the region N-terminal to the
previously determined arrest motif of MifM caused destabilization of the elongation arrest in vivo as
well as in vitro translation reactions reconstituted from purified translation components. These
results suggest that the region N-terminal to the "arrest motif" also contributes to the stable
elongation arrest most likely by directly interacting with the ribosome components. Such an
interaction seems to involve ribosomal surface components as mutations of them also compromised
elongation arrest. Our analyses reveal that the elongation arrest of MifM involves extensive
interactions between the nascent chain and the ribosome (Manuscript submitted).

2) Intrinsic ribosome destabilization (IRD) by nascent polypeptide

Nascent polypeptide chain can participate in the regulation of the rate of translational
elongation by cotranslationally interacting with the ribosomal components. Our current collaboration
with Prof. Hideki Taguchi’s group (Tokyo Inst. of Tech.) now led to a discovery of a specific amino acid
sequence of nascent polypeptides that could cotranslationally destabilize intersubunit interaction
between the large and small subunits of the ribosome, thereby leading to a premature termination of
translation elongation even before the ribosome reaches the stop codon. This phenomenon, which is
termed intrinsic ribosome destabilization (IRD), typically occurs when the ribosome is synthesizing a
consecutive array of acidic residues and those intermitted by alternating prolines. The IRD may
represent an intrinsic risk underlying a dynamic biological process such as translation elongation,
during which two ribosomal subunits have to repeat ratchet-like dynamic movement hundreds of
thousands of times to synthesize just a single polypeptide chain. However, we also found that E. coli
takes advantage of IRD to upregulate expression of a Mg®" transporter in response to decreased
intracellular Mg*concentration, thereby maintaining Mg** homeostasis.

3) Mechanisms of arrest regulation in SecM

We call a class of regulatory nascent polypeptides, such as MifM and SecM, "monitoring
substrates" as they sense the activity of protein localization machinery directly and thereby enable
real-time feedback regulation. Elongation arrest in SecM is subject to cancellation ("arrest-release")
when its nascent chain, having an export signal sequence, engages in the Sec-mediated translocation
across the membrane. Recent studies have shown that the Sec machinery's attempt to export the
nascent SecM polypeptide generates a pulling-force that triggers arrest-release, presumably by
disrupting the interactions between the amino acid residues of the arrest sequence and the ribosome,
thus abolishing the prerequisite for the ribosomal dysfunction. Although this scheme of
export-coupled arrest release is likely to underlie the regulated translation arrest of SecM, molecular
mechanisms of physiological arrest release are still left for further studies. We identified a SecM
segment, termed "arrest-release mediator," that is required for the export-coupled arrest release. This
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segment is located outside of the ribosome but close to the tunnel exit of the ribosome. Crosslinking
experiments suggest that this region interacts with some ribosomal protein components.
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