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3. Research projects and annual reports

Eukaryotic cells are highly compartmentalized into membrane-bounded organelles with distinct
functions. Mitochondria are essential organelles that fulfill central functions in cellular energetics,
metabolism and signaling. We are studying the molecular mechanisms of biogenesis and quality
control of mitochondria and other organelles from the viewpoint of protein and lipid trafficking.

We previously found that the cell has a mechanism to achieve proofreading or correction of the
delivery of mistargeted tail-anchored (TA) proteins. Msp1, an AAA-ATPase in the mitochondrial outer
membrane, detects and extracts TA membrane proteins mistargeted to mitochondria and transfers them
to the ER for further delivery to downstream organelles along the secretory pathway or for cytosolic
proteasomal degradation. In the current project, we are aiming at obtaining the entire picture of this
re-transfer of mistargeted proteins by answering the questions of what the spectrum of the substrates
for Msp1-mediated re-transfer is, whether such a re-transfer can operate in other organelles, and
whether inter-organelle contact sites and chaperones are involved in the re-transfer of proteins. In
addition, we are making efforts for the search and analysis of the factors for other subcellular re-
localizations and other cases of multiple protein localizations.

In the present study, we have succeeded in showing the mitochondria-to-ER transfer of mistargeted
proteins extracted from the mitochondrial outer membrane by Msp1, using time-lapse fluorescent
microscopy. MNG-Pex15A30, a model mitochondrially mistargeted peroxisomal protein, was
transiently expressed by [B-estradiol under Doa10-defective conditions to prevent its degradation.
Then, expression of mMNG-Pex15A30 was shut off and expression of Msp1 was induced by the
galactose-inducible promoter. The fate of mMNG-Pex15A30 was monitored by fluorescent microscopy,
thereby convincingly demonstrating that Pex15A30, once mistargeted to mitochondria, is transferred
from mitochondria to the ER (Matsumoto, Ono et al., JCB accepted, 2022).
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Next, we examined which factors other than Msp1 are involved in the transfer of mistargeted TA
proteins extracted from the mitochondrial outer membrane by Msp1 to the ER. Newly synthesized ER
TA proteins are delivered to the ER by Get3, a chaperone dedicated to TA proteins in the cytosol, and
its receptor Get1/2 on the ER (together called the GET system). Therefore, we examined if Pex15A30
mistargeted to mitochondria also depends on the GET system for its transfer to the ER using get3A
and get1Aget2A strains. The results showed that the transfer of Msp1-extracted Pex15A30 from
mitochondria to the ER was dependent on the GET system. However, when Msp1 was overexpressed,
a fraction of mistargeted Pex15A30 could be transferred to the ER even in get3A and get1Aget2A cells,
suggesting that there is a pathway for mitochondria-to-ER transfer independent of the GET system,
albeit with low efficiency (Matsumoto, Ono et al., JCB accepted, 2022). Whether this pathway requires
the mitochondria-ER contact is an interesting question, and will be a subject of future studies.

Molecular mechanism of B-barrel protein folding by a mitochondrial outer membrane
translocator, the SAM complex.

The mitochondrial outer membrane contains B-barrel membrane proteins such as porins and Tom40,
which mediate the exchange of small molecules, ions, and proteins between the cytosol and
mitochondria and are essential for mitochondrial functions. The SAM complex in the mitochondrial
outer membrane is a translocator responsible for the formation of the B-barrel structure of these
proteins and their incorporation into the outer membrane. We have previously determined the high-
resolution structures of the two forms of the SAM complex, each of which contains different subunit
proteins (Takeda et al., Nature 2021). We revealed a novel mechanism (B-barrel switch model) in
which the SAM complex switches its subunits (Sam50 and Mdm10) with the B-barrel protein substrate
to promote its formation of the B-barrel structure and its insertion into the outer membrane. In this
study, we have determined the cryo-EM structure of the complex (B-barrel forming intermediate) of the
SAM complex and a substrate Tom40 (in preparation). The mechanism of the SAM-mediated 3-barrel
folding is completely different from the one mediated by the bacterial BAM complex, and therefore, it is
extremely interesting to know how this mechanism was acquired evolutionarily.
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