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3. Research projects and annual reports

This year’s accomplishments

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.

Most mitochondrial proteins are synthesized in the cytosol and are transported to mitochondria by
dedicated import systems. The TOM complex in the outer membrane (OM) functions as a protein entry gate
through which over 90% of the mitochondrial proteome is imported. The TOM complex consists of the
channel-forming B-barrel protein Tom40, and six o-helical membrane proteins. We determined here the cryo-
electron microscope (EM) structure of the yeast TOM complex at 3.8A| resolution.

The cryo-EM structure of the TOM complex revealed two separate preprotein exits sites toward the IMS.
That is, presequence-containing preproteins that constitute about 60% of mitochondrial proteins were suggested
to leave the Tom40 pore at the trans site, which is formed by Tom22/Tom7/Tom40 in vicinity of the middle of
the Tom40 dimer, and are then transferred to Tim50 of the TIM23 complex via the IMS domains of Tom22 and
Tom40. Presequence-less preproteins, which include three different classes (MIA substrates and (-barrel and
carrier precursors), were suggested to leave the Tom40 channel in proximity of Tom5 and the N-extension of
Tom40 at the periphery of the Tom40 dimer. The IMS-exposed portion of the N-extension of Tom40 recruits
small TIM chaperones and Mia40 close to the exit site to ensure an efficient transfer of precursor proteins. In
this way, the TOM complex functions as the hub for the intramitochondrial sorting of mitochondrial precursor
proteins.

Previous studies reported that a subset of tail-anchored (TA) proteins targeted to the ER were mislocalized
to mitochondria by, for example, disruption of the GET pathway. The mitochondrial outer membrane AAA-
ATPase Mspl was reported to clear such mistargeted TA proteins as well as a model mistargeted TA protein
Pex15A30. We found that mislocalized Pex15A30 was first recognized by Mspl in the OM, then ubiquitinated
by Doal0 and its co-factors in the ER membrane, and subsequently extracted from the ER membrane by Cdc48
for proteasomal degradation in the cytosol. Our results suggest that Mspl constantly extracts substrate TA
proteins like Pex15A30 from the mitochondrial OM at the expense of ATP hydrolysis, which are primarily
reinserted into the OM, but the extracted TA proteins have a small chance of reinserting in the ER membrane.
The substrate TA proteins transferred to the ER are, if aberrant, ubiquitinated by the ERAD system, Doal0 and
its co-factors in the ER. If TA proteins transferred to the ER by Mspl escaped recognition by the ERAD
machinery like the case of Gosl in the absence of Get3, they may follow their inherent secretory pathways to
reach their destinations. In this sense, Mspl functions as an “extractase” that facilitates “proofreading” of the
mistargeted TA proteins by promoting their transfer to the ER for further degradation or retrial of sorting via the
secretory pathway.
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