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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.

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 a-helical membrane proteins. Structural analyses of the TOM
complex by site-specific photocrosslinking revealed that the TOM complex exists in
two distinct forms, a three-channel form (the “trimer”) and two-channel form (the
“‘dimer™).

Here we discovered that Por1 sequesters the Tom22 molecule that is dissociated
from the trimeric TOM complex upon its conversion to the dimeric complex. Porl is a
yeast voltage-dependent anion channel (VDAC) and mediates transport of small
molecules across the OM. The absence of Porl shifts the equilibrium of the TOM
complex towards the trimeric form and accelerates the assembly of newly imported
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Tom22 into the mature trimeric TOM complex. Tom6 is known to stabilize the trimeric
TOM complex; the absence of Tom6 shifts the equilibrium of the TOM complex
towards the dimeric form. Intriguingly, simultaneous depletion of Tom6 and Porl
leads to formation of the pseudo-trimeric form of the TOM complex, which was shown
to be defective in protein import both in vivo and in vitro. This suggests that Tom6 is
critical for guiding the proper assembly of Tom22 into the TOM complex in the
absence of Porl, and preventing premature integration of Tom22 into the trimeric
TOM complex.

Organelle functions strictly rely on the organelle-specific lipid compositions. How
hydrophobic phospholipid molecules can traverse aqueous compartments to shuttle
between different membranes is a critical question concerning the mechanism of
membrane biogenesis. ERMES (ER-mitochondrial encounter structure) physically
links the membranes of the endoplasmic reticulum (ER) and mitochondria in yeast.
Although the ER and mitochondria cooperate to synthesize glycerophospholipids,
whether ERMES directly facilitates the lipid exchange between the two organelles
remains controversial. Here, we compared the X-ray structures of an ERMES subunit
Mdm12 from Kluyveromyces lactis with that of Mdm12 from Saccharomyces
cerevisiae, and found that both Mdm12 proteins possess a hydrophobic pocket for
phospholipid binding. However in vitro lipid transfer assays showed that Mdm12
alone or an Mmm1 (another ERMES subunit) fusion protein exhibited only a weak lipid
transfer activity between liposomes. In contrast, Mdm12 in a complex with Mmm1
mediated efficient lipid transfer between liposomes. Mutations in Mmm1 or Mdm12
impaired the lipid transfer activities of the Mdm12-Mmm1 complex, and furthermore,
caused defective phosphatidylserine transport from the ER to mitochondrial
membranes via ERMES in vitro. Therefore the Mmm1-Mdm12 complex functions as a
minimal unit that mediates lipid transfer between the membranes.
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