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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
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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 and ions across the OM. Absence of Por1 shifts the equilibrium of the TOM
complex towards the trimeric form and accelerates the assembly of newly imported
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. What is the role of the minor population of the dimeric
TOM complex lacking Tom22? We observed that minimizing the proportion of the
dimeric TOM complex by Porl depletion selectively slowed the import of soluble
intermembrane-space proteins that use the TIM40/MIA pathway. This suggests that
the dimeric TOM complex facilitates import of soluble proteins into the intermembrane
space.

The MICOS complex mediates formation of the crista junctions in mitochondria,
which is essential for mitochondrial respiration. Here we analyzed the mitochondrial
import pathways for the six yeast MICOS subunits as a step toward understanding of
the assembly mechanisms of the MICOS complex. Mic10, Mic12, Mic26, Mic27, and
Mic60 used the presequence pathway to reach the intermembrane space (IMS). In
contrast, Mic19 took the TIM40/MIA pathway, through its CHCH domain, to reach the
IMS. Unlike canonical TIM40/MIA substrates, presence of the N-terminal unfolded
DUF domain impaired the import efficiency of Mic19, yet N-terminal myristoylation of
Mic19 circumvented this effect. The myristoyl group of Mic19 binds to TomZ20 of the
TOM complex as well as the outer membrane, which may lead to “entropy pushing” of
the DUF domain followed by the CHCH domain of Mic19 into the import channel,
thereby achieving efficient import.
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