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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 outer membrane contains several b-barrel membrane proteins, including porins, which are
responsible for the transport of small molecules. b-barrel membrane proteins move through the outer membrane
via the TOM complex and are inserted into the outer membrane from the intermembrane-space side by the
translocator SAM complex, forming a b-barrel structure. The SAM complex is composed of Sam35, Sam37, and
the b-barrel membrane proteins Sam50 and Mdm10, yet Mdm10 is not always incorporated into the SAM complex,
but it dynamically moves back and forth between the SAM complex and the ERMES complex (an inter-organelle
tethering complex between the ER and mitochondria). To elucidate the mechanism by which the SAM complex
incorporates b-barrel membrane proteins into the outer membrane, we determined the cryo-EM structures of the
yeast SAM complexes with and without Mdm10 at a resolution of 2.8-3.2A.

In the structure of the SAM complex without Mdm10, Sam50 formed a dimer ((Sam50).-Sam35-Sam37), and
each Sam50 was "laterally open" with the b-barrel not completely closed (this complex is called the SAM®™"
complex). Sam35 and Sam37 interacted with each other and bound to the dimer of Sam50 from the cytosolic
side, thereby anchoring Sam50 to the SAM complex. On the other hand, biochemical and low-resolution EM
analyses have suggested a heterotrimeric structure (called the SAM®™™ complex) consisting of Sam50 : Sam35 :
Sam37 =1 : 1 : 1 stoichiometry as the structure of the SAM complex, and the cryo-EM structure of the
heterotrimer in micelles was also recently reported. We thus introduced two types of Samb50, one with a His-tag
and the other with an HA-tag, into a yeast strain lacking endogenous Sam50, and performed affinity purification
using the His-tag resin. The results showed that HA-Sam50 was purified together with His-Sam50, indicating that
the SAM“™ complex does indeed exist on mitochondria. Furthermore, analysis of the apparent complex size by
native PAGE and cross-linking experiments showed that both the SAM®™* and SAM™™ complexes are present on
yeast mitochondria. Then, an arising question is why the SAM®™ and SAM“™ complexes exist on mitochondria. It
is known that the SAM complex recognizes the “b-signal” in the C-terminal b-strand of the b-barrel part of the
substrate precursor. Therefore, we immobilized the b-signal of the His-tagged substrate Tom40 on the resin and
examined which SAM complex binds to it. We found that the b-signal of substrate Tom40 binds to the SAM®™"
complex. In other words, the SAM?™ complex was a species that accommodates the substrate Tom40.

In our current model, when the b-signal of the substrate Tom40 is recognized by the SAM?™" complex, Tom40
binds to the SAM complex in a manner that replaces one of the Sam50 molecules, transiently forming the Sam50-
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Tom40-Sam35-Sam37 intermediate complex. Once formation of the b-barrel structure becomes complete, Tom40
needs to dissociate from the SAM complex, but our previous biochemical analyses suggested that Mdm10,
another b-barrel membrane protein, could replace Tom40 and drive the mature Tom40 out of the SAM complex.
Indeed, in the cryo-EM structure of the SAM complex containing Mdm10 determined in the present study (the
SAMM™ complex), one of the Sam50 molecules in the SAM*™" complex was replaced by Mdm10, and the long
helical structure of Sam37 was inserted into the barrel structure of Mdm10, thereby tethering Mdm10 to the
SAM complex. After this, Mdm10 was replaced by another Sam50 molecule, and the SAM“™ complex was re-
generated to complete the reaction cycle.
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