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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.

Proteins are under the elaborate surveillance to maintain cellular protein homeostasis. mMRNA lacking
an in-frame stop codon called “nonstop MRNA” would generate aberrant “nonstop (NS) proteins” as well
as accumulation of stalled ribosome-nascent chain (RNC) complexes. Although degradation of nonstop
cytosolic proteins has been extensively studied, fate of NS proteins targeted to organelles such as the
endoplasmic reticulum (ER) and mitochondria was characterized only in a few studies. Among them, we
found that, when degradation of NS mRNAs does not work efficiently, NS proteins targeted to the ER or

mitochondria occupy not only translating ribosomes but also translocons (translocators) in the organellar
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membranes. The Dom34-Hbs1 complex therefore acts on the stalled ribosomes to release stuck nonstop
proteins into the organelle lumen, otherwise the protein flux into the organelle is blocked, resulting in
defective cell growth.

Here we asked which of the pathways, the cytosolic Ltn1 and proteasome-dependent degradation and
the Dom34-Hbs1 dependent release into the ER lumen, NS-ER membrane proteins can be targeted to. We
thus followed the fate of NS-membrane proteins at the ER membrane with different membrane topologies,
and found that Ltn1-dependent degradation differed for membrane proteins with different topologies and
its failure did not affect ER protein import or cell growth. On the other hand, failure in the Dom34-
dependent release of the nascent polypeptide from the ribosome led to the block of the Sec61 channel
and resultant inhibition of other protein import into the ER caused cell growth defects. Therefore, the
nascent membrane protein release from the translation apparatus is more instrumental in clearance of the
clogged ER translocon channel and thus maintenance of normal cellular functions.

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. We previously determined the X-
ray structure of Ups1-Mdm35 and revealed the molecular mechanism of Ups1-Mdm35 mediated
phosphatidic acid (PA) transfer between the mitochondrial outer membrane (OM) and inner membrane (IM).
Here we asked if Ups2, an Ups1 homolog, can transfer phosphatidylserine (PS) between the OM and IM in
cooperation with Mdm35 for phosphatidulethanolamine (PE) synthesis at the IM by Psd1. In the genetic
background, where only the mitochondrial PE synthetic pathway is in operation, deletion of the UPS2 gene
significantly reduced the level of PE, especially upon diauxic shift. In addition, by using recombinant Ups2
and Mdm35, we could show that Ups2-Mdm35 efficiently transfers PS between liposomes in vitro in a
similar manner that Ups1-Mdm35 transfer PA between liposomes. Therefore we concuded that Ups?2
transfer PS between the OM and IM for PE synthesis at the IM.
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