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3. Research projects and annual reports
We have been focusing our research on the productive folding of nascent polypeptides by molecular
chaperones and protein quality control mechanism for misfolded proteins within the cells. Particularly, we
have been devoted our activity on the following four major research projects:

1: Functional analysis of collagen-specific molecular chaperone Hsp47. Hsp47 is an endoplasmic
reticulum (ER)-resident collagen-specific molecular chaperone essential for correct folding of procollagen in
the ER (S.Ito, K.Nagata Semin Cell Dev Biol. 2017). Hsp47 could be a promising target for the management
of fibrosis. We screened small-molecule compounds Col003 that inhibit the interaction of Hsp47 with
collagen from chemical libraries and we found a molecule Col003 competitively inhibited the interaction and
caused the inhibition of collagen secretion (S.lto et al, J Biol Chem. 2017). We are developing a new
screening system and are searching for more effective Hsp47 inhibitor. Collaborated with a pharmaceutical
company this project was adopted by ACceleration Transformative research for Medical Innovation Setup
scheme (ACT-MS) of Japan Agency for Medical Research and Development (AMED). We established a
method for rapidly and quantitatively measuring the interaction between HSP47 and collagen in solution
using fluorescence correlation spectroscopy. The diffusion rate of HSP47 labeled with Alexa Fluor 488
decreased upon addition of type | or Il collagen. We observed dissociation of collagen from HSP47 at low
pH and re-association after recovery to neutral pH (Kitamura A et al, BBRC 2018). Maintenance of ER
proteostasis is controlled by a dynamic signaling network known as the unfolded protein response (UPR).
IRETa is a key UPR transducer, determining cell fate under ER stress. Using cellular and biochemical
analysis we found Hsp47 directly binds to IRET a, displacing the negative regulator BiP from the complex to
facilitate IRET a oligomerization. We conclude that Hsp47 adjusts IRET a signaling by fine-tuning the
threshold to engage an adaptive UPR (Sepulveda D et al, Mol Cell. 2018) .

2: Maintenance of ER homeostasis through the crosstalk among Protein Quality Control, Redox

regulation and Ca” flux. We identified ERdj5 as a disulfide-reductase in ER. ERdj5 forms the
supramolecular complex with EDEM and BiP, and activates the degradation of proteins misfolded in the ER
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by cleaving the disulfide bonds of misfolded proteins and by facilitating the retrograde transport of these
proteins from the ER lumen into the cytosol, where they are degraded by ubiquitin-proteasome system,
which is called as ERAD (R. Ushioda et al.,, Science 2008; M. Hagiwara et al. Mol, Cell 201 1; R.Ushioda et
al. Mol. Biol. Cell 2013) .

We found that ERdj5 cleaves the disulfide bond of SERCA2, a Ca* pump on ER membrane, and regulates
its function. Additionally, ERdj5 senses the Ca® concentration in the ER and regulates the interaction with
SERCAZ2. It suggests that redox activity of ERdj5 is involved not only in protein quality control but also in Ca*
homeostasis in the ER (R. Ushioda et al, PNAS 2016). Furthermore, we screened the interaction partner of
ERdj5 to declare redox source of ERdj5. From MS analysis, we have identified the candidate of electron
donor for ERdjb. We are trying to reveal the unknown mechanism of electron transfer into ER resident
proteins.

3: ERdj8 regulates the size of autophagosomes to degrade large autophagyic targets

Non-selective and selective-autophagy promote the degradation of several size of autophagyic targets, and
are also closely linked to several human diseases. Isolation membrane, which is a source of autophagosome,
promotes the engulfment of autophagic targets of different sizes, from small protein aggregates to large
organelles, by regulating the extension of its own membrane. However, the underlying regulatory
mechanisms remain unexplained. Here we show that an ER-localized membrane protein, ERd]8, controls the
size of autophagosomes through the regulation of isolation membrane extension as to allow engulfment of
large autophagic targets. We show in mammalian cells that downregulation of ERdj8 generates small
autophagosomes that fail to engulf the large autophagic targets such as 3 um latex beads (Lysophagy) and
damaged mitochondria (Mitophagy), even though small autophagic targets such as 1 um latex beads and
p62 were not affected. Consistently, knockdown of dnj-8 (Caenorhabditis elegans ERdj8 homologue) in
worm causes the accumulation of mitochondria in muscle, despite the complete elimination of the small
sperm-derived paternal mitochondria. To conclude, the regulation of the autophagosomal size via ERdj8 is
essential for the degradation of large autophagic targets and control the intracellular homeostasis.

4: Functional analysis of a novel protein, mysterin. We demonstrated that mysterin participates in the
physiological angiogenesis during zebrafish embryogenesis (Liu, Morito et al., PLOS ONE, 2011; Kotani,
Morito et al, Sci Rep, 2015) and that mysterin forms a huge toroidal oligomer and changes its overall
structure through ATP-binding and hydrolysis (Morito et al., Sci Rep, 2014). However, mysterin’s
physiological function in cells remains largely unclear. We explored mysterin binding proteins expecting their
functional correlation with mysterin, and found that a deubiquitylating enzyme USP15 deubiquitylates and
stabilizes mysterin in an isoform specific manner (Kotani, Morito et al, Sci Rep, 2017). Moreover, we recently
identified its significant involvement in lipid metabolism in cells (submitted).
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