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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 two major research projects:

1: Functional analysis of collagen-specific molecular chaperone Hsp47.

A collagen-specific molecular chaperone Hsp47 localizes in the endoplasmic reticulum (ER) and has
essential role for collagen synthesis in vertebrate. Lowering the culture temperature corrected collagen
abnormalities in Hsp47 knockout cell (Fujii KK, et al, Sci Rep. 2019). This collaborated study suggested that
Hsp47 stabilizes procollagen as heat shock protein and body temperature would be a heat shock condition to
procollagen folding. Recently, we also collaboratively found Hsp47 promotes cancer metastasis by enhancing
collagen-dependent cancer cell-platelet interaction. (Xiong G et al, PNAS 2020) and a cell-specific ablation
of Hsp47 defines the collagen-producing cells in the injured heart (Khalil H, et al, JCI Insight. 2019). To date,
several new binging partners of Hsp47 were identified, they may co-work with Hsp47 in collagen synthesis in
the ER. We summarized such recent topics of Hsp47 as a review (Ito S and Nagata K J Biol Chem. 2019).
Hsp47 could be a promising target for the management of fibrosis. We screened small-molecule compounds
that inhibit the interaction of Hsp47 with collagen from chemical libraries and found that a molecule Col003
competitively inhibited the interaction and caused the inhibition of collagen secretion (Ito S et al, J Biol Chem.
2017).

We are developing new screening systems and are searching for more effective Hsp47 inhibitor. Herein, we
established a bioluminescence resonance energy transfer (BRET) system for assessing Hsp47-collagen
interaction dynamics within the ER. After optimization and validation of the method, inhibition of the
interaction between Hsp47 and collagen by a small molecule (Col003) was demonstrated for the first time in
the ER. Using the BRET system, we found that Hsp47 interacts not only with (Gly-Pro-Arg) but also weakly
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with (Gly-Pro-Hyp) motifs of triple helical collagen in cells. This method can provide valuable information on
PPls between Hsp47 and collagen, and the effects of PPl inhibitors important for the treatment of fibrotic
disorders (Ito S et al, J Biol Chem. 2019). We are searching for more promising compounds by this method.
As a part of the hit compounds, We reported the structure-activity relationship study on a compound inhibiting
between collagen and Hsp47 (Yoshida M, et al, Chem Pharm Bull 2020).

The project of Hsp47 inhibitor has developed into collaborating research with pharmaceutical companies
and the National Institute of Advanced Industrial Science and Technology (AIST), and was adopted by
ACceleration Transformative research for Medical Innovation (ACT-M) of Japan Agency for Medical Research
and Development (AMED). Aiming for clinical application, our research on Hsp47-collagen interaction also
integrates in vitro structure- activity relationship, in-cell inhibitory activity evaluation and in vivo efficacy
evaluation.

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

Redox regulation, and Ca2+ flux. We identified ERdj5 as a disulfide-reductase in the ER. ERd]5 forms the
supramolecular complex with EDEM and BiP, and activates the degradation of proteins misfolded in the ER
by cleaving the disulfide bonds of misfolded proteins and facilitating the retrograde transport of these
proteins from the ER lumen into the cytosol, where they are degraded by the ubiquitin-proteasome system,
which is called as ERAD (R. Ushioda et al., Science 2008; M. Hagiwara et al. Mol. Cell 2011; R.Ushioda et
al. Mol. Biol. Cell 2013) .

We found that ERdj5 cleaves the disulfide bond of SERCA2b, a Ca2+ pump on the ER membrane, and
regulates its function. Additionally, ERdj5 senses the Ca2+ concentration in the ER and regulates the
interaction with SERCA2b. It suggests that the redox activity of ERd]j5 is involved not only in protein quality
control but also in Ca2+ homeostasis in the ER (R. Ushioda et al., PNAS 2016). Furthermore, Inaba group
(Tohoku Univ.) and we elucidated the structure of SERCA2b (Inoue et al. Cell Rep. 2019). This information
may help to understand the activation mechanism of SERCA2b pump through ERdj5. On the other hand, we
have revealed the mechanism of the electron transfer to ERdj5 from the nascent chain. Furthermore, we
summarized our previous works as a review of the redox-dependent endoplasmic reticulum homeostatic
mechanism (R.Ushioda & K.Nagata, Cold Spring Harbor Perspectives in Biology 2019).
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