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BResearch Projects

Cells have established elaborate systems for the main-
tenance of protein homeostasis. The disruption of this
system leads to dysfunctions of proteins and accumula-
tions of misfolded proteins, eventually resulting in cell
death and various diseases. Therefore, comprehensive
understanding of the mechanisms underlying “cellular
protein quality control” is of fundamental and medical
importance.

While many scientists have so far focused upon mo-
lecular chaperones that assist in protein folding and
degradation enzymes that eliminate aberrant proteins,
we pay much more attention to roles of the intracellu-
lar chemical environments, such as redox, metal ion
and pH, for protein homeostasis. Indeed, these chemi-
cal parameters are tightly regulated by a number of
membrane transporters localized in the plasma and
organelle membranes.

Our primary goal is to reveal novel protein homeostasis
systems governed by the intracellular chemical envi-
ronments by employing structural biology, cellular biol-
ogy, chemical biology, and proteomics approaches. We
have recently determined high-resolution structures of
various essential membrane transporters by cryo-EM,
and our structural biology techniques will further be
developed. We have also been developing new method-
ologies for visualizing intracellular chemical param-
eters quantitatively with super-resolution confocal
microscopy and parameter-specific fluorescent probes.
Our interdisciplinary research will establish a new field
of research named “chemical proteostasis” and shed
light on the close correlation between various fatal dis-
eases and disruptions of the cellular chemical and pro-
tein homeostasis.
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1. Chen Z., Watanabe S., Hashida H., et al.
Cryo-EM structures of human SPCAla reveal the
mechanism of CaZ+/Mn2+ transport into the Golgi
apparatus. Sci. Adv. 9: eadd9742, 2023.

2. Zhang Y., Kobayashi C., Watanabe S., et al.
Multiple sub-state structures of SERCA2b reveal con-
formational overlap at transition steps during the
catalytic cycle. Cell Rep. 41: 111760, 2022.

3. Zhang. Y., Inoue M,, Tsutsumi A, et al.
Cryo-EM structures of SERCAZb reveal the mecha-
nism of regulation by the luminal extension tail. Sci.
Adv. 6: eabb0147, 2020.

4. Watanabe S., Amagai Y., Sannino S., et al.
Zinc regulates ERp44-dependent protein quality con-
trol in the early secretory pathway. Nat. Commun.
10: 603, 2019.
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Dynamic assembly of protein disulfide isomerase in
catalysis of oxidative folding. Nat. Chem. Biol. 15:
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