©
2020 2022

Regulatory mechanism of calcium signaling in endoplasmic reticulum by novel K+
pump

Fujii, Takuto

3,300,000
ER-ATPase
ER-ATPase K+ ER-ATPase
Ca2+ ER-ATPase
ER-ATPase ER-ATPase
GRP78 ER-ATPase K+
Ca2+
K+ ER-ATPase Ca2
+ K+ Ca2+

Caz2+
ER-ATPase

In this study, we examined the physiological function of a membrane
transport protein (ER-ATPase) expressed in the endoplasmic reticulum (ER). K+-transport activity in
the ER was significantly increased in ER-ATPase-overexpressing cells. ER Ca2+ levels were
significantly increased in the ER-ATPase knockdown cells. ER-ATPase knockdown significantly
decreased cell proliferation, and the rescue of ER-ATPase expression significantly restored the
decreased proliferation. The expression of GRP78, a marker of ER stress, was significantly increased

in ER-ATPase-knockdown cells. These results suggest that ER-ATPase functions as an ER K+-pump and
is important for ER Ca2+ dynamics.

K+



Ca?t Ca?t
Ca?t ca

Ca?t
Ca* RyR 1P
Ca* ca* SERCA Ca* o a
PMCA Ca* K*
TRIC o a
ca* K*
TRIC K* K*

ER-ATPase K*-ATPase K*
ER-ATPase ATP
K+
(1)ER-ATPase K* )
ca* (3)ER-ATPase
K* ca*

HEK293 10% FBS 100 U/ml penicillin-streptomycin solution D-
MEM ER-ATPase PEI-MAX
24 ER-ATPase
SIRNA siRNA lipofectamine 3000
24 48 72 96 siRNA
24 PEI-MAX

HEK?293 0.1 mM CaCl, 0.1 mM MgCl; PBS PBS ++
100% methanol 5 PBS ++ 5 3
permeabilization buffer 0.3% Triton X-100 0.1% BSA PBS ++ 15
GSDB 17% goat serum 450 mM NaCl
0.3% Triton X-100 20 mM phosphate buffer pH 7.4 1
GSDB 4 Permesabilization buffer 5
3 GSDB 1 PBS ++
5 3 PBS ++ DAPI solution 10 PBS
++ 5 2 5 fluorescence mounting medium Dako
ZeissLSM780

SDS-PAGE

Tetra Bio-Rad 45 7.5%

SDS-PAGE SDS-PAGE PVDF

ooV 1 PVDF 5% skim milk TBS
5% skim milk TBST 4°C TBST 5

3 5% skim milk TBST 1
TBST 5 Western Lighting ECL pro SuperSignal ™ West Femto

Maximum Sensitivity Substrate LAS4000
Xpress 5,000 ER-ATPase 5,000 GRP78
2,500 B-actin 5,000 AP182 AP192
5,000



24-well collagen plate 3x10 HEK?293 37 24
sRNA siRNA 24 48 72 96
ER-ATPase 4x10*
HEK?293 24 siRNA 24
siRNA 48 72
96
%Rb*
24-well collagen plate  HEK293 ER-ATPase
D-MEM 8Rb* 2.5x10° cpm/sample 37 24
20 mg/mL saponin
5 wash buffer 150 mM RbCl PIPES-NaOH pH7.2 1
efflux buffer 150 mM RbCI 30 mM NaCl 2 mM MgCl, 1 mM CaCls
5mM NaN3 100 mM ouabain 2 mM ATP 37 15
wash buffer 2 lysisbuffer 50 mM TrissHClI 150 M NaCl
1mMEDTA 1% Triton X-100 proteaseinhibitor
ca*
24-well collagen plate 24 HEK?293 SIRNA
24 24
T 47 UTHID LB LT, poly-L-lysine glass based dish IWAKI
37°C 5% CO; 12 5mM Fura
2-AM D-MEM 200 mi 37°C 30 Ca?*-
free 140 mM NaCl 5mM KCI 1 mM MgCl; 05mM EGTA 10mM D + -glucose
10 mM Hepesbuffer pH 7.35 3 Aquacosmos
340 nm/380 nm 530 nm ratio
ER-ATPase HEK293 85Rb*
K* 8Rb*
ER-ATPase K* ER-ATPase
ATP 8Rb" mock | 2 100 >
S 1200
ER-ATPase  K* ATPase R
E/Q mock | & 600
ATP 8Rb* £ s
ER-ATPase 0
ER-ATPase ATP mock wr e
86Rb-'- ER' 1. K+ 86Rpb*
ATPase K* K*
ATPase
ER-ATPase ca?*
ER-ATPase
sRNA HEK?293 "
Ca* Fura-2-AM 2 1
ca* Thapsigargin TG~ SERCA | 5
Ca2+ .g 08
ca* Ca?*-free 2.,
Cca? thapsigargin °
ca? [Ca®; o
cat si-ctrl si-ER-ATPase
ER-ATPase siRNA
thapsigargin [Ca*]; 2. Cazr ER-
ER-ATPase ATPase
thapsigargin [Ca];i
ER-ATPase
ca?t ca?t
ER-ATPase ca? ER-ATPase




GFP plRES2-AcGFP HEK293
GFP ER-ATPase
Fura-2-AM [Ca];i
ER-ATPase WT mock thapsigargin [Cai
Figure 10 E/Q WT
thapsigargin [Ca)i
ER-ATPase = K*ATPase Cat
ER-ATPase
ER-ATPase siRNA
{RNA ER-ATPase 60- Cell proliferation
s
SIRNA -
3s
ER-ATPase 20 £3
ER-ATPase 25
°X
ER-ATPase
ER-ATPase HEK 293 e
9% SRNA 72 3. ER-ATPase
ER-ATPase
ER-ATPase SIRNA
24 ER-ATPase
ER-ATPase
ER-ATPase
K* E/Q
ER-ATPase
Ccat Cat
ER
Groenendyk et al ., 2021 ER- g -
ATPase & 20
5 *%
GRP78 i
GRP78 § 10
ER-ATPase g 05
72 96 ol
GRP78 o= Si-ER- si-ER-
96 si-ctrl ATPase si-ctrl ATPase
ER-ATPase | [ een
GRP78 4. ER-ATPase
ER-ATPase GRP78
ER-ATPase
ER-ATPase ATP13A2
ATP13A2 H* K*-ATPase
Na* K*-

ATPase Na*,K*-ATPase



9 9 0 4

Fujii Takuto Sugimoto Kenji Noda Takafumi Shimizu Takahiro Matsuya Yuji Sakai Hideki 567

Inhibition of gastric H+,K+-ATPase by new dihydropyrazole derivative KYY-008 2021

Biochemical and Biophysical Research Communications 177 182
DOI

10.1016/j -bbrc.2021.06.056

Shimizu Takahiro Yanase Nobuhiro Fujii Takuto Sakakibara Haruka Sakai Hideki 1864

Regulation of TRPV1 channel activities by intracellular ATP in the absence of capsaicin 2022

Biochimica et Biophysica Acta (BBA) - Biomembranes

183782 183782

DOl
10.1016/j .bbamem.2021.183782

Fujii Takuto Shimizu Takahiro Katoh Mizuki Nagamori Shushi Koizumi Keiichi Fukuoka Junya 24
Tabuchi Yoshiaki Sawaguchi Akira Okumura Tomoyuki Shibuya Kazuto Fujii Tsutomu Takeshima

Hiroshi Sakai Hideki

Survival of detached cancer cells is regulated by movement of intracellular Nat+,K+-ATPase 2021

iScience

102412 102412

DOl
10.1016/j . isci.2021.102412

Shimizu Takahiro Fujii Takuto Ohtake Hironao Tomii Toshie Takahashi Ryuta Kawashima 235
Kentaro Sakai Hideki

Impaired actin filaments decrease cisplatin sensitivity via dysfunction of volume- sensitive Cl 2020

? channels in human epidermoid carcinoma cells

Journal of Cellular Physiology 9589 9600

DOl
10.1002/jcp.29767




Shimizu Takahiro Fujii Takuto Sakai Hideki 8

The Relationship Between Actin Cytoskeleton and Membrane Transporters in Cisplatin Resistance 2020

of Cancer Cells

Frontiers in Cell and Developmental Biology 597835
DOl

10.3389/fcell1.2020.597835

Fujii Takuto Katoh Mizuki Ootsubo Manami Nguyen Oanh T. T. Ilguchi Mayumi Shimizu 237

Takahiro Tabuchi Yoshiaki Shimizu Yasuharu Takeshima Hiroshi Sakai Hideki

Cardiac glycosides stimulate endocytosis of GLUT1 via intracellular Na <sup>+</sup> 2022

,K <sup>+</sup> - ATPase a 3- isoform in human cancer cells

Journal of Cellular Physiology 2980 2991
DOl

10.1002/jcp.30762

Shimizu Takahiro Fujii Takuto Hanita Keisuke Shinozaki Ryo Takamura Yusaku Suzuki 13

Yoshiro Kageyama Teppei Kato Mizuki Nishijo Hisao Tominaga Makoto Sakai Hideki

Polycystic kidney disease 2-like 1 channel contributes to the bitter aftertaste perception of 2023

quinine

Scientific Reports 4271
DOl

10.1038/s41598-023-31322-3

Fujii Takuto Shimizu Takahiro Kaji Yukino Katoh Mizuki Sakai Hideki 658

Activation of mouse Otop3 proton channels by Zn2+ 2023

Biochemical and Biophysical Research Communications 55 61

DOl
10.1016/j .bbrc.2023.03.066




Fujii Takuto Nagamori Shushi Wiriyasermkul Pattama Zheng Shizhou Yago Asaka Shimizu 14
Takahiro Tabuchi Yoshiaki Okumura Tomoyuki Fujii Tsutomu Takeshima Hiroshi Sakai Hideki

Parkinson’ s disease-associated ATP13A2/PARK9 functions as a lysosomal H+,K+-ATPase 2023
Nature Communications 2174

DOl
10.1038/s41467-023-37815-2

33 0 0

Nat,K+-ATPase

2021

Na+,K+-ATPase o 3-isoform

68

2021

Nat,K+-ATPase

42

2021




K+

133

2021

2022

Takuto Fujii, Mizuki Katoh, Takahiro Shimizu, Shushi Nagamori, Keiichi Koizumi, Junya Fukuoka, Yoshiaki Tabuchi, Akira
Sawaguchi, Tomoyuki Okumura, Kazuto Shibuya, Tsutomu Fujii, Hiroshi Takeshima, Hideki Sakai

Localization and function of Na+,K+-ATPase a 3-isoform in the attached and detached cancer cells

95

2022

Takuto Fujii, Mizuki Katoh, Takahiro Shimizu, Shushi Nagamori, Keiichi Koizumi, Junya Fukuoka, Yoshiaki Tabuchi, Akira
Sawaguchi, Tomoyuki Okumura, Kazuto Shibuya, Tsutomu Fujii, Hiroshi Takeshima, Hideki Sakai

Inhibition of translocation of intracellular Nat+,K+-ATPase a 3-isoform by cardiac glycosides in cancer cells

99

2022




, Nguyen Thi Tu Oanh, , ,

Nat,K+-ATPase

142

2022

chloride intracellular channel 3

67

2020

LRRC8E

67

2020

2020




ATPase

2020

2020

Nguyen Thi Tu Oanh

2020
2020
Ussing

2020
2020
LRRC8E

2020

2020




PC12

2020
2020
141
2021
98
2021
98

2021




TMEM16F

2022

2022

TRPV1

69

2022

K+

134

2022




134

2022
Na+,K+-ATPase CI-
96
2022
Nat,K+-ATPase GLUT1
96
2022

, Wiriyasermkul Pattama,

2022




CTC

6 CTC

2023

Pathophysiological function of the sodium pump abnormally expressed in intracellular vesicles of gastrointestinal cancer
cells

100

2023

The role of hydrophilic subunit cavity in the function of transmembrane protein 16F

100

2023

The functional analysis of human TMEM16F at the single-molecule level

100

2023




Is expression of the Nat,K+-ATPase a 4 isoform testis-specfic?

100

2023

GLUT1

143

2023

http://www.pha.u-toyama.ac.jp/phaphyl/index-j.html

http://www.pha.u-toyama.ac.jp/phaphyl/index-j.html







