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The significance of calpain protease activity in skeletal muscle cells
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Calpains are Ca2+—re3uiring intracellular proteases. Skeletal muscle cells
express three types of calpain, calpain-1 and calpain-2, ubiquitously expressed in mammalian cells,
and skeletal muscle-specific calpain-3. It is known that the protease activity of calpain-3 is
required for muscle stress response. However, the physiological significance of calpain-3' s
proteolysis in response to muscle stress is not fully understood. We demonstrated that the
N-terminal region of calpain-3 was cleaved by calpain-1 and calpain-2. Meanwhile, calpain-3
preferentially cleaved the N-terminus of calpain-1 over that of calpain-2. These results indicate
the reciprocal relation among calpain-1, -2, and -3 in skeletal muscle cells. Our findings suggest
that calpain-3 proteolysis against muscle exercise is involved in the inter-calpain network to prime
proteolysis of calpain-1 and/or calpain-2.



Ca2+

15
1 2 3 3
3
3
3
3 3
3
Ca2+
3
3
3
1
3 1 2
3
@
3
GM 10 FBS in DMEM 2 DM
5 HS in DMEM
(2) HEK
HEK GM 10 FBS in DMEM HEK
1
GFP-C1 1 GFP-CI1CS 2 GFP-C2
2 GFP-C2CS 3 GFP-C3 3(GFP-
C3CS) 3 Cherry-C3
3 Cherry-C3CS 48
2 1 2 siRNA Santa Cruz
48
(©)
6
C-Pace EM lon Optiplex
(H2) msec
)
3
®)
HEK
GFP

o



in vitro

C-Pace 3
(Hz)
msec
20
3
3 3
3
30 1
3
3
@
3
ex vivo
3 EDL
3
3
3
3
(©)
3 1 2
3 1
1 2 -
3 1 2
- HEK GFP-C3CS
HEK 1 2 GFP-C3CS
2 1 2
3 HEK 1
2 GFP-C3CS
1 2 3 3
3
3 1 2
HEK Cherry-C3 GFP-C1CS GFP-
C2Cs C3
3 1 2 N
1 2
1 3 -
Ca2+
3 0
S cleRts
. SUES
1 2 N

. AIISA 1 @ Stabilized form
P12 @ Pre-autolyzed form

)
AL 3 8 Autolyzed/Clipped form

-+— Proteolysis - [nefficient proteclysis




< TV mTm X N <<

C a2+

Ono, et al., Biochimie. 2016,122:169-187.
Ojima, et al., J Clin Invest. 2010,120:2672-2683.

Kanzaki, et al., J Muscle Res Cell Motil. 2014, 35:179-89.

Shinkai-Ouchi, et al., Biosci Rep. 2020,40:BSR20200552.

. Tompa, et al., J Biol Chem.1996, 271:33161-33164
. Ojima, et al., J Biochem. 2023,174:421-431.

C a2+



2 2 0 2

Ojima Koichi Hata Shoji Shinkai-Ouchi Fumiko Ono Yasuko Muroya Susumu 174

Calpain-3 not only proteolyzes calpain-1 and -2 but also is a substrate for calpain-1 and -2 2023

The Journal of Biochemistry 421 431
DOl

10.1093/jb/mvad057

Ojima Koichi Hata Shoji Shinkai-Ouchi Fumiko Oe Mika Muroya Susumu Sorimachi Hiroyuki Ono 9

Yasuko

Developing fluorescence sensor probe to capture activated muscle-specific calpain-3 (CAPN3) in 2020

living muscle cells

Biology Open b10048975

DOl
10.1242/bio0.048975

Koichi Ojima, Shoji Hata, Fumiko Shinkai-Ouchi, Yasuko Ono, Susumu Muroya

Reciprocal proteolysis among calpain-1, -2, and -3

Cell Bio 2023

2023

131

2023




131

2023

126

2019

K. Ojima, S. Hata, F. Shinkai-Ouchi, M. Oe, S. Muroya, H. Sorimachi, Y. Ono.

FRET-based probes capture muscle-specific calpain-3 (CAPN3) activity in myotubes.

FASEB Science Research Conference, The Biology of Calpains in Health and Disease

2019

CAPN  CAPN3

130

2022




2024




