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Nobe: signaling mechanisms for insulin-dependent glucose uptake in skeletal
muscle

Satoh, Takaya
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Insulin regulates the blood glucose level by inducing glucose uptake in
skeletal muscle. In this study, we aimed to reveal the role and regulatory mechanisms of the small
GTPase Racl in insulin-dependent glucose uptake in skeletal muscle by using mouse models. We
identified a novel signaling mechanism whereby the guanine nucleotide exchange factor FLJ00068
activates Racl downstream of phosphoinositide 3-kinase and the serine/threonine protein kinase Akt2.

Furthermore, we found that the small GTPase RalA regulates glucose uptake downstream of Racl in
skeletal muscle.

GTP Racl



75%
2
GLUT4
GLUT4
GLUT4
GLUT4
3
PI3K
Akt2
Akt2
AS160
AS160
GTP Rab8A
Rab13 GTP
GAP Akt2
GAP Rab8A Rab13
GLUT4
Akt2
GLUT4
Rho GTP
Racl
Racl
FLJ00068
Racl
racl m-racl-KO
FLJ00068 Racl
Racl

Racl  GLUT4

Racl
GLUT4
GLUT4
GLUT4
GLUT4myc7-GFP 1
GLUT4

BEABERAIE y—

#nMyG#J'L‘HR a._ Myc44

1 GLUT4
Myc
C
GFP GLUT4
GLUT4myc7-GFP
Myc
GFP
GFP
GLUT4
GTP Racl
RalA
in vivo
GTP Racl RalA
GTP Racl

RalA




Racl RalA GTP
GTP
Racl
RalA GTP
Racl RalA in
situ
Racl RalA
2
ERpERERT A BB

EtERIRac] Racl EMEEIRac]

Rac1

>

Activation of Racl

Cell surface translocation of GLUT4 g

Cell surface translocation of GLUT4 )

3
S
&
@A
[
siRNA: NC #1 #2 NC #1 #2 NC #1 #2 NC #1 #2

- insulin Myr- Myr-

pll0a Akt2
[
=
5]
S
>
2

NC #1 #2

NC #1 #2

0
siRNA: NC #1 #2

insulin Myr- Myr-
pl10a Akt2

1 Control
W m-racl-KO

el

Myr-Akt2  Myr-pl10a Racl(G12V)

*

(arbitrary unit)

2 Racl
in situ
Racl
20p m
2
FLJ00068 Racl
PI3K Akt2
Racl
Racl  Akt2
PI3K Akt2
Racl
FLJ00068 GLUT4
FLJO0068 Racl
PI3K
Akt2
FLJ00068 Racl
FLJ00068 Racl
GLUT4 3

3 P13K

Akt2

Racl

GLUT4
SIRNA
#1
NC
PI13K

Racl
SiRNA
#1

Akt2

FLJO0068

Q)
FLJ00068
#2

Myr-p110a
Myr-Akt2
p<0.001 (B)

#2

NC

P13K Akt2

GLUT4

p<0.001 (C) m-racl-KO
PI13K Akt2

Racl

Rac1(G12V) GLUT4

£<0.001

2 7

Racl  GLUT4

GTP
RalA



GLUT4

Racl
RalA  GLUT4
PI3K Akt2 FLJ00068
Racl RalA
Racl
RalA GLUT4
4
A s o

0.8—

Activation of RalA (arbitrary unit)

insulin Myr-pll0a  Myr-Ak2  FLI6SAN  Racl(G12V)

1.2+
1.0—
0.8
0.6
0.4—

() —

(arbitrary unit)

Cell surface translocation of GLUT4 &

siRNA: Cont. RalA RalA Cont. RalA RalA

#1 #2 #1 #2
Racl(G12V)
4 PI3K Akt2 FLJO0068
RalA
Racl GLUT4
(A) m-raci-KO
PI3K
Akt2
FLJ00068 FLJ6SA N
Racl RalA
p<0.001 (B) siRNA  RalA
RalA#1
RalA#2 Cont.
Racl
GLUT4 p<0.001
3
PI3K
Akt2 FLJ00068
Racl Racl
RalA GLUT4

1. Nobuyuki Takenaka, and Takaya Satoh:
ACK1. Encyclopedia of Signaling
Molecules (2nd Edition, Sangdun Choi,
ed; Springer) in press

2. Nobuyuki Takenaka, Yuma Nihata, and
Takaya Satoh: Racl activation caused by
membrane translocation of a guanine
nucleotide exchange factor 1in Akt2-
mediated insulin signaling 1in mouse
skeletal muscle. PLOS ONE 11 (5),
e0155292 (2016)

DOI: 10.1371/journal .pone.0155292

3. Nobuyuki Takenaka, Yukio Sumi, Keiko
Matsuda, Junko Fujita, Tetsuya Hosooka,
Tetsuya Noguchi, Atsu Aiba, and Takaya
Satoh: Role for RalA downstream of Racl
in skeletal muscle insulin signalling.
Biochem. J. 469 (3), 445-454 (2015)

DOI: 10.1042/BJ20150218

4. Nobuyuki Takenaka, Yuma Nihata, and
Takaya Satoh: Immunofluorescent
detection of the activation of the
small GTPase Racl in mouse skeletal
muscle fibers. Anal. Biochem. 476, 5-7
(2015)

DOI: 10.1016/j.ab.2014.09.013

5. Nobuyuki Takenaka, Naoto Yasuda, Yuma
Nihata, Tetsuya  Hosooka, Tetsuya
Noguchi, Atsu Aiba, and Takaya Satoh:
Role of the guanine nucleotide exchange
factor in Akt2-mediated plasma membrane
translocation of GLUT4 in insulin-
stimulated skeletal muscle. Cell.
Signal. 26 (11), 24602469 (2014)

DOI: 10.1016/j.cellsig.2014.07.002

6. Takaya Satoh: Molecular mechanisms
for the regulation of insulin-
stimulated glucose uptake by small
guanosine triphosphatases in skeletal
muscle and adipocytes. Int. J. Mol. Sci.
15 (10), 18677-18692 (2014)

DOI: 10.3390/1jms151018677

7. Nobuyuki Takenaka, Rumi lzawa,
Junyuan Wu, Kaho Kitagawa, Yuma Nihata,
Tetsuya  Hosooka, Tetsuya Noguchi,
Wataru Ogawa, Atsu Aiba, and Takaya
Satoh: A critical role of the small




GTPase Racl in Akt2-mediated GLUT4
translocation in mouse skeletal muscle.
FEBS J. 281 (05), 1493-1504 (2014)

DOI: 10.1111/febs.12719
8. Takaya Satoh: Rho GTPases in
insulin-stimulated glucose uptake.

Small GTPases 5 (1), e28102 (2014)

DOI: 10.4161/sgtp.28102

1.
Racl
39 2016 11
30 -2016 12 02 |,
3P-0409
2.
GTP
39 2016
11 30 -2016 12 02 ,
1P-0860

3. Takaya Satoh, and Nobuyuki Takenaka:
Insulin signal transduction in skeletal
muscle. 4th TKU-OPU Joint Symposium
2016 11 20 -2016 11 21 ,
New Taipei City Yilan County, Taiwan

1L-13
4.
GTP
38
88
2015 12 01 -2015
12 04 , 1P0193
5.
Racl RalA
38 83
2015 12
01 -2015 12 04
1P0192
6.
o Racl 37
2014 11 25 -2014
1 27 1P-0498
7.

Racl
RalA 87

2014 10 15 -2014 10 18

, 3P-332
8.
Racl
87
2014 10 15 -2014 10 18 ,
3P-330
1.
47-53 (2016)
2_ —
Wendell Lim,
Bruce  Mayer, Tony  Pawson  "Cell
Signaling: Principles and Mechanisms"
Garland Science, Taylor & Francis
Group 3
(2016)

http://ww._b.s_osakafu-
u.ac.jp/~tsato/index.html

@
SATOH, Takaya
®
TAKENAKA, Nobuyuki
®
©)



