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anti-atherosclerotic and anti-cancer effects of AMPK activation
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We identified Pdlim5 as a novel AMPK substrate. AMPK phosphorylates Pdlim5
at Serl77. To investigate the role of Serl77 phosphorylation by AMPK, we produced the
knockdown-and-rescue (KDR) system of vSMCs, in which endogenous PdI|m5 were replaced by exogenous
EGFP-tagged-Pdlim5s. KDR/S177D-Pdlim5 cells exhibited perturbed cell migration compared with
KDR/wi ld-type- and KDR/S177A-Pdlim5 cells even in the absence of AMPK activator. Furthermore,
KDR/S177D-Pdlim5 cells exhibited defective lamellipodia formation. Consistent with this,
KDR/S177D-Pdlim5 cells exhibited dislocation of Arp2/3 complex from the leading edge to cytosol and
suppressed Racl activity. Finally, KDR/S177D-Pdlim5 cells disrupted the physical association with
Arhgeg6, a ?uanlne nucleotide exchange factor for Racl. In conclusion, enhanced AMPK activation
|nh|b|ts cell migration by interfering lamellipodia formation by suppressing the Arhgef6-Racl-Arp2/3

signaling pathway via phosphorylating Pdlim5.

AMPK  PDLIM5 cell migration



1) UKPDS(

2

AMP (AMPK)

AMPK

X1. AMPKO R ENARFEL - S 1E A
ARRILEY

) 4
AMPKGE 1L

<L
HAEEE D
AN=RALIE?
ENARTE{L

B LI AR M
m EHE

) AMPK

hEER
W SEIEFEHG]
m EERFEHS

ATP AMP

ATP
AMPK

(Nature Cell Biol 2010)
AMPK
CLIP-170
CLIP-170

AMPK Ser311

AMPK CLIP-170
©) AMPK
AMPK

AMPK
A-769662)

(AICAR, 2-deoxyglucose,
AMPK

AMPK
CLIP-170 (Ser311)

AMPK AMPK

AMPK
phpspho-ACC (ACC
AMPK ) cross-react
64kD (p64) (
2) ACC CLIP-170 AMPK
AMPK
p64 AMPK
AMPK
AMPK

B2 : AMPKEMEAL R IZD &, Hiphospho-ACCHLIA
&cross-reactd %/ VK (p64)
AICAR (2 mM)
0 5 10 15 min)
250 4 S s s l<—Phospho-ACC
150 4
100 1

75 1

— — — le—p64

IB: anti-phospho ACC

AMPK
AMPK
AMPK
AMPK
AMPK
(1) p65 AMPK
three-step column chromatography
LC-MS/MS p64
AMPK
[9-32P]ATP in vitro
phosphosrylation assay
GST-tagged p65
(2) p65 AMPK
293T Flag-tagged p65 mutant
AICAR  AMPK cell
lysate Flag beads
immunoblot AMPK PDLIMS

cross-react phospho-ACC
p65  deletion mutants
point mutants

unphosphorylable mutant (GST-tagged)
in vitro phosphosrylation assay

)



unphosphorylable mutant PDLIM5

in vitro
immunoblot
WT
unphosphorylable mutant PDLIM5

phosphosrylation assay

(©)) mutant
(unphosphorylable
phosphomimetic)
PDLIM5 AMPK

PDLIM5 unphosphorylable
phosphomimetic mutant PDLIM5
(knock-down and

mutant

rescue cell: KDR ) PDLIMS5
3" UTR region SIRNA  knock-down
recombinant PDLIM5
N EGFP
(EGFP-PDLIM5)
(4) p64
PDLIMS
a-actinin
PDLIM5
associate AMPK PDLIM5
PDKIM5
D mutant A mutant
(5) AMPK p64 (PDLIM5)
3 KDR
AMPK PDLIM5
Scratch assay
KDR
scratch
scratch
Free cell migration assay
KDR

migration path  time-lapse imaging

3 KDR

(6)AMPK AMPK

AMPK CLIP-170  Ser31l

AMPK

AMPK

AMPK
AMPK
AMPK

AMPK
(1 p65 AMPK
C2C12 AICAR AMPK

super Q-5PW,

Protein R, 5Ph-AR-300
sequential  p65
p64  PDLIM5

BI3. PeaDFEHL - FIE

LC-MS/MS

SuperQ-5PW

M) 34 35 3% 37 38 N
751

Input 13 14 1516 17 18 19 20 21
75

1
Protein R

41 42 43 44 45 46 47
5

5Ph-AR-300

ik 34 35 36 37 38 30
751

—— p—
(2) p65 AMPK
PDLIM5  point mutants
Serl177 AMPK
Ser177
AMPK1p1y1: - +
g =
GST-PDLIMS: E g E ".’:)
(kDa)
250
150
B0 100 7 -
§ E; 75
£ d
EZ 7
71
2%
(3) mutant
(unphosphorylable
phosphomimetic)
KDR 3



EGFP-PDLIM5 WT Wi ld-type

EGFP
EGFP-PDLIM5 A mutant AMPK
PDLIM5
EGFP-PDLIM5 D mutant AMPK
PDLIMS AMPK
KDR/EGFP-Pdlim5 cell
siRNA: ﬂ siPdlim5-2
EGFPpPdims: & £ | & E E
AICAR: () () [(+) () ()
(kDa)
250
1504
pS177-Ab 1 — | — -
754
2504
150
100 e
Pdlim5
]
Gapdh — | — — —
(4) p64

GST-PDLIMS WT
S177D mutant
pull-down assay

GST-PDLIMKS

Racl
ARHGEF2 S177D mutant
live cell Racl
Ser177
S177D
mutant Racl

Raichu-Rac1/KDR/Pdlim5-T2A-mCherry cells

WT-Pdiim5 S177A-Pdim5

(5) AMPK p64 (PDLIM5)
WT
S177D mutant
AMPK
WT
S177A mutant AMPK
WT AMPK

S177A mutant

EGFP Phalloidin Paxilin Merge

KDRIEGFP—Piims cells
S177A

S177D

scratch asasy free cell
migration assay
S177D mutant AMPK

KDR/EGFP-Pdlim5 (without AICAR)

WT S177TA

AMPK PDLIM5
Sertl77 Racl
Rac1GEF (ARHGEF6) Racl
Racl
(6) AMPK AMPK
AMPK
CLIP170
AMPK
PDLIMS

AMPKER E{EIZ L Ap6ad)  EE{EIZRac1GEF-

Racl-Arp2/3#2RR & FEAEL. %IHH@:E%%EM%II
IR

@f"‘.

> Racl
EHE
Arp2/3 )

AMPKEEE L




5
Yi Yan, Osamu Tsukamoto (

corresponding author), Nakano A,
Kato H, Kioka H, Ito N, Higo S, Yamazaki
S, Shintani Y, Matsuoka K, Liao Y, Asanuma
H, Asakura M, Takafuji K, Minamino T, Asano
Y, Kitakaze M, Takashima S. Augmented AMPK
activity inhibits cell migration by
phosphorylating the novel substrate
Pdlim5. Nature Communications.
2015;6:6137. doi: 10.1038/ncomms7137

Tsukamoto O, Kitakaze M. Different
Implications of Functional Tricuspid
Regurgitation Between Heart Failure (HF)
With Reduced Ejection Fraction (EF) and HF
With Preserved EF. Circ J.
2015;79(7):1448-9. doi:
10.1253/circj -CJ-15-0560.

Tsukamoto 0, Kitakaze M. Recent Progress
and Next Challenges in the Treatment of
Symptomatic Heart Failure in Japan. Circ
J. 2015 Oct 23;79(11):2322-3. doi:
10.1253/circj -CJ-15-1014.

Tsukamoto O, Asanuma H, Kitakaze M.
Targeting lysosomal Ca2+ to reduce
reperfusion injury. Cardiovasc Res.
2015;108:321-3. doi: 10.1093/cvr/cvv242.

Kanzaki M, Asano Y, Ishibashi-Ueda H,
Oiki E, Nishida T, Asanuma H, Kato H, Oka
T, Ohtani T, Tsukamoto O, Higo S, Kioka H,
Matsuoka K, Sawa Y, Komuro I, Kitakaze M,
Takashima S, Sakata Y. A Development of
Nucleic Chromatin Measurements as a New
Prognostic Marker for Severe Chronic Heart
Failure. PLoS One. 2016;11:e0148209.
doi:10.1371/journal _pone. 0148209.
eCollection 2016.

2
Enhanced AMPK activity inhibits
vascular smooth muscle cell migration by
phosphorylation of the novel substrate
PdIim5 79
2015 4 24

AMPK
Molecular Cardiovascular
Conference Il 2014 9

¢y

&)

®

*

TSUKAMORO, Osamu

80589151

ASANO, Yoshihiro

60527670

SHINTANI, Yasunori
20712243

(HIGO, Shuichiro)
00604034
(KATO, Hisakazu)

00604034

Yi Yan



