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The role of mitochondrial protein MENT in myocardial ischemic preconditioning
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Most eukaryotic cells generate ATP through oxidative phosphorylation system
(OXPHOS) to support cellular activities. We have recently established the method for the selective
measurement of intra-mitochondrial ATP levels and have identified the hypoxia-inducible protein MENT as a
positive regulator of OXPHOS by cultured cell-based experiments. In this study, we introduced a
FRET-based ATP biosensor named ATeam into zebrafish heart and examined in vivo role of MENT under
hypoxia. We established the in vivo ATP imaging technique. This technique clearly revealed that
MENT-expressing cardiomyocyte populations showed preserved contractility with increased
intra-mitochondrial ATP concentration in hypoxic condition. Futhermore, we showed that MENT expression
is enhanced in the risk area in canine ischemic preconditioning model. These results suggest that MENT
functions as a guardian of hypoxic tissue and could become a therapeutic target for hypoxia-related

diseases.



Circulation
1986;74:1124-1136

(Circulation 1995;91:291-297)

ATP
(Circ Res. 1990;66:913-931)

ATP
limitation
ATP
ATP
ATP FRET ATeam
PNAS 2009; 106, 15651-15656
FRET
ATP
MENT MENT
MENT
MENT
ATP
MENT  invivo ATP
MENT
in vivo ATP imaging
Dual CCD
in vivo FRET imaging
ATeam
invivo

ATP

(Mit-ATeam )

IMENT
Mit-ATeam
MENT
MENT
ATP
ATP dynamics
MENT

J Am Coll Cardiol.
2009;46(4):452-62,

Circulation
2004;110(1):51-7
risk

area non-risk area

MENT

MENT
in vivo ATP imaging
in vivo ATP
Gal4 UAS
Mit-ATeam
(Mit-ATeam )
Mit-ATeam
Mit-ATeam
ATP
real time
2
ATP ATeam
ATeam-RK
ATP
motion
artifact
ATP

.Mit-ATeam

Mit-ATeam
merge




10 £
-
-
H:
05 >
ATP
JMENT
MENT
Mit-ATeam
MENT
MENT
MENT ment(+)
(ment(-)) ATP
MENT ATP
YFP CFP
3 MENT
A
ATP
Control Hypoxia Re-oxygenation
1.1,
o 1.0
g <
& 0of J:
o
o
&L 08
% 0.7
E - ment (+)
0.6 —@- ment (-)
0.5

0 10 20 30 40 50 60 70 (min)

3.MENT ment(+) ATP
YFP/CFP
ment(-)
MENT
MENT
MENT
risk area
« 4
MENT
MENT

12/3456]78 9101112

—

- S— v == |IB: MENT

—-—-——-——-—--llBi Fi-c

4 _MENT risk area
non-risk area
F,-a
ATP
MENT
in vivo ATP
6
1 M. Kanzaki, Y. Asano, H.

Ishibashi-Ueda, E, Oiki, T. Nishida, H.
Asanuma, H. Kato, Y. Oka, T. Ohtani, O.
Tsukamoto, S. Higo, H. Kioka, K. Matsuoka,
Y. Sawa, |I. Komuro, M. Kitakaze, S.
Takashima, Y. Sakata. A Development of
Nucleic Chromatin Measurements as a New
Prognostic Marker for Severe Chronic Heart
Failure.

PL0OS One. 2016 Feb 4;11(2):e0148209.

2. T. Hayashi, Y. Asano, Y. Shintani,
H. Aoyama, H. Kioka, 0. Tsukamoto, M.
Hikita, K. Shinzawa-ltoh, K. Takafuji, S.
Higo, H. Kato, S. Yamazaki, K. Matsuoka,
A. Nakano, H. Asanuma, M, Asakura, T.
Minamino, Y. Goto, T. Ogura, M. Kitakaze,
I. Komuro, Y. Sakata, T, Tsukihara, S.
Yoshikawa, S. Takashima. Higdla is a
positive regulator of cytochrome ¢
oxidase.

Proc Natl Acad Sci U S A 2015 Feb
3;112(5):1553-8.

3. Y. Yan , 0. Tsukamoto, A. Nakano,
H. Kato, H. Kioka, N. Ito, S. Higo, S.
Yamazaki, Y. Shintani, K. Matsuoka, Y.



Liao, H. Asanuma, M. Asakura, K. Takafuji,
T. Minamino, Y. Asano, M. Kitakaze, S.
Takashima. Augmented AMPK activity
inhibits cell migration by
phosphorylating the novel substrate
Pdlim5.

Nat Commun. 2015 Jan 30;6:6137.

4. H. Kioka, H. Kato, M. Fujikawa, O.
Tsukamoto, T. Suzuki, H. Imamura, A.
Nakano, S. Higo, S. Yamazaki, T. Matsuzaki,
K. Takafuji, H. Asanuma, M. Asakura, T.
Minamino, Y. Shintani, M. Yoshida, H. Noji,
M. Kitakaze, I. Komuro, Y. Asano and S.
Takashima. Evaluation of
intramitochondrial ATP levels identifies
G0/G1 switch gene 2 as a positive regulator
of oxidative phosphorylation.

Proc Natl Acad Sci U S A 2014 111, 273-278.

5. Y. Shintani, H. C. Drexler, H.
Kioka, C. M. Terracciano, S. R. Coppen, H.
Imamura, M. Akao, J. Nakai, A. P. Wheeler,
S. Higo, H. Nakayama, S. Takashima, K.
Yashiro and K. Suzuki. Toll-like receptor
9 protects non-immune cells from stress by
modulating mitochondrial ATP synthesis
through the inhibition of SERCA2.

EMBO Rep 2014 15, 438-445.

6. K. Matsuoka, Y. Asano, S. Higo, 0.
Tsukamoto, Y. Yan, S. VYamazaki, T.
Matsuzaki, H. Kioka, H. Kato, Y. Uno, M.
Asakura, H. Asanuma, T. Minamino, H.
Aburatani, M. Kitakaze, I. Komuro and S.
Takashima. Noninvasive and quantitative
live imaging reveals a potential
stress-responsive enhancer in the failing
heart.

FASEB J 2014 28, 1870-1879.

1
Kioka H, Kato H, Asano Y, Sakata Y,
Kitakaze M, Takashima S. In vivo

Visualization of ATP Dynamics Under
Hypoxia Reveals That GO/Gl Switch Gene 2
Provides Ischemic Tolerance Through the
Increase of ATP production.American Heart
Association Scientific Sessions 2014 2014

11 15 2014 11 19 (Chicago,
I1linois)

http://www._cardiology.med.osaka-u.ac.jp
/

o

70642099

Kioka Hidetaka



