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Mieap and Mitochondria Quality Control
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Abstract  Mitochondria plays an important role in energy metabolism and apoptosis of cell.
Mitochondrial quality control has become a key mechanism that maintains the normal state of the
mitochondria. In 2011 Miyamoto et al. found that Mieap was involved in two novel mechanisms of
mitochondrial quality control. Mieap-induced lysosome-ike organelles translocate into mitochondria and
accumulation in the mitochondria repair unhealthy mitochondria by specifically eliminating oxidized
mitochondrial proteins and maintain the normal state of the mitochondria. Mieap-induced vesicle may be
formed by endocytic pathway identify and specifically engulf unhealthy mitochondria. Both of the Mieap—
induced processes were involved in mitochondrial quality control and decide the fate of mitochondria.

Key words Mieap; MALM; MIV; mitochondria; p53-Mieap pathway; p53

( aerobic eukaryotic

cells) ATP
1
2 5
1
( mitochondrial quality control MQC) (mitochondrial proteases)
MQC ’ 12013-0144; 120130402

( No. 30700296)
Tel: 13607170056; E-mail: seaside_zy@ 163. com

. Received: January 14 2013; Accepted: April 2 2013
( mitophagy)

( macroautophagy) ( microautophagy)
4

Supported by National Natural Science Foundation of China

( No. 30700296)
* Corresponding author Tel: 13607170056;

E-mail: seaside_zy@ 163. com



6 : Mieap 507
6 AAA) 2
( substrates) ’ AAA  LON ATP
2011  Miyamoto Mieap ATP o
MQC ( various stressful
. p53 Mieap events) ATP
( intramitochondrial lysosome-ike LON i-AAA m-AAA
organelles)
?
Mieap ?
( Mieap-induced accumulation of lysosome-ike 2011  Miyamoto  ° 1
organelles within mitochondria MALM) . Mieap MQC. Mieap
Mieap
Mieap Mieap
( Mieap-induced vacuole MIV) ° . Mieap
1 Mieap ' Mieap
Mieap
Mieap Mieap
SPATAI18 ( spermatogenesis associated 18 Mieap
homolog) . SPATA18 4q12 ( MALM)
538 2 MALM d
p33 ' Mieap MALM
Spetex- ( spermatid-expressing gene-l) . Spetex-
Mieap 82%
o ( alternative splice MALM
sites) Mieap . Mieap-a 5 MALM
Mieap-3( DDBJ Accession No. AB465501 MALM
AB465502) ° . s Mieap ( back-up system)
MALM  MIV
2 Mieap 2.2 Mieap
I pm
2.1 Mieap pm
13
MQC (1)
/ ; . DAB
(2) ( pre-embedding immunoelectron microscopy with
( quality control) DAB) Mieap
( LAMP1. LAMP2, D{( cathepsin
D) B( cathepsin B) ) .
o LON ( post-embedding
( LON protease) ( aconitase) immunoelectron microscopy with gold particles)
" LON Mieap - D  LAMPI
AAA ( AAA proteases) ( i-AAA m— K



508 29
( proteinase K protection assay with the
fractionated mitochondria) Mieap- D B
B D ER-Golgi
D
( atypical lysosomes or lysosomedike organelles) B
Mieap
v 2.3.2  Mieap # 3 9 75 B AR AF 20 1 35 97 8 51 &
( actual conditions) " . KRG LE 7
1 pm ( ~10 nm) pm
ATP ROS
( mitochondrial cristae) ( inner membrane) Mieap MALM ROS
ROS
mtROS
( ( chaperon—-  Mieap
mediated autophagy CMA ) ROS /
/
16
NIX  Mieap
. NIX (
2.3 Mieap BNIP3L) BH3-only Bcl2 7
BNIP3  55% NIX
2.3.1 Mieap #F 09 R B RAF 20 10 3509 7% s AL B *NIX
v Bel2
NIX  BNIP3 C
caspase
( mitochondrial permeability transition pore
MPTP) ®UNIX
( endoplasmic reticulum ER) Ca’*
Ca2* 19
50 $ Kitamura (1) NIX
DNA MALM ; (2) Mieap
NIX ; (3) mtROS
Mieap NIX . ROS
ROS
R mtROS
MALM D NIX / Mieap NIX  Mieap
B D .
B 8 2.3.3 Mieap ¥ 09 5 B AR A 21 e 33 2 N X AR
D B 79 AU



6 : Mieap 509
? 3
8 C Mieap-ACC ( ACC Mieap  coiled—coil
2. ) .NIX-ABH3.BNIP3-ABH3( ABH3
2 ( VDAC) BH3 )
c>. 3 Mieap BNIP3 ~ NIX
MALM ( mitochondrial outer membrane MOM)
Miyamoto . 3
( mitochondrial permeability MPTP. BNIP3  NIX
transition pore MPTP) BH3 Mieap
. MPTP ( coiled—oil) .
BNIP3  NIX BH3 MALM
2 MPTP Mieap
( atypical cell death) ( K
( necrosis) ) . MPTP ( proteinase K protection assay) BNIP3 ~ NIX
? . MPTP 1.5 kD : BNIP3  NIX
BH3 MOM Mieap
Miyamoto
MPTP ( unidentified MPTP-
like channel) Mieap .
2.4 Mieap
2.3.4  ZKARSM IR 6 RGE 538 W 4G Y R AL MALM
MPTP
? MALM
BNIP3  NIX BH3-enly ?
Bel2 " BNIP3 Bel2 Miyamoto MALIM
1433~ .14 3-
( Bel2  Bel=L ™) 3y 1433 1433
NIX BNIP3 (acidic dimeric proteins)
caspase % 1433
BNIP3 C ( binding groove) . 1433y
= BH3-enly ( Puma Mieap Mieap
Noxa) BNIP3 MALM 1433y
BNIP3  BH3 ™ = .1433y Mieap
BNIP3
BH3-only . 1433y MALM
Nakamura ~ *° BNIP3 1433y
NIX MALM ?
( mitochondrial 1433 3 (1)
membrane potential MMP) 1 (2) ;
BNIP3  NIX (3) ( colocalization of two
Mieap BNIP3  NIX proteins) ** MALIM Miyamoto ~ ”/
MMP 1433y



510 29
1433~ Mieap 3.3 Mieap
Uthlp
( selective microautophagy)
Miyamoto
MALM
MALM MIV
1433y MIV ~ NIX
MALM 7 ’
1433y MALM MIV NIX.
. ROS NAC ( Ebselen)
LAMP2A 70( heat shock protein 70 MIV Mieap
HSP70) CMA .
15 mtROS MIV
3 Mieap
3.1 Mieap ' mtROS
Matsui ~ * ATG5—/ MIV
MIV MALM
/" mtROS
v MALM MIV
Mieap
( MIV) 3.4 Mieap
MIV
MIV Kitamura MIV
MIV
MIV ATG5 .Kissova ™
ATGI2 °* . MIV
( “« ”
)
Mieap MQC
. MIV
3.2 Mieap . MIV
MIV  ~ pS3 /  Mieap
' K MIV . ? 4 Mieap
Kitamura (1) Mieap
Mieap MIV Kitamura Mieap MALM  MIV
. (2) Alexa488-EGF ( Alexad88-EGF
incorporation experiment) MIV . “p53
. (13) PI3K( ” ( “p53 smart” model) *
) MIV p53
MIV DNA o
MIV Mieap
MIV MIV



6 . Mieap

511

Mieap
. Kitamura
’ ROS MALM
MIV
ROS( mtROS)
. Mieap MALM
mtROS
MALM
Mieap MIV
. Kitamura "’
NIX MALM MIV
MIV
MIV
( alternative and emergent system) MALM
MALM ROS
mtROS MIV .
ROS  Mieap MALM
MIV
5
Mieap MALM
mtROS MIV
mtROS
ROS
Mieap  p53 MALM  MIV
p53 MALM
MIV

( References)

Kubli D A Gustafsson A B. Mitochondria and mitophagy: the yin
and yang of cell death control J . Circ Res 2012 111(9) : 1208-
1221

Hayashi ] Takemitsu M Nonaka I. Recovery of the missing
in mitochondrial DNA-ess Hela

tumorigenicity cells by

introduction of mitochondrial DNA from normal human cells J .

10

11

12

14

15

16

17

18

19

Somat Cell Mol Genet 1992 18(2) : 123429

Tatsuta T Langer T. Quality control of mitochondria: protection
against neurodegeneration and ageing J . EMBO J 2008 27
(2):306314

Mijaljica D Prescott M Devenish R J. Different fates of
mitochondria: alternative ways for degradation J . Autophagy
2007 3(1):49

Friguet B Bulteau A L Petropoulos I. Mitochondrial protein
quality control: implications in ageing J . Biotechnol J 2008 3
(6):757964

Adam C Picard M Déquard-Chablat M et al. Biological roles
of the Podospora anserina mitochondrial Lon protease and the
importance of its N-domain J . PLoS One 2012 7(5) :e38138
Major T von Janowsky B Ruppert T et al. Proteomic analysis

of mitochondrial protein turnover: identification of novel substrate

proteins of the matrix protease piml J . Mol Cell Biol 2006
26(3):7624976
Miyamoto Y  Kitamura N  Nakamura Y et al. Possible

existence of lysosomedike organella within mitochondria and its
role in mitochondrial quality control J . PLoS One 2011 6
(1) :el6054

Kitamura N Nakamura Y Miyamoto Y et al. Mieap a p53-

inducible protein controls mitochondrial quality by repairing or

eliminating unhealthy mitochondria J . PLoS One 2011 6
(1) : el6060
Bornstein € Brosh R Molchadsky A et al. SPATA18 a

spermatogenesis-associated gene is a novel transcriptional target
of p53 and p63 J . Mol Cell Biol 2011 31(8):16794689
Ngo J] K Davies K J. Importance of the lon protease in
mitochondrial maintenance and the significance of declining lon in
aging ] . Ann N'Y Acad Sei 2007 1119:78-87
GerdesF  TatsutaT — LangerT. Mitochondrial AAA  proteases—
towards a molecular understanding of membrane-bound proteolytic
machines J . Biochim Biophys Acta 2012 1823( 1) :49-55
Lullmann-Rauch R. History and Morphology of the Lysosome
M //Saftig P ed.
Bioscience 2005: 146

Chen G Cizeau ] Vande Velde C et al. Nix and Nip3 form a

Lysosomes.  Georgetown Landes

subfamily of pro-apoptotic mitochondrial proteins ] J Biol
Chem 1999 274(1):740
Alvarez-Erviti L Rodriguez-Oroz M C  Cooper ] M et al.

Chaperone-mediated autophagy markers

brains J . Arch Neurol 2010 67(12):

in Parkinson disease

14644472

Kissova I Deffieu M Samokhvalov V et al. Lipid oxidation and
autophagy in yeast J . Free Radic Biol Med 2006 41(11):
16554661

LuY Wang L He M et al. Nix protein positively regulates NF—
PLoS One 2012 7(9) : e44559
Zhang ] Ney P A. Role of BNIP3 and NIX in cell death
Cell Death Differ 2009 16

kB activation in gliomas J .

autophagy and mitophagy J .
(7) :939-946

Dorn G W 2nd. Mitochondrial pruning by Nix and BNip3: an



512 29
essential function for cardiac— expressed death factors J . ] BH3- and caspase-independent mechanism ] Oncogene
Cardiovasc Transl Res 2010 3(4):374383 2000 19(48) :5453-5463

20  D-Autreaux B Toledano M B. ROS as signalling molecules: 26 Nakamura Y Kitamura N Shinogi D et al. BNIP3 and NIX
mechanisms that generate specificity in ROS homeostasis J . Nat mediate Mieap-induced accumulation of lysosomal proteins within
Rev Mol Cell Biol 2007 8( 10) :813-824 mitochondria J . PLoS One 2012 7(1):e30767

21 Kutik S Guiard B Meyer H E et al. Cooperation of translocase 27  Miyamoto T Kitamura N Ono M et al. ldentification of 14-3-
complexes in mitochondrial protein import J . J Cell Biol 3y as a Mieap-interacting protein and its role in mitochondrial
2007 179(4) :585-591 quality control J . Sci Rep 2012 2:379

22 Zamzami N Kroemer G. The mitochondrion in apoptosis: how 28  Obsil T Obsilova V. Structural basis of 1433 protein functions
Pandora’s box opens J . Nat Rev Mol Cell Biol 2001 2(1): J . Semin Cell Dev Biol 2011 22(7):663-672
6771 29  Matsui M Yamamoto A Kuma A et al. Organelle degradation

23 Baines C P. The molecular composition of the mitochondrial during the lens and erythroid differentiation is independent of
permeability transition pore J . J Mol Cell Cardiol 2009 46 autophagy J . Biochem Biophys Res Commun 2006 339(2):
(6) :850-857 485-489

24 Boyd J M Malstrom S Subramanian T et al. Adenovirus E1B 30  Vousden K H. p53: death star J . Cell 2000 103(5):691-
19 kDa and Bel2 proteins interact with a common set of cellular 694
proteins J . Cell 1994 79(2):341351 31 Kissova I Salin B Schaeffer J et al. Selective and non-—

25 Cizeau]J Ray R Chen G et al. The C. elegans orthologue selective autophagic degradation of mitochondria in yeast J .

ceBNIP3 interacts with CED-9 and CED-3 but kills through a

Autophagy 2007 3(4):329336



