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i 2 TS WA DGk TR (At ) TR 2R A T I, 17 T LA 4 i A T R PTEN 5 5 8 1 (PTEN-induced putative kinase 1,
PINK1). NIX/BNIP3L., BNIP3. FUNDCI (FUN14 domain containing 1). FKBP8/FKBP38. Becl-2445 113 (Bcl-2-like protein 13,
Bcel2L13), EiZHRRES & &5 M s S TR 3 5 41 (1 A SRR R X (NLRX ) B4 F (PHB2) S5 AR A TR AH 5C 8
ALy JI (cardiolipin, CL)ZEEIE Iy /i AL A 5 W 1K) GBS T e PRI TR 2 R I Bk, i S5 3UE AH O B 1 1R 3
(microtubule-associated protein 1 light chain 3, LC3)uky-Z & | B2 52 14 9% & H (y-aminobutyric acid receptor-associated protein,
GABARAP)Z, GG AL BEAE AIWRAR P, S VA TR I o 7R SR R A L WA DG SZ AR B 1 IR ST Tt R AT 2R 1R
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Advances in the study of mitophagy-related receptor proteins
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Abstract: Cells selectively scavenge redundant or damaged mitochondria by mitophagy, which is an important mechanism of mito-
chondrial quality control. Recent studies have shown that mitophagy is mainly regulated by autophagy-related genes (Atgs) in yeast
cells, while mitochondrial membrane associated proteins such as PTEN-induced putative kinase 1 (PINK1), NIX/BNIP3L, BNIP3,
FUN14 domain containing 1 (FUNDC1), FKBP8/FKBP38, Bcl-2-like protein 13 (Bcl2L13), nucleotide binding domain and
leucine-rich-repeat-containing proteins X1 (NLRX1), prohibitin 2 (PHB2) and lipids such as cardiolipin (CL) are the key mitophagic
receptors in mammalian cells, which can selectively recognize damaged mitochondria, recruit them into isolation membranes by
binding to microtubule-associated protein 1 light chain 3 (LC3) or y-aminobutyric acid receptor-associated protein (GABARAP), and
then fuse with lysosomes to eliminate the trapped mitochondria. This article reviews recent research progress of mitophagy-related

receptor proteins.
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LR B XUZ S5 M A i R & rpoly, A
WA YRR ML S 2 Tr
AR BN, He B2 O E N, %
Wi A H AV EIELAE NSRRI 5 P R
s M 525 A SRR e 7 2 ST Ry BRI PRV
B, BARLIR H WE (mitophagy) A4 A& 4 R 2R
RS E NS 2 — . LA E & —Fh i Y
MEREVEAN I B, R 2 A Ae UK E BT SR
R VRIS FIOE, AT AW AL SRR &, &
283 T I Tl AR TR A R AR O i ok AR . AR
LR B B U RT SR YR 2 500 (AP iR AT I
PR FERESE ) IR LR B e A BT AR A KT
I e LA R RS HE R 22 ) 5 SR A, 22311
NRVERIRHLE RS E K 2K, BRI 2 R R
MR TR T Eoki A &% il (mitochondrial quality
control, MQC) 7 2 fitd Jg 3 AF B 7 v () 985 £ {R 37 1
FH, T2 R B TR B oA A B S T s 2 — B,
AR SCAUR B A (5] Wk AR ST RIT 9 3k e dEAT AR B, 1A
2909 1z £ A0 2L 3h W0 40 P9 A S LR B R R 324K
B PR, JF A R BTk L FKBPS/
FKBP38. EZH RS & 4N E R EAREL P
B F 5 51 X1 (nucleotide binding domain and
leucine-rich-repeat-containing proteins X1, NLRXT),
HUIE5E 55 A (prohibitin 2, PHB2) A0 i (cardiolipin,
CL) &btk A T2 SRR iE, N
ZRLAR H AR PR B AR S 5 T K

1 22 & B RERTIA

LRI H WS FRTENE 48 (reactive oxygen species,
ROS). EHFHh= . MPEZFNBAEHT, 4N
(R ZoRi AR I E AR AT, 1570 PR e s s o S
RN AW I SIE RS, TERCZ AR
PRI REAR, T 4E R A0 i g SR s d e . Zebifk |
Wi 0 R LA 1966 4 B 7 H 458 UL %<0 L 3h 4 JH- 41
stk A2 B0 7 (B H & 2005 4F, A Lemasters 25
WL 31| 20 A B LT I AN B A A 3 7% 1 i 45 LT
TRRES K 2R AR Wk o

LRiR 2 B SN R A BRAR H 2
A, SZARBRAR > R Eehifg, Horb iR B A5
m I RAR T IE IS AT SE R R R R Rl
PR FLTRE, B FEL AL AR I ZeoRL A4 AN fig S I
B, KRN A WRE SR . tbsh, NiE
IR RN AW e O = L S ES A i e R
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GRS BCEAE, T IR ORI EC R AR E -
5 BRI 4E R OR T D REAH — B, A dokiid B g
Wk, TR TR s R IRk P gk,
ARiEEME, EVIRA . BE R, Lkiikizs)
KA ZHLHIZ 5 MQC ¥, Hovh £ ki ik 1 W 5 3L
L) EAR, LR ES DR 4ERE T A
BRRELEPIEM. SRk S5 B2
RO, 4k AT e 5 BT R R (Alzheimer’s
disease, AD)!"), 4= #R4E (Parkinson’s disease, PD)""
ALz U S R A

2 EEERZmpRrh RYZR R iR B

T BR24H M 2044 15 W 23 AL AR - N Jig 4
Uity L2 B 2R A B W PRI T BE 8 T Bk A . TR
JfL P PR 2R AR 1 i S AR T MR AH G R ] (auto-
phagy-related genes, Atgs) /5. ZIREH Atg32 &
BT ZRRIARASNE (outer mitochondrial membrane, OMM),
Al 5 Atg8 5 Atgll FLAE, W [a] 4 3 57 B 40 i o i)
ARk H . LRARZIE, Atgd2 BRI I
5 Atgll JE R Atg32-Atgll F5Y), HET 54 Atg8
PL 58 il B W 44 i (phagophore membrane) Y ZE < i
T2, 18 (I CK2 A1 Ppgl Xt Atg32 R 1k 43 7l
RIEIEEMAYETER 5 546, BT Atg32 N
i EA S Atg8 454 WXXL FEFE4I, (A Atg32
WREE S Atg8 HAELMA &tk E g ™, 4R,
BFFL 7R Atg32 i 2 A N I B 441 B 42 A Ak 1) A 3
Thegid seszm M, SRR EEREAN I AR OR A AR T
Atg32 I H B Rk @A, flan . Uthl @A T
OMM, {EE 773 FI<F 8 M = AEH T S 4ok
R, CAEE4nR R "5 1 PP2C (phosphate
2C) K 51 Aupl (ancient ubiquitous protein 1) E {7
TERARTE R R, & —Fh i O BERR BT R, JREE
TEPEVETE BRI B BRLAAR, S Fr T B 20 1) 155 W
g s U

3 MHELEIARE T B LR ik B R

3.1 PTENiES#f1 (PTEN-induced putative kinase

protein 1, PINK1)7\ S ik {4 B

3.1.1 Parkin (Parkinson protein 2){k#i{$ig &
PINK1 #1 Parkin /& 5> PD & H, THEK

W RIS 50 S sh R Zehitk e M. B

FAESZ, PINKI f2& Parkin (f)_EJFA#EEE, — &

FN 5 T 2GR RMEMBIIREANZ REZ
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FAERE, AE R LR B Wk B A b R A DS B A
FA M. PINKI 2 (A7ERLIT A A, F IE Lok pA o
TERS . B LR EAR I, PINKI K&
FAE OMM, it I C iy R sl X I _E 1 B i R
0K P F /BB R Ak A& 16 Parkin 5532 3 (ubiquitin,
Ub), i Parkin M5 #4422 OMM ", B Ji5, 7F
El Z RBG G F E2 2 R 45 G BE BN, Parkin il
o B3 RPN R ERE AL Ub MURYIE A (W0
B L (A5 P B 8 T iB I A 2R bRl A B 1 12), B
R % JZ F 4 (poly-Ub)!'™ 20, ki, vz
S K H p62/sequestosome-1 J# i i C A i )7z & 45
GEEER LA L, S RMEASS, HiE
RN K 5 Atg8 FIJRE A WMEHKREB 1 B8
3 (microtubule-associated protein 1 light chain 3, LC3)
St Rz R AE A RER N R R A RE
iU DR, p62 &7 FANER 15 W 8] (S L 2%
{H p62 [IFRIE KT RETS SR H WG 424 A7 41
Vaillant 2 "' 4¢3, 75 AD /)N g 5 28 Rifk o LC3
FAFREWHE LA, FN pe2 EAREEE T,
PR p62 AL PR BN BB AR E ¢+ SR1 Song
%5 R0 Shang %5 ) 43 76 O VLN i B LN A
5L B AR i LC3 A p62 &I B R 84,
iX 5 Vaillant 25 Y {8 97 45 B A —F . Puissant 2 ¥
fEH, p62 FEF AN G AP 2 2 2 A i %,
FLAE E v /R R AT e B 4 2R YRS . H
BIBTFAESE, 2 RALRR S LC3 Z i BAF
142 3k 8 IR A HE AL M 22 88 [ (optineurin, OPTN),
¥ $ 8 H 52 (nuclear dot protein 52, NDP52), NBRI
(neighbour of BRCAL gene 1) fl TAX1 4545 1 (TAXI-
binding protein 1, TAX1BP1) **'. #tt4), Strappazzon
2t 26271 31 D’ Acunzo 25 "M 9 B 7, 7E Parkin &
MO, BB/ FTERETRTHEFI
(autophagy/beclin 1 regulator 1, AMBRAT1) w] i i H:
LC3 45415 (LC3 interacting region, LIR) 5 LC3B H.
B, HiX—i R T 3958 PINK1/Parkin 312/ ¥
LRI F R L TR 5 SRTT, AE AT Parkin Al
p62 KIfEHL N, OMM L i) AMBRAI1 5E for B ik ]
i LIR @AM 5515 LC3B A HAR, i
LBLAM H SR, $Eas AMBRAT A 26 K 14

B WEIR AR AL, (HIHBARIE RIS oA fy ik — 20
W7 T LA

AN, PINKI1/Parkin if 2 5 —fh f £ b ik P 4
IR R I 5 AR e F R AR . 4 2RI R 37
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DB AT RBUNX IR, SR GRL AR5 105 5 A AT
E N, B MDVs (mitochondria-derived vesicles),
HAN&— SR E & A, AI{E PINKL Ppih T iz
TR B S R P A, BFAER Parkin 45 BY
THAY KA, T PD A Parkin 55K 5848 T4
TiIX—iI#E, #EIk McLelland 24, PINK1-Parkin
MR e S AL P A% 2R T R o 1) 95 SR A e 5% 12 P
R E R A RE ), A 33 PD AH G Aokl
hhBE RS P BB, fE AD BRI Rk
PINK1 8¢ Parkin 2 58/ 3 45140 2 R0 A4 1 H R 775 B
MIMTAELE AD % e HERE B0, DL ERF e 48 RER,
B A {2 2 B | PINK 1/Parkin 4 F) 20 5 15 7]
ReAE BT Va4 IR AT TR A RUTT
3.1.2 ParkindE{R#IEIRRZ(EN)

W% Parkin #b, L35 GP78. smad iZ % {h i+
- 1 (smad ubiquitination regulatory factor 1, SMURF1).
SIAH1 (seven in absentia homologue-1). MULI (mito-
chondrial E3 ubiquitin ligase 1). ARIH1 (ariadne-1
homolog) F1¥f 45 H# H 34 (ring finger protein 34, RNF34)
SHEAIAAERN B3 Z RIEEMS 52 R L RE
FWE 2 P Lazarou 25 ™ B9 oK, EARKT
Parkin {1540 T, PINKI1 7] El4%4H %5 OPTN Al NDP52
BRI, BSOS H R 4G R une-51 FF
P 1 (unc-51 like kinase 1, ULK1). DFCP1 (double
FYVE containing protein 1) f1 WD 5 & 45 ¥ 12 f§ iz
ALEE B AEE H 1 (WD repeat domain phosphoinositide
interacting 1, WIPI1). TANK %55 1 (TANK-binding
kinase 1, TBK1) 75 o] /) 54 3k #5 1 OPTN. NDP52
A p62 MIBERR AL, MG 4k & 5 poly-Ub (1)
GE4 AN 71 P, b4k, synphilin-1 (synuclein alpha-
interacting protein) i %A 7] /5 PINK1 7E OMM |
KEZM, PINKI-synphilin-1 52575814 455 SIAH-1
DI 45 495 2% R A V2 3R A K RS R BY, 4ROR
PINK1-synphilin-1-SIAH-1 0] A Parkin JF 4 4 14
oY RLNE L5 G
3.2 NIX/BNIP3L (BCL2/adenovirus E1B protein-
interacting protein 3-like), BNIP3, FUNDC1 (FUN14
domain containing 1)1 SR9Z% (& B BE

NIX 5 BNIP3 Ef7 T OMM, [EETHiET B
1 Ak E298 -2 (B cell lymphoma-2, Bel-2) ik H
& BH3 S5 30 W 50k, — & BA 56% [FJEE,
H N RA RS LC3 4551 WXXL FEE IR P
o b, NIX A5 LC3 KL RJEY) v- E 2T R
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Fig. 1. PINK1-mediated Parkin-independent mitophagy. Apart from Parkin, other E3-ubiquitin ligases, namely GP78, smad ubiquiti-
nation regulatory factor 1 (SMURF1), seven in absentia homologue-1 (SIAH1), mitochondrial E3 ubiquitin ligase 1 (MULT1),
ariadne-1 homolog (ARIH1), and ring finger protein 34 (RNF34) also take part in mitophagy. PINK1 can also recruit optineurin (OPTN)

and nuclear dot protein 52 (NDP52) in a Parkin-independent manner, then activate the autophagy initiation factors unc-51 like kinase
1 (ULK1), double FYVE containing protein 1 (DFCP1) and WD repeat domain phosphoinositide-interacting protein 1 (WIPI1) to start

mitophagy. Moreover, overexpression of a synuclein alpha-interacting protein, synphilin-1, stabilises PINK1 on OMM. Instead of

Parkin, the PINK 1-synphilin-1 complex recruits SIAH-1 to promote mitochondrial protein ubiquitination and subsequent mitophagy.

ZARAHFEE A (y-aminobutyric acid receptor-associated
protein, GABARAP) 454, £ W 23 2148 Jifd 1) Jse o it
A SRR PR B EERR SRR, B R
% B R RS T A A 2R P B0 M, NIX
(SN W B3N N S 2 I 2 R
WA R R, NIX AT 54 43 4h 3 72 v i 2 e
EWE, $rm NIX EH SR & 2 i m 4 A
i BT, NIX i BNIP3 362 5 7 i 3L 30 4 41 i rF A
AR SR A B W R TSR A SR T -1,
755 NIX 5 BNIP3 =ik, #EififHik Bel2 5 Beclin-1
KL A, B 1 Beclin-1 ¥ 5 R I AtgS & A7 H
WGt T A 46 A v ) s A, AT S8 R A 1 T 11
Az B8 AR 5 Lk A i B e R Bk A L) R
UENTEER

534k, Chen % P #f7t7”, OMM &[4 FUNDCI
IR T 28Rk B W) 52 /R 5 11 : FUNDCI #f
o WXXL R R 745 LC3 M4ia, ik
FURIBOT R I L B, A2 B 2R Rl 1 A 5
Chen % ™ Y225 FUNDCI1 /5 (£ itk [ 1 57 5]
Ser13 Fl Tyr18 7 s B W AR (1) )= 4% 4%« 1E IE
HORAT, BEE WM CK2 1 Src 4375 5 Serl3 Al
Tyrl8 B AL 12 1, {43 FUNDCI {2 #F = % 2 14
KT s TR AR AR R B R AR R R 4-( =

GRS ) KRB S, CK2 A Sre B w4, [H
i 182 H 7 B2 A8 {57 5 (phosphoglycerate mutase 5,
PGAMS) 13 LA, J5 # /5 FUNDC1 AN 7 5
LRI OB R Rk . BhAh, B3 12 RIEHN
A SSEEFR 2R 5 (membrane-associated RING-CH 5,
MARCHS5/MITOL) 75 Af i ik Ji 4172 25 A& 1l FUNDCI
BETT 2 HAREE S0 H VR 2 U 22 B AT,
NIX. BNIP3 Fil FUNDC1 ¥JfefE RS2k 5 1 LA
BRI BA 2R Rk, XX B ROS 7K~F-Fl
R RSN EZ, fE A U20S 4, NIX
FE PRI (1 350 % 5 e 4 M 184 5 S22 IEAH G 5 7 ML VT 1
. M. B, BRARE AU B, BNIP3 (1581
ZF M M. S ok, FUNDCI 76 JF i
K RS R AR W B, R AREIE SR
R W SR 1, = B Re I 22 SR ik
AL R, SR LE IS 2 NIX. BNIP3 & 5 5
FUNDCI1 #MEEA Fiidk— B0 5 A .
3.3 FKBP8# SRk (& Bl

FKBPS8 7/ fx FKBP38, /& FKBPs k& A2 —,
5 FKBP12 B RJR, 50 Tk 2k im s
Bhujabal 25 ™! $ 225 FKBPS it %74 [ HeLa 4H i
BIERAR ) R REEMSR, H LRSS
B L BH A 14 E 32 4 NIX AT BNIP3 &t 3%k 15 5 1)
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RRARTE SR ARRL 5 tbsl, FKBPS8 mlifiid H LIR
RAHM T F 5 LC3A M4 & UM SLhifkawE, H
A FH AR T PINK 1 /Parkin i 8% . 75 B3 &= 102,
YZ PR R B R L ZE R, FKBP8 23 R AL
(2R R B A7 23 PN Joi 19 DA JRE S 3L ) S i B, R
FKBPS [ 5 A7 4% 61T L C i 5986k 5 91 A AE 1 1
WIa XS P TR Y BRSOk
R it A% v FKBP8 138 4% A7 1 & A AL 1o A5 A 7
5341, FKBP8 B0 — P AR T 5 A 2% 25 1R 2L,
W) E A R LK A (mammalian target of rapamycin,
mTOR) P J5 o4 31 751 ¥ 3 WA 78 &2 7%, FKBPS
& W i M5 5 Bk (signal peptide peptidase, SPP) ¥
YER K2 —, SPP nli@id T i FKBP8 3K IA ifi ¥
i mTOR {5 538 %, 2 3k B ) & A F R Je B,
YT mTOR 5 Fd g & 2 AN AL, R,
mTOR P J5 4 #1041 771 FKBPS #% I\ A 5 i I8 25 5
R ATk B,
3.4 Bel-2#£ZF H13 (Bcl-2-like protein 13, Bel2L13)
T SRR Bk

OMM %5 H Bel2L13 75#% BCL-Rambo, & Bel-2
FIWR 2 —, 44 BH Z5#J38, (BH1-4). BHNo
X 355 0 e B 8 ) S 2E A, 0 R0 A W L 3 A 4 i
Atg32 K [FEJREE H, FIAE Atg32 Gk 2% (1) ¢ BE4H g
SRz RRRA E 1 Y, Murakawa 25 ™ 78/
f Bel2L13 25 (A P M523 2 A~ WXXL/I (LIR1/2) %
(43 3I47F BH A1 BHNo X5 ), 4RTi1X47F BHNo
DX I 36 e R AR ) e 3 A R ), R WX
WXXL/ 37 (LIR2, 273-276 £ 15 ) /& LC3 HAE;
FEAU T Parkin 264, /Nl HEK293A 41 fiid
Bel2L13 A3 i 454 19 LIR2 27 5 LC3 HAEN 5
LRbipR FWE, B WETE 2 S272 A7 s B IR AL
VAR, I IR A S U E R L SR BB R B A =
54 R 7 B . Murakawa 25 ¥ B 7T SR, VR
HEK293A i 4 Bel2L13 41 F kiR H 5 ULK1
54 (ULK1-ATG13-FIP200-ATG101) (5544 %,
A, Bel2L13 7E /)N BRI A N A7 75 B 2 (1) 7 41 22
S (il dn /) B BHNo 45 #4 38 h £7 4 — ib kT ), (H
N\ HEK293 40l Bel2L13 3 ER] fl 42 75 2 ok 55 o 3k
FAWFEZENE (carbonyl cyanide chloro phenyl hydra-
zine, CCCP) 5 S (kiR G g ), %W A Bel2L13
BRI, T Li 2 " B9t Eon, A Bel2L13
TEA FLRLR B g FE A 50, JL LIR 27
Al 5 LC3C/GABARAP/GABARAP-L1 #H 4% & UL 4
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W EWE S, Sk, Fujiwara 25 PR, 7EH BE
() J5T 4 M N, Bel2L13 W 5l 4 H A4 48 AL T 1R A A
W 0 ) 20 L T, DT (R B I 0T TR k. AR
H AT 75 58 2 1 B 44 5 2 A0 75 DA I B IR 52 4
Bel2L13 7E 12 5 5 40 B AL B9 VR H
3.5 NLRX14SHIZH (4 Bk

NLRX1 75 # NOD5. NOD9. CLR11.3, 2 #
R 45 4 5 BB AL 45 ¥ 8k 32 4K [nucleotide-binding
oligomerization domain (NOD)-like receptor, NLR] %
R 22—, e N S & — N R E AL 781, €
H A NLR 5% 15 h M — 43 A T 2ok 1) 2 1 52
H A #iE NLRX1 7] e € 7T OMM BRE R4 FE T,
W 5 0 — BB SN B2 Zhang %5 P R, 1E
A& #i T PINK1/Parkin, NIX. BNIP3 fil FUNDCI
HITEOL T, PR 40 i 48 A 25 45 1 (Listeria mono-
cytogenes, LM) /8% 4 5 I 41 Jfd 5 7 04 (1) 745 11 25 7T Ay
S NLRX1 £ 581k, {2fff NLRX1 [ LIR % % 1% F¢
HI 5 LC3 fH4s &, #1753 dobi ik B g DR i
LM 773, RUTEAE NLRX D MM 26 kL 1A H ik
o Li % PIeRs], KRB s - 50
Ja R A WA, RN B WA 5<E B NLRX
nitrophenylphosphatase domain and non-neuronal
SNAP25-like protein homolog 1 (NIPSNAPI)
NIPSNAP2 K& & Fif, 1 FUNDCI Tyrl8 &
oK B2 R 45 7 NLRXT i ik b 7,
A ]2 4 1) FUNDC1 8% 52 16 PA L i NIPSNAPI,
NIPSNAP2 5 (1314 J- 5% FUNDC1 5 NIPSNAP1/
NIPSNAP2 Z [A]() BAE, 55 R SR 5 16 1 I
BImiES, ApE sk - RS AH S L
BT FE S it TR, 1 ] FUNDCI-NIPSNAP1/
NIPSNAP2 % 7] fiE /& NLRX1 /5 £k ki 4 15 1 11
FIET. H, 124 AR B NLRXT 1E g 4ok ik
H WS AR S I s, R R it a E 21
AW EAS S .
3.6 PHB2{T SAILLR (A I

FIRAD A CAESE OMM & I 7E A 3 2 kL i
B RIER, SR ZRi4A N i (inner mitochondrial
membrane, IMM) &5 [ 78 £ R0 44 [ W i F5 o i) i 42
1 P I AR AV S B WA il Wi 2 B HF 7 W 82 3,
€ 7T IMM [ PHB2 75 Jy B IE G & & 1 742 o
I FEKLIA B W 324k 8 H . PHB2 5 PHBI [AJ&
PHB XA, Al 008 — DN EobLAR E A BT 75 1Y
N I X, &l C R IX 5 PHBI AHES &,
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VENE G WS 5 YRR LR R S5/ FIE IR B Th g 7
Wei 25 BRI Fl] CCCP 5 2 o A el A 10 o 751 8
HER S ERB S HeLa 40, W %25 PHB2
AlJE L LIR 2R 745 LC3B BAE, LA
LRpR B L R . % TR AT B fE
FLEYI4N . Parkin /5 2R b A 5 W5 DL K% 75 TN 2% R
(Caenorhabditis elegans, C. elegans) X Z2 2R AR TE
R ELS] OMM B BLR, Wei &5 P9 J3¥irfi
R A AR OMM il 2L AT A R IMM |
(12 k8 E DLSE LS A AR I BAE. 5 2,
£ b Parkin /1 5 1) & (A B A4 4K MM OMM [% i,
IMM & 4 PHB2 [ ) 5 LC3B M &5 4, 1§15 IMM
BCA B R ) B A A E R AR E A T
OMM H1 IMM AN [R] 32 44 B 1 0 453 495 1 2R A4 ik
ITRCEG, BRVF RS IR m R R I BRI A . IR
WITR A BT UESE, PHB2 [ H W& ) 58 o] 750 FL3h )
RN Z 594 DL BRI R (04 Sk R
T O AN (AR ) R AR (T
PRI ARA: s 1) ARRE (Aol e B e ) 25
SRTMT, B BT AN IS 25 IMM % H 3 42 & PHB2 411
ATt Parkin JEAK 4L KR B RIS FE (W0 C. elegans
WEE K B AR R AR AL RERARTE R ) Hh 5 8 1
RIEEH
3.7 CLA+ SRR (& = k&

CL 7NFR Ml RE L H v, e S 1 0 9 R i
TSR - I H AR OB IR 5 U (cardiolipin syn-
thase, CLS) ff 4k 7 42 i o 7 IMM [RIHFAE 14 5 i
CLZ5JE - A MM EAE, &4 RF 2 bk
Thie (W MERLA S ) BT ik Rkl — %,
Chu £ "' il CCCP B£8R A [ 1 75 5 771) 0 1 I b
Y )E, WEH CLE OMM FEEik, HH
5 LC3 BAE ; i =& 2 W aFEAE. T3 CLS
R CL 1] OMM iz, ¥J<xpHWT AW, KU CL
S PR RLAA B WA AR . BRI, CL 7 2R b A2 i 1]
FAg ML B AT AR e A B . B, CL %
I 8% 57 52 % i 12 9 %% Bl -3 (phospholipid scramblase-3,
PLS3)" F 4% ¥ — 1§ 2 ¥ 1§ -D (nucleoside diphos-
phate kinase D, NDPK-D)'¥ 525 )34z, Hir, PLS3
Z 548 CL 78 IMM 5 OMM 2 [ i9~F-45 43 A 7
I NDPK-D & —Ff i T B [aI BRI /S RAREZ &4,
iU B CL #4752 OMM ; 3 H siRNA T4t 4 I £
NDPK-D ik 41| CCCP i 5 (1) CL 5 i iz
B J5 A R AR Y, DL R Tl RN, kA A
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Py iR 2 il 5125 512 CL A IMM [1) OMM #4 47,
A CL A2 btk B s an (s 5 7%,

R, 700 8 29 ) 0 i g U 5 i A v
CL & & 20 s 35 BLRE B2 AR I 3, Horh 2
SR I R AE R AR E MR 2R (O LS & B8 DL
&) H T E 19 CL- DYV i B 55 0o IR (tetralinoleoyl
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Fig. 2. Regulatory mechanism of mitophagy-related receptor proteins. Mitochondrial membrane associated proteins such as PTEN-
induced putative kinase 1 (PINK1), NIX/BNIP3L (BCL2/adenovirus E1B protein-interacting protein 3-like), BNIP3, FUN14 domain
containing 1 (FUNDCI1), FKBP8/FKBP38, Bcl-2-like protein 13 (Bcl2L13), nucleotide binding domain and leucine-rich-repeat-con-
taining proteins X1 (NLRXT1), prohibitin 2 (PHB2) and lipids, such as cardiolipin (CL), are the key mitophagic receptors in mam-
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malian cells, which can selectively recognize damaged mitochondria and recruit them into phagophore membranes by binding to

microtubule-associated protein 1 light chain 3 (LC3). Interaction of LC3 with ubiquitin (Ub)-ligated autophagy adaptors such as p62/
sequestosome-1, optineurin (OPTN), nuclear dot protein 52 (NDP52), neighbour of BRCA1 gene 1 (NBR1) and TAX1-binding
protein 1 (TAX1BP1) can also induce mitophagy. The TANK-binding kinase 1 (TBK1) mediates phosphorylation of OPTN, NDP52
and p62 adaptors, thus increasing their binding affinity for poly-Ub. Autophagy/beclin 1 regulator 1 (AMBRA1) is involved in both

pathways.
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