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Abstract

In this review, we will describe the dynamic progress how cells form isolation membranes with
the participation of various autophagy-related proteins under the stimulation of upstream signals
such as MTOR and AMPK, and further extend to form autophagic characteristic structures “auto-
phagosome”, and how mature autophagosomes combine with lysosome to complete the degrada-
tion and reuse of cytoplasmic substances. In addition, the research progress of post-translational
modification (including phosphorylation, glycosylation, ubiquitination, acetylation and mercaptan
modification) in regulating autophagy was briefly reviewed. It was pointed out that
post-translational modification of autophagic proteins played an important role in the process of
autophagy. Understanding which amino acid residues in autophagic proteins are modified and
confirming the expression of these modified amino acids in related diseases will provide impor-
tant targets for disease diagnosis and treatment.
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MEAARZZLRE, HER THEREH(SEBRIER . BRI, ZRUBH. ZBitBiiX
TRER ) 0 (T A8 H BT FURERR, 48 R E A OB R B 5 WL R R E IR . HEE
HESEB TN EERAEREG SN, URIESXBBHEERIEMA RN ARIERE, KAWL
B AE T IREE R .
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1. 5|8

Qlﬂﬁ@Eﬂi(Autophagy)ﬂzﬂ/\ﬂiﬂcﬁTE’Jﬁlﬁfkﬁ, BT in A H IR s . R R
3 7y GXFh R KR T 5 i5E,  “auto” -self A1 “phagia” -eating), MM E B& 7. 4401
&\Tbﬂﬁkifh{iﬁfﬁi%ﬁﬁ, TR I R S I A R IR PG A DA R AN [R] SR IE B S N . H 2 AR 2
5 AR ST 1) B A <7 F ATGs (Autophagy-related gene)if 7, H#EIS#EsLHAE 36 I ATG 0+ F&5H
WRIRAE . BR THEAN “BR” Thaesh, & RN ERSIESTEREE, WARE1. M. HE
. HRITSERENED . Mg 22 Em A SR ] (2] [3].

2. HRBEERNTRE

HIRIIR A, RIS HWAATE AP — RIEREhA . B, &M 7 s Sz 4l 35
B PR SAZE, WS, BTN SEEARRBS. Ef, BITERGEERNZEEA RS —E
4R (Autophagosome) (4] 1),

Degradatlon
Elongatlon & Closure
Initiation Nucleation
Phagophore Autophagosome Amphisome

Autolysosome
+r LC3 (Atg8) == Atgl2-Atg5-Atgl6L 1 KAEMmEH & S 2

Figure 1. The process of autophagy
1. A BT A2

PR R 1) WA T B Atg 85 1 SRR BIVRR BT 1 — AN A, WA TE IX AR AL UL, RIAR
BNHEWERTIRLE N “PAS” (pre-autophagosomal structure) [4]. TEM AL+ & TBAFLE PAS M54
THIE -

B IR A 4 TR — AN BB E A2 Class I PI3K & &%)(H PIK3C3. pl50. Atgl4 A1 BECN1 41
B, FHEEIREL 4 PI3P (phosphatidylinositol-3-phosphate), PIK3C3 H&A#H%E 1L PI3P 454 EH
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Ja i S EENNZ BRI EREE A, Atgl2-Atg5-Atgl6L1 Fl LC3/Atg8-PE (phosphatidylethanola-
mine) E % B 182 5 i — D i i[5,

TEIER AT, RIS LC3/Atg8 EEAEMMT . 1124 H M5 5 R AR, LC3/Atg8 WL LC3/Atg8-PE
BT e AL T R RS N . LC3/Atg8 AT ¥ Hil 41 B WAk /N, RIHGR 4 A2 7E T AW AR -, ATbA
Atg8 S I AL AN IRIIEY) LC3 KR /K P4 vz FH - i ek A 4R b o

H TR0 Feidk R R B, 22 P am B 25 R TR JE g 1 WAk P T e it 7 IR R B AR . Ktistaki BRAEZH
LA 9T ZFYVEL ESE T N5 A2 B WA BE K YR 2 —[6]. Lippincott-Schwartz At i) ] S5 i@ i % LC3
F ATG5 (WS K BLYVEE S 10 B WA T DL IR b b, DA R s th /2 F A R 9 £ 1 K
Z (7] BRI RRICEMIM 4 CIREFER T 37°C, FRHRAEARFRSES, FZHRBEREMS
B WA R I e A IR, ELTR AR B 500 S R AT R AR 2 DIAE G, SR TUIAE
P I 25 8 FEE A 1 W R Y et R v 4 T B A (8] R Ko I R O 78 R BVE 2 IR R i v RS R A4 m]
T 2w R - P A T 3 i AT SRE e W B A, R L v R S ] RETE I8 B 28 B 11 1 Wt o R 4% B A
FHI9] [10], {HZE 4 M ANTE A i R B R RAEM L M0 B W R R AR . A3 3R Atg9 I ZERR ]
AEN E MRS AL RIR11], DRIUC PR Atg9 7£ 784 b i BARAE F Rl Re A 78 B W A4 R D S it o 2 4 H
5 A S AR T AR R , Hamasaki (B 70 0E 55 P9 5T I -2 b A4 422 i A7 £ (ER-mitochondria contact
site) & H WA TE LIRS AR AL £, 224 P9 5 X -2 AR PRI HE A (87 s B IR i, 8 WA AT o 52 38 7 s 4l [12]
Ge MR NN ERGIC (ER-Golgi intermediate compartment) F] B2 H W A i) 3 — A2 o, FE4N RS2
HESE PN 5T - = R FE AR TB] B /2 LC3B A R R A, 2 SR 30 IR S | ERGIC % T H BRA [ T] i
WZII[13]. Graef S HIWFFLN N AT I (9 HE A7 AU(ER exit sites, ERES)A& H WA & BT 46 DA R 5 SRE
7 25, ERES ;=45 COPII MR/, FRREAHEALE, TR “PIBM - SU/REAPE” , A FEAMN
P 9 ) I T 2 K S5 44 IR 32 46, A phagophore Jid% . SEMIEEAERR 2 ORI ESE T G [ 14], (H B ARG W
B2 5X— IR ATERE, i P FOR A

SERENI XU IS B WRARTE 5, HF A 25412 16 BV Il Ak DA 56 U 4 IR PR AR P2 . ke B I BRI L 45 SR
IR, Atg8 M EWEARSMERE AT VE N e MR R B W R AR I RC LG TR 1k I AE A A 1S S [15] [16]. Sferd
Bk BRI 2 Atg8 RAFAET VA VER A IE E[17]. H ATEILEh40H0 1 LC3B MAME RO 75
A LAMEN BWER S5 P B AR SR R R A 1S 5 M ANTE R . (H SRS A S 4 ATG16L1 Al ULKIL A
FAAET AR AWk b, RFENES ARSI OB A L. Hhpim kRS RN E
W AR 15 VA B AR R & (1 SR RE A A R it — BT TIESE, (R, B R i — N BE S 2% SO A a4 1 i
2.

TR AR N B SR 0T TR RESRAZ IR S5 I B AR 2% . & MSRUR I BT (O Ah . 4 i 2 T
B R )i 3l P — SR EL SRR HIB R R 18 16 B B R B AT IR, LR A A R o TR
PRI RE S AR BT & PRI I B A, S BURMI R EHERL, SIS .

WA R T R 3 2 0 ZE (M BB S AT S T BE M AN A 8, 1 W AR AT RE XS B ML, 17 s B A A T
MR R O E . B, BWAESEATRME, REEHBEAIENALL, XN REZ 240
P SRR A R I B A1 B A R [ 18]. 4 BWERIZ sh B H M, e ST 46 58 A5 I B A 1 il it
Fo H AT AR T AN F2 B AR R AR g ST R0 — M i P F VRIS (5 5l s Bt b ol AR R
%% Rab GTPases [19]. JEELA MK R E AY[20]F1 SNAREs &5 [[21] [22]/0 A FI4%5H] . 5642E Rab &
FUEAL TR IR b, SRS — SR R, XSk R 0 1T DUE N — AN 224 i ph RO 2 R &
(1 FEC T P 3800 BE B TR R DR o f 2%, SNARE 2K [ 20 285 3] 75 40 0 25 Bz fu RO 35067, (13 25 (9 G I U401

JZRLE
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3. {E MR
3.1. BEFESRESSLNEEE M

KEMWFUEH, EVURFET, AMAEREENS . X— R T2l MTOR 55 @2 H7E.

MTOR E 44 1 (MTORC1)H1 MTOR.RAPTOR (regulatory-associated protein of MTORC1), MLST8/GbL
(mammalian lethal with Secl3 protein 8/G protein subunitblike), DEPTOR (DEP-domain-containing and
MTOR-interactive protein)fl PRAS40 (proline-rich AKT substrate of 40 kDa)ZH 5%, 25 H W ) 11§42 . MTORC1
Al # RAPA (Rapamycin) & E 4] . IEHW 55T, RAPA ##] MTORCI f¢ B 205 S AWM, %£U MTOR it
WA . MM ERRIE L SLC1AS 1 SLCTAS ZE RIS a2 A\MiN, MTORCI RE B #2852 2
FRiEN, HAHERRILIZ1[23]. Rag ) Ras M/ GTP /KAREFRE N R IE R4 1L, fif MTORC1 ENAT
RHEB (&4 MTORCI1 #i%T), MGG MTORCI B &1k[24]. IR ATEN Class 1T PI3K 0%
MTOR, MM EWE[25]. MTORC B 7% Atgl/ULK1 &4, fEREEF L RERERRIL Tap42, Wil
() Tap42 7% PP2A, AT I [26].

AMPK {5 SEMRBNAMRAEER. A ATP/AMP RN, LKBI1 B 505 2 1 80E AMPK. 3%
L) AMPK 1§ TSC1/2 B & ARBERILEGE, 15K TSC1/2 @ik RHEB SKHNH] MTOR M i s H bE[27],
I E FREIA AT AR ATP M AR 40 M (1 e 2 ik = (14 2).

Figure 2. Signal regulation of autophagy
2. HRBREANESEE
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SALRIE: ROS REBS I FANM A WE. 7242 ROS 1 EZI AR LRI, 1Mim/KF 1) ROS ik
PR T A, S BN A VR . — e AP T b B AR EE, 5 ROS FRAERIH
WEPEANIET (28], Atgd (BREEREE 1) AT BE /2 Bk &R ROS AW S A1, & RIAE H Wit MR B A fik
G AT Y EIA0 M B WA S Y Atg8/LC3. ROS BEEL Atgd 25 81 1 PR, | Atgd & A BHETEM
MEE Atg8/LC3 WIIRA[29], 1H Atgd FHARENWTT BRKIME—7F . AW E T HE PARP-1, #E
BUE LKB1-AMPK 5 5@ %, 55 H IR A[30].

3.2. FEFEEIHEN BAET

B E A& ERIE RGBT . BRI RLS NIER o) Z B R, R RZR
WA LA ERT . eI FRIBIE 72 R B W B 1 3 A i A 2 T A R I ke 2 S AL SR S LR 1 o i T PR 28
JRIEME R A S EAL TEIEAMTRE LR E B, B RR AL A T LU A R R P S E
MEAEM; PEAE A REARIEER I IERR T &, RS 5E S, AR REE S B # R bR
[317[32][33] [34]-

3.2.1. BEERUIERBT B

BERRAAE e s — A R B B 2 &R . PR IRk AE b, R EaMiE. EEMEA S
EAMEAER[34],

MTORC1 BEFRALINH] BWR: 5B R B R T T2 — /& MTOR (mammalian target of rapamy-
cin)o fEEFRFEFHI T, MTORCI TR, BEMA T ULKL £ 758 {7 22 2 BRI AL,
wEPE. ULKI/ATG1 B ARt +HE FIP200/ATG17 (focal adhesion kinase (FAK) family interacting protein of
200 kDa)fl ATG101. 2R B inEa Bs 7 220, 40 MTORC! & s & S amd), AT
27X ULKL EAMMEER, 38 ULKL & EEER B S RERRAGE0E, 10 ULK] Bl i &
FIfkFE ATG13 A1 FIP200, 25 HWEIAKIEK[35] [36].

AMPK F1 AKT #5 MTORCI1: {FJyHWEHE 4G 10 FE 2/, MTORCI & 152 2 F_E i 5 = 1
P FEAF 5 2 —/& AKT/AMPK (AMP-activated protein kinase)Z% BXHf < . « AMPK (AMP activated
protein kinase) &l i it EAL A, REEBRAEM(E LKBI (liver kinase B1)f§fR{t AMPK, %AJ5 AMPK f%
24k TSC2 (Tuberous sclerosis complex 2). TSC2 &—/N&H GTP BiE L5 1(GAP) domain 15K [, REff
Rheb GTPase ki, ] MTORCI [IiEtE. i, AMPK #iESE H @Rt RAPTOR, RAPTOR &%)
—A>MTORC1 HE&KE A, RN MTORCI 5845435 [37]. Bk T 3 MTORCI H)3% 1, AMPK
L RE AR AL ULK1 SR 2Rk B WA ZOR i T4, Btk 4 ULKL BUE I — 2 AT I8 % 38].
FERIEBEYLECR 351 AMPK #1f] MTORC1 351k, RN ULKI 9 Ser757 &L, FEfS, AMPK
WAL ULK1 ) Ser317 A1 Ser777 s, i ULK1 S T 4111 B 1 [39] -

5y — J7 1, PI3K class 1 (PI3KI) i it & A% phosphatidylinositol-3,4-diphosphate (PI-3,4-P2) #il
phosphatidyl-inositol-3,4,5-trisphosphate (PI-3,4,5-P3), 3% &4 Pleckstrin Homology (PH) domain £ (4 401
3-phosphoinositide-dependent protein kinase-1 (PDK1)EE ) F i8R AKT, it Ki#iE MTORCL, i
ST I, R R W R A 401, AKT 968 ELEERE R 1L PRAS40 0% MTORCI [41] [42].

BERRAL/EF A BECN1/PIK3C3 6. £, PIK3C3/VPS34 5 P150 (PI3-kinase
P150 subunit)/VPS15 1 BECNI (coiled-coil myosin-like BCL2-interacting protein 1)/ATG6 #H H.AEFH[43], 12
it phosphatidylinositol 3 phosphate (PI3P)J& 1, 5 phagophore HIEAFHRERZEEEAESRA, W
ZFYVE] (double FYVE domain-containing protein) [44]. WIPI family proteins (WD-repeated protein inte-
racting with phosphoinositides) [44]F1%# FYVE domain [1] ALFY & [[45]. H —£&E AR PIK3C3 &
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G EAEN, BB AT IS SRR E M, X E HfHE: BECNI-associated autophagy-related key
regulator (BARKOR)/ATG14 . ultraviolet irradiation resistance-associated gene (UVRAG)/VPS38 .
BAX-interacting factor 1 (BIF1)PAf& BECNI-regulated autophagy 1 (AMBRA1) RUBICON H )75 4k 43
. B cell lymphoma 2 (BCL2)M1 BECN1 [¥JAH B.AEH SZ BRI K 5 [46] . £EE IR I %4+ T, BCL2
4E4 BECNI #I] W, 245k =& %0, BCL2 #f c-Jun N-terminal protein kinase 1 (JINK1)7E =AM s i R
1k, Blit BCL2 M PIK3C3 E&MBER, HIWEBEE[47]. BECN1 HEEH death-associated protein kinase
(DAPK)##21k, 5l BCL2-BECN1 E &K IMA R [47]. G ULK1 & A ¥R AT DL E 23Rtk BECNI
HEME 14 A2 2R, T ATG14 2 A W] DU 3 ULKL & B X T BECN1 & F B ER AL .
5514 A7 S 2 FIRBEIR L1 BECN1 & (4 AT DM HE PIK3C3 MG £, 1m0 (2 32E 40 A (8 W 2 4R 48

BERRALVER ST ATGY: 5H T ATG HAAF, ATGY &4 T PAS R E A[49]. ATGY 5
WIPL-1/ATG18 FHEAEH, M R 4 X AT 4 oy A s i IE 21 PAS [50]. 3%l 7 5 o7 3k A2 4K it
ULKI/ATG & & &F1 PIK3C3 FBHETE[S1]. HMEIEFEF ATGY ZE i 4 (s FnL A TE 1, (H2 Ik
BB — AU s ULKI/ATG] A EIEBERIL ATGY, XML F X TG HAE 5 ATGS/LC3 Al
WIPI-1/ATG18 | PAS, i — 53 H WA 1B e i [51] .

BERALAVEFH T ATGS/LC3: LC3 (microtubule associated protein-light chain 3)7E 1 L 2/ ¥ 41 i f1) 25484
%) GABARAP (gamma-aminobutyric acid receptor-associated protein)fl GABARAPL2/GATE-16, ©1i15
ULK1/ATG1 AH A % i iy A b 28 70 1) A (G 1 2R R [52] SR I A (PKA) RS IR AL LC3 (1
FRAAL £ Ser12) [53], #i LC3 WAL, FECEMRAHAH . & EEEE C (PKO)WAERIRIL LC3 (iR
A7 508 Thre F1 Thr9), (HX PR A Thr (SRR LXT PKC /-3 0 B I B E B R m, #Haidi,
PKC il F WA KT LC3 HIBEERIL[54]. B4, LC3. GABARAP 1 GABARAPLI1 1 RE#f
mitogen-activated protein kinase 15 (MAPK15)/ERKS WA, 73 EAINIIEMN, SECE T RE) B WRAATE KL
1 SQSTMI1 PEA#[55]. 4HMRE TR = BRE LRI, {23 MAPKI1S 7 AR e, ReWRHIE LC3 B
PKA BB AL o 35K (1) — TR 78 5875 ULK 1. ATG13 i1 FIP200 5 LC3 ifid LC3-interacting region (LIR)
domain M EAEH, HAETIASH LC3 B A& % ULKI1 E& 43 [k RIS E A[56].

BE R 4k /2 A 35 SQSTM1/p62 . ATG29 M ATG31: SQSTMI (sequestosome 1)/p62 7E
ubiquitin-associated (UBA) domain Ser403 {i si#{ casein kinase 2 (CK2)WEIRIL[57]. X/AMEMHIEIN T
SQSTMI1/p62 X Z RALIR MWLM J1. IERBIM A ER, EEEEYH ATG29 (= EMWE A K
ATG17-ATG31-ATG29 HJ—#m) BBk, XM Y ATGIl M4E KERERLZEEM, 3F B
ATG17-ATG31-ATG29 & &1AH% 5] PAS, LK ATGI fOHH %R % EE 58],

S 55Rk QR OBERAL . ZRRIK [ W (mitophagy)t) 2K B R B IR IR mER, T2E
ANEAFGEBEAI[59]. LR RR ) 244k 8 PINK1 (PTEN induced putative kinase 1)F 5 7£ 2% 044 41 5
b, FELRLARAMNE EFE 5 IR R2 1 PARKIN/PARK? (parkin RBR E3 ubiquitin protein ligase), —> E3 iZ &
B EEER60]. JME GTP Bf2kkifAft & 5 H GTPase Mitofusin 2 (MFN2)X} 3% PARKIN F|2kkifAk &
FEIEMEH . A5G, PINKI BEER1L MFN2, 53 H P PARKIN iZ F#46[61]. ZRifk F 1) PARKIN 2 %1k
LA KR ALHE voltage-dependent anion channel 1 (VDAC1)H! MEN1/2 [62] [63], X 6i&4M i 2 4
RN R SQSTM1/p62 iR 5, Bt 5 LC3/ATGS H& A ELAE FIHE 52 461 1 £ br 4 2 21 3 WAk

F# 7 PINK1 A1 PARKIN (25, ZAIIZebi At ae s idd 55 ATG9A 1 ULK1 #2464 phagophore
(IR, (E483E LC3 Z B, 8% WIPI-1. ATG14. ZFYVEL #l ATG16L1, A& 3ERE B AHIE(d . SR,
ULK 1 0 R AL X AN R A AR IE SE[64] o (RSB R A B D 51 2 ULK L S i) B AN A 21
BALBIZ kA, 4kiMifER2 1L FUN14 Domain Containing 1 (FUNDC1). ULKI #5731 £k 44 7 5 ULK1 A1
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FUNDCI1 2 [alfIAHEAER, FUNDCI FIBERRLEHE FUNDCI 454 LC3, i SRk RS EAREE N [ W44 DL
BEf[65].

WERRE I TFEB HIBERRAG: & T E AWM G LR h KIEEE/EH, MTORC] &4 5 TFEB
(transcription factor EB)M HAE, M2 5HEEANEH . EIEH %1 T, MTORCI 5 TFEB 7£ ¥ B4 5
FJtsEsr, JEH MTORCI w] LLBEERIL TFEB MiBHLIL S i8ii%. EYLESHE T, MTORCI #iMH],
MR TFEB %% 07 2% LLE 2 5 i B A2 o B ) 26 R, 545 LC3B. WIPL, ATG9B 1 SQSTM1 [66]
[67] [68].

3.2.2. EEABIFRATER

b T 8RB, 22757 RIRIRFE L REHE O-linked attachment of b-N-acetyl-glucosamine (O-GlcNAc)
B4 o 5 28 HL 1) O-FH N-J4 H2 (R B B A0 AN 7], 28 3 F 0 60 52 FRTE P4 J5 4 R 7 /R 54 I, T O-GleN Acylation
RGN . N MERiAES. HITZHE 1000 £ E AL O-GleNAc L BRI V50 5, e
B ARATEE69] [70]s B58R(71][72] [73] [74] dMuiZisim[75] BIRRAIEER[761 LA KA T[77] [78]
R R AR E AR

Uridine-diphosphate-N-acetylglucosamine (UDP-GIcNAc)#& O-GlcNAcylated 25 [ il 1) B ZEp it 22,
O-GleNAc ¥ B BF(OGT) Mt O-GleNAcylated 25, O-GlcNAcylation 5 H SRR 32 BT, H~
£l OGT fiifk, H 2Bk p-N-acetylglucosaminidase (OGA)MHELL . BESR 22 75 2 TR ik ik B 2 Wi S ALt 2 Wl PR
IR AL, T EN R UL 5E s — PR 5 P 58 U — FME IR R 58 A A T REI,  RTfT,  BRRoBR 22 A4 3%
BAE PRSI 2 (A AEE 22 A EAE R o Biltn, ks OGA [ 280 f7 iR L, TH 148 A SRk, AT
LT O-GleNAc /K2 [79]. BRI Z L O-GleNAc AHE s B4 IESE, LA OGT #1 OGA 5
ARG A FRBG Y B B G, X Le A B SCRFRE AL IR AL 2 [RIAFAE T IZ A AR .

1M O-GleNAc 7KV (1 B8 F i DL IR 508 14 0 A %, G JR s AR i  BILTE LU A A 7 /2 O-GleNAc
o U LS W AT ) A A e R AR E ), KHE OGT B OGA BRFf /N fRAE 51 IR B SUFE[80] [81].
O-GlIcNAc # 7K Tt i A 8 S 20 Bt SR BBl R ORI BRI 52 [82]. 5 —J7 T, TEFFMRRATF4 4, OGA
K EIRE, 2ffE4k O-GleNAcylation 7KFFt&, H#EMiFE TAU. b-amyloid 1 andpolyglutamine #7551
MAREETE82]; MIELZ R, OGT %kZIhfk, 2B O-GlcNAcylation /K7, HEMM %55 AH R REWE T 15
PE[82]. FHIZ, TieH> OGT i 2&H> OGA #i& 5l AWM R, SR1f1 M AEHE O-GleNAc 1§
IRTE VAT W R AEVE F BLEI[82]. 59— J7 T, 7E5 FRRIZFR, HLEEZ AR5 4T BCL2 Il BECN1
#% 4 O-GleNAcylation [83]. 4, MTORC1 & & 44 i) 5 E2 375 AKT 1 AMPK t# #(52 O-GlcNAcylation
[FIREFR[84] [85]. MR, XEess FONRMBUIRA N O-GleNAcylation X [ W [ 5 /E F R4t 175845 7110
XHFo

FERR AR AT V05 (1T 7L 3 WD 4 R AN s UG R B R b, OGA FEMEA JuAI AR mRNA F14E
FI7KF R R I = RIA[86] [87]. O-GleNAc #EIF K1 il 5 AR R 3G K i TH iy, X2 — AN TR &R AT
PRSI R 1) AR (K1 35 [88] [89]. Hirf, TAU s&TE KM 5T 8/ ¥z 1) O-GleNAcylated 25 H, FAE R
R AL S BT /R ORI B B VIR DG . FERT R SIS BRIR K, TAU 1 O-GlcNAcylation i, 4Hfflid %
15 OGT cDNA B shRNA, 435 FiAE i TAU PIBSFRIG[90] [91]. FEARAFIMRANSRES, Bl 7R 9K BRw
BUBLAL ] OGA #il7 Ab 22 /R TAU ) O-GleNAcylation 3§20, BERRILIHZ>[92] [93] [94]. EIH AT AL,
O-GlcNAcylation 7E A3 4 AR (1) 93 3848 BLAE FH 7 TS ATE R, SR, a- R il #% B H (a-synuclein) #
O-GlcNAc &4, 35 7 EEMRNFIRE[95]. LR 7 ERIEFRIE OGA, A LAHIH| O-GleNAcylation it
M55 SQSTM1/p62 ~ifl, LC3B-II i, BWRIYoH. 220K h5H-o- BRIk i i Ryt — Mk O
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BEAED) & BOS AR LR, H R 2 SRR T AR A G R 2k S W -6- T R I i % B2 I A 1T 52X Neuro2 A 4f
HC/N B RYE I #h 28 BEAT ) O-GleNAcylation Jik/b, #Eif 5] #2 LC3B-11 L iEF1 SQSTM1/p62 i, @it
PR E R IR T X Se g i R 2848 ) HUNTINGIN M7 1 F B S S0 gn e #1961

3.2.3. ZRUEHRTERE

W AR B ZE A9 Je 7 A SR ATGS/LC3 Al ATG12 Kz #FEx M. El FEERA ATGT S
ATGS8/LC3 F1 ATG12, #RJ54r 7@t E2 #8 A ATG3 M1 ATG10, 455 phosphatidylethanolamine (PE)
FTATGS 4. fE— N5l E3 BEIEMEMIIEFE, ATG16 5 ATG12-ATGS 454 37 Hi# ATGS8/LC3-PE 4%
Gz BmMAER, IS 454 8-kDa V2 3 I & I WM 2 FR Fk Ak, B8 B & 1% . MTORC1 #77+ DEPTOR.
ULK1. BCL-2. BECNI1 il BNIP1 fe#fiz &=t fE£8 & AEKEFH%MH T SCF (Skp-cullin-F-box protein)
72 %A« DEPTOR, il DEPTOR, B¢t MTORCI, /> HIE[97] [98]. ATG4B iz & AAFEHZIEIT RING
finger protein 5 (RNF5), 33 ATG4B Wiz = A0FEME, S REZm LC3 /= F0 EH B 4HI[99]. it
TRAF6 (TNF receptor-associated factor 6)iZ 24k ULK1 Fa 5 % 1) ULK1 2414, FEst E1E[100]. 38
it TRAF6 7z 4k BECNI, {£ik TLR4 {R#i EWE[101], 1 PARKIN ¥Z %4k BCL2 {7 5 BECN1 #f
HAEH S B EWERIHI[102]. #id NEDD4 (neural precursor cell-expressed developmentally downregulated
47z 4k BECNI1 1233k BECN1 F&AR, 400 B W[ 103] . 8 i 2R ki A 52 7 1) E3 £ RNF185 72 21k BNIP1
(BCL2/adenovirus E1B 19-kDa interacting protein 1)/Z#F SQSTM1/p62 1 LC3 HIFHZE[104].

UBR4 (Ubiquitin protein ligase E3 component N-recognin 4)7& N & )JZ IR A [, 75 50 55 2 1) 5 W 3505 41 i
hmkik, ERIERE TH EEMEM. L SR UBR4 (EHE40 1 Py 407 25 A1 K20 T8 1% 2 [ Wik, {E
UBR4 [FJEAG WL s, LAJCE (32 38 FE s PR AR X AN R rp (1 R ZE WL E RTIEAS IR [105]

BebE Ak B (ribophagy) & AEYUHCIRZS I, MR LTNT (— > 60S K% Wi A AR <1 E3 4208 1385 IR I,
B 5 51 AR RREAA R 1 RPL25 72 AL/ 3L FE[106].

£ Pi4Ak 5 Wi (mitophagy) 8 PARKIN /131972 FAL A TT[107] [108]. PARKIN j& /> E3 2 RiEH:
A DATE MRAL I Zekifk FiZ 216 MFN1 FI MEN2, SRJGB&f#, HEmieitZepiik FWE[73]. 7€ HeLa Al
SHSYSY 4iffi#, PARKIN tHiZ &1t VDACI, 7 HeLa 4Hfi-F PARKIN/PINKI1 415 £k i A [ i 75 22
VDACI1 737 [62]. 7RG AT 4402 mouse embryonic fibroblasts (MEFs)H, VDACI .3z R ALA 1 51
LR L AALIE T LR FIE[100], 4RTM, VDAC 1. 2 A1 3 #BEk =i, ZRkifk HLE(E MEFs A1 52 457
#[110].

AIUEIEFR A, 16N ERRL AR 2 M AR, L4 TOM20 M1 FIS1 7E A FI £ ki A 85 (9 #h 2> 4 PARKIN
Nz FACE ABGRA SINUH TR AR, X BRI AR SR i B W R A EZER[111]. PARKIN K
2 F AR A SR A 4i4k (ubiquitylome) i Sk & 48 i3t — D Y R B S S BB ARSENC . B FRAC AT T 1
H[112]. H AT ) 15 172 FATE T 2Rk B 0 45 e )2 W 8] R 2 H BT R R Jn . ik
RINZ PARKIN 72 EAb 2 £ i ik 2292 2 ALEF USP30 B S A/ T [113]. B& T PARKIN LL4k, 7]
REILAH H B Mz #AEE 2 5 4Rk 5 1) & &1 . MARCH-V (Membraneassociated RING-CH-V)
PEUE S 5 MFN2 AH BAE I R R4z 22 A&, 76 COST 41 iz %16 DRP1, Jf Hid %A MARCH-V
REIE 2 KAEDIRZERLA . MARCH-V tHEELL MFENT KM 1 77 22 3E 26 LA (R A A, 75 LGS B U SE RN
MFNI, T1fiAJ& MFN2 7£ HeLa A0 b5 S RARZEMR[114]. HATIEAIGHE MARCH-V 2 U125 74
LURZNEL TR

RHENSEEAMIH LIR /i85 Z A E A3 3 AR R b R EZ R X2 s s
4145 SQSTM1/p62. NBRI (neighbor of BRCA1 gene 1). 412 11t Z.Ft#lF 6 HDACG (histone deacetylase
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6). NDP52 (the nuclear dot protein 52 kDa)FI#L##£: % OPTN (optineurin) [115] [116] [117] [118].

SQSTM1/p62 5 TRIM50. TRAF6. MURF2 fil KEAP1 M HAEH, {EHEHEEE (02 EAAEAN ]G 80
FEAME[119] [120] [121] [122]. OPTN #1 NDP52 £ 5§ H W (xenophagy) A H 2 {FH[123]. BH3-only XKk
F5 A NIX [124] [125]+ BNIP3 (BCL2/adenovirus E1B 19-kDa interacting protein 3) [126]41 FUNDC1 (FUN14
domain containing 1) [127 38 W51 &2 19z =AM AR (I ZRRIAR, RSN A b 4% 5 2 T

b
Heo

3.2.4. ZEHLEIHET BB

H A2 I T 15 4 B =R B AR F T s . B RV AR OB A, SECR
KEO LA, 5B ERAEIC[128] [129]. 78R W PRl S AmEE A G RO 2R B W2 i i
Ko HEEMAREE A1 LB 2 20 CAERGEE BRI A EEER . BYUREL MTORC HIH)
HI5 1 E A4 R T v, SRR A OB LR RS B hMOF/KATS/MY ST R I AIEE 2 & 4 ) HAK 1 6ac
(histone H4 lysine 16)[#]2: Zft.. >4 chromatin immunoprecipitation-sequencing (ChIP-seq) & & 7 BT &7~ 4
FEAL 1) HAK 16 (H4K 16ac))dk/b B, Fi] global run-on-sequencing assay /57 145 27, i LC3 A1 ULK 1
FEPI IR 55 AN MG AH O HE R I8 7K R AR 20 [130]

YU M = 8 OB e W RN A0 B A7 . FEIXAMIE DL, T A S il a- T B
ZE R B a-tubulin acetyltransferase-1 (aTAT-1/MEC-17)/5, Hoid i B p-300 #0141, 1 AMPK #4035 [131].
KT 5 BE LAk i i3k B g 0 NI 4, (HUR I Ak T RESE IR 1 S TMUE AR B A AR BLAEH,
BHE LC3 EAFX .

E R A B AL TE E R T R E R EAE . 2R p-300 T LA Z L ATGS. ATG7. LC3
A ATG12 ZH, Al B WE[132]. fERIF T AKE 7R, 554 B (GSK-3)7E LBt B TIP60
86 N M2 BRI, SFEOLEGE. TIP60 it Kidid LB s ULKL, 75 AR5 S A =2
[133]. BtAh, LC3B-1I 7E HeLa 4 MG UL S 10 AW 235 5 2k . BRI 2. 9330 HDAC6
# HDAC6 #1171 tubacin #fl], L8 HDACE siRNA R, 233 LC3B-11 Z Wik 5%, £ SQSTM1/p62
B, 4878 LC3B-I1 AMAIRES S B R EIH FRAHOE[134].

Liu W B PA$RIE[135], i ZBERE Sirtl REWS Ml LC3 & LBk (ZE LB A7 50 K49 F1KS1), S35
LC3 5% DOR AHEAEM, 5 DOR —igiR I BIMIZE, iS5 ATGT7 RHE AW F456 I 5 it
CIENEEEA R BRI I, & L) LC3 5 AW IS5 A i T LC3 MM RIS 1) 045, IR,
LAk - & CBEAIE ST LC3 Refig A 2ot LLVE A BT sC N PRAZ B M 2R AT SR 0 A, TE MR HRoxt B
R B A P S 75200 B 4 b 7 X A SRR = A

SIRT1 ("ML 2= Bl 7] UL 2 2B J LR ATG &, 41 ATG5. ATG7 A1 LC3. SIRTI Hh4kfE5|
E H W75 5 2 SQSTM1/p62 7K T i Al Mg A4 T B 461 [ 136]

SIEE A RS B AT AT AT AW TETS . HDACT 3| 5 CBP A 510 Z Ak 305 Bom
2845 [f) HUNTINTIN(HTT) ¥ ZBEAL 3 2 | 5386 % LA 2 B R0 [137]. X EERT 7T SR 2L EE 2 A
IS5 T B W .

3.2.5. MBS ET B

SIS AR R 11 7E 22 PR U R R L (R-SHI A 788 3 S L (OB 138] [139] 0 78 S 2 ok R
FRIE L BREEABAE TR A2 0 - YRR AR B HLBI[140] [141]. B FE W1 F 4L 0k ATG4 1035 M i
ST PEAT S5(Cys8 1) B R R TR 1) HaO, M T 1291, 7E PARKIN 75 AN FE 57 (1) e 2R
HErp ] — AN R R A RAS T DO Ak, 1T S50 PARKIN 478 P AIE P 22 2 A2 2 Rk 5 W ol
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RETEZR, IXUEThAE M HR RS IS AR % UIAH C[62] [142].

PARKIN £ & FR(Cys59. Cys95 fil Cys182)tHEEHE H,S FTigthi, FEH/KA1EA sulthydration, f
FEPUR R R IE O BOR ME WAL E R, 354+ PESR 8 PARKIN S PR A A AR 4P ML R SE [ 14310 AL, 55—
A4 AR PIFAH IR [ DI-1 528001k B WEAH ¢, DI-1 FIPTAEAIE B8 DL S L EE A B2 WA 75 B — AN 2
PSR R FE(Cys106) [144]0 X EERFF 5T R e hk 2 R 7EE 24 1) F Wk Dh e e b S BE A, 19 2 (10 e BE
FEYREAS 1 EE 1) VAR ) AU e AT Th R

4. GERFRFRHTTE

Wi E AR R I VR AR L B M AR P A A A AR R L AT IB I I L R . TR ER
BERRECEERIERNER, ERXE IR Z . ARETRE. ma. RESENMBIRET, FakiE
SHOME, TP E B S TR . X5 T BT SO V2 I R R R, AR R ER R R 2 T
ARAR A 22 3 W B R MR RS, BRI AU R T R AT IR AT R . R R
F RIS Z IR BRSBTS SEX SR IE SE IR AE AR PR R IRIRZS R 2 IR IRi2 A
JriRptE EROHE Ri[145], B EE A RN I E -

e HE

AHFSE R B RFHEIE S T H (81702776); 11 7R B S5 2 R THRIT H (J17KA238); 1R G B2
PARHOR BRI HE (2016 WS0569) % Bl .
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