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Fig.1 Characterization of protein acetylation in autophagy
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Tablel Relationship between protein acetylation modification and autophagy

®1 EARZBUBHSEEAXER

IR EAR BLAS iEPNL ke SCHR
] H4 K16 hMOF/KAT8/MYST1 %A ki LTALIK T TR AT LA ATGIE R ) e Sk T (7]
H3 K56 SIRT6 HHEAHIME A ER SR M S ik 2 f &R, W7 [8-9]
ULK1/Beclinl {3k

H2A K5 HDACL, HDAC2  fEfZICH, 0051 LIk B L10]

H2B K15 HDACI, HDAC2 TEMZICH, 1ZAL S LR L10]

H4 K5 HDACI, HDAC2 TEMZICH, 1ZAL S LR L10]

H3 AcCoA FE SR E TFEB A 2)) 7 X 3 LI H3 i B LAk, (R kI ma AR A= R A [11]

H3 K9 SIRT6 H3K9) % 24 o] LA Noteh {5 512, {iifBeclinl/ATG12¥ 715 [26]

3 FoXOl 242, 245, 262 p300 (RIS R TR BIRZ N, JBEIATGH: R R IA [12]

T FoXOl SIRT2 {EHFFoXO1 5 ATGTH AR FL 45 & [13]
p53 SIRTI AR AT ABeclinl/AtgS/Atg TR FIIRIE, HS4iiAmEMsET:  [14-15]

TFEB 91,103,116, ClassI, II, IV
403 HDACs

SAHA R LA R 41 i P TFEB_E 2 AN o5 AL ER, (R TFEBXTEH  [16]
W 2 (R IE B

R HSD17B4 669 CREBBP/SIRT3 AT B BRAGTT LR34 T B S 41 F & A X HSD17B4&R A [19]
f1 %
PGK1 388 ARDI AL R S BEAL T {2 3 Beclin % B8R 46 LA St VPS34/ATG14L/VPS15E & [20]
YRR, 35S A
PGK1 323 p300/SIRT7 IR LA PR S A, IR R R A [21]
PKM2 305 p300/CBP associated 1A 51 25 L kAL AT AR IRIVE 1L, (1ES> T REAR A S (0 40 i 1 e [22]
factor (PCAF)
LDH-A 5 SIRT2 AL S 25 SR PT RS SREG TS P, R A T AR A T AT [23]




"382- EMUFESEYWIRHR

Prog. Biochem. Biophys. 2019; 46 (4)

(EAS TR AR, E4UM A v R, SRR
LB SEE R L . 2 IR AR B
AHEC 2 . o B R S B S B R AL 1Y AR
oL . mlan, wAEKNFRZNERT,
GSK3 i Bt 1 1 % % I 8% R b N Wi 1 2 Tk Ak g
Tip60 (KATS), B H0E 1 £ IEAk Bl B8z £ kb
ULK1 ) K162 F1K606 B i . ULK1 ) Z Bt AL 7]
PG T ULK 1 A3 2 2k | Wil A 27
[FIFE, 75N 5T 8 A5 & T, GSK3B-TIP60-
ULK 1 38 A0 ] 8006 75 S 40 it A s 4 A 28 bdh,
EASVIVA T AT v (R NS uN L AW SR vINCIE e
N, B AT 2 AR B R Ak A 4 1 K
AR A & VW A B R R R e 3 T RER (i
— RN T A0 B W A AL R A

2 EBRCEALAFFEHR BRI HFE

Label-free. SILAC. iTRAQ 455 & & 11 i 21
SEHR Y K R R R HE T 8 BB i A AL 2= i F
GE. 24 NIE, O 25 SCHRE 40 A wkad b
HURB R LA A AR, (B [ AR DG 2Bk
2 2E ST IR AR R A o3t

Morselli 55 ' SR FH 11 22 7 B R HG e P 24
PR HCT 116 20AE15 & AW, I Bl BT AR XS
YN A AT T LB AL 22 BRI . &5 SR,
LA BT AN A . B AL R v Y A
HARPFR 2507 T A W A R AR LA, (Hix
A5 LB B B BT AE AN MR . AR AT
YA A% RN A A LU BRSO, PR 254775
KA WAL U P AR L X — 25 R R
LA B P vl BETE — i R BT PRSP

FRATIRR L JH 7155 B LUE A R Ab # HeLa
YRS AN v, AN H IR, st SILAC
545 BTG RN A M 24 AT T LB A 24
M, 25 R IR U LA AN . AN R 2k
BRI A 34, PRI A B LAk e )
TR A ) s A v — i E A AR 1 T R R
53 AHRAWE B 50T R S A s AR TR
M. SRR . BEA S AcCoA fRIHH Y
SRY AR

20184F, Weinert 25 4 DL R ISP IR NG G 2T 4k 40
I MEFs A XF 42, 1833 X CBP/p300 J K i bk . i
e R P PN R ST ] AR 41 =) 5. A SN
i CBP/p300 AL B IR . i — 2043 A e 3 ik 4
JEYITEANNENZ . AR . kiR LI EE, (A

MW BRI E R, MAER ., #RNT. 5
QRS CRE AR . SR T HRIER
KA Noteh . Wt 25 . AR N B P07 A5 2 L
PR BB, H OBEAK A ] Y
IFRMRASE . th T p300 /&2 5 4 F WO 21t
e, JRYIH QBB A R R 5 T Lt
P BB, IR AR AR S E R L
A 1 14D 5 2R A8 1 AR PO Bl

3 ZEBi4BIIEZBAESAEEEY
X&R

AR BBt SR 2 £ BEAL G
R LR . b, Bk CREBBP/p300/
hMOF 5 F 1 ¢ R % UIAHC . p300 W1z,
WA FsRE . MR A REREAA R SRR T
MFE SR . B ATHESE hw F/ANr T4 &8, il
Kl . Co46 I, ST p300 78 H Wit 72 H i
PR 5% i SIRT %%, 40 SIRT1/SIRT2/SIRT3 %5
LA, fE A AR P E W R, H SIRTI
W ATG 8 AR SR i S B RR 1 SIRT3
M TEORLR T S 5 ) B A DG B 1 £ R AL &
T 24T eAh, LiudE 20 R, SIRT6 HLh] /T /2
AN AE AU B H3KO L A ftfk, v B gk

EARFEENE, OB ARG E 20 i
WE UEARE SERME e, BEARASS
RHEZEM . 208N BB . AT
R, INGSE A, HBO1 B A1k, ING4 B &
&, p300-CBP-p270 & A 1&7E AWkt B A 4ET 12
(1 O IRAAE AR 1 . X BB H 3R £ mh L& i
REEHMERATEE? XE—SRE LT 2
FEA IS S8 ) 2 2k . i — 20424 5 B ARG
LAV B/ 25 2 WAL LA R 1) B 5 RS 40 1Y) 5% 200
TR AT 20 WAk A& 1 5 200 MO ) QG 2R 1) DG
FITHE .

BeAh, A WS B Y & A VTR O . TR IR IR
b, HWEAHEE A ATGS . ATG4 ., Beclinl , LC3 %
FERTAG B R B O M R R L K
JE KGR E T EENVER, XSRS
AR A 5 950 14 O R AN Tr it — 2P B

i LR, WA BN A e
Wl oy R IR AR AL 2 £ Bk
Pt J LR () 2R ARAG W e Ry 48 T 200 M 1 I A
EARAEEIS IR, TR R I PR L 0 A S
Pric PP AR .



2019; 46 (4

¥, % EERZEHIEIREMRRBEPERERER

+383-

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

Kroemer G, Marino G, Levine B. Autophagy and the integrated
stress response. Mol Cell, 2010, 40(2): 280-293

Klionsky D J, Emr S D. Autophagy as a regulated pathway of
cellular degradation. Science, 2000, 290(5497): 1717-1721

Deretic V. Autophagy as an immune defense mechanism. Curr
Opin Immunol, 2006, 18(4): 375-382

Behrends C, Sowa ME, Gygi SP, et al. Network organization of the
human autophagy system. Nature. 2010, 466(7302):68-76

Deribe Y L, Pawson T, Dikic I. Post-translational modifications in
signal integration. Nat Struct Mol Biol, 2010, 17(6): 666-672
Choudhary C, Kumar C, Gnad F, ef al. Lysine acetylation targets
protein complexes and co-regulates major cellular functions.
Science, 2009,325(5942): 834-840

Fiillgrabe J, Lynch-Day M A, Heldring N, et al. The histone H4
lysine 16 acetyltransferase hMOF regulates the outcome of
autophagy. Nature, 2013,500(7463):468-471

Bernier M, Luo Y, Nwokelo K C, et al. Linker histone H1 and
H3KS56 acetylation are antagonistic regulators of nucleosome
dynamics. Nat Commun, 2015,6:10152

Huang N, Liu Z, Zhu J, et al. Sirtuin 6 plays an oncogenic role and
induces cell autophagy in esophageal cancer cells. Tumour Biol,
2017,39(6):1010428317708532

Park G, Tan J, Garcia G, ef al. Regulation of histone acetylation by
autophagy in Parkinson disease. J Biol Chem, 2016, 291(7):3531-
3540

Li X, Qian X, Lu Z. Local histone acetylation by ACSS2 promotes
gene transcription for lysosomal biogenesis and autophagy.
Autophagy,2017,13(10):1790-1791

Matsuzaki H, Daitoku H, Hatta M, ef al. Acetylation of Foxol
alters its DNA-binding ability and sensitivity to phosphorylation.
Proc Natl Acad Sci USA, 2005,102(32):11278-11283

ZhaoY, Yang J, Liao W, et al. Cytosolic FoxO1 is essential for the
induction of autophagy and tumour suppressor activity. Nat Cell
Biol, 2010, 12(7):665-675

Zhang X, Cheng Q, Yin H, et al. Regulation of autophagy and EMT
by the interplay between p53 and RAS during cancer progression.
IntJ Oncol, 2017,51(1):18-24

De U, SonJY, Sachan R, et al. A new synthetic histone deacetylase
inhibitor, MHY 2256, induces apoptosis and autophagy cell death
in endometrial cancer cells via p53 acetylation. Int ] Mol Sci, 2018,
19(9): pii E2743

Zhang J, Wang J, Zhou Z, et al. Importance of TFEB acetylation in
control of its transcriptional activity and lysosomal function in
response to histone deacetylase inhibitors. Autophagy, 2018,
14(6):1043-1059

Marino G, Pietrocola F, Eisenberg T, er al. Regulation of
autophagy by cytosolic acetyl-coenzyme A. Mol Cell, 2014, 53(5):

[18]

[19]

[20]

(21]

[22]

(23]

(24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

[33]

710-725

Zhao S, Xu W, Jiang W, et al. Regulation of cellular metabolism by
protein lysine acetylation. Science. 2010, 327(5968):1000-1004
Zhang Y, Xu Y'Y, Yao C B, et al. Acetylation targets HSD17B4 for
degradation via the CMA pathway in response to estrone.
Autophagy, 2017,13(3):538-553

Qian X, Li X, Cai Q, et al. Phosphoglycerate kinase 1
phosphorylates Beclinl to induce autophagy. Mol Cell, 2017, 65
(5):917-931

Hu H, Zhu W, Qin J, et al. Acetylation of PGK1 promotes liver
cancer cell proliferation and tumorigenesis. Hepatology, 2017,
65(2):515-528

Lv L, Li D, Zhao D, et al. Acetylation targets the M2 isoform of
pyruvate kinase for degradation through chaperone-mediated
autophagy and promotes tumor growth. Mol Cell, 2011, 42(6):
719-730

Zhao D, Zou S W, Liu Y, et al. Lysine-5 acetylation negatively
regulates lactate dehydrogenase A and is decreased in pancreatic
cancer. Cancer Cell, 2013, 23(4):464-476

Hebert A S, Dittenhafer-Reed K E, Yu W, et al. Calorie restriction
and SIRT3 trigger global reprogramming of the mitochondrial
protein acetylome. Mol Cell, 2013,49(1):186-199

Xie Y, Kang R, Sun X, et al. Posttranslational modification of
autophagy-related proteins in macroautophagy. Autophagy, 2015,
11(1): 28-45

Liu M, Liang K, Zhen J, et al. Sirt6 deficiency exacerbates
podocyte injury and proteinuria through targeting Notch signaling.
Nat Commun, 2017, 8(1):413

Lin SY, Li TY, Liu Q, et al. GSK3-TIP60-ULK1 signaling
pathway links growth factor deprivation to autophagy. Science,
2012,336(6080):477-481

Nie T, Yang S, Ma H, et al. Regulation of ER stress-induced
autophagy by GSK3p - TIP60-ULK1 pathway. Cell Death Dis,
2016,7(12): e2563

Chen Y, Zhao W, Yang J S, et al. Quantitative acetylome analysis
reveals the roles of SIRT1 in regulating diverse substrates and
cellular pathways. Mol Cell Proteomics, 2012, 11(10): 1048-1062
Rigbolt K T, Zarei M, Sprenger A, et al. Characterization of early
autophagy
Autophagy,2014,10(2):356-371

Harder L M, Bunkenborg J, Andersen J S. Inducing autophagy: a

signaling by quantitative phosphoproteomics.

comparative phosphoproteomic study of the cellular response to
ammonia and rapamycin. Autophagy, 2014, 10(2): 339-355
Morselli E, Marifio G, Bennetzen M V, et al. Spermidine and
resveratrol induce autophagy by distinct pathways converging on
the acetylproteome. J Cell Biol, 2011, 192(4): 615-629

Zhou Z. Characterization of the acetylome associated with
rapamycin-induced

University, 2016

autophagy[D].  Hangzhou:  Zhejiang



-384-

EMUFESEYWIRHR

Prog. Biochem. Biophys.

2019; 46 (4)

[34]

[35]

[36]

[37]

[38]

Weinert BT, Narita T, Satpathy S, et al. Time-resolved analysis
reveals rapid dynamics and broad scope of the CBP / p300
acetylome. Cell,2018,174(1):231-244

Lee 1T H, Finkel T. Regulation of autophagy by the p300
acetyltransferase. ] Biol Chem, 2009,284(10): 6322-6328

Madeo F, Eisenberg T, Pietrocola F, et al. Spermidine in health and
disease. Science, 2018,359(6374): pii eaan2788

Lee I H, Cao L, Mostoslavsky R, et al. A role for the NAD-
dependent deacetylase Sirtl in the regulation of autophagy. Proc
Natl Acad Sci USA. 2008, 105(9): 3374-3379

0, 1 BRI . A WS I B I et e A=A 5

[39]

[40]

YL E,2012,39(9):861-868

Yang L, Xiao L, Chen L X. Prog Biochem Biophys, 2012,39(9):
861-868

WIS IR 2, 2R R L . W N A E A AR A vh A
A 5 A Y, 2005,32(4):298-303

Lin F, Gu Z L, Qin Z H. Prog Biochem Biophys, 2005, 32(4):
298-303

RN BRI . 2 5 O MR VR4 B 5 E S A=)
fhr 54 Y Pt g 2012,39(3):224-233

Xie F, Liu W, Chen L X. Prog Biochem Biophys, 2012, 39(3):
224-233



2019; 46 (4) ¥, % EERZEHIEIREMRRBEPERERER -385-

Progress About The Role of Protein Acetylation on Autophagy”
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Abstract The relationship between protein post-translational modification and autophagy has become a hot
topic in recent years. A series of proteins are required to participate in the process of autophagy. Protein
acetylation has been demonstrated to emerge as the main regulator to autophagy. In this paper, we reviewed
related findings from two perspectives. On one hand, the role of protein acetylation on autophagy has been
discussed, mainly including histones, transcription factors and most of enzymes to regulate the level of AcCoA.
On the other hand, we presented the advancement with the acetylome profile in the process of autophagy.
Acetylase and deacetylase are the main enzymes to be responsible for protein acetylation. The relationship
between these enzymes and their substrates merited to be intensively investigated in the future studies. All of data

would be very valuable to explore the mechanism with autophagy.
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