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Newly Identified Acylation Modifications and Tumor Development
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Abstract The epigenetic regulation of genes is often jointly determined by the dynamic regulation of
chemical groups on histone and non-histone proteins. PTM (post-translational modification), as the main fac-

tor of epigenetic regulation, adds small molecules at specific protein sites in the way of covalent linking. Fur-
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thermore, it can affect the function, structure, stability and activity of proteins, and finally affect the process of
life activities. Miswriting, misreading, or misdeletion of modifying language in chromatin is a common and
sometimes early and critical event in human cancer, contributing to tumor development by inducing epigenetic,
transcriptome, and phenotypic changes. Lysine, as an amphiphilic amino acid, has hydrophobic side chains and
acylation can neutralize the positive charge of lysine, so lysine is the most frequently modified amino acid. Ac-
ylation modification can not only change protein structure but also affect protein function. Moreover, it plays a
crucial role in DNA transcription, damage repair, oxidative stress, cell metabolism, cell cycle, senescence, angio-
genesis and other life activities. Next, this paper reviewed the newly identified acylation modifications recently

discovered, and reviewed the discovery, regulation and important role of newly identified acylation modifications

in tumor progression in the past decade.

Keywords

it 22 604X, Z AL (acetylation) T B TR FHL,
Fia 7 NI T8 5 121 (post-translational modi-
fication, PTM) VR ABFE 2 T3 4R B A 1 0
HEZR IR 5 B A 1 T S R (high-performance liquid
chromatographic-tandem mass spectrometric, HPLC-MS/
M), Bk 22 R Y B0 18 S A2 1 S A A5 2
Ko B, A RIE SR AT BN, AL AL
EIHE N=K (1) B K PR EAAS M - 0 R 7R Tt
k. (lysine propionylation, Kpr). #iZ R ] Bift(lysine bu-
tyrylation, Kbu)FIi & B2 B2 2 4L (lysine crotonylation,
Ker); (2) TAPEMEEA A #1218 B-F2 2k T TBEAL (lysine
B-hydroxybutyrylation, Kbhb)Fl 2-f2%E 57 T AL, (lysine
2-hydroxyisobutyrylation, Khib); (3) B&VEREIEAL 11 #i
ZIRN k4L (lysine malonylation, Kma). 512 B H% 3
FiEAt.(lysine succinylation, Ksucc) 12 iR 1% —fE AL (lysine
glutarylation, Kglu)®, LS Ir 9 4 J B0 Pt 22 PR 7L
1k, (lysine lactylation, Kla)F1 7 AL AL (lysine isonicotinyl-
ation, Kinic)(# 1). MIARIEITIZIIER FRZEAR , Bk
AABA S 3 A B VR PR JE B A A R 2 B
Ja g, Horop BB I R T HE A b, BHAE
SRR D fe BSR4 T2 A LR R R TR &
IEAL (lysine acetylation, Kac). X467 40 & (ARSI
EAAH SRR S SLAIACEALR, DL LA BRI RE, ¥ &
PIERFWE AR HRBE R AR
SSETAEAII R ARSI Ak S 1) R R AL
BRI T RO 5 R ok R I7 THAE — 454

1 BRKMEEE L I1205: Ker
201 14E € H 22 hn=F K 2% ZHAOUR @i 28 1 H
PTmap$iA , B IRAE AR L /N 5 AE B4 o 2H 2

post-translational modification; acylation; histone

HOR I T — X T LAY T AR B S iR A
Ker, [R5 1 7 67N H B E BB, JF
UE W IZAB R W0 B8 35~ A FE R 9 715 5 1
bk, BT N AR B A 7285 /) BRUBE R A=
B AR rP s R G (A BV RE DR PR R S AR I 5 20174F
ZHANGURRAH W e, AR At kA E
PACAE , [R5 52 27 LIRS BRI 2 2Bt Bl
BA O G e A B 2% B SRS . Kersd—A
B b BA RS R L B R S B 1, BT AN R
TERE T 5 4l SO AT A B B RUE b, S #1218
AR A R S57A B BB A, [RIE IR
AR LU LS i A R 5T 1, a2k — 28
FKer 5HEZMO SRR RBE | HFFEEAR,

E G A B AN F T H A R 2 1, FAA
MURFH) C-C-n V- 4544, BA SR ATHIPERAE . PRIk
S AAER B S ZBLEEAR U, AL b
FET (1) MBI AL R P E NI 2R, (2) P&
HH— BB RS, (3) PIATIER] ) ez 8 (epsilon
amine groups)iE4%; A FITET (1) REEHCRL, (2) HLAT, (3)
BKPEN, BRI, 5 B LG, SR
SRUE RE VR EREAAEA R RN, EEE
WAB G TR [ AL i HU 43% 5 CBLE S, $oRiX
PIRME T/ E ] R R B A E R
1.1 HEHB S (histone crotonyltrans-
ferases, HCTs)

MR TR I A RS 8RR R AR 1A
B e PR R B AT AT BTl s, A A AR 02 S
WL IR IR AL, JCHOR SRR N, BRI
A A5 v O pHAEL M1 P9t 2 Sl Al AR 52, R T
IR R EBEIEAL, T AZ A A T AR O AN A T 3F g i
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Tablel List of novel acylation modifications
et T TEEHEA BbrdsE N b Bt A £ (4B EEPUN
Modification Year Writers Erasers Readers Structure References
Propionylation 2007 CBP/p300, SIRT1, SIRT2, BRPF1 o [6]
PCAF, GCNS, SIRT3 HN)K/
MOF, HBOL, \,:\f
MOZ o
Butyrylation 2007 CBP/p300, SIRT1, SIRT2, BRPF1 " /K/\ [6]
PCAF, GCNS5 SIRT3 \r:\f
o
Crotonylation 2011 CBP/p300, MOF, HDACI, Taf14, HNM [7]
PCAF HDAC2, AF9, “r
HDACS3, DPF2
HDACS,
SIRT1, SIRT2,
SIRT3 o
Succinylation 2012 GCNS, HAT1 SIRTS, SIRT7 GAS41 :'\NF)K/\A/O [8]
I
o ]
Malonylation 2012 - SIRTS - N 8]
S0
Glutarylation 2014 p300 SIRTS - ﬂf)wc\o [9]
[¢]
2-hydroxyisobutyrylation 2014 p300, Tip60 HDACI, - " )KK [10]
HDAC?2, \,:\f OH
HDACS3,
SIRT3 o oH
B-hydroxybutyrylation 2016 p300 - - HIN)J\/\ [11]
~
o]
Benzoylation 2018 - SIRT2 YEATS2, HN)‘\© [12]
DPF2 “
o
Lactylation 2019 p300 HDACI, - [13]
HDAC2, ”IN)\/
HDAC3 ST on
o
Isonicotinylation 2021 CBP/p300 HDAC3 - N = i [14]
XN

Sy B E DARIE R . — H AR ARYHRIE,

Year: the year when modification was first reported. —: it has not yet been reported.

SR A

BN IE, K2 Hhk % 5E B H B AR R 2
Wi S5 CBEIL ] — BB R 5, Kb HEHR”
HE A L 7 1 (histone acetyltransferases, HATSs)
FR 5 L H A48 K AR 73 D9 3 X - (1) Gen5
FH IR N- Bt 4% # 18 5 %k (Gen5-related N-acetyl-
transferase, GNAT); (2) MYST(Moz, Ybf2, Sas2 and
Tip60) % J ; (3) CREB/p3004% &4 4 (CBP/p300) %

TR o IR LIRS W CLAPEUE S RENS K AN 7] PO I 56 14 o

FURFE IR A B IR AL =

Horb p300E St K AR N AIA S5 A HCT
fIThRE, HAHEL T4k Kac, 18X Ker LA 8 S8 f
TRBE 720, FEAR PN, p30OFH AL R Al A& T (1) 12 FE B ik
T 2 S EE A EE A(crotonyl-CoA)Fl Z T4 A (acetyl-
CoA) AR EE 21, b Ak, AR MOFRefS fi b 41
FH3K18. H3K23. HA4KS8FIHAK 1207 55 K A Ker?,
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PCAF[AIFEMIRIE A HCTVEME | Ak NPM1454E
HEAREED B, ok WENGHTFL2H =)
RIL, HBO1R] LLFIJADE L K BRPF ik &5 1 2 Bk
=REEEY, AN SMEI 2 A B AR 12
i, 2Bk, TABEE . EEEME, b HAK 14ers
DNA S il Edb 7 s LR B UIAE G

1.2 (AEBEBESELES(histone decrotonylases,
HDCRs)

21 A2 OB (histone deacetylases, HDACs)
FEAIE 2N F R (1) Zn WA E A £ 2Bk
filg X i, A5 2 HDACS(HDAC1~3, HDACS), E 7 T
Yl A% ; IS HDACs(HDAC4~7, HDAC9~10)F1 TV
HDAC(HDACI11), & T4 M4ni)si. (2) NAD'
M) 25 AR X, BLFETIZRHDAC(Sirtuinl~7).

WEF R, ZRHDACK EH ) HDAC1~3F1 111
K HDACF e 1) SIRT 1~3 2 3] i 3 fh 2 12 o ok
AR BRI 1E ] 29, o HDAC3 ) 54l 47 38 1E 44 41 B
A HDCRiEME, fEARAR L5 H, HDAC3 1] LAAI Neorl
e L E &Y, BARH S A B G B KCE ™), T
B Jo BF 78 K B, HDAC1. HDAC2. HDACSTE{E 4
[FF£35 B4 HDCRIE %, 41 HDAC1. HDAC27]
PLBRH3K 18cr. MA4PSEAENT LSS iR, SIRT1~3
A LA H3K der, $L A STRT3 A1 L 5 3 [ 5 F1
JE fg v 200, 7R R BG40 e ) F 9T R R B, HDACT/
CoRESTI/LSDITF LAER = u B &), FIRHAEH
H3K18acFIH3K 18cr/K -, HDACI/21 15 K S s 42 1o
T A E G B R AAOK S8 B AR
TR TR 85% . At St K I, SIRT7H] LA
FFRARYLEE 1 PHFS AR K2547 s 2 S BeAk , k%,
LRYEA L 2 2
1.3 B St #i%£:5E B (crotonylation reader)

HEAMRESEDFTEAQRFEINRE: (1)
Bromo%h #4384 FH X%, (2) YEATS(Yaf9, ENL, AF9,
Taf14, and Sas5)45 F380 8 1 5005 5 (3) XU A [R] 5 45
PR 2 1 K (double PHD). 34K A F %43 1
T I A [R] R 25 AL 5 R 2 R Tk S B (A 4 G, 1X PR
S S RBIR B 2 R 45 6 T R

YEATSZ: #4351 42 1 > B 45 7 1 T i) B2
T A 4B U ) ) S 9 R A SR, H P Taf145 4 B
b ) B 2 DL — R OMURE 1) “n-m-n & AL ) AR
HAF M, BEUAH R (AH3K9er, 25 3 B S B E 1
BT s B e Sl e ok, B IR 1 mT

H A YEATS 5 5 & (1 (WIYEATS2. AF9)iH A, H
AF9H (1) 75 75 PR A 0 Ik 2 [ 72 A ““m- 05 B i 7K
i, TR R A GBIy R T A = e
8%, 5H3K9. K18, K27/ AR, Haf L E ik
P T ORISR A P, RBRAF L F FEAIC T
2 IR 2 S MR AL R BE, (H A e T R, X R
Xf BA AT S T B R0 AT REVE . tfireader 2 1 B
KerH A M7 Freader 19 X3 B2, YEATS2%
A R BEH3K 2 7er, X T Ker /- BTG 1 5 2
ANE] D R0 B 2 Ak, MY ST R B 03 S A% 41 i
I £ 48 & A(MOZ, tFx AKAT6A)FIDPF2( X
NYBAF45D) ) DPF 45 A4 38t 2 I HA AN [R] 1) 5] 152 #45 9
Y. A FH ChIP-gPCRAN 4 35 52 5t 73 Hr & B, MOZAE
2 i LA 8T DPF 45 #4380 1) 77 2\ 5 H3K 14er ) fir
mE s, B fess & B E AR 8L, DPF4:
o 3555 11 RE 8 A4 B T N- iy (K erAH B AR, R )
H3K4er& 2 1P,

1.4 BESE4EESA(crotonyl-CoA)

A 20Tk 19k 55 A il A AT AR T DT R AR i
PR, RN R B A, S nZH A AR
wEBEEM . WE 1R, AN E B R A
FEH=4REME () ANERN R EER, JEEE
W T8 v bl T R AT, Ry B SR A I AR R A
B (2) £ BER. TR, WREEH R
% I8 i 2 (short-chain fatty acids, SCFA)#{ 2H 2L ik
J& , TR A G A G R B 50 A 2(acetyl-coA
synthetase 2, ACSS2)¥ 4k v 2L B4 g AP (3) I
S NG AN S A S R T IR P AR A R 22 R P
SRR A 2K SCFA R AL N B G R 4 il AB
bR T T A g A DRI R A0, A HAd R R 5
W) P Ak g AT S MBI K. AR RAR IS S &
T4 A B B AR U, W ATPATAR IR 2L R 15 (ATP-
citratelyase, ACLY). Ik & B # # B (carnitine
acetyltransferase, CAT)F1 2 B4l A& BB O FE S
AME RERE FEAK L BEA K, T HL AT DARS b 22 52 1% 4k,
FEAR KBS, et fRa] Y 7 & 11 (Chromodomain Y-
like, CDYL) H A il A/K SR RETE, Aee R L E
BLAf e AR AN B-F2 B T IRAHBE A, THAEAE
SAG KB CDYLA AT BL N I 9E 4 2 H RPAL
H AL, R e A DNAAH BAEA, s2m
DNATREE BT, Ak, 75 — Bhb s AN 1)
HEALTR, ZRORLAAR P 0 75 2 RS 2 1R (5 2 IR 1) o
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fif AR 2 7R 0 — WA AL IR (1 2 mh B AR
kA AR R0 fA . TE 8 2 I i i R AR Ak i 12 18
Je R IR AR R 7 AR 0 L G A A, R 2RI
T A i A KB B TR ME A AR P R A2 B 3- P2 2 T Ik 4t g
Ao [R5 P A A A £ 1 TRk P A, MR
R, BENA R B R A B SR, XS5
BEFIR TR B- A B RN S A B AT B IR 2
— 3PS, ECHS1/K & Bl thm] DLIE o 1 428 P4 Y51
L B EE A DI /KF, 4EFE O VLAN M 4 B B
PAB KT, HE T 24 4 O IR AR S B9Y,
1.5 BEmtSHE

E2 S R i 5 PR R A B A G, g A %
B B S o4 5% R br 4 B B A B S AL B
i, HoA32A BAG G Bk A 1 1 B 5 s R R
FLFEAR OGN iy i DRI EC A 2 P R 20 R H s (B
R, 5.9%MFE K BENS & 2E 300 T 1 B S B AL &1
X} 9 2H SR 55 4H LT S B A o A R, B

Transcriptional repression

wu [

Condensed

chromatin Q

Acyltransferases

Relaxed
chromatin

' “'

Transcriptional activation

Pk A0 A% 115 7E 200 B A% R0 A0 B R R 2 3Rk, 7R TR
S N B R T O, R R R T 4
L i S T N

JWiE b AR, JUHAR N gRe B AL i, H3K-
18crf & W 1, 18 T RN HDAC1~3 7] LA
I Ker/KF; B e Vs, 75T Ui R A B
REWAER P, FAR 718 B2 S Ak B ARk B0, LU
FLAHF I, G RR AT LAS]EEps3 8 K46y s AR
AL, T T B A N A B 1 pS3 KR, BT
B R AT R T P s R A R =, DR B S Tk
WAe 5 FEALE B e KA k. TESS BV 4 i
HCT1169H &K p300/5 , %7€ 2 E AT 69N H 1) 88
Amﬂ%ﬂwin4§E%MAmdj%ﬁiE@
L SAETE AN S A . BRI R 2 B O R
AR EEAEAY, 5SS, 4E
e 4n i b ol BE AL 1 (o-enolase 1, ENO1)H K42017
SR v S T T e A el =N i

Response gene

Histone lysine acylation

AN FI SR AT A T AN RS AT, IR EEA . CIRAHERA T AT =R RAIE A, G, TR, LSRRG A T H A BE IR 10T R (SCFAs) &
P 22 R A - BB L B I PR IR 2(ACSS2) J A 4% 5 e FLISEARI A ACKUS T 4 1 B P B B At ™ P FLIRR, T S R P i A P DR MR U R o I
W, SHEE AR AL [, ERE SR R B, KA IR A R N 220 2 1 L, T e 6 5O JCPE, SR b et AR I 6, (R T
S [R] e s A IR EAL ROV T, BRSSOV, 00 AT S (R e i . LT RARER AN IR R R 2 41

Acyl-CoA can be produced by different pathways, such as succinyl-CoA and acetyl-CoA can be produced in the tricarboxylic acid cycle; propionyl,
butyryl, and crotonyl-CoA can be produced by SCFAs (short-chain fatty acids) via ACSS2 (acyl-CoA synthase chain family member 2); lactoyl-CoA
is derived from the cytoplasmic glycolysis product lactate, while the endogenous source of isonicotinyl-CoA is unknown. Acyl-CoA provides an acyl
group, which binds to histones by acyltransferase to increase chromatin accessibility, thereby increasing the binding of reader proteins and promoting
the transcription of downstream corresponding genes. On the contrary, it reduces the accessibility of chromatin and inhibits the transcription of the cor-
responding downstream genes through deacetylase. R represents a different acyl group.

Bl AEARENEIHETIEXE

Fig.1 The diagram of histone acylation regulatory pattern
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B ILFEFIR 28, Hrh CBPYENENOL I B S 5 A4 i,
SIRT2/FHENO1 )2 B G BE AL BE™ o

it (lung cancer, LC)ZHfd A5494 HDAC S 4]
i) 77130 2 2R Jl ¥4 15 R (suberoylanilide hydroxamic
acid, SAHAYALFRJS , 2 4454~ EE 19 10 163N IR L
RO UUR A BRI, X e ) 2 s SR
A R A E S o T, i s 40 i H1299 8 40 %
IrHTEETE F1 024 E 192 696 G BRI

HPVAHSC KR o, p300ia ik 4 46 57 o 14 A
¥ 4% # AR 85 11 Al (heterogeneous nuclear ribonu-
cleoprotein A1, HnRNPA 1) & A= R & Wb &40, 34
nzE AN REE, A HeLa, Caski. SiHa
MR IGE . (R ANITEE . I HeLa4t i 5
F2 R, 3 734N EA M 14 31147 m AT BUk
A EE B E, RS KerfE i 1T DNAE E H B
HIBLEDIRED,

I 1) 98 (prostatic carcinoma, PCa)ZH 27 H i 2
SERAAE AP & T 55 42, HLBE & e B PR AR
JE M m, B K28 E T, 1-BET762. 1-BET726
FHCPI-203 45 #1011 751 7] 3@ ik #1) f1 Bromo4h #4) 35 2] 152
M, PIHIPC-3. LNCaP. C42BZ5HI 41 i 41 g
W TR AR 2R,

JiF4H ffuJ& (hepatocellular carcinoma, HCC)H, #
R B AL K F 5 R ik L 45 #5 F2 (tumor node
metastasis, TNM)HAI 43 HAH G . miff HDACsERAR N
HDACs 1) 71 TSA R 42 = i 248 P 2 5 Ik A4 82 447K
S, A e 4 ) 3 sh A AT

1 3 10 HD A C 22 1% ARG B S E AL A2 1 7K
CA A ImPR_EIaI7 M i — MRS . B T SRt
AR 5R), A PUFR (voinostaty romidessin.
panabinostatHl belinostat) #¢ 4t H] T #hJa T2 g itk 2
AN Z R BER VR YT Y. HDAC ITafl HDAC
TIbHE AT ] T-V6 97 ME VA P Rz Bk TZH B itk B89 (cutane-
ous T-cell lymphoma, CTCL); SAHAX}AE/)NH it fitiJe
(non-small cell lung cancer, NSCLC). L} (breast
cancer) %R (69T ROR A BUESL M, gkAh, —
FH) 0 ST B 5 8 B AR e A A AR AR IR R
3B, 140 : XL-13ms2& ENL YEATSHZE £ L)
7, 4XL-13m5 W IEPEENLES &1, 7 FHRENLAE
et i EIEAE, PrIA R VR A R A A M (mixed
lineage leukemia, MLL)F U@ 2K KL, 550
M a7 IR,

2 HRKMEEEALIEIH: KprFlKbu

20074, @i & {414 . HPLC-MS/MS. HH
J B BERE 2. N L6 AIE S U7 3%, ZHAOWT 5T
2R 1V LA B P B4 R LB 1 TR R IS B A
KprAllKbu, £ H 7 B4k 32 Bk A= 75 20 B HHAKS.

[ B A 0 1) 25 2 pS 3L AR At m] DL A 3 o A
B, 15 5T 8 B 452, TANDFTCAP I K it

I R IAE BRI L T, A 2R 1 TR A 7K~
BPEAK, SRz B RS v BAEAN R K&
YA I RE b A A SRR ) Th g

2.1 ‘AE B A ¥ E8(histone propionyltrans-
ferases, HPTs)F14H & B T Bt 4% # B (histone bu-
tyryltransferases, HBTS)

LR R B CBP AT p300 1 2 % &k B mT LA 1L
W 8 A K E Kpr Ml Kbu, FIRHE S HaELE
KPR, Horb p3004£7E 2 1z RR A AL A 5
A IABEARR T B s, CBPAEAE 12 & TR TN
AL AL ORI TSR T A AL R, X3R4
wEA, FHAEB B LUK AERX M. 5
78 % 8 B AE A 8 1 pS3H ISR SR 34N T
AL AT m B2 N i £ 19 7% 7 1§ (N-terminal acet-
yltransferase, NAT) NatAfE {4 A 7835 58 i 0 4 8
N-ui BEAT AR AGAB R 53, 3 02 B — Nk 508 2 (1)
HA AL A B AL B I NK i LR FE B . GNAT
LR M B 57 5 R A GOCNS (PR A KAT2A) Al CBP/
p300#H KK PCAF, UL K% BE MY ST Bt 4 4 i
FWEE [ Esal (i L3040 (1) KATS) il 22 4% % 0
FEAR SN B A AL T B S T IR RE T, R Stk
CWEALRE T AR LSS . Rl GCNSHI PCAF 34 A
AL Kbu, {EHAELRCRIET Kpr™e MYSTHE)
R IR L5 2 (lysine acetyltransferases, KATS)
MOF. MOZAM HBO L{EAK N HME Iy 74 9t 5 4% il 1)
RS O A RS YE —FE 9%, HBOI LLJADE
AN BRPF S 52 4 AR # ) 7 U AL H3K 1447 11
RAE IR AT T R B
2.2 AEBELABLES(histone depropionylases,
HDPRs)#2H & B A T Bt /L E§(histone debutyry-
lases, HDBRs)

SIRTI/E N 28 — AN 4 % 7€ 3 1) 25 A e AL g, 72
4 B N B8 B AR pS3 TR e AL /K T2, i J5 T 7 B,
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W% REHI SIRT 1 [F] Y5 25 FISIR2 SIRT2HISIRT37E R4
A IR HECBPIP300) - LB H 98 K1 & A
P il v B

2.3 AR LFNT Bk (5)1% 28 5 B (propionylation
and butyrylation reader)

KprFl KbufE Pt s [ Eh A M. e s & Tim ik
B 5 B 7 X AE i, JF T It IR A Ry 3 P )
BAEH , W Bromo&h#) 3 & 45 8 1 1(bromodomain and
PHD finger containing 1, BRPF1)iH 51 ™, 1X7& HFi A
LAME—REBE IR LA AHE IR reader™ 8t
2.4 TAELEEE A(propionyl-CoA) S5 T Bt 4 il
A(butyryl-CoA)

XN EREAT AE B AL B, G b TS T A I A
T Bk g AR KT 5 M55 B ARH EE AR 50% 3
75%, LGB A 'S LMEAHEE AR, R AR
IR RE R ). ALE I PBRHAK3 1. K445h, REfls
RA IR T BEAG A2 1 (0 57 55 8 [R) AR 7T DA 2.
Wi 5 ML, PImEA AT BEAL A8 i 1t
e 77 R A, It OB A . I IE A AN
TV A )R R AR R R E A S P9 R A K
-, i HAT W 78 I T Il Bl ATE AR AN e R g
B i 7 JE D5 3BT
2.5 ABEL. TELSHE

J5E VA I R B, 1 I 4 I U93 N H3K 23prAf
EE LAt 1 1975 40 A (THL-605% THP- 1) 5 S 1 ik
L7 41 S (IMR-90) 6, (HAE BAZ A0 i 7 AL A
rh IR 2 BEAIR, 320 AR A AE A SE AR iR 0 ke i AR
g — NSRS AER,

I e R A TR, R A BEAH R
T SAHAT] LA T 28 L iR A IR 4 AL bR g Al
I8N FE R T A bRic, AL A bR AR
X PRI AT DA . SAHARZE 1M FH SR 7697+ 48 BE4H
Hyeg

T0%F) 22 T2 A4 11 57 240 1 Jed vh A7 AEIDH R A%, 4
) 2 [ 4 27 43 AT 3 BHIDH A 41 B 9 T I AL /K1 2
AR, 55 5k DR AR B e A AR S A — B0

TE 45 1798 (colon cancer)™, PR AT AIE in & 44
KacHl Kpr, 8 #1 il KATs 3k i #0128 & A N kA 1%
Wi, AT PAREAIR MHCAH 5% 82 A/B(MHC class 1 poly-
peptide-related sequence A and B, MICA/B)#&RiA/KF-.
XA IR 15 2 (1 4 52 1 N B AL T 350 MICA/BSR
K, BAT WO G D e HE T $R = pU R R R 9T AL

BTy,

A5 FH 2 PE Ik B2 40 O (1 IL975 (acute lymphoblastic
leukemia, ALL)4H g5 24 F1 B- Fi 4441 iy ALL(B-cell
precursor acute lymphoblastic leukaemia, B-ALL)4H
MR B, £ HAKS ERJAE LB b (T Bfb s =
BeAk ) 5 BRI ELBIE N, I8s TSRS I E
4(bromodomain-containing protein 4, BRD4)5 44,
JR A HAEFH, 3805 7 BRDAKIL B S fl 45 6 iih 4k
DR et e i s e ), BRI ER B A s &
WAL AE LB 0 EL B T e T TR IR T
LRI 55 B,

3 BERMEERELIZIH: Ksuce

WITSILAC, i i ATHPLCIL S 5 )7 v, ZHAO
BT S R IR EE AL & — FhadiAb b v FEAR ST 1, %
ARV AR AR A AT AN R SN R R BB 1, 3%
HAE G g A2 2 R R EA e AL R A Bh R 7o [RIB 7
HeLa. /RS BCAT4ESH A MEF . S S2 AR
REHA AR %2 B 7 134 7. 101 74N R
PR IR EAMR AL AL i
3.1 YAEBYRIAGLHE B (histone succinyltrans-
ferases, HSTs)

ol % 1 i S (alpha-ketoglutarate dehydro-
genase, o-KGDH)E &€ M T 40z, I o-
W 7% W& Ii5 (alpha-ketoglutarate, o-KG)¥ 4t A BEH]
kA A, 1615 2R R S 37 X 3800 GCNS 25 &, i
H3K 7947 fUR A BRHAMEAAZ M , 31X 7F 55 (R 3 s ke 4y
AL T K A . 4] o-KGDHE SV 1 TE
B PR GONS I R IA |, BE W 25 PR AR R HA L 4 i A
(R 7K T, ) i DRI 0, T 00 ) el 89 &4 i 4 7 A
e A K 13, 3 GONST] PL 3 8 25 2 I8 4 1
HepaRGAH i Fif# HFHBV DNA. HBsAgHIHBeAg
IKFFRAR, HBVIEGL I A &/ R 4
H3K79suce/K1 &2 T, X575 GONS S R
H H3K79succZ 5 T cccDN A G (4 ) 2 g 4%
EEGRAR

TR T SILACH]E EIR AL s A = 0 dhr
I, TE 293 THH M A PIBRAR AR 5t % 72 8 1 A(carnitine
palmitoyl-transferase 1A, CPT1A)#AL 101/ E 1)
171 R AL s R AR BRIAEAL , 29 50% 8 H =2
JRE . ENO1E A AT LA CPTIARAL AL R %
T H A AL J5 I ENO 1 M BT
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BREA A A 16 I8 B 8 TEBEAE A R OB R AR, HL
AR AR pHAE 1T 520 JE B SR FAMEAL S o HfE R B,
2R R PR HR I B o TR A T e 2 ER B PR pHURH 28 R
A 5 IO A AR PR P 1 P s e il AL [ R a2 ) A 2
FEAHL,

H R A LB 7 1 1 (histone acetyltransferase
1, HAT)TEM8 KA Rt B A A fdEdA
HE MM L G I DR . HAT 1R DU AL H3K-
122succ, 3 T 5 Mo Jers 200 Ff P 2 W0 38 4% R 428 (i i Ik
KR . HAT1H W] LAM#ELPGAMI K 99suce, F54
FLBEE R SG I, T2 = 40 M BE R R .
IR E, HAT1/E P Bl MRS 4 2k B R
Thir. DRk, HAT 1R BRI B3 7 B vd M A1 PGAM
) BRI Ak T A2 AR P AN bR ik e v Ok PR E
1 7,
3.2 AE B XA (L ES(histone desuccinylases,
HDSCs)

SIRTS it ey 08 2 1 ot 2 R 25 B2 31 1 £, 1%,
R ) o e R A R (AR R TR PR . LA ) AR AL
MR, SIRTS S 1% BE #01H] IDH2F1 GOPDII I 14: , I
/b NADPHI ™A= 5, BRI GSH/K -, ek 55 40 B s Br
ROSIRE ST, 35T 14 00248 P xS S A0 S B 1590
FE LPS R ) B 4r i b, IL-1pEEDR i) 5 )1 Ak 7]
DAL B — A~ PKM2-HIF1 A4, 1fi SIRTSHZ 1]/
B o) R AR SRR IR BN S0 45 1 9%, SIRTSIE
T EIPKM2 [ BEFABE AL AT S PERIThRE, — 2
JE ) B E B AR 4 e S0 SIRTS kAt p53
B K120 55 S BEFAMEAL , %A s B EA AL
AT EZMApS3 T Ui A (7K S A g R T

LIZER IAEDNAT A% S B2 (1) JE Bl B, SIRT7
DTS 5 Ji B PR A% A 5% 5 I8 1 (poly-ADP-ribosyl-
ation polymerase 1, PARP1)[ 77 =UfHfb H3K122 £ 3%
HIMEA , H3K 1221 35 HIME 1L B 5 4 58 H3 5 DNA
L4, (Rt gLt i R AIDNATR 5155 . SIRT7A!
PARP1#R 75 4 NADE Jo il , PARP1I 0 vl it
THFE NAD 1 01 SIRT72< BEFAMEAL Bl % 1, (HIX
— B EAA RIS .
3.3 PEIAMLIFIEEE & H(succinylation reader)

GAS41 £ 4% A KsucelJ—MRiEREN,
GAS411¥] YEATSZ5 #4380 H3K 122succ LA i 3 (1) 45
AR, WE R R WGAS41 5H3K122succfE4L A
A RE M EAER, JEEp2 R 3T XIFILE AT,

3.4 IEIAEL4HESA (succinyl-CoA)

BRI A B A (succinyl-CoA) A& = R R IG IR 1 1
A R TR P24, A2 PG B R R AR P o, DT B3
Pl AT o =R IRAG A = A (). SRR TR
MF LR W E IR TR SRS
B2 R W] o AR T IR A, TR R Al A SE R
o IR ARG A, P A R BRI I Al A AT

o- i 1% — R it S 2 5 ) (a-KGDHC) AT LA
N S IR BB G, DA o 2 — R PR ARG 7
XA FHIWEAL , o-KGDHC RN FEAC T #0404
Ji A o A R 2R R AR B R B R AL K T . 4l
)5 1 a-KGDHC HAF £ Bl i B (L35 =R IR IE ¥
) AR ) R AR BEFIBEAL , 5 B0X S EEE 1 R
o-KGDHC 3% B B 4 g AL AT 58 5 1 3 It AL A Ak
RN, A S 2% B I 4% % g 00) fh A0 A [ AR
B, 0/ SR AL 2R rp Ik A g AREAT AR ZH 7 40 1T
RIAS [F) 2H 23 o I SE i g AV A7 7E 25 57, T B I T
T AR O T R A 2 I I R A R A
3.5 RIABLIL S BhIE

Cuw/Znit A A W) B AL B (superoxide dismutase 1,
SOD1)/e —f B I HLA AL EE. S =ZSOD15 4%
S hEAE N 2 PP A 0% . SOD1BE I Bk Ak A AR
AR RN R 40 M A= K . {H 4 SIRTSAISOD1H:%
IERF, SOD1/ S HIROS I Ji 2 w7 34 577,

X NG5 B e HCT 11640 gk 4T — & Z iR £k
(dichloroacetate, DCA)ALEE, Fifi f5 45 A SILAC. HUiksE
& £ PR LC-MS/MSH T, KB 6711 353
BEALAT S 17907 1 Ksuce B2 i, 114407 15
KsuccH2 % T ", SIRTS 5715 R A5 i (citrate syn-
thase, CSFH FLAEH] , ¥4 CSIH K393 1 K39547 i 25731
Bitk. 1MCSTEK393MIK39SAE A mBEFARLAL &2 2 BRI
HEEEYE , IS i A R G T AT . X s
NG I RV AEIRTT iR 1 S i iE 4R )

FERHE AR, SIRTSHIERLIEIN 1 4 HE A H,O,
()77 A B R AE AL 1 DNAS A% B F] e, 31X w] DL i
R IR SR A i A% AL 1(acyl-coenzyme A oxidase 1,
ACOXI1)RZEf# , Kt SIRTSAE il ik S840 P 44 155
SRS AR IR ) e A T TR A
H BRI,

i@l M, AR AS P K2 HEAN
Ksuce/K VR E R = AVME B RH, &M
e B AL B E R THE O, H2AR &
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PIX(H2A. X)FZ A~ 1§ 18 & H (nucleophosmin, NPM1)
AT R A b i OGB4 I, 7 LR A0 M R/ BR
PR A AR STRT S 2 5 SUIDH2 AN H At A 5l Fr 3% 31
T Ak 7K ST 386 T, 388 5 A1 B2, S iR A, BROR
SIRTS W] A FL IR 78 £ )76 T i

' i BH 4N 9 (clear cell renal cell carcinoma,
ccRCOH, 10248 H 1 135407 s B BRI LA L
£ ccRCC AR 55 A G 2 57 . BRI IR it &I
2 &K% A(succinate dehydrogenase subunit A,
SDHA)Z 5 = R E I I E LB 1L, 7E ccRCCH
SDHAKS547 K& 4 2: B8R . SDHAM T K547TR
AR REAUN L BRI IR AL , ) L 5 BRI R i S8 5 (suc-
cinate dehydrogenase 5, SDHS5)%% &, F#1Ik SDHA
PE, 323 T ccRCCANMIL IS . 7E ccRCCHL
ZUPSIRTSFRA W E i, T HGTERIH] 7 ccRCCAH
(3G 5H, 1 ] SIRTS I i 4141 SDHA I 55 B LA A2 12
ccRCCHIMEE KL, XA & T A TXS ccRCCIMIE &
A B R BR A, B 1) BRI AL 2 ccRCCIRYT ()
B B,

H Ji (gastric cancer, GC)&— R AE7E H K 1
(PBYENIE, ) R AR i 7, W I 2 R 2 T AL
il S1004& —AN 45 & A B B 50, BAT
Z I ThRe, 75 4H T RS AR 28 R 3 SSRRE T .
HHS100A10/EGCH R KA, S100A 10/ K47succi
o H iz 2 AR B ) S A B AR B RS , T
CPT1AZ 5 S100A104H B FH Bt s BR 335 H1 Tk i 74
M. S100A10HIHEFAMEAL 32 CPTIAWE, 11 2 3%
Ak 5% SIRTS AT . S100A 104 B FAE Ak K 4D 58 AR
R KATEE SRR 7 A M )= 2 AT R B, Btk
24k, CPT1AT] % LDHA R K222 3E 4T 57 H M A A5 11,
| LDHARIBEfE , et GCRIR B M AHE , 8K
LDHATEGCH 1= 1 (1) v BEHL 1)

JiF it 5% I (pancreatic ductal adenocarcinoma,
PDAC)H", GON5 Y% YWHAZE: R (- B4t 14-3-375
H)JA 8 ¥ X IMH3K 79succ, i 5 YWHAZ mRNAZKF M
ek 14-3-38 (43K, [ 1k B-catenin P& fF , BEIAMLH;
TR MBI IGCONS Y 645 AZARAR A% 7 H3K 791
BEIAMEALA14-3-3F13RIA /K P, 53 B-cateninfat 2 T BF
%, MITTPEAE T eyclin D1+ ¢-Myc. GLUTIAILDHAZK
*Fo GCN5/F 1 14-3-3 % [ Al B-cateningZ 1A AT i #F
PDACHHPRIFIRERERS . SG5E. TR 2R,

B B IR 41 i 9 (esophageal squamous cell car-

cinoma, ESCC)#A& — M B A 5 4% 28 1t 19 8% 4 b 983
I € R A 22081, RILESCCHIM R A7 78 75
() E TR S AE A, B R T AR 2 R R
1o E BRI KK, WIESCCYH BT A2 4 i -
IFi) B 5% B Pk 10 0 20 B 1 FR R AL R EESCC At i &2
FEC 3 B [ IR AR BT

4 IRMEEREALIEIR: Khib

20144F, ZHAOUR M 4097 N FI/N B E |
RIN63NH I H2- 5 5 5 T BB A7 AL, 27
A X AT LA 1B 16 K B G Bk A2 i . CHIP-seqliE
B, HAK 8hib 55 1 14 £ 58 200 Jf0 30 450 3 2 A 0 7y 2
Je 240 ) e R R R DDA OG0 B S AE R
SAHA XL H J5 IR AS49ZH M 3k AT B 98 v, %52 B 21
KRR A2 484 H R 8 7654 M R
2-FR AR T AL AN, HETT R MK hibZ: 5 204
PEEE AR/ B A . PR S S 2 R AE ) I AR
4.1 HAEB2-FREFT bt L5 B8 (histone hy-
droxyisobutyryltransferases, HHITs)

2-FR R T AL T BRI T 2- e R T IR 2-
PR T EAHEE Ao HAFRERE ) Esalp DL A LAE N
P R R Tip60 R AT 2- 5 ik S T TR A AL s 14
p3007F AT LAY 22 b B £ 5 (Vw1 A A S il ) A 2
2-F2 R T WA B . SRR B p300Ek 2k 2 2 B AIK
T E04E ENOLAE A [ W I A Bl 1) KhibK T, I F
G T ENTRREALTEE , A58 20  Xof 461 26) E AE 8 175 5 1) 4
BB S U
42 HERE2-REFRT Bt LB (histone dehy-
droxyisobutyrlases, HDHIs)

DAL F-201 74 K BLHAK 8hib /K T~ 52 4H

J BRI S B 2, 32— 0 R I KBS 5
R AR ) B A O R IR 2-FR AR R T IR A B,
ST B SRR T IR R o [ I E A P S
b % 5 B 20 2R R IR 25 O B AL BFRpd3p A Hos3p
A LA B 5 Bz s BB TTHDAC2F1HDAC3
WA DME AR N R 2- 0 R T AR, fE
IR E R B i, 2 B SIRTIAME 2 2T AL
RIEDhRe, (ARG £2-32 0 5 T AR S 1% . SIRT3
n] DL 1 8% A1 B B2 SR BE RS (phosphofructokinase,
PFK){IKhib ] 7K *F, SIRT3#Hk 5% 4 il 7 PFK ) Khib,
T3 T RERE A, 55 rPKhib AR A . ' oAl A
> BT R AR E To R ek A S0
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43 2-BERTEMUSHE

IFN-02bBEH Z e it HDAC3 A5 (1 A\ e 41 i
HTHBYV cccDNAfl s (& 41 8 FIHAK 8 22 2-Fa ik e |
kA, AT 0| HB VI 25 1) # sk A i), 1X Y TFN-a
V4% HBV cccDNAfY (o 44 (1) s AL AL S it 1
IR L

[ i ik bR 41 i 2 (oral squamous cell carcinoma,
OSCC)/2 I i d i UL (RS v b R, B AR 2R 1 ik
oy R G R . DALR @ HPIEOSCCHN i N % 7€
t6172-F2 5 5 T B4k & B L #9938/ Khibfi 1,
XU H T E A TS0 E O 40 A S 1l B
wh, TN AT AT AR WLEN A ) SR AR AN AR E IR
A, M2 FR 15 OSCCH FINLEN 8t A M B 42

5 FLERLIE1H: Kla

20194FZHAOMR @ 41 B, FL 1R RE 1% (i 2k 41
T AR, EBRT R %, MR
HeLaZf i A1)~ BB iR U5 1) £ 40 fl (BMDMs ) 4H
F, %5 B84 FLRRAAB I i . 4R T R L
P A (K L) EH 44 L &7 7L 2 50T 267 R R IR %) 240 e ) LR
IXZN, TEGRESRPE T AR N FLER B KIS . A
Fo N G I LPS/IFN-y B & 4 24 (K B 4 B 847 Ak 3,
RILEATW] 5] A R 31 4k B £ H3K 1 8ladf:
e RBETE S8 R R 1 Arg 1 3RTE 7K FI RGN, T AN i fig
RN IR Rk . AR ANE  Jeta iioNEY)
(R PR HIMFG Sf Z2 G0 SRR IE B T 20 4 1 FLIR A 1B 1 B 42
WO DR S

fik = BAH A SZ A4 AH G 8 1 (B-cell receptor-associated
protein, BCAP)tH 2 T 50 S M RAAA (1 S S AN LR ™ A2
wkD, M A LR KRR, 1B
5 20 55 R ik sk D, ] R B

¥ R F Glis 1] DU 32 2 4 i 5 4 75 0 2 R
Yiip, SN AR e . E AR I R B,
Glis 1 45 G FF I TEONE B fif 2 DR ) G € I, [) R % P A
1 i At R PR () G €, (R IERE AR . B S T )
R 7 e i v 2 R TR AR FLIR KT, 1958 B
TR IR58 80 RN 22 REME S R 7 A5 1) £ R Ak (H3K 2 7ac)
FIFLER A (H3K 1 8la), {2 2F 40 itk N 4w F00)

7 3E/N 40 i fil i o GePD A SDHA 25 1 7K~F- T+
wr, ALRRIER RS S A R FLEREREHT
A1) R 5 EDAT B D A 4 R LR AR RS, LR R AR
Wi (HK-1+ PKM)F =32 IRE A B (SDHA. IDH3G)

I mRNAZKF 73 5 4 LR T~ AT B . il id ChIP-
seq LU AE HK-1H1 IDH3 GHE R ) )5 5h 1 kb Wi 22 31 21
T AFLRMWAB T =, PAE SR N i il o, 7L
1E— BRI FIE e m 4 8 A FLIR K, R A
SN FRIE, BTG,

4 i ] DLIE I B RR R % 18 44 (monocarboxyl-
ate transporters, MCTs) 5 Sl 7N FLER, LA CBP/p300£{K i
PUEHEFHMGBI I FLE L . RAEFLIRAL S THMGBI
G ARG WA DN B WA FRURE T oK, AT S8 0 P e
. FEAA A D FLR P AR B IG5 i 3 PR
IYNMAFHMGB K-, 1] 250385 2 B EEE TS

B A FLIR AR AT DLl i Y TH-N6- H 3
HRFF RNASS & 85 1 2(YTH-N6-methyladenosine RNA-
binding protein 2, YTHDF2) 1A (i 1 e &k A=
YTHDF2 7] LRSI mO A& i 4115 3£ X PER I ip5 3 (1)
mRNAFF( W 2 PR, Ik R (5 2298 1 R AL

6 FHELLIZ1H: Kinic

2 BR 1 KinicA 55081 R B0 — Ff i B4 240 28 1 8
BEJE B, JE kX2 50 (isoniazid, THN)HET)
Hep G241 il 32k 7 HPLC-MS/MSH Il A2 #r , W 52
NIRRT HE A b —F R 2R s i ——
Kinico 3 — D8 FH il 2% 047 5 MR 2 P4 IE S i 45
WRAE 2 Fh R 4 f b A7 A2, B = FE R Bl AR <7
Mo A RN R FRICSLES, BF 70N 2 B S Ak A
fiff A(isonicotinyl-CoA)7E & 40 HH A7 4E , FiERHZH 2R
H Kinics 4 i 28 INHAI S 7 A8 B P9 i isonicotinyl-
CoABI R . a&aHEIL R, LB
CBP/p300 [ 1EH B Bl N S E AR AR
TR IE M, 2 Z AL EF HDAC3 TR Jy 2 S I Ak
Big, BN M N S M LA AE T PO

HE O T B T, 5 ZBHuE 2L, w5l
Y JRIT L, R R SE KR AFEA
LA 2 et S MR AL IR RNA-seq 4 SR, BIFFE A
2RI INHE 5 418 [ Kinic, 7 #25 PIBKRIFE A
Fik, HEIME0E PI3K/Akt/mTORYE S i@, {2 HCC
IR AZR &, R SR TT BT 5 3500 2 Fh & mE
g RS ATL i) 1 el B AR A TR R E AR AR

7 ERSERE
B T R AR R 5 R, B R R
JEAB AN W R B3 2 5, T e R S I TE 2
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TE B 1) A AR ORERTE T. BR T2 21
TR S AR, BT RS [F) 2R RS MR AT S ) 259
Bk, AGIRIETT SR TE 2 6T 7 SRIAE A BE

IF) 3807 20 P 326 A 1 U 1140 235 ) A1 A7 Sk 08 - Wi
PGSR, AT (82 5 E AR W, Yo T &
Wi, SR, PR S S R B = AR R AR &
3 FLA ML S5 ] R AR A AR R o SR T BT = )
2, CDHER R IAAEACLY N RIR G, B HEALE
1t Jof R 20 A% R 1 AR5 3T p300fiE 4k K er (1)
0, {5 A B p3 00X A A 1 A BT, SR
T TR AR T AR EL 2 T A A ACE &40 P (RO AR NS = B
XPEIRAS [FUE A 2 18] 128 EAE F A — N R A1 K
ZHRZEMLFE. WE OB AHRARER E T,
VB T A B KT, I8 T =R ERIE I
T WE R G 72, LA R IR S B AR 45 A 3L R I
TS E D, R E 2 A FBmHES, X
WAETRIRAN, 72 R 40 i 2 2% AR R, AN R 26
Pk B A0 A 16 ELAH 2 (8] ] BE A7 75 P ¢ &R, T 2 A
ST OGRS I B R A A B B

JUE N, SR S A A P S,
WIAZ T BATVF 2 )3 KR, B BB BF JEAB 1 1) 2 I DA
S FALHIFI T BERIE 7L, B R R M I A% - IR R I 4k
THT IR, S E A R AT T O —
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