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Fig. 1 The structure and classification of acyl groups
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FIHACA IR, CEAREERHTYE T 17~22
AR I HAT, UL A T 2 7% I 2 e A e FH 422 11
AT IR & % 5 A N- L k55 F4 1 (general control
nonderepressible  S-related  N-acetyltransferases,
GNAT) . i %% % E1A # 3¢ (% 300 kDa % [
(adenoviral E1A binding protein of 300 kDa,
P300) /ERBEMMRH ROV oTEAs & A s & E
(CREB binding protein, CBP) HIMYST %% (fir
2ok A WG AL 5T MOZ, Ybf2/Sas3. Sas2 il TIP60
BEE) (1), A GNAT F1P300/CREB &4 2

[2 3 0P PSS

RRAEPE . VR B AL B SR o

% Wk Ak W 4> b Zn™ 4K f P HDACs ((H
HDACI~11 AR T, TL, TV 2P ) K0 B e i n
" — %% FF ik (nicotinamide adenine dinucleotide,
NAD") K46 HDAC (H sirtuin JTERI 15 8 1K
W 1~7 FERL T2 ) . 12K (HDAC1~3, 8) &
BUEAL T MA%, mi2E (lla: HDAC4~7. IIb:
HDAC9~10) FITVZE (HDACI1) [l & 7641k
AR 22 (8] 2842 ($£2) . HAT/HDAC 75 5%
Wi 5 B 1 I Ak A& o 00 7, PR I 45 HATY
HDAC JE R0 58 8 A i s 2 B
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Table 1 Common histone acyltransferase families and members

®1 ERAZRABERBHBRERNS

Tk ik 3 o Tty 5K i E9/ 3540
GNATZ ji% GCNS5. HAT. PCAF/KAT2BAIATF2
P300/CBPX jik P300FICBP
MYSTZ i MOZ/KAT6A/MYST3. YBF2/SAS3. SAS2. MORF/KAT6B/MYST4. HBO1/

MYST2/KAT7FIMOF/MY ST1/KAT8

Table 2 Common histone deacetylase types and members
x2 ERNEAZRAEBUEEIIRNKRA
EE AL A

IZXHDAC HDACI. 2. 3f18

laZ¥HDAC HDAC4. 5. 7#19

IbZSHDAC HDAC6HIHDAC10

IZEHDAC SIRT1. 2. 3. 4. 5. 6. 7

IVZEHDAC HDACI11
1.3 FIiEgs

e as (reader) J&—ZRRBASHESFPEIUNE M
PRER BT, GBI RE S, SFHEREE
5 o 8 PR VR i PR 5 SR DG AR 1 B TR AR B A
BRSO, MTTERZE RNA BAEETEE, S 5%

ZIER ) 53 e Fe iR T o Reader HA AR 454y
FHIE, (HEMEAR S 2056 18 EATE
YL b AR SF a5, i X e g5 A Skl
ZR e . Harc 2 AYA YEATS 4555 |
DPF (double PHD finger) %5 #4 e Fil R 25 #4 Jaf
(bromodomain) 45, H: A5 25 #4502 e B i Y
Ak &1 reader ' RSB 1 XA Z A0
WAL, AN YEATS S54SR 515 4 1 AL 45 YAF9
ENL. AF9. TAF14, SASS# 4, YEATS /%X
BER B F RS o Reader /23R H BAR /N1
AR, TEFEmET RS ) A A BRI ).
MG, AR 30 Tl PRI PEAL T 4% Fi IR 45 44 4
TR, 2R AR T R ] R s 1L R
J7, AR . B B e s AR

14 ERRBKIEHAIIGE

SERARRL MRS, BT . RS
i/ 25 ok A Tl S A 1 s 2 g o AR AR L. 481 0 Kac
BN fL (lysine propionylation, Kpr), i
fR T Itfk (lysine butyrylation, Kbu) i & fig
Ak (lysine crotonylation, Ker) #F& 4 Hi /K M
MIBERE , BTSSR R Pl 20 25 11 F1 DNA 5%
REAIG, 5 15 S XU SR IR T4 &, (i
SRR RIE, I H BT & AR Y L R i
(P300/CBP) FlXWEALE (SIRT1~3). [FFEAEEA
iz Ve e AL R A R & R N W fk (lysine
malonylation, Kma) . #fi 2 2 I — Wt fk (lysine
glutarylation, Kglu) 148 22 2 3% #1 Wt {k  (lysine
succinylation, Ksucc), 5. BRI
SEASE, SIRTS RENILF M LML, ENTEL
AR R A T MURE AR . A R
P mE L nY & R B - R T BE b (lysine
B-hydroxybutyrylation, Kbhb) F1#i % ik 2- 75 3
Ttk (ysine 2-hydroxyisobutyrylation, Khib)
NEWTRRACHI I RN %, RINEMEY L. g
AT R . AR FLMEIL (lysine lactylation,
Kla) 1ENH &M EAEM, BRI s
A OCHEE, 25 TEr LAk 7 (3R3),

ZHT R T AR A BB G A T
A, HiEJUAEIRA & A b B i 7e bR 1R
W GRADIREE T T VR R BT , AR
P4 IR AL 181 1E B PTMOET BB 5T #05  ARSCHE
MR H AR R A BB LA, XHis shi Ty
A R A BRI T2
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Table 3 Acyl-donors, HATs, HDACSs and biological effects of different protein acylation
x®3 AEBAREBEIHHISHERE. BEEBE. SHUBREVFEUE
A P (it A T RE 4 T Bl LA A BRI R S IR
04
B2 R
Kac LI AHESA  a. P300/CBP a. HDACs a. S P IEA R IE e 5
b. GCN5/PCAF b. sirtuinsZ [ b. HREEREEE
¢. MYSTs (Moz, Ybf2, Sas2HITip60) c. IRINZEEAE CIERE 22U HE bRT A 28 3R AT 1 907
d. TAFII250, oTAT1, NCoA-1, CLOCK &)y (8]
d. JEhE
Kpr NEESHEEA  a. P300/CBP SIRTI1~3 a. S I
b. GCN5/PCAF b. AR e A
¢. MYSTs (Tip60, MOF, MOZFIHBO1)
Kbu THEAHAFA  P300/CBP SIRT1~3 a. IR ROR
b, BT AR T A OO
Ker  EEHEAEFA a. P300/CBP a.HDACI1~3,8 a. A I 5 Bk (1)
b. GCN5 b. SIRT1~3 b. Yot RE . AL L E O
¢. MYSTs (MOF) c. AL B A A R R
d. NE T AR AL
Kma T BEAHBGA R WaRkiE a. SIRT2 a BEEERA TR . TR IR TR A D1
b. SIRT5 b. A R IRIE
Ksuce  BEHIBE4HEEA a. P300/CBP a. SIRTS a BRI, AR TR A = R A )
b. GCN5 b. SIRT7 b. ARV RS« JERE RO E S
Kglu  REFEFHEFA KAT2A SIRT7 a. A IEIR . R T ER AN 2 B R A
b. JREAEIA
c. R R MRE
Kbhb B-ILTHE  P300 a. HDAC3 a. EMIE AL FE AR 7 5 ORI SR a4 P R AR A
HHEEA b. SIRT3 b. HBAT A
c. PUHRIRA T R AR 4%
Khib  2-HERT W PCAF HDACI1~3 a. A St 2 WL TR 2L AL At/ ek R PR B 5 116
A b. AUt 1 U7
c. HEPE A B 37 2 R DR st 1)
Kla FLELAHEFA  P300 HDAC1~3 a. HupgiRy b
b. IR g A RO
c. Wi 21

2 EHXEARBUIEHET

2.1 EEE A REALE K E R RN
2.1.1 B SR AR IR AB KT s e
HEH{CH /> R 5 R 3s, 12 shfgfedt
A H AL KE o ZESEATERIR 60 min, BN
70% e KR = AT s shie, ZilE B e
H T H3 950 36 5 i 2 R 5% 3 (K36) Kac /K- i
FHahn =, 16 JRBTBHIN L U 25O B i 52,
H s L4 AR 1 H3 9 K36 Kac /K- i 4 20,
Je HEAE LR AR A B IR AAG 1 X L PR 8 R TR 4 1
RN 5, FEAEBAAE KTl

SIS VERTCR bk 2, AR A B B R
ia B IR R IE ML Z — . Joseph & 1 FIH]
Yt BT e LIRSS, KRBFIKzshfE Rz, AL
W H A T A M FE i2 8 4 (glucose transporter 4,
GLUT4) FEPAR B/ MR EE FH H3 B K9/K14Kac
W G R T LA A 3 5 BT 2A (myocyte
enhancer factor 2A, MEF2A) 5 DNA %454, 1
GLUT4 1Y %% 5% . KEFIkiz a5 6 h, JLAH
MEF2A & A )3 3 F X B FE A F 1 (nuclear
respiratory factor-1, NRF-1) %541 &4k A9 H3Kac
BE LI, 2529t MER2A 5k ER . i
SA Ak W i A S 5E ONS 2 ARy IR I T Lo
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proliferator-activated ~ receptor v
coactivator-1, PGC-la) J&A" 31z BIA0N 1Y B 229
i, 12 AR RAE 20 min @M GiEsE 2 h, AL
P PGC-la BY3RIA B35 B3, [RIWS LE H £ )L
PGC-lo %[N 15402 -4 Y 41 2 H H3Kac W] 2 -
P, HASNE 4 H3K27Kac W&, E/REHL
B 5 T8 1% PGC-1a Fak Y TETT 20,

WAk, Bl i s A B S5
M RGN REfedt . A HiliE, Maizsh
AU G A K BRA I DI RE TR, [P
L 40 45 11 H4Kac 7K 738 fin A g 58 PR R a8 B A
7 1 5 Jz 2 AT Re i 1o 2H 2R 1 H4Kac 45 20E &
AR 27 Al ST A KRR, g5
i P8 i 22 42 K 7 (brain-derived neurotrophic
factor, BDNF) J5 ¥ X H3 [ Kac & &34, fi¢
#kE BDNF §45¢ 363k, 2 5ifF B2 ] e 7+ =¥
GYETEZA TR S 25~ , 1 H HAKac /K3,
XFFACA R RE 27 A B s 2
2.1.2 iR AR B B K 52

A 2H 2 1 A T 1 A6 i A 4 R P A i B 20
ZAEJGHRUERY, DFFERBIANM N BT Fh A o
HRAAAEmE LB . AR AR A E M 255 DR 1
LEMIR AL, DR B T -DNA 8 -8 A
T H A AR o R SHIY e 5% A 1~ 70 HIF-1a,
MyoD. NF-«B % ; {5 % 45 41 Akt, STAT3,
B-catenin, SMAD7%%; 4 FfEIBUTHSPOO %5 ) Al
MR p53 B, A K SR 132 AL A
T, ZHAMEANRZHEY R BTSSR
S, R AR A LA A AL e i B A T

(peroxisome

PR, (EACH R . AU RE, O,
HE G RLAR T 2 5 R IR B AL A EE , L A ok
ST A MG . IR A KA A 30 I S
il AT F7 45 ) Kaae SB35 18, (BB TR B 84k 2
P, S0 RS s BRI A E LS

BRI S A HEERNIEE L, A
WG UESE 2 ST DLF P Y Kac Bl 5899 i Kac
) R, I8 30 4 S AL AU AR AR S VR .
Overmyer %5 ) Fi AR 4 FNEE (4 424 10 ik
RIL, SHULREISSM KRB, FPRE IR K
GRS TSR T A DT R A S A 2 TR, A
o DS ER RN,  BDRE IR A K BRI
R AT ) CEE AP 2 R RS I
TGRS B A, TR EHERRAS I Kac /K-
BERTBERE ISR, B35 F0 % Kac #
JET R, PR iz gl ik 98 A [A) QA Y Kace 7K
o, AR RE R PR A A, AR SR
B BLAh, i s SRR AR AR S A R it A il
R E ALY AL 2 B9 Kac /K-, Jade by r 254 f
HR IR IEDReRERT 2, e tau & 0
Kac, 3% 3l ik P 28 b KUK BN . 1212
ifig o,

18 8 B e AR A R /AR AL R AR B K
A s B 3 PR A s B 1 B i D e v - (]
2). BHETA KB EL B B R T AE
Kac [+, [ oAt 1t A4 18 1 g 38025 BRAE FH Y
R, 3B BT BB 0 S 1 g R A I
S BHR  EEZEHLA

Fig.2 The effect and significance of exercise on histone and non—histone acylation
E2 EzsEAZRAMIFAZEOBUEIGFHZIMEEX
Ac: THAEILH] .
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2.2 IEFHXERLE AR R i

Pk S T AR B A A LA, o Rk
FRAB T A& AR A TR, TSR T A AR R R
PR AAE A AR AL G R &R . iz shad R Hp i 1Y
Yy A2 A R 5 2R 1 B IR AB M A DG R A8
Ny, S SRR B R
221 BN OB A5

Kac /& H & Bt 5 i A (acetyl-coenzyme A,
Ac-CoA) 1RUEZMBER. 20N Ac-CoA EEKIE T
YRR T i S AR R D 1 B 4R Ak o RS iA
AT Ac-CoA 5 L BE R IR & TG IR 5L, lid 2
iz 3% 2 41 M T B, FE ATP- /7 45 TR 2L it il
(ATP-citrate lyase, ACL) 4 & F 2 i &
Ac-CoA V7, FrIEMRERIA AT LIk A QHMEA% , TERZh
B ACL Ak i Ac-CoA, WAL 4 Kac #211E 2.k
5o e, BERERIE B ML, Ac-CoA Az i3
%, TERE 458 B 1128 B Ac-CoA FZRIE T
N ER AR, 1 v 5 B (142 B BT Ac-CoA | =22k
HREAC
2.2.2 s BRI AL

% H1 WE 4 B A (succinyl-coenzyme A,
Succ-CoA) Ay i 22 iR 3% B IO Ak 16 1 12 A1 3% 1 1k Ik
o MY Succ-CoA 28 43 U5 T L b AR P 1
BRI = RGP &5
T o I R A Suce-CoA,  BERBARIG Y 7= 4
TE = RIRVG A A4 BY Succ-CoA, 4 ffd it 4R 15 7K
- 2 Suce-CoA BYIRIE ', izshint, i
WE . B S A BRI e, =R IRAE HE
P, Y5555 Suce-CoA WIZKFEHETIn . BEIAMEAL
iR = I EI U= iy e WD E 3 = 2y W)
F, Succ-CoA £t 7] f R i i 2 25 11 5 19 % 11 7k
A& . iz Bl A P8 55 40 L ) Suce-CoA ¥ B
AT LAA) 252 0 20 M N SR AR AL S KT
223 s FLmLH G A BRI

FoR B LR e, HILRRERR A T
FLWE R H B A (lactoyl-coenzyme A, Lac-CoA) ,
HAEE R AL A S AR, R sumt R A
( U Ac-CoA Fl Succ-CoA) [# 1/20~1/350 '
Lac-CoA TR B T3LAR, FLRZE ANTH-ARETE
/NG, AN MR TR A ™ A ) TR R R A 4R <AL
YR B LR KW EELRR . YHUARLERIZLiE 5))
I, WLER 2 A B LR e 32 A5 v ] 38 40 mmol/L, 1L
AR FLBR AR FE AT 35 25 mmol/L ), A AP
LM B SEl RR BB ATLIR . PEi

ATLAHED, K E sh = A R FLIR, T RES s
SERNT AL RRIIEG, KAEE EEE A YAAE
Mo AR, o N GAE AR e 5 I 4
(75, AR ) T Brh 2 B ok bk 2 1) ¢
PE S = (el ol | EZ S 1 R R e S D EE N X
R TR B ShekeE b B E ey, AR FIRL
filtnfar %, HETHR WAGE

R AAE MR B SIS 1) Z PP B L T A 240k
TARPINE . BEWTFR Nz S R a4, 1230
SHEMEACER T . —RRIGHAER [T fea
Yim ARl . WEIEPERAR , AT BRI A
(AR BE , E I 52 i AR B WA AB MR K7, ST
Z YL HLAR B e (K3).
23 EHXEHEEBENET

T R4 A& 1 1 R 15 32 HAT/HDAC W 45 3t
[FfEH, HDACTERR BTk Ab A1 v i 4 B Az G
M HAT B9 2 68 & 5% ) AH 6 &8/ . GCNS Al
P300 &M EZ A HAT, HERE2R, GCN5
PGC-la W D) HE I 9 % VI AH OC, GCNS5S H %15 %
PGC-la i Kac, il il PGC-1a Y %% 5% 3F ¥£ 1+ |
P300 i £ 97 755 22 Fp A= WL 5 -, 41 MyoD ¢,
S5 5 BNLANML SR TET , P300 R /N BUE 8%
LAR I % B RERS, ] UL HAT 5 HUARIE 3 fE ) 0 %
FAEHHYI .

H filfiz sl HAT #4998 755 75 FH o R WL ARaE . (H
TE B B U S M B GONS 7 B P300 7 it i {4
SRR YRR LRARA R AT A R | s
e 15 SR E R E YA AT 22 5. IR SRS
$es, RN HAT A GEAFTETUAR T BLE], Xk
HAT DJBE R FEHs ok T FRINE
24 B EBAAERET

iz g X HDAC 1y I 15 32 22 45 v 78 X 11 26
HDAC, HPIULER{Z B35 N1 (silence information
regulator, SIRT) ZEMEMIHTT Lo 38 & 1 5% SIRT
(K235 e IhRE, sshReex 22 S0SHHEE . 20
W PR T B A i s o T 25kl AR — i i K
RS (R IR 8500
2.4.1 BBHRFSIRTIHYETY K X

SIRT FKJGEAE NG s 7405, 43901
fir 44 SIRT1~7, SIRT1 3= B A5 T~ 200 A2 01 41 a2
o, bR A R IR R AL, duRE
AR TR E N, iEMEmG R s
T ARSEA. M. BMEZIRSE, KBTI
e, iz SRR, T AW, 2ok
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Fig.3 The effect of exercise on the level of some acyl-CoA
E3 EshxiEa Bt EREEEAK TR IE
Ac-CoA: LIHHMEA; Lac-CoA: FLIEHHAEA; Succ-CoA: FEHIMEHINEA

&R DNA MBS XA FRRAS R 7

SIRT1 528 LR T % V). SIRT1 AyiEHE
5 NAD Ik & H A&, NAD/NADH FU{E#E K,
SIRT1 By G PEAS R, a3 fli 75 Ho 20 i i Fn 42U fkad
JFUIRAS B AR R Rk, T Sl AR N B SRR
J5 R i, NADY/NADH (B K, W&k
SIRT1 Mg . KRR, st Z M
(R B 96 1 FH 23 1k b 9 STRT 1 by 3 305 1% 42 ok 52
LAY

iz Zh 58 T SIRT1 %F PGC-1a Y 2 Kac 1E 1 ,
Z5 T BN RS s HL LR T g
P, ESERR IR B A AL, FRTH R &R BUR
P s A, iz 8l RIS SIRT 18 FH /K RIS
P, #5 PGC-1a/FNDC-5 il #3117 5 6 &) BDNF
ik, huR/NRUR 2R S ICACRE T Y B s S
SIRT1/PGC-10/PI3K/Akt i s, B30 WLEF 44k |
A I EE AL &AL, N T8 A A O R
PR

iz 8fji 1 SIRT1 X p53 S HF iifam g, nf
D7 w21 0 7 S PN v 2 £

HiY. KHIIE B2 sl 258006 SIRT1/pS3, Wi/bs
LAY T, R4 E B BifHiz g i SIRT1/
p53/caspase-3 i 1 1 il 5 2 /N ERLAH B 0 T 7
AN [ 5818 Shils SIRT1/p53 i i%i7% 5 [ 1,
TG/ NER I Y i8 3l At SIRT 1/pS3 8 4 i
B TAMRET-MELNREN, N5 T8 @5
RN o

iz gl il o SIRT1/X 3k % 5% [ O (forkhead
box O, FOXO) il & #4/FEH . B W {E shii i
SIRT1 Xf FOXO1 2 Kac M il Hoam i, nlRe4itms T
FARPUEAACTIRE, SRS B S il B e Btk
A Mg @ E K UL UL SIRT R ik
G VEXT FOXO1 L MEAL I T Wed i, w0
JLZ0 B A B S A AN R T, DT ER 40 L T
O A KB A7 (8] 8K 32 3h BE 1 A SIRT1 3% ik fff
FOXO03 % Kac, Jf-#lifil'"SIEA M T, 22K
fE4 Bz 3 5, 0 SIRT1 I fff FOXO03 £
Kac, i B FOXO3 16 P V8 ok 1M 2l 38 1 26 hr A
Titg

Ah, iz 3hiE i SIRT1 45 NF-xB, OGG1 #l1



2022; 49 (3

B, % EHERARBHEIFHRRER 461+

Akt %5 5 5 K 119 25 Kac %), 1R T £ 408 %,
FESAE . R R EZER .
2.4.2 IaEXFSIRTIA Y M X

SIRT3 /& SIRT K WEH 1 o5 — H EE L b1, i
TR R T, SR R B AR R 2 AR
SIRT3 XA rfr— ZR A AT B4 2 AT 5 K 2 i
TRAVERT, XA tA B s A A AU L R i i 98 5
I RZEN, TR LA hfe. s
L, WLONE. WL, FFRERE (g SE, XTEoh:
PRI RE AT B M ABURS,  SIRT3 FAMITEELE Bk
ZUGA BRI B A A 3 2 L

5 SIRT1 MR, SIRT3 i #: [A] F: %2 NAD 7K %
P, ighxt SIRT3 W HA w R e #EN . K
SEHAIESE, OISR SRR R IGIRISY , iashn]
PLiF S SIRT3 [l IA 157,

iz 314558 1 SIRT3/FOX03a B i, b iH%h
F AL W) 1 Ak (manganese superoxide dismutase,
MnSOD) it A b &l 2k, SRR PR
kB Js, Z50MMBEG 5, B S -
() SIRT3/MnSOD il i, 2% 1 = Btk &7 3 1Y
DTt . IR

LA Wi 45 7T LA SIRT3 F 3, 38 3 PGC-1a.
YA (025 C AR JE T, 4 b R T 28 s 4%
AALRL B BN TR Bk R D AR L
SIRT3 /K, 438 T PGC-1a /5 i L A 46 Hi A
Trag ™,

TSRS NS S, 12 shfimad i
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Abstract Protein acylation is a type of protein post-translational modification. Novel acylations except for
acetylation, have been expanded successively in recent years. Histone acylation can directly modulate the
packaging of chromatin either by altering the net charge of histone molecules or by altering inter-nucleosomal
interactions, thereby promoting the regulation of transcription in the nucleus and the gene expression; besides,
acylation can regulate the structure and function of non-histone protein, which changes in protein interactions
between its binding partners, widely participating in a variety of cellular and molecular biological regulation.
Exercise is one of the most critical factors that affect protein acylation, it not only enhances histone acylation

level and involves in the regulation of gene expression, but also maintains tissue and cell metabolic homeostasis
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by regulating the histone acetyl transferases/histone deacetylases. Exercise modulates protein acylation through
two pathways. On one hand, exercise regulates substance metabolism to change the level of metabolite in the
human body, which provides abundant acyl-donors for acylation, such as acetyl-coenzyme A, succinyl-coenzyme
A and lactoyl-coenzyme A. The acyl-coenzyme A comes from the intermediate products of glucose, fatty acids
and amino acids metabolism in the body. Exercise-induced enhanced metabolism, increased tricarboxylic acid
cycle rate, changes in energy content and enzyme activity all affect the concentration of acyl-CoA, thereby
affecting the overall acylation level in a more three-dimensional and multi-dimensional manner. On the other
hand, dramatic redox reactions and changes in kinase activity during exercise can also change the expression and
activity of deacetylases such as the sirtuins family, regulating the balance of acylation/deacylation. Redox
reactions in the intracellular surge during exercise cause an increase in the NAD/NADH ratio, and can clearly
activate sirtuins. In addition, altered levels of active factors and kinases can also promote gene and protein
expression of enzymes and regulate deacylation. Briefly, the regulation of exercise on protein acylation is a new
mechanism for exercise that improves metabolism, promotes health and prevents chronic diseases, relevant

research work is still in its infancy and deserves special focus.
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