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AL ) s RS, XA AR P T R SRS 5
LR OCHE T, FEAL S 2 5 802 P W e (1 R
A BEAMMBERF LN (protein arginine
methyltransferase 1, PRMT1)i# 4L g R 2 E A2
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A Zid B & A FU R (kinase) f#E 4L, K ATPELGTP
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PR 1% - B 1% B P (LC-MS/MS) S5 AR, it 1%
RN, AR E B R A R B IRALE AL S B E B
5075 %M. AR, TR T RS S R Ak, B
i B A SRR RS BB R AL AL S H A R — T
%, IR AEAFWEER LA 55 (K T RERE 7E RO B R S AE A L
SRR RS, R — Bk, LiangZs! it
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STR!M. 33 e 5 700 ) 3 IF S5 - e T s i A 5 1
Thfe, JRTR N B AR IR 1 A 1 7 40 Pt A o et
TR ARG T B TR s, @i xR,
5o\ T RS o AR R 5T A TR AR A 7 X
0T R A A s, T i3 M3 ek A 9 1) s R S FH 1
L

1, FuncPhos-SEQFE IR FEHAMFIIEER,
gE A PPUE BT NI 1 4 /KPR B R AL A7 55 T
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b By R T B R AL AT i Y Th BE(CELFE AR VE I . TR
VE R ARH 7 ThRE)SRAF B U (0 TINS5 . AE R AL 36 )y
i, LiangZs"”'LANADK 9], ifiidFuncPhos-SEQX}
NADK & [ BRAAT s5 EATH 4y, IRl 528 % e
ERK 1/27] DA & B BR ILNADK 5548/500 22 & /g2, FF:
BUENADKIE . 3T FuncPhos-SEQHESE, {# Ff Func-
Phos-STRil i it — D 8 A W R AL 47 3 2% T AlphaFold
RS ANE) 205 Bk T L thas. @ B4 &
FIRAS [FI4E 1 (R IE(S ., R I FuncPhos-STRTE Tl
AT EEA R, 18 FHFuncPhos-STRX Bz
WAL BT IhEEST 4, SRR TN T8 48
DX 35 P9 BB A1 A FT LASRAS TR s i Sh e 40 B, HEe
b STRFIX W ER AL 5 X B 1 B Th e VAR F R A
TR A FE. AR R R LiangZ I T &40
FuncPhos-SEQ /& FuncPhos-STR [ & 2% 2] HE Z2 7F 2§
VIR, T AR A BT BB RR 1 A7 55 (0 T B T
TFNGE R AT AAL.

B 7 ET LTI J7E, Chen5! i IR K i
T EET v PRI R R R v, R R B T
b BT S A o, I DA O S 1S
WEIE RN T IREHE 7R T Cbx4Z 5HIF-10/)SUMO
BB R TRIELE]. B 7R B, XZAKM & it
WO ¥ e ok A B A i S0 B (hy droxyacyl-CoA  dehydro-
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genase, HADH)IE I H /=¥ 2.1 £ W5 i A f & & M\
1M £ 1% AL 1B 1 Cox4 K 106K 1] L SUMO L %
P, ] R YHIF- 1o e i ok, (LR K VEGF
LK 75 T 1 o S B B (pyruvate - dehydrogenase  ki-
nase, PDK) 151k .

4 FCIREBEBEEBW S TR

4.1 B H R IR LB

Wit{5 5 3 4 2 40 i i iz P 58 I B S S il ik
—, R REZ S 5L ). Wit 5
PR RS 2R N, U2 5 R 16 R AR R
RIEEVIRK. T RIHFT T WntlE 5 11 18R 1k
M, LissPIgs &R S AR R 1 R 1 T 2 R,
XFWntfs 5 Hill R B sh S BERR A AB IR AT T RS
AT, 452t — LT 0 3 B8 R 0 R B R A AB R 7 551 3
W B EELNK L R AL s R AL 5 2 T B Wt 5
SR, R A, LNK LB — 25 Watfs
SIEEAEDNATMAEE, HIKYCXorf6THES 5
DNA[FVR = A i1 K@k, (FPFARLE & R X}
PARPHI1] 551 UK.

Y% T PFARY = 8 R 2 5 L 112 28 0 ) LRHMR,
LiZsC 5 2 & E TF R T 5 A PARPHI] FI B4 70T
M RIS, 25 8 3030 4 B LA BB BE 32 0T B Rk R
FHANE KUY, WRER T ST 5PARPHIHIFE:FH 1
Rk, FEAE IR PRI T BAIE T PARPHIAHIF 57 &AL
T PN T RO 2 4. H, %R 9T T R IEAERE
1T GRS, Wb 4 BRI 2R H e Atk
CIEZS

LA FIR A — b R 1 B e, e £920%~
30% IR BIAFAENRA ST 2A%, (5 H BT M8 = A 201
NRASHI VA7 /7. 20194F, YinZ5 3 1 s 4 siR -
NAJE G & B, STK192Z&NRASH_ s K 7, il
I EER AL NRAS IS8T A1 2 i3 22 €5 25 41 i 1 T M %
k. T 1k, Deng ik A4k H STK 9% 5 11
FZT-12-037-01(1a), ZHMH|FIFEAARSNFN/N RAERL H 1
REA SPHIINRAS/ S B AR AK. X—RIA
XA 7R T STK197ENRAS 53745 B €5 298 v 1) 4 i 1
HUl, 368 REAE 7 STK191E YNRAS/ 5 B (0 208
TRITHE s B8 71, RFF R R A ARt T

4.2 HEIE H B ASUMOALMEH i 2 i85 R 3L

TERTIIFTTEH, Chen & BLCBXAA U T 5
TG WS A b B, R SR HIF- 1025 K391
L FIKAT74 FISUMOKAE M, 385 i S K 7 HIF-1aig
PR, BT HE AT R AR LR AR . A T O
CBXA4-HIF-1of5 5 fll % il ML &4, Chen’& 7y
& 7 3xFlag-HIF-10 5 CBX4 X5 6 2 B il 7% 14 %,
I IEE RS B TSk E .

TEXT EIRE A VAT R WT JG, EFE470F0
A2 AT RIS, AR T AR R SEAI RS TR 4y
FXZA-2. W AR SRR EE OIS AT T d
Ppull-down. NG HL BN FARAI B RIBEI,
WINZXZA-2[14E F B AR A 2 MR B 4t 1 A B L6 (hy dro-
xyacyl-CoA dehydrogenase, HADH).

HURIBF 7T R B, XZA-2i@1d 15 HADH S 1,
A A B 2B AR B AR EE, B InCBX4 5
K10647 2.1k 2. e A A& 1 = FE A HLSUMO - E331& 421
TEIE, BAANH] T HIE-1o. SUMOAK I3 5 F#E 5505
PE(E ).

4.3 $UIA R H R BRSO A AR

I A L A A W e B R ST A AR
ASYERFLR, JERDR A0 P9 32 BBk 2 Th RE IR 2R A
M iz 1% IR IR HEAT BRI, LO3X R ER AL AW
PRI B ) ot e 1A% 0 BR 1, HLKA9MIKS 1V k11 £
BEAL B IR LA T Il & Z LS LCS,  feit
H .

Activated

HIF-1a HIF—1Q®

~— HIF-1a [—Tumorigenesis
S A0S0
— Activated
A
oon ool —
HADH CBX4

PEETS

%

g . D
IF-1 HIF-1

©/N XZA1 HIFLg g

B (RZRRoRz DR R LA

Figure 1 (Color online) Mechanism of action diagram.
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LuoZ !l iof 5 il B ik 348 7 3 45 5 LC3B
K491 /N FAR4FDC-LC3in, &b 3818 7351
RE3EH /N T DC-LC3in-D5. iZiReHE T L4 45
B LB AL K A9IE I HE MILC3A/B, §M
LC3A/BII AR ML AE H (E12), AT 7E 20 B 7K~ i 3R
LC3A/BSH HEAEE AP EAEH, H&IHIP62
F B AR, SEBL P62 2R I AR S R %

SUMO (small ubiquitin-related modifier)f&fi & —
272 F Ak (ubiquitin-like, UBLs)&H, Nz EAH=ME
MY HESUMOML I B AL N 5IRE AL A, X
— i HFESUMOK A MEL (SAE1/SAE2). E2
(UBCO)FIE3BEHZ Bl AL, SUMOALAE M th & — 4~ a]
W FE, W LA SENPA S H - SUMOL IS 2

$FDC-LC3in-D5, LuoZ!i— 54 DC-LC3in
RYMLE o AN B3k 5 AR X AN 43
RIRBEMWBORR, BRI B TREET
A1 P B 5 1R Ik AN S A BB I 67 AT K495
M LC3A/BII/Nr T A EYILC3in-C42 (ICsofEH N7.6
nM). ZE4HI)ZEH L, LC3in-C42tEH H EkDC-
LC3in-D5 5 55 P62 5 [ 1 a4 1 2 68 70 Al 1 W 41
HE77.

Hil, DC-LC3inRINMLAWIRTEY O HHiEMH A%
Fl, HEARMATHALT RAVE, TR PRI
WM B, J2& H Ak s R I LC3RR ) /Ny T

44 ETEEZRMEWHE S TR

2 RABM A SCEE R B S 1810, HELZ RS
MijEsh, ZE2Z R AHEEH, R HME3Z KT

Covalent Modification ~ LC3B
on LC3B K49 . !,

I (“‘,

LC3B

Interacting Proteins

L

Autophagy Inhibition

Bl 2 (IO B AT FEIFTLC3B K49hr 5
Figure 2 (Color online) Schematic diagram of the covalent targeting
strategy for LC3B K49.
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M THEA b, WEEAes. AR, TR
R 2 FREF £ AT Cys W DUBHIZ 2 15 M H 4T
(ubiquitin activity-based probe, Ub-ABP) & iz 3% Fl 4
R4l (affinity-based probe, AfBP), IR 5 Fr%E. H %
FERR G M S A A RR,  BEAE S MR B I iz R ER A,
SRR A2t B e E

LinZ "R BK AR WL &9, %S CDKY-
cyclin TIEEWIMEMR. LL-K9-3ilid 272 Ribfil k&
HBGRFEAR, HLCDKOFIHIFHISNS032 5 A &t s T
TG54, fEdhEat b, b3 BILL-CDKY-12, #E
i B e B VE Hb i S CDKOM Cyclin TIREAEY. dEAp,
LinZ? A T 41 % CDKS-Cyclin - CH &I fE,
LL-K8-221E N5 A WU B AR, 0 2 H0 ] T e (K]
B SR AN A, RO R AR S IBI-1347 15
%, LL-K8-224 & fif 4k T Cyclin CHE 55 AN AT 24,
KA BT HF T %0 R AE R & A ) B AR Th R

AR, LinZE PR s 54 T2, 7ECDK 12/
CDK13#0#l|5SR-48355 At I, & iH & i Tkt
EW)-LL-K12-4FILL-K12-18, XPFLA V)& W50
CDK12-DDBI&E &t :, LADDBIA 17z K-
1A R GRS T 3% S Cyclin KRR, MR AN
BT 2R AR T SR-4835.  iX L8 R LAY 5L T %L
AL T EEANHICDK 2 e J7 T (1038 1), & RNFEET
LRI > T RSBV RE T iR

5 HEERE

TEAEYIR T, B AR NIZ 00T, KRBT E
HIRIE S B, & R AR 181, B35 AL
BERIL. SUMOfk. Z Bk Fiz £4bs, N L2
MBI, WRHEE T HIGEZREE. X
BRI f E 2 A 008 S, EaAdK. 7
T IS BT R A sl R SRR E . AR,
B 8 = S BUR AR IhAE R, BT RES] &
LR E KSR, H, WEARREARBEESG
hL L, ML RENLE], XT R BUH IS S
WP REREE, HERNR S 56T 4
SRR AR

b 2 R AR MR, IR TSR A N,
B A AL 0 R BUE RS B TR R
Fh. IXERIUNTE RS X R DL ThRE M & A
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Abstract: Proteins, as the core executors of biological activities, exhibit diverse functions primarily due to the dynamic
changes in post-translational modifications (PTMs), such as methylation, phosphorylation, and SUMOylation. These
PTMs are critical targets for molecular interactions, signaling, and network regulation, and are involved in nearly all
biological activities, including cell growth, survival, and immune response. Aberrant PTMs can lead to protein
dysfunction and subsequent diseases. The development of multi-omics technologies has led to the continuous
identification of disease-related PTMs and regulatory enzymes, expanding the understanding of PTMs in major diseases
and promoting the development of small-molecule drugs targeting PTMs. Investigating PTM mechanisms and
identifying relevant targets can accelerate the translation of basic research into drug development, providing a theoretical
basis for the diagnosis and treatment of major diseases. This review aims to: (1) summarize the functions and
mechanisms of PTMs and regulatory enzymes in tumor growth, metastasis, and immune evasion; (2) outline cutting-
edge technologies and new methods for predicting PTM site functions; (3) review strategies and progress in discovering
lead compounds targeting PTM mechanisms. Ultimately, it provides new intervention targets, innovative strategies,
research technologies, and references for the development of anti-tumor drugs targeting PTMs.
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