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Abstract: Chemical proteomics is a technology widely used in the discovery of active ingredients in
traditional Chinese medicine (TCM) and the identification of their targets, enabling the systematic elucidation of
TCM's mechanisms of action. Its core lies in designing specific molecular probes to accurately identify target
proteins of active TCM components, providing a theoretical basis for revealing pharmacodynamic material
foundations and supporting new drug development. China is rich in herbal medicine resources, yet the specific
mechanisms and "scientific validity" of TCM have long faced skepticism and criticism. Due to its high specificity
and systematic approach, chemical proteomics has become a key tool in promoting the modernization of TCM
research. This review summarizes studies from the past five years on identifying targets of active TCM ingredients
using chemical proteomics, analyzing both label-based and label-free methods, and discusses the advantages and
limitations of different identification strategies. The aim is to provide methodological references for target
identification of active TCM components and contribute to the modernization of TCM research.
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Figure 1 Technology evolution timeline of chemical proteomics. CCCP: Compound-centric chemical proteomics; DARTS: Drug affinity

responsive target stability; SPROX: Stability of protein from rates of oxidation; DBPP: Degradation-based protein profiling; PELSA:

Peptide-centric local stability assay; TCM-MTF: Traditional Chinese medicine microsphere target fishing; TRAP: Target-responsive

accessibility profiling; ABPP: Activity-based protein profiling; CETSA: Cellular thermal shift assay
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Figure 2 Experimental workflow of label-based methods. A: Compound-centric chemical proteomics; B: Activity-based protein profiling;

C: Degradation-based protein profiling; D: Traditional Chinese medicine microsphere target fishing
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Figure 3 Experimental workflow for label-free methods. A: Drug affinity responsive target stability; B: Cellular thermal shift assay; C:

Stability of proteins from rates of oxidation; D: Target-responsive accessibility profiling; E: Peptide-centric local stability assay. SDS-PAGE:

Sodium dodecyl sulfate polyacrylamide gel electrophoresis; GdmCl: Guanidine hydrochloride
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B0 T FE eI = R (Y B bR B R D R AS . HE
o4k H bR E A 25 MR R (R FE AT & BB ), &
H B e LLTE AL, 7T RE 2 BUBRPEME S R
22 HRERMH ST

CETSA /& Martinez Molina 2" 7E 2013 £ 42 H 1)
— Mok 2 S A SR EAR T LR A S SRR
FAAS TR 8 [ ) # AR 8 T AT RE A 20 10 1) SR M, 2 2245
VB &K 4 B 2R R 5 2 R, 46 FE AT AT ¥4
HES O, 43 B A FRIBY Bpive R I8 B 0, ezl &
F ot B #a A th 2, i  tr Y-EEAR E A 2 A&
54k H bn i B 2 B A Ak i 28 b s AL B R B, A
0] H B AR R

REETILRER-3-E TR (epigallocatechin-
3-gallate, EGCG) K T i, Ren % 1*Vill it CETSA #%
AR, M5 EGCG 53K 4 K [H 75214 (epidermal growth
factor receptor, EGFR) 148 ] 25 & 15 &, #EM EGCG 7f
R I8 B [ 1 4% EGFRAS 5 il %, 1755 Ak /)N 4 i it 4
i ) 34 L s RO 1, AT A iR A . Bai 55
12 miiE & CETSA HR % i AsE S 4L R AL 5
[ 1 (carbonyl reductase 1, CBR1) #l W TR A i T 3a
(glycogen synthase kinase 3 alpha, GSK3A). N & & & H
H )2 LR35 LR AP 1 (mitogen-activated protein
kinase 1, MAPK 1) A&t 7 25 i B e 45 6§ A, VIR B T
W RS bR E A S R R

A S FNE AR & CETSA (¥ 8 BT, a1
ST 29 BAR AR FEE AR, AR X B0 B ORI FE A,
e G A7 AE R AIR AR 8RS B A, R I Savitski 551
T 2014 432 i K CETSA 5 it 1% 92 156 H] 89 TPP 2R %,
FETH AT I A) N SRR R AR . R T Rttt — b
A S REAREA S A EAERE, 6%
CETSA £ 25 P 5 % € AU )& 3 55, i — B P K
H T i CETSA B, g 247 P il 43 8 i 48 e
PEft T 2 LIS FI Pk -

2.3 FRHEBREMSH

AL B A R2 2 1 2 BT (stability of proteins from
rates of oxidation, SPROX) iz - 7F 2010 4 Hf West 25
PeHh, FEHRNE B b OSSR T R e .
TSI 7 1 v FE RO B & R (methionine) IX —RERR 1
NGy TR IR, 1 S 8 I B 1 A A ) A I IR 1
TR IR AR 2 0] A A4 1R Bk R AT BT o B )
W25 456 00 B AR E 1 IR 2

& 45 SPROX WS LIkt R B AR R H S5
29I AH AR, ARORHBR 1) 7 SPROX TE 245 ) #E b 45
SE AU . Meng 550K TPP 5K I% 55 SPROX S0
LA, B At AL R B 138 F TPP SR 1E AT 8 &
AT, UAh T SPROX )25 k. Hatstat 21756 N-75 FE 2K
Tk ML A ) NAB2 Fl 28 BESH 8 K5 1) SHSYSY
40 M 2@ ) v 1K 2] B BUEAT TPP A1 SPROX 73 #7, %8 7€
tH Ras #H 9% 45 &5 & 1 1a (ras-associated binding protein
la, Rabla) Jy NAB2 8 (5 #E 51, [ B NAB2 J8 5
o= R k% B 1 B )R FHATL A 42 (58T R UE 4R o

SPROX £/ A i i B A MR A A I R Al sE A AR
SEME, TEFRAEM 25 5y, 1 A 2E MR R S5
B F B RE R RS, B REH TS EE5H
ERR P AEE A .. ESLhREES, 7L AR
B H B 2 B AL A, BT SPROX SESS o FR TR
TPP 15 SPROX 4 & [ e bE, AT A i “ B L1 F7 A
1 AR E Y 2 BT BERYY, 2 07 VR R B AR R S R Ak
B 5T 2 AR B A S R HE WAL 7 AR M ) 3 (R A
- R IT W4, W N 25 WD L bR % 5 HAH SR FE S ik 5
Z T AL A o
2.4 BE N 2 AT R S A

A o5 ) 4 ] K2 4 43 T (target-responsive accessi-
bility profiling, TRAP) J& — Fl & Tk 5 8 (A i 41 % (1)
TEATAE AR f R I T ¥, %4 R H Tian 56T 2020 4F
P, O R T RNy TS REAS S
Ja Gl RS A i R ik B T KR A . TRAP 4R
T4 R PR AR IE B R R R R R ik A, 4
HE A S A, R AE AR AE T R A
AL IR K B, DT HE BT 24 4 &5 A 1R B A e 4 A X
TZBR B S A5 T 2 I B2 SR R oD N AR W T A
{FH S AR50 m 45 G R I8 TR 14— W 34 B B, A
FH i A bt — I e 26 0 o0f B B U A R AT L AR
id; B B I LC-MS/MS X bric g i Ik BL gk 47 2 /=
Mr; B Ja, Wil th s 25 W) ab #4H 5 500 R 2 1) R B = B AR
b, THEH TRAP LU, R H BAT 53 ] St AR A
A R K, TR A A T R S

7650 S P 5 18, TRAP © FH T 2 Fh i U5 04 it
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YR AR 25 0 R BE R LA T b 49 G, Tian SEC0R)
F TRAP AR TE 45 B Jie 40 S A2 oyl ) H 913 AN
TERE AR A2 487 MR- H BAE R &R, s T
R T AU 20 7 R s Bl 1 T SR DR T D e R R 1 R
PESSAEM R ITZAE . BbAh, TRAPHAH T4 R
SR KB T R A T S AR A A SRR B SR
51 4 (acyl-CoA synthetase long-chain family member 4,
ACSLAPY, DL ER AR 2= S5 IR R AL B SR ET 1
(adenylyl cyclase-associated protein 1, CAP1)P [ A &
PER, L L HT R M BT S L St 1 2 7 FE Atk

TRAP SR FRE T & & R AV T AT A AL 2
TREF, 34 K S5 M A A T S R RAR G 547 8, (RN e 8
FE R A PR S 037 40 2R 358 rh AT 3 iR 5 BB AT,
TRAP i& B PRI /N 73 25 5 51 S 1 R AR A BLAR 1 2L
B2, $h e 1 FAERE RiHLHI T S b R IE e . 2,
TRAP H AN A — M 2 T AT A A 22 8 A B2 2
T, AEZYRE ORI AR~ 5T EL AR P 45 K 2 e
R RIATLAR AT 77 T8 e I H 2 AN AN )32 P 52
2.5 ETRIERKF O BB E 4N E

BT BT Ik b0 SR RS E PR E (peptide-
centric local stability assay, PELSA) j& — M 17 1
W AP BOR, ZHR B Li 55T 2024 4R £
T IR 25 /N o) 15 T B R B BRI R, &R
G e HAE FRE U LA G A R 2 BR 2P IR
N, E R REARTE R AR T 2RI L BRI T 0
(AN 240 W 2R M), B A 2590/ o 7 5 3R OE i &
AL 25 54, BE e 138 T i L9 i 2 3 Bl 3t AT BRI
il D7) S5 8, S e R 2% o A Y A B B RSO ER g DR B,
() A5 R FH BT 15 s R, 3 3 B 2 S B 4 45 008 B A 110 K B
FREZER, daEME B F i R iR E 1 K,
e 2 HEAR R B SR R A A X

PELSA £ i F5 A 3 10 J7 18 f2 L L T3 103
o BRFEMEY I TH, SHEARENE TREE 745
R U RALE AL AR S E S5 2 T
QIS RN TE A R R T ST, L
PELSA 3 AR % 7€ 2 i R bR B B 8L G T VAR Tk
12455 DA B FE T PELSA $AR X =y A% 7€ 1 1 R E i
#r, Zhao 5554 T B 25 3 A 11 A S5 2 5080 I o B iR K
% 1 5% 0% 4 (solute carrier family 1 member 4, SLC1A4)
(8 A K AR, XN — E M E A AR T
AR YR o 1X BB I { PELSA A 24 ) it 8 250 37 7F
il T —JE& 00 A4 ) 0 LA AL A6 A AP 0F T R AR VR

5 4% 40 )7 A0 H, PELSA SR i iR BE 25 (1 I (1
JRADEL I Ay 1/2) BEAT R ERIE D), LAORHE 2R 5T ) R 28
K5, B A S K A 8 VE B IR BOR &, AT Sk

LI 259 /N o T 45 6 XU RS HERR AT D, R R e
TEH A G BE Ak, R D) S 2 R T
TSI R AR, XA T AR R 55 5 AN A AR
PR R FZ R TALG Ik G EAAL BRI &
7 507 B A5 2., 3 T I A B A B S 0 Ay B R 3 5 AN
715 A LSBT RE W] R BN FE B/ BT 52 Ak, HLRE
5 Z M RA R bR D R s e s, BRI 25 A AT
k.

3 RESERE

R 23S VR o) A LI AT R TR, AR A A
SRSy AL AN B AT () e 0 o LS TR 2 I R K
w24 11 [ B AL ERE, T Ak 2 B 1 2H 2 00 R R N SR X
—ERAL TIRA TR, R EAASEAREE
Ir RPRICIE R AEARICIE R KK ARidiEE RS T
TR R % RGPS s A 88 T —— @ i Ak T
R B il — Bl BEARE I M 45 A 0 AR (A RO ERER, TTTIE
BRI RAR R IEERME AR . SCR R AR ILIEERE
PAAL & W o O A 22 A R I R I R AR
T A T A AR B RS A AT R 2 R R
Y HAR, TE X2 i HEE o, B0 I 1 B TS 4
AT R B2 v AR S i, RO Hp 4 B B A FH
Btz —, m e RN N — D R T R A
Bl SR, A A8 10 5 5 80rb 2538 PR oy (3 1 2o
B 2, 1X — Ja PR AT 45 AR AR i S B g B HH SRR (1)
8o ARFRICIER] S0 A (A H A A A AT 4
(RRPAL /PRy VA YV Pk c ks by N2 TR T A 470 T
AR RS e M A3 BT S A 7 T R AT 3 R
4D JOR RO R S R N R, DT A M DA A (1 R 24
TR PR T KB T .

(R 2 AT T I AR B . A E A R BT
PG PERCSr, B— o AT REAE T 2 N A R IT AL,
A A)PRTRE LA FH A R T 5 AR B R ) X DA A 3
B IGZ Ah, Hp 2 )RR 2 R A R S kR 2 B
TEECAH, R AE 25300 i P R o 5 R S 2 ITE A T
— NE B KRBT AT B — R (R
F R AL 2R B ) R AE L SE 8 RO 4 JR ok Bk . N T KT
X ek L, W50 % B DARTS #EAT P ) 0%, B i
CETSA 1t 40 fl 7K ~F 56 iE, #% Ji F ABPP #F47 45 i 1) 45
FHL RS, XK 2 2R BAMY 2 ML R AR A
S AR [R5 FH 1 5 s AN AN e KB Bl R T % 2K
ARTIBRF I 35, 3y 3 £ o8] B v 2 (1) 25 BEATLA 9T IR sk
I BEAil . B N T BRI AN T R, ATTE A 2580 i
SE ST B 9T H 26 3 22 IEAWIR NP AT 3%
KA MR & SHETREURE J1 68 M A &L B AR
o 2 55 SO 2 ARG 2 5 22 AH SRR R R R 2 A
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PE, I 4 & RS et i B RO BEAT IR B A2 A, R
A LA T 25 A R AL .l AT S Z A R
X SR, WU AT B ] b 24— e T
AL A EL A O R 45 [, A5 2 0 J2 T v A S e 5
BIBUACHRE 2 BRI, HESD R 25 R DACAL e Y .
N E 22, AR R A AL SR Oy 2 S e
KT IRZAL A AHELT A% G S B AL i A2 AT 30 E
7k, s A EARAE T BT R A xR
HEEATC R, CORHES) 7B iR R R R B

RVHAGEE 7 30H % K402 | A 422 7 VR 1R
AR AR PSR L N S 5 OB ZOR ALk s, W34
ARRIBILH B2 G H A2 QA A EOR, HES T 4
I TR B 48 T TU R R, B 1 G ELRAE, PR 2
1E4.

B & DTmk: 0 MR E R 10 5T SCRAS R AN SR RS AT
A AT EE TR B FE L Tk A% L 4K NI 2 U 8 SCEAT BT
BRI NEE. AR LA AT &6 .

P B AT A AR 3 0 R K R o

Table 1

TCM: Traditional Chinese medicine; LC-MS/MS: Liquid chromatography-tandem mass spectrometry

Summary of principles, applications, and limitations of chemoproteomics technologies. PROTAC: Proteolysis targeting chimera;

Principle & Application . L
Method . . Key requirement Advantage Limitation Reference
interaction context
CCCP Affinity-based pull- Primary screening Synthesis of Able to discover Static lysate [6,7]
down via immobilized for potential binding immobilized probes; unknown targets; conditions; chemical
probes (non-covalent) partners in cell LC-MS/MS platform  compatible with non- modification may
lysates covalent interactions alter activity
Biotin labeling Affinity capture using Target localization ~ Biotinylated probes; In vitro/in vivo use; Non-specific [9-12]
biotin-streptavidin and interaction efficient purification stable binding; low streptavidin binding
interaction (covalent/ network studies (in false-positives risk; no affinity
non-covalent) vitro/vivo) quantification
Photoaffinity =~ UV-induced covalent Capturing transient, Probe with photo- Fits non-covalent/ Low crosslinking [19-21]
labeling crosslinking of weak interactions in  crosslinker; UV transient interactions; efficiency;
proximal proteins situ irradiation no amino acid challenging probe
preference synthesis
Bioorthogonal Bioorthogonal Live-cell/in vivo Pre-incorporation of No byproducts; live-cell Necessitates prior [23-27]
chemistry reaction for selective  labeling and imaging clickable handles tracing/localization probe
conjugation functionalization
DBPP PROTAC-induced Functional Design and synthesis ~ No covalent binding; Limited to E3 ligase- [31,32]
target degradation validation and of PROTAC library; validates function; high accessible/degradable
(non-covalent) systematic multi- quantitative proteomics sensitivity targets
target screening
TCM-MTF Photo-crosslinking of Direct target fishing Functionalized No pre-separation; Target-to-component [33-35]
complex mixtures to  from TCM extracts magnetic microspheres suitable for complex mapping requires
functionalized beads systems like TCM orthogonal validation
formulas
DARTS Ligand-induced Rapid, label-free No compound Simple, fast, low-cost;  Low sensitivity for [36,38,39]
protease resistance initial screening modification fits mixed extracts weak targets; false
(non-covalent) positives (protein
stability)
CETSA Ligand-induced Target engagement  Detection via Applicable to live cells/ May miss stability- [40-44]
thermal stabilization  validation in cells, immunoblotting or LC- tissues/in vivo; low neutral interactions;
(non-covalent) tissues, or in vivo MS/MS false-positives less effective for
insoluble proteins
SPROX Ligand-altered Target identification No compound High sensitivity; detects Limited to [45-48]
methionine oxidation and affinity modification; LC-MS/  weak interactions methionine-
kinetics in denaturants estimation MS detection containing proteins;
(non-covalent) complex workflow
TRAP Ligand-induced Target and binding ~ Limited proteolysis and Label-free; live-cell Primarily reflects [49-52]
changes in lysine site identification in LC-MS/MS compatible; detects changes in lysine
solvent accessibility  live cells conformations accessibility
(non-covalent)
PELSA Ligand-induced High-resolution Hydrogen-deuterium Ultra-sensitive; precise  Technically [53-55]

changes in local
protease sensitivity
(non-covalent)

target and binding
epitope mapping

exchange or limited
proteolysis with high-

resolution LC-MS/MS

binding site mapping;

broad use

demanding; needs
advanced
bioinformatics




Az

56 - 25254 Acta Pharmaceutica Sinica 2026, 61(1): 47-57

References

(1]

[2]

[3]

(4]

[3]

(6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

Huang LQ, Guo LP, Zhang XB, et al. Species of Chinese materia
medica resources based on the fourth national survey of Chinese
materia medica resources [J]. China J Chin Mater Med (' [#
24524 5), 2024, 49: 3409-3413.

Cheng XH, Ma XH, Li XX. Analysis of hindering factors and
countermeasures for the development of traditional Chinese
medicine under the new situation [J]. Mod Med J Chin (' [ £
REZ4E), 2019, 21: 103-106.

Li RM, Cheng Y, Zhu Z, et al. Target identification and applica-
tion of active ingredients in traditional Chinese medicine [J].
Mod Tradit Chin Med Mater Med World Sci Technol (5%} %~
HAR-EAHAL), 2021, 23: 1-6.

Zhou YQ, Xiao YL. Target identification of bioactive natural
products [J]. Acta Chim Sin (1L2%%%4Rk), 2018, 76: 177-189.
Zhou LQ, Cui TR, Hao N, et al. Application of chemical pro-
teomics in identifying the molecular targets of natural products
[J]. Biotechnol Bull (E 445 A i@ k), 2023, 39: 12-26.

Harding MW, Galat A, Uehling DE, et al. A receptor for the immu-
nosuppressant FK506 is a cis-trans peptidyl-prolyl isomerase [J].
Nature, 1989, 341: 758-760.

Zhou XQ, Zhao SY, Liu TT, et al. Schisandrol A protects AGEs-
induced neuronal cells death by allosterically targeting ATP6VO0d1
subunit of V-ATPase [J]. Acta Pharm Sin B, 2022, 12: 3843-3860.
Liu Y, Patricelli MP, Cravatt BF. Activity-based protein profiling:
the serine hydrolases [J]. Proc Natl Acad Sci U S A, 1999, 96:
14694-14699.

Samavarchi-Tehrani P, Samson R, Gingras AC. Proximity depen-
dent biotinylation: key enzymes and adaptation to proteomics
approaches [J]. Mol Cell Proteomics, 2020, 19: 757-773.

Chen X, Li W, Xu CC, et al. Comparative profiling of analog
targets: a case study on resveratrol for mouse melanoma metas-
tasis suppression [J]. Theranostics, 2018, 8: 3504-3516.

Luo P, Zhang Q, Zhong TY, et al. Celastrol mitigates inflamma-
tion in sepsis by inhibiting the PKM2-dependent Warburg effect
[J]. Mil Med Res, 2022, 9: 22.

Zhang Q, Luo P, Xia F, et al. Capsaicin ameliorates inflamma-
tion in a TRPVI-independent mechanism by inhibiting PKM2-
LDHA-mediated Warburg effect in sepsis [J]. Cell Chem Biol,
2022, 29: 1248-1259.

Choi-Rhee E, Schulman H, Cronan JE. Promiscuous protein
biotinylation by Escherichia coli biotin protein ligase [J]. Protein
Sci, 2004, 13: 3043-3050.

Roux KJ, Kim DI, Raida M, et al. A promiscuous biotin ligase
fusion protein identifies proximal and interacting proteins in
mammalian cells [J]. J Cell Biol, 2012, 196: 801-810.

Kim DI, Jensen SC, Noble KA, et al. An improved smaller biotin
ligase for BioID proximity labeling [J]. Mol Biol Cell, 2016, 27:
1188-1196.

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Branon TC, Bosch JA, Sanchez AD, et al. Efficient proximity
labeling in living cells and organisms with TurboID [J]. Nat
Biotechnol, 2018, 36: 880-887.

Hung V, Zou P, Rhee HW, et al. Proteomic mapping of the human
mitochondrial intermembrane space in live cells via ratiometric
APEX tagging [J]. Mol Cell, 2014, 55: 332-341.

Li XR, Zhou JQ, Zhao W], et al. Defining proximity proteome
of histone modifications by antibody-mediated protein A-APEX2
labeling [J]. Genomics Proteomics Bioinformatics, 2022, 20: 87-
100.

Zhu TY, Wu XT, Chen C, et al. Photoaffinity probe reveals the
potential target of harringtonolide for cancer cell migration
inhibition [J]. ACS Med Chem Lett, 2022, 13: 449-456.

Gao P, Wang JY, Qiu C, et al. Photoaffinity probe-based antima-
larial target identification of artemisinin in the intraerythrocytic
developmental cycle of Plasmodium falciparum [J]. Imeta, 2024,
3:el76.

Yu W, Liao M, Chen Y, et al. Photoaffinity labelling-based
chemoproteomic strategy identifies PEBP1 as the target of ethyl
gallate against macrophage activation [J]. Chem Commun (Camb),
2023, 59: 1022-1025.

Wang J, Chen QH, Shan YY, et al. Activity-based proteomic
profiling: application of releasable linker in photoaffinity probes
[J]. Drug Discov Today, 2020, 25: 133-140.

Kolb HC, Finn MG, Sharpless KB. Click chemistry: diverse
chemical function from a few good reactions [J]. Angew Chem
Int Ed Engl, 2001, 40: 2004-2021.

Agard NIJ, Prescher JA, Bertozzi CR. A strain-promoted [3+2]
azide-alkyne cycloaddition for covalent modification of biomole-
cules in living systems [J]. ] Am Chem Soc, 2004, 126: 15046-
15047.

Qin W, Zhang YL, Tang H, et al. Chemoproteomic profiling of
itaconation by bioorthogonal probes in inflammatory macrophages
[J]. J Am Chem Soc, 2020, 142: 10894-10898.

Ma XY, Zhang Y, Wang ZY, et al. Ursolic acid, a natural nutra-
ceutical agent, targets Caspase3 and alleviates inflammation-
associated downstream signal transduction [J]. Mol Nutr Food
Res, 2017, 61: 1700332.

Taiariol L, Chaix C, Farre C, et al. Click and bioorthogonal
chemistry: the future of active targeting of nanoparticles for
nanomedicines? [J]. Chem Rev, 2022, 122: 340-384.

Jia JY, Yang T, Fu SS, et al. Synthesis of chemoproteomic
photoaffinity probes via sequential azidation/staudinger ligation
from alcohols and a benzylic C-H bond [J]. Org Lett, 2025, 27:
7773-7778.

Zuo Q, Song XY, Yan J, et al. Triazination/I[EDDA cascade
modular strategy installing pyridines/pyrimidines onto tyrosine
enables peptide screening and optimization [J]. J Am Chem Soc,
2025, 147: 9576-9589.

Liu ZQ, Guo FH, Zhu YF, et al. Bioorthogonal photocatalytic



A A I A P G P ) B S S v B S AT - 57

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

proximity labeling in primary living samples [J]. Nat Commun,
2024, 15:2712.

Ni ZH, Shi Y, Liu QL, et al. Degradation-based protein profiling:
a case study of celastrol [J]. Adv Sci (Weinh), 2024, 11: ¢2308186.
Chen SQ, Bi KJ, Liang HX, et al. PROTAC derivatization of
natural products for target identification and drug discovery:
design of evodiamine-based PROTACs as novel REXO4 degraders
[J]. J Adv Res, 2024, 63: 219-230.

Zhao MM, Yao L, Zhang XW, et al. Global identification of the
cellular targets for a multi-molecule system by a photochemically-
induced coupling reaction [J]. Chem Commun (Camb), 2021,
57:3449-3452.

Zhang H, Yao JY, Xiao GY, et al. Discovery of drug targets
based on traditional Chinese medicine microspheres (TCM-MPs)
fishing strategy combined with bio-layer interferometry (BLI)
technology [J]. Anal Chim Acta, 2024, 1305: 342542.

Wang W, Liu LJ, Yang Z, et al. Anti-psoriasis molecular targets and
active components discovery of optimized Yinxieling formula via
affinity-purified strategy [J]. Chin J Nat Med, 2024, 22: 127-136.
Lomenick B, Hao R, Jonai N, et al. Target identification using
drug affinity responsive target stability (DARTS) [J]. Proc Natl
Acad Sci U S A, 2009, 106: 21984-21989.

Zhou CJ, Gao HG, Guo YE, et al. Purification of gambogic acids
by silica gel dry column chromatography and synthesis of their
new amide entities [J]. J Jining Med Univ (¥F T° & % B 2 #R),
2021, 44: 234-237.

Qu JR, Qiu BJ, Zhang YX, et al. The tumor-enriched small
molecule gambogic amide suppresses glioma by targeting WDR1-
dependent cytoskeleton remodeling [J]. Signal Transduct Target
Ther, 2023, 8: 424.

Ferraro G, Belvedere R, Petrella A, et al. Drug affinity-responsive
target stability unveils filamins as biological targets for artemetin,
an anti-cancer flavonoid [J]. Front Mol Biosci, 2022, 9: 964295.
Martinez Molina D, Jafari R, Ignatushchenko M, et al. Monitoring
drug target engagement in cells and tissues using the cellular
thermal shift assay [J]. Science, 2013, 341: 84-87.

Ren SS, Liu Y, Shang YW, et al. Mechanism of epigallocatechin-
3-gallate regulating cell cycle and apoptosis of non-small cell lung
cancer (NSCLC) based on EGFR/PI3K/AKT/mTOR pathway
[J]. Acta Chin Med (1% %44R), 2024, 39: 1280-1288.

Bai L, Deng ZF, Xu MF, et al. CETSA-MS-based target profiling
of anti-aging natural compound quercetin [J]. Eur J] Med Chem,
2024, 267: 116203.

Savitski MM, Reinhard FBM, Franken H, et al. Tracking cancer
drugs in living cells by thermal profiling of the proteome [J].
Science, 2014, 346: 1255784.

Owens AE, Iannotti MJ, Sanchez TW, et al. High-throughput
cellular thermal shift assay using acoustic transfer of protein
lysates [J]. ACS Chem Biol, 2022, 17: 322-330.

West GM, Tucker CL, Xu T, et al. Quantitative proteomics

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

approach for identifying protein-drug interactions in complex
mixtures using protein stability measurements [J]. Proc Natl
Acad Sci U S A, 2010, 107: 9078-9082.

Meng H, Ma RZ, Fitzgerald MC. Chemical denaturation and
protein precipitation approach for discovery and quantitation of
protein-drug interactions [J]. Anal Chem, 2018, 90: 9249-9255.
Hatstat AK, Quan BY, Bailey MA, et al. Chemoproteomic-
enabled characterization of small GTPase Rabla as a target of an
N-arylbenzimidazole ligand's rescue of Parkinson's-associated
cell toxicity [J]. RSC Chem Biol, 2022, 3: 96-111.

Zou Y, Huang CF, Sturrock GR, et al. Top-down stability of
proteins from rates of oxidation (TD-SPROX) approach for
measuring proteoform-specific folding stability [J]. Anal Chem,
2024, 96: 19597-19604.

Tian Y, Wan N, Ding M, et al. Chemoproteomics maps glyco-
lytic targetome in cancer cells [J/OL]. bioRxiv, 2020: 2011-2020
[2025-10-28]. https://doi.org/10.1101/2020.11.18.387670.

Tian Y, Wan N, Zhang HQ, et al. Chemoproteomic mapping of
the glycolytic targetome in cancer cells [J]. Nat Chem Biol,
2023, 19: 1480-1491.

Yan WC, Wang DX, Wan N, et al. Living cell-target responsive
accessibility profiling reveals silibinin targeting ACSL4 for com-
bating ferroptosis [J]. Anal Chem, 2022, 94: 14820-14826.

Zhu YY, Wan N, Shan XN, et al. Celastrol targets adenylyl
cyclase-associated protein 1 to reduce macrophages-mediated
inflammation and ameliorates high fat diet-induced metabolic
syndrome in mice [J]. Acta Pharm Sin B, 2021, 11: 1200-1212.

Li KJ, Chen SJ, Wang KY, et al. A peptide-centric local stability
assay enables proteome-scale identification of the protein targets
and binding regions of diverse ligands [J]. Nat Methods, 2025,
22:278-282.

Zhao J, Ma YB, Xia RH, et al. Skullcapflavone II inhibits
SLC1A4-mediated L-serine uptake and promotes mitochondrial
damage in gastric cancer [J]. Adv Sci (Weinh), 2025. DOI:
10.1002/advs.202417225.

Wang XM, Liu NY, Yang XB, et al. Method development and
validation for target discovery of natural products and endogenous
substances [J]. Sci Sin Chim (H [E R} 22 4k %), 2025, 55: 2256-
2271.

Li Y, Liu XJ, Zhou JW, et al. Artificial intelligence in traditional
Chinese medicine: advances in multi-metabolite multi-target
interaction modeling [J]. Front Pharmacol, 2025, 16: 1541509.
Zheng XE, Shi C, Xie Y, et al. Bioactive components of Jiedu
Sangen decoction against colorectal cancer: a novel and compre-
hensive research strategy for natural drug development [J].
Phytomedicine, 2025, 142: 156795.

Jiang QY, Ren TA, Fan XY, et al. Systematically revealing quan-
titative multi-target integrative effects of plants with artificial
intelligence method [J]. Plant Biotechnol J, 2025. DOI:10.1111/
pbi.70321.



