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[Abstract] Natural products, due to their wide range of biological activities, have always been an important source for new drug
development. The key steps in new drug research and development include drug screening and the identification of protein targets. The
interaction between drug molecules and targets serves as the basis for exerting pharmacological activities, so clarifying the action targets of
natural products is of great significance for elucidating their molecular mechanisms and promoting their application in clinical prevention and
treatment. With the rapid development of life science and technologies, bioinformatics, and artificial intelligence, methods for identifying drug
targets have been constantly updated and optimized, being divided mainly into two categories: the direct screening method for directly assessing
the interaction between drugs and targets, and the indirect screening method for analyzing the changes in phenotypes and signaling pathways
induced by drugs. These methods complement each other and together provide powerful tools for the identification of targets of natural
products. This article reviews a variety of commonly used methods for identifying the targets of natural products, with the aim of providing
some reference for subsequent research on drugs from natural products.
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FRZEH, RS2SR EMEAER, X1
AR B BB TR E 24 H
B ZbREE G, 2R iis b o BoR i is
M MR . bR 5EMmERCR, KA
PP BRI S K BT A AR Y R
FEVPAG 259 - FOARAH AR B B ve v, R EdE
e i . ARSI E ( cellular thermal

shift assay, CETSA) 4§; J) — 2 TR A
TUNEAR I R TR 7, 207 Bl L A KR4
G Y B e | O R 10 5l G A T 75 15
MEEAR, (HOR B 5L 259 5 AR A0 B4R T 1915
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Table 1 Comparison of target identification strategies for natural product

HEE EERARAY

i [
CETSA TFIFRIREr, FRERIE, SR 2
DARTS ERTE R, BAERE, SRR
[a?%ﬁ’ﬁ? dTAG R, WL AT, bR
B s PR
ST R R B SR (44 2R kT
WAl AT, AR B, R
R
£ EOL W, SR A

Rz, HEHTESRAFIMECEA S G SRS EBUE 2, B0 & vl i miibrss &

AN A U B A AR AT B 4 A S AU A A R R
ToHEbR B IR, APAE— B MR IR M A R
i WH dTAG 40 i [ 55 14
A 4 DR 28 S 6 B R B i) 4
HMECLE BN EAR, (RS 54k 7
PR R T 38 HURE R 3 0

BSOS EEbR $ 225 54 78

CETSA: cellular thermal shift assay (ZHJHVRIEZINE)
dTAG: degradation tag (PBFfFFRZ)
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1.1 LEBEARAFE

A2 85 1 BT 20 2 o T T SR M T N o)
THERAREARWEZEAR, FEAHE 2 DD
BE: 1) SREFRITG G 2) SR H AR
Sle MR TAEmAZES, RS UG Y T
i F Ak 27 25 H B4 2% ( compound-centric chemical
proteomics, CCCP ) 1% T i M i) & (1 5t 41 70 #r
(activity-based protein profiling, ABPP)

CCCP ZMUBRMBOCER, #2570 ¥ [l & T [
BT (INBEERERIEMEER ) LA e . R
Fr5EARAMYIME S, Wik LRAER S
SEAEA, MNIMEERREN ., ykZRey)
SRR E A2 R A (s RS ),
[R5 TS 4 Th T ff 29 as i SHOC &, IFaf R
25 EE G R E R, R CCCP fEE AR i |-
oA, B0, HEERES AR ISRR ©, E
] A D5 ot 2 T 7 A= ) 223 46z BEL VT 5 il 40 2 1
SR A &, FE S EURBAPESS R, R
il IR KR

ABPP 254 T 3k TG M ¥R 41 (activity-based
probe, ABP) FIEEMAHFEH A, B, FFRIEY
Yoy T RO R BT IFG URA 25 IS PR PR ET
AR 3 AN IIRE O SRR AR Y
FOW TR X, DL T RIE S AR

PPS

DARTS: drug affinity responsive target stability (Zj¥)sER N ETL A EM) ;

EENRE. BE, RS S A AR E S 4
s R A AL W, (R AR SRS S, A
FHUEER B NE R & SR M0AR, 355 o8 AR 2R 1Y
Yo,
LT RIS A BRI R
HRA =0T . BT, Z2FERRECH T
BRI, 18 TSR Rh 2 T2 4 Y 2 1 o o
BEo LI Y ] AR R R R AR T Y S i
ez EAREE T (e ie ek ) |, SCHEEAR T
B, BN, Li % K 7 0 BRI B B Ak
B b, SRR S AR . B
fb, 456 RO 3% (high performance liquid
chromatography, HPLC ) 5 Orbitrap Velos it 54T,
Y th gephyrin B AR S AR EAE IR A, SR,
[ 2 Ay A 8 22 T L BELBR T T i AR H . S e
JRiX —[F) 8, ABP Nz fizE, ARSI X BA
SN2, BORIRBEOREE T 25T RE . W LY
ABP AR AW R IR E . S A AR FOG A
Wit

R SEMR R G LR REL A6,
ITZ T e E, flin, Liang % © g AT H Sk
PG P R4 anemoside B4 ( AB4) 3T R AL,
G ABA-LE W R RAT, T BE A o R R B HE Bk
ARG M WA T e A R B - 2R N e Tk
HEZH YK (sodium dodecyl sulfate-polyacrylamide gel
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electrophoresis, SDS-PAGE ) | R 4L A1 AH €433 - it
i 16 ) (liquid chromatography-mass spectrometry,
LC-MS) & & & H Bl w i, &I AB4 23
P19 R 1, JF45 4 CETSA. 24435 1 J i §
] Fa %€ Pk (drug affinity responsive target stability,
DARTS) SZ 5, 2 1 %5 8 7 L Ik 52 R (surface
plasmon resonance, SPR) % 15 ik 14 filil iz #2 1t il
( pyruvate carboxylase, PC) A FHAE I #ir. W5
A AB4- T LR DOGHRET, 8k R AR e
HHIEMELR PC 5 AB4 4N, #E—
TR T 3 R Ss Go
HERPRICHE AR 54 Y E sz 1 L dh e 1
PRET I S G R AERET SiE MEER R IE R )
FEREE PG IR AT AR Bl s T R [ R S A, 5
PR AN S, b T RSP SE IS PR A N 22
SRS, B, Geng % M RIHEE
FHREN ART-P1 Al ART-P2, 5] ARURY PR HE ' i b7 3k
A HE 7 = SR IL M 45 &, S RMB T Hisi
i 18 AORLAR T 91 B 2R G -2 SRy GBS, 7
T e Rt HWHTS AR 2R E2 & B 45 s s 1)
BLA . 25, Chen 25 ™ H] 365 nm JGHRBEGE 22
Pl (resveratrol, RSV ) JG2EMEREN RSV-P, 454
Mtk 5EY RS, LENBNRESSGEHS
g RSV 1 B S8 5 A% R TS TERE AR
112 FERRAE R S R e R AR,
i) SDS-PAGE HLIK7M B, FFXS L AR I,
AR B A T e A U R i ik A
fRTfE, EOE DA IS = B M AR sl HEBR AR R R 45
T, M, R T2 SRR B R ) A
AR TR S T e
E A T 2R T A AR o R R R SRR
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A R pric ik M pRic ik M. e WA R brid
P, 4R s AR v A SR R AR E R R AR e R
. mERIMEZbRCARAERE, 22RERE
SEA TG 22 R RILE A PN, He % U
PCNL- B IR A PCo N R R AR IC AN, 48 LC-
MS/MS £ A 73 B % 2 th rosamultin A9 #E 4R 85 N
CCAAT #5455 A REE M. R RRiCH
Xof A4 %) 5 & (isobaric tags for relative and absolute
quantification, iTRAQ ) FAMIFI k2= FbRiIC,
T A FEpric LT [ M 24 RE S . He 25 1)
i i iTRAQ #73 ic 45 & Nano-LC-MS/MS, % %F i
esculentoside A 7] /R ¢ 165 R /) BRUSE 38U v 1) 22 e
FIRE LIS TER AR . BB BHE TR (data-
independent acquisition, DIA ) AR5 g :aeRTIE(L
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( 40 Orbitrap Astral ) FJ % &, Jobric (label-free )
E B AR B A A B AR VA R AT R T,
RE . SR TR

ARG HORAES) T R W s A 3N,
TEARIC AR AT BB A2 AR G5 A8 AR Wy i) 24 BTG 1
TeARIC 7 il o W A BT S RS G TS i A 3
FetE e fl CINAERENE . EE M MTIES ) R

BT 72 TR AR , B T 3R E T B 5 iAs
Rk Z A RERET I AR S e S T AN
1.2 CETSA

CETSA LT 2013 AF ke i, kgt +
R S 25 A B e teoe MERG R Y J R
A 5T P T B MR A P A7 D0 S SR 1 s ik it ¢
(A%, SR PEAL 259 5+ 5 20 i R0 SURE R

IR AR 25 A oL Y BEE AR MR IR
CETSA fifA: th Z R F PR S e BOR, A3k T4
PZ EI 3 ( Western blotting, WB ) #E47 4 | 1Y) WB-
CETSA"", #ZK [ [ 41 2% 43 7 ( thermal proteome
profiling, TPP, X F% MS-CETSA ) " #5i@ it ( high-
throughput, HT ) -CETSA" %

WB-CETSA J& CETSA 1 4 7 vk, % 7 ik
X SERG I FORAK . BRI, REAE 251 SR
AR EAE B B RS, A I R IR =25 5
ARG A A J1 TR, B, QudF P 7EHE ST KRR
FEW 2RI Y gambogic amide Y T 7E /F FHHE AR BT
i 1] WB-CETSA XJ JLH [7] i kg 2 L[] 5 o 52
51| ( clustered regularly interspaced short palindromic
repeats, CRISPR ) JE R SCIE % H AT 14 4 JE R
¥, MABEE A R, 16 67~70 CHF, —
FJEF A ( dimethyl sulfoxide, DMSO ) #ZbH 2 il
WD H 42 25493 ( WD repeat domain 1, WDR1 )
i JLT- 584l %, Tl gambogic amide A FRAY 2 it
HIZ SRR AFTE . B THRAE IR ELIE iz,
WB-CETSA %% 5 DARTS F SPR %5 A 8057 56 11E 77
BAEA, IR L2 Ak BT A R R R Y SRl
ARk, EULHBAIB 25 S AR A SR B
Sb, WB-CETSA i il HI TRt 25 W E AR i G A
BL AP ITAR 2 WA S IR N S R 25 A 1 e Y
DA K 2 W25 S AR 0 R LR 2 ) 45

TPP J&—Fh 256 T 2T MS M it 2 1 T 412
(AN J7 %, A CETSA 5l A T MS K-, =
FEA B 43 Bl A A 2 1 B ) AR E R, ROR
Hi g & T CETSA (R JHIE Fl. 540, He 55 " FI
FHTPP AR, DA A B 240 A 2 i v i 16 1 5 42
U orcinol [ ELIESS G bR, JLUE ) 44 AR
FE M 3Z orcinol FEMR YA 1, HE— 2 23 B B Uk
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7E p38 24 orcinol MY ELIEZS A bR, 1E R —FhTohric
i Ik, TPP s Wi HREr, M2k
THEE T RE T S5 bR 25 A i, TPP Al /E A EL
k. Bltn, Kirsch %P7 FEHR 5T vioprolide A HYAE
FHAR g i, o ek T oR AU (0 B L B 2% A B
FEEREE N RAEAR AR T, (RS IR AR . 5 &
o> F X 25 YRR ZS A T L RZ R, il
TPP HARXS 37~67 CHIMI R #Y R T 4T,
Y 7E HY U2SURP 1 NOP14 iX 2 FfifE vioprolide A 4t
PG R ERUE R A, FE T TIRARAIE .

CETSA £ R if Al 5 i i i e 45 &, A H
AlphaScreen 7 YGILIRAE R FE AL H R B9 AR
Mg 2 gL R AL 2O B SRR, T 384
F11 536 LR AT RS %

HHl, CETSA #ARNAEYH KR, NRK™
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A POE . RSO 2k 45 5, TE25 e S & B
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F Rt — &
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T E A S BRI EE A 5 KRR
ASRE, BFSE AT 2009 4EE H DARTS 57
THEAR U . AR S B AL B S 200 E A
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R R AR =W e R, X AL N A SRR AR 571
[i) s 1) 3 ST 6 2] R ) R 2 o A 5 A 3 1 it
758, faFR WB BHE/ N7 A (22 8] 1)
AHEAEH . %07 2 W BRI SE R 7 T P 2 1 R A R
GORSAE T A A, WECARSS & 2 AR R
S, PEIT S H 25 14 K i U PP AR
FRICHFEER; AR, DARTS #EfIME . Pk, 2 Zh
T RER = 25 0 AR i S, a0 FH FR 00 25 7
FAF M B, 58 F AU R 5 2 4 5 Lok ik gl &
FE A 2 A1 E3 4% synoviolin 1 AUAHEAEH B5 it
4h, DARTS b G2 Al 454, WhE i
P b 2A e, IR CETSA Ml DARTS %5 7%
BAIE KR =4 SRR ZE & BY, 554 HPLC-MS/
MS 25 TR JE 25 SR, A & B E
HUpR B,

Bk DARTS 4, ZFp Johric fEx i ik 7 vk oA
Wi ot . flin, T AU & 0)A FRE A
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IKARBERA B, LURFI 25 SRR 45 B )5
BT 2 FR AR AL BT S AL RE ) B i R A9 S AL R
FE AT 0 S HR G 1 B 1 ST 2H 4 AR AR
FE, AR P 2 B REART 5 S e SR T 200
TERIBTTE T-BL

2 RATFEIHYE RIEIR A FOAR R B
2.1 BERE

F% f#t bR 25 ( degradation tag, dTAG) J&— Ff 4l
B 11 B £ R, 3l 53 CRISP/CRISPR A ¢ 2 11 9
( CRISPR-associated protein 9, Cas9) $% A 5l 18 Jii5
FEFIEIN IR, BEA FKBP12PY S8 25 (K A1 4 1
WA S A, dTAG &%) ( B FKBP127Y
fitk B3 L EE AR AL ) RERS AR fff FKBP127%Y
H5E3EEMIERESY, SHREEANZREZER
FE ISR B9 R ATAG AR AT LRSI H F i
I AR R A R SRS S R b, dTAG fb G
Yy ELA da i B, LR A /R FAIL R DL R P
SRR AT, A AR /N R A 2 I R o AR 3
CRH, W IR =25 i bR S S TR
IE‘ [39—40]O
2.2 BERANERER X

DR 2 SC PR o T 1k 3 o S R et B R 4 O AR
FI AR, IIAZSY S & AURIMAHEAEH, iF
T 0 BE 25 AR I T . PR A 6 TR B T L4
RNA T4 ™. CRISPR/Cas9™ %4, fii F§ CRISPR 3
JEERESE AN 2590367 Je L A AE Ak, DT B w it 24
BRI AN 259 71RO S ) e LA o 4, Heslop 45
¥ T T I BE 40 3% 10 B R (yeast cell surface
display, YSD) M&3LH 4 SCE, JFF LT YSD
T I T AR B S 25 W P AR s Qu 4 PO il
JH 8 BE A4 19 Brunello CRISPR 5| 5 RNA &
iifi & gambogic amide MY/E HAEFR, S5R BN, 5
DMSO X B2 AH H, IR &2 1 iR 51 5 19 gambogic
amide 41 601 MIEEFRHAES, HEAHFZE
B 35 DR 55 2 b U R0 41 B R T AR oG, ik — 2
4 CETSA, DARTS FIorFXF BT 1, %
JFEIE T gambogic amide 5 #1Ax WDRI1 4545 .
It 4, Benslimane 25 "4 7 NALM-6 41 fifd o #F 17
CRISPR/Cas9 4= FE PR A i 6, DA %5 8 X [ 22 it
RSV B APy 4 M S UR it 25 i SE 18, R
O ) 7 TR AT ) N XS 200 A b 5 1 A AL
PO AT L, 5 DR 2 ST PN R 2 B2 ) R E T A e
A7 TAES WhREA-EAMEER. %
JEAAR - f A AR DA R e AR - 57 (R A R AL T
FITEIR
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S 2 2RV e i A I 256G 9T A SR A
FIRIKF- . mRNA F Ik 7KF-5EE BT AR X 3= B 1 AR
b, SRFIRSR =25 RsEAR . SR, SRR
TERIVER 2 B AR A I TN R B2 S e 25 1 4 A R A
b, AXREN FHRAAREMES % ) filin, Han 55 W7
FERSE SBM (—Fh & AS#HWY) . HZ2W. S
LGP RIR =W AR ) AR TE B & FEAE I HLE,
XF 45T SBM 14 K5 /0N LS JER 447 B 200 e 00 7y
KIRE ANAN B T AN B A PR B CEH
T A X e 55 S 1) 22 S R SE R A T oA, IFA
TN LA/ SZ AT A A ]38 15 s, &I ET 4t
A K7 (fibroblast growth factor, FGF) 5%
G . FGF7 3235 W1, Duan % ™ 43
T S 1 AR HOC2 A Ay R AR 11 T 20
FIBERR AR I AL RIA1E, &RIIZZRYT 5
iR, DL L3P TR A a2 AR R A T
AL B5 3-3 B ( phosphoinositide 3-kinase, PI3K ) /
v-akt 5 ARIRE o B g 2 DN (R R A 2 1 A5 2 R
T, JFH WAL T AR AR s
ARG AE R R
2.4 MLEHEE

KIRT=W MR 2%, WG vET iz B
AN, HIFRERG R FHRILE R, bl
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AP RRE T R GE . e A KR W2
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FORMHEL, P 22 AE ISR 25 G R . FIR
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N 5259 2 A1 028 L2, W 25945, dn] LA
1t Bh A5 Fh 2l 4 R sl B R, R R T 245 1 A
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WM 4 2 B BN, Gao %5 B X IR W O
FARABE PRI /N R T 1 AR ) R AR 2 27 L il
AT 2= B A A 24 9T, R 2% 2 B 2
I O FE T RIRY TR S LR A AR oA 0 [
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AL TR . Qi 55 B AR AT BT M AR DA
%57 R SER, ME T A - AR 4, 255
MR Sre IR A PRI . 5 7 T e St A
¥ 3. P3Ko FIZZZ R/ 93 & R 1 S5 FEAR ] B2
AR o5 VARV E AR A

T oL X 4% 245 B2 G ) FERR S AR AR BT
MR R AAHEAER, R T T 25iRYT 2505
PRES . N TR RE S M= SE &, HTIRE
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2 ) BRI AR BB A PO S SRR, TR0 AR R
ARBRZSHE . THRE LIS AR = 0 A BLAE FH O 2055
HEEME., FETRE S A & A ProteinBERT,
InterProScan 45 2 Fi B 41 2 A T EL AR T & g, 1)
FHBAETE T RAR =0 bR AR 5 S e B it
Zhu %5 PR TR AE . M2y 5 2R Rl
BhHAR, XS 25T B AL T TR AR o
S 5E FOAR W
2.5 REIFE

YR AN . HEL SR YRR RIS
AR R T 25 VR ML, BT A= 2 Ae G
PEo FEFULE ST AL &2 LR i, BB MR
SRR LR BR B R SRS % R gh 75 B 3D 4
BRI RGO E AR, NG S R
TR TR A R A (] AL ) E S AR T
REMETE S F AL s Ak 24 25 A R T B B S 0 R, L)
AR AE A0 R s A R v 5 RS Y SR AR B2 53 7
T, RGeS 21 A H AR LA K PR 2 2 vk
HLEA, AE— R R KR =BG 7 VE
B TH S T A,

3 BE5RE

FIRT= W AE 25T % RN ARG ST FP o 4 T
D7, BER B RER = i 2o 20T A 1 2 B 9 R DR
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TR A IR, e A B BH SR = 1 F ML
PEAT A RO DA KR 255 R AL R s

TGP R P R SRR S T, SR, &
[ 42F . CRISPR/Cas9 ik [H £ 45 5 AR 45 C W FH T4
PR, BRI, KIRF=HI25ik 2= 2540 5 2= HL T B
TSGR, AR EE KR S 6k 4R #
FRERFER X 3% 1. 15 Bh A= W15 B 2 F B KR =)
PEFT A3 AT ARAR 0, A A 20k 4 S S R

FERZ AR B E h, fl2f 2 1 g2 nl B
VAL 250 SHEFR B A S S . B B AT R R
YIZGYIREAR Y E T . (BTN KRR 5
HUFR RS DA R B YRR, R T
MR BIEG . AR ICPRICTRE %, bR R A
VEHR AL T BRIRET B R Z AN . Ak, 3
FRFY 2 HATRAS . ML HE Mg EE S
2 AR B IR B vk, B AR 25 W HO R
BRI TR NS %

R R AR AT T TE AN, AR
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