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Abstract: The clinical efficacy of Chinese medicines (CMs) fundamentally relies on their material basis, with
active constituents serving not only as the cornerstone of CM's pharmacological activity, but also as a valuable
resource for innovative drug research and development. However, the precise clinical application and
internationalization of CMs have long been hindered by limited understanding of the molecular targets, modes of
action, and pharmacological mechanisms underlying their functional components. Novel biochemical and
biophysical approaches, in combination with recent advancements in mass spectrometry (MS)-based techniques,

instrumentation, and data analysis pipelines, have significantly facilitated the identification of molecular targets
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and elucidation of pharmacological mechanisms of functional components in CMs. This review summarizes recent

advances in the target identification of functional components in CMs and the characterization of small molecule-

target protein interactions. We discuss the principles and technical aspects of small molecule-labeled and label-free

target deconvoluted strategies leveraging biological mass spectrometry, providing a comparative analysis of their

application scopes, strengths and limitations. This review article also addressed the recent progress made by the

scholars in characterizing the interaction modes between functional components of CMs and target proteins, using

biomass spectrometry and other cutting-edge technologies. The relevant research strategies, methodologies, and

application cases are expected to provide a series of solutions and research models for the discovery of targets and

in-depth elucidation of pharmacological mechanisms of CMs pharmacodynamic substances.

Key words: biological mass spectrometry; functional components of Chinese medicine; target identification;

characterization of mode of action; proteomics
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Figure 1 Small molecule tag-based target protein identification methods. A: Activity-based protein profiling (ABPP); B, C: Affinity-based

protein profiling (AfBPP)
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Figure 3 Strategies for identification of the target proteins by label-free small molecules. A: Drug affinity responsive target stability

(DARTS) and limited proteolysis-small molecule mapping (LiP-SMap); B: Cellular thermal shift assay (CETSA) and thermal proteome pro-

filing (TPP); C: Stability of proteins from rates of oxidation (SPROX)
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Figure 4 Cases of the label-free small molecule-based protein identification

FIBTZH (an 2 i s 2 A ) vh B 7R AN oy 1 R A D EE AR,
W B8 FARRAE /N 43 1 I FeAN 455 Bl Je &6 & A s
DL 4 M52 B 2 1 7P FIBR B K - 18 B8 23 A 23l A
A HARLE I 25 G R Wi e R R H
411 ETEEBEEARERAREXNEEHNDF
568 A R (intact protein MS) J& — Fh B4 4
Mo B8 B B ARG BOR, i EE BN 73 1 b BE T
SRS D - 4 ST 7 NN o P S BV S
J7 Abmid B E (B SA)!M . ldn, 28 E R E AR AL
5 /NGy B 5y Bk 2 B 2 Bk A 1) 5 B AR A, hT
Wi F SN TR T A . XM BRI SR
AL RS BN SLNAE F, 38 ) Ak & 9 B4R B 2
fLEE(E E . JEAb, intact protein MS I& A] ¥ i &L 2K
HEMm LR MM &Mt Fit &L, L4 G
intact protein MS Fl MRM, §iii i T & %1l KRAS®*C [ 3%
A A 750 I R AE AR AR K I RE 5 0 7 B 1) ) S
K, P PERE ) KRASCC R Cys12 BIAE i B A5 AS W 3
I 38 43 B A2 400 B A8 7R % Ao A A0 ) 90 7y — 2 S v
(K, /K, VEE ) R AR KRAS (1) 34 410 1) 71 48

oAt 7 OGS 712 24 PufESR A intact protein
MS &5-& BRI AT, 18 2 232 Fi il &9 b i 15t 17
A 1 1% 2 BRIV (BTK) B 3L #7758
T E T E B R R E AR, AR R SRR B
e 45 G ik b &, B R T ik .
AP, intact protein MS i B8 45 7~ & W) Ab B 5 5 1
BRI EAEA . 740, Bashore ZE" S ZE W 5T USP7 5%
Lk 6 Jo 1 ) 90 1) ELAE B, AW T 34 Da i &= AR A
B UE %5 7 2 AR AR T B -0 A B-
THBR RN, S 3500 A 1 I R B A e A A A
AR . IR R IHE7R Z 3L #0778 VE F L 52 it
THBELR.
412 ETFTHRBEKFHRIERMEENEENNTF

S BB 0RO U AR IR BB K S 43 A R R AR R,
RAEEAMYE R . TR E A U5 R R A L B
TV 1 % B 1 K (46 2 vk & T, T TR B K S 43 i T
REAE SR (L HARMBIRAL i S AR 456 A 5 A R 55
B (K 5B)!M, JET bottom-up 1) 2 [ 24122 7 yE I8 I 6
DA 42 B8 2 9 B A S O K B, mTAS e A A 12



A L

AR T 24 Th R AR S BRI AL SCRRAE v £ 87 Y 32k e

.67 -

A
s .
COmPOlmd MS analysis z . Protein
> 8 'z Protein+3 @
= 2
‘ |
mlz mlz
B =2
Compound Denaturatlon \, Trypsin MS analysis 2 v
>XOy Maaly g
- % =
mlz
C — Low concentration —High concntration
Cﬂmpound MS analysis > »
—_—> i 2
2 2
mlz mlz
D >
D
In D20 Trypsm MS analysis g ~ =<
— 5
=
hIC[e =
mlz
E Compound
G
g
co“‘?0 (:C' = ,
Lysme label Trypsm MS analysis Time
—_—
blcle Vehicle
RS z
g
~l?f 2
Time
F
o & Kk
=
Trypsm MS analysis z
Crosslinker ,§
§ [

R

K

Figure 5 Strategies for characterizing the binding modes of small molecules on target proteins. A: Intact protein MS; B: Bottom-up MS;

C: Native MS; D: Hydrogen-deuterium exchange mass spectrometry (HDX-MS); E: Target-responsive accessibility profiling (TRAP); F:

Chemical cross-linking mass spectrometry (CXL-MS)
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