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Abstract: Target identification and verification of natural products is an important and challenging work in
the field of chemical biology. It is also an important job for researchers to apply chemical proteomics technology to
biomedicine in order to identify target proteins of natural products. Target identification is critical to understanding
its mechanisms and developing natural products as molecular probes and potential therapeutic drugs. Traditional
approaches of small molecule target identification based on affinity have been shown to be successful, such as
click-chemical probes, radioisotope labeling or photosensitized small-molecule probes. Nevertheless, these
technologies require purified candidate target proteins, and modified small molecules with probes or linkers, such
as adding agarose beads, biotin labels, fluorescent labeling or photo-affinity labeling. Many structure-activity
relationship studies should be performed to ensure that the addition of small molecule labels undisturbed the
original biological activity of the small molecules. Unfortunately, all these modifications are likely to alter their
biological activity or binding specificity. To overcome the bottleneck of "target recognition", researchers have
developed a series of new techniques for unmodified drug target identification. In this article, we reviewed the

target identification techniques of natural product without structural modification in order to provide reference for
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the development of natural products.
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Figure 1 Development list of label-free target identification technology
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Figure 2 Label-free target identification methods based on proteolysis. Schematic of DARTS-LC-MS/MS (A), LIP-LC-MS/MS (B) and

PP (C) workflows for identification of ligand-protein interactions

UEBA T PePTID J7 i /6 38 il M4 45 & 51 2 1Y) 28 1 7K i
R A A T T ) P R

PP J2 58 & 4 41 8 1 0 9 & A e M RN R 5 G 1A
GEG SRR — R AR . Bl B AR W Sk, R )
TR TE ARt fie PRIk A5 3B 7 THI 1) A [ oS0k, 3 5
& T s E I .
2 ETEAAREMNESEERA

KRBT EREALS G, LEOR ¥Rtk
RAEARE, BN AGE SRS E A RS R R
SREIR A, T AT ARSI 3 5 R AR PR 4 A ) B R
Elo ZHAR AT SRS 48 i P B gy S R

HAMLA.
2.1 CETSA CETSA # F T VFAl 4t i Fl 4 2 A o
Fetk /Ny F SRR R (S &, 1207 R R TR S
(VR A R Y. R E R, B A S
P15 75 41 M A TR G e, T8 W D0 B AT AR
F &, AT a4, o7 T R AE B A R e
Yo MZAYHT5HEANS G S MFRENT,
PR 2E & K A WAS . CETSA SLIGAKH T P A o0 5
B, MABCE IR, B AR R 5B, K

Fad F  CRFFRRE 1 R B 5 AR AT Y A 1 X
Sk, AL B0 S eE R E A . EREREE,
FEAS U 40 i Y HE B (45 A, 50 B I R R B A
30~60 min P, W15 & I A] ZE K 2N, AP
A IR T AR A SR TR R T B T 2 1 T KSR

¥ CETSA £R 5 G k&, A X CETSA R I
2 5 AT S, 2 E 25 B AR A
Dziekan 2% Fil CETSA-MS % A 28 95 ) 3 % Ji
AT R AT 24 W B 05 4 0, R P i i A
W A% T 1 TR 1L B8 (P falciparum purine nucleoside
phosphorylase, PfPNP) & 2= 7 Il F 4 v 3k 5] /F A 40
Mo IXPIRNAL A Y4 A E PIPNP R Bl P47 o, Hop,
257 MR BE R (1) 56 AL 5 PIPNP 25 4, 1X 36 I 4L [r)
PPNP X R I7 SR A IR K TTik. 28T, %7k A A
I IE (Y Bk B, ME DL T el ik

R S IR v E & R Ok, B ST N RJF R T TPP (K
3A). T IERRE UM AEAS [ FE R R AR 5
AREMNEL, S 2EEREMEERARAYR
FE EVEASEC AR S BE U4 A, 5 IR CETSA-MS I & B
JEE R & (1 e g P07 3k R g vk T DAAE AR A R A4 Py



ARV BT EARALET BRI R AR - 2005 -

JRALREAT R, R D3 S TR A 25 i B s
TR o e S RN A SR AW I K7 Ry &SP iE S i
FHEAE IR, AKE CETSA FIZ5E 778 B (isothermal
dose-response, ITDR) HI #f & 5 £ & & & JF it HH &
EE RN Cob LN G R U AT 7/ RS L N B2 o I R DA (=
Azimi %R ] TPP £ R % %€ %] CDK2 /& BRAF
Hsp90 17 il 55 it 245 1 i) 9K B K] 7 .- Miettinen 567°%
TPP %} CDK4/6 #1 #1 7§ palbociclib 75 5 41l it %E =& HL il
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F1 B TR R BN A1, IR IE e s e S B AT AR E AL
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E A AR A B 25015 50T #BAAH (5] 48 P A
2, TR E TR R AR AR AL B B I E 2R T T
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Figure 3 Label-free target identification methods based on shifts in the thermal stability of protein targets. Schematic of TPP (A) and

TS-FITGE (B) workflows for identification of ligand-protein interactions
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Figure 5

Label-free target identification methods based on protein precipitation. Schematic of organic solvent-induced (A, B) and

microparticle-assisted precipitation (C) workflows for identification of ligand-protein interactions
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Table 1 Pros and cons of different target identification approaches of label-free natural products
Name Application range Advantage Limitation
DARTS Lysates Could analyse true interactions with low affinity =~ Limited to relatively higher abundance proteins; a few
proteins are difficult to be degraded by enzymes and have
low throughput
LIP-MS Lysates High throughput, applied to the whole-proteome  Not suitable for detecting low abundance proteins
PP Lysates Quantitative determination of protein stability Low proteome coverage; rely on vision, low sensitivity
PePTID Lysates High throughput; high sensitivity Not suitable for detecting low abundance proteins
CETSA Living cellsand  Ligand binding to target proteins in cells and Low throughput; low sensitivity; difficult to detect some
tissues tissues can be evaluated proteins containing unfolded biding sites
TPP Living cells and  High throughput; high sensitivity; estimate ligand- The detection rate of low abundance membrane protein was
tissues target engagement on a cellular proteomic scale low
TS-FITGE Living cells and  Not only can identify target proteins of bioactive  Proteins need to be labeled with dyes; not applicable to
tissues small molecules, but can also reveal additional proteins that do not show thermal stability changes after drug
information about their downstream signaling binding, such as some transmembrane protein or large
pathways protein complexes
SPROX Lysates Can detect temperature and enzyme insensitive Requires a relatively large amount of purified protein
proteins
CPP Lysates The protein coverage was high and the false High false positive rates
positive rate was low
DiffPOP Lysates Not rely on detecting specific amino acid- Not suitable for high solubility proteins in organic solvents
containing peptides
SIP Lysates Proteome coverage is better than SPROX Stable isotope dimethyl labeled peptides are required; not
suitable for proteins with high solubility in organic solvents
MSIPP Lysates Independent of temperature and enzyme Not applicable to living cells; not applicable to extremely
hydrophobic proteins
MAPS Lysates The whole process is carried out on the particle, ~ Not applicable to living cells; not applicable to extremely
without transfer or loss hydrophobic proteins
I-PISA Living cells and  High quality data rich in proteasomes and Not suitable for low abundance membrane proteins
lysates nucleoplasmic proteins; reduced labor costs and
increased screening throughput
TICC Lysates Suitable for both traditional target based drug Limited to non-covalent hydrophobic protein-ligand
discovery and phenotypic screening interactions, biological samples containing soluble proteins,
and protein-ligand interactions in the nanomolar to
micromolar range
UPT Lysates No drug derivatization is required An affinity substrate needs to be prepared; high false-positive
rates
TRAP Lysates High coverage; high throughput Protein lysine needs to be labeled
Bioinformatics Reduced time and cost Further experimental verification is required
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Figure 6 General strategies for target research of natural products.
DSF: Differential scanning fluorimetry; MST: Microscale
thermophoresis; SPR: Surface plasmon resonance; BLI: Bio-layer
interferometry; ITC: Isothermal titration calorimetry; CD: Circular
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