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Abstract: The target is the basis for the active ingredients of Chinese materia medica (CMM), which plays an important role in the
patients’ body. Target identification is the key work for the development of CMM. However, the current studies on the target of
CMM are still limited, and it has become a bottleneck in the modernization of CMM. Therefore, new ideas and new technologies are
required for the research on targets. Recently, a new method for the study of targets has been provided by the technology of
activity-based protein profiling represented by click chemistry. The application of click chemistry in target identification of CMM in
recent years is briefly reviewed and summarized, and the trends of application and development of click chemistry are prospected in
this review.
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Fig. 1 Identification of natural products targets based on click chemistry
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Fig. 3 Representative bio-orthogonal probes for target proteins identification based on active components of CMM

Horb, Wang Z5EPOVRIH el O, KT
T S WERIATIER:, B S NE 20 5 5 00/ BRURE 2
TR I SR AT R, WA T R G
BREREHARMIENEALE, Bl misy
MR 22 B A A5 BT # AE FH B #E 55 HspaS 1 Ywhae
([ 4); Lin iR BRIE 5] N 5003 Y BE1S 21/
o FRER, SR JERH R S5 G R AR IC A X

F4axt e & (isobaric tags for relative and absolute
quantification, iTRAQ) FAN HAEHEE 24T T
Ui B PSR 4% T B AU 1 R 2 I R ER A
PR 25 e, i it st OB, BT
NSCRE b AT e 1 3R A 25 1 ool d T
o, SREIR, A SEE IUHR A AT BE OV BRI
WA S 4B (PDPK1); Wang &P & &1



- 988 - ¢ %4 Chinese Traditional and Herbal Drugs 3 50 % #5437 201942 A

mangiferin-modified MMS

magnetic capture
— - g
HO,,

oH 0 H / I\,
O_OW%YVS\SA)LE/\(\,?/ Ywhae
)

HO"

o HSPAS
\ 1
ERKs INK
MAPK pathway

4 ETHREMSTUFHTEREERBSNEE
Fig. 4 Identification of mangiferin targets based on CuAAC

Wil 22 3R/ e TR, i s A 2 1 T7 2O
LR IPUEEL AT T %€ ; Wang 251 Zhou
A TR PR e 326 A 1 O SR ol o 1 2 1 5 K
RN 1 R PR LR PUE M SR AR R
Nathan IR Bt 5 NS R 450 P, B S
KM R A SIS R 2 T v3852 LA % 7 BT
RN =
3.2 IR AF SR B R-REINN AL

BRI, O G R TR g R A, —
L Ry SN I T e 2 P R 4 R
SEARSAITFTH, nIATK 7 S IS R REEFA I s 3
(strain promoted azide-alkynecycloaddition, SPAAC).

RN TC TR A AL RE A AR RN, AR A TG R i
12 (copperfree click chemistry) 8P, HEfi%
JrECHEN TSR Ismail WEAYA
TR SR PUERIKIVERLS], SHILER/ERH
R Bt T RS B AA-HUE I IR AR K 15
SRS BANA-PUEIINRL 2 Bl 422071, I T
AR, S R BRIk )15 F 18 B RIS N AU
AT S R B (B 5D
3.3 RiEEEM-IE IR0 A KR

DU U - 4 e 2 TR FE DG A AR B B BRI Bl S
I Je — 28 ¥ B Ok s A % IR ( photoclick
reaction), TEELAMGHIIES T, UM s ;A4

copper catalyzed click reaction

s -alkyne modified
ART-ABPPs protein(s)

probes/controls

o Cu ()
— =
. L 2
biotin azide
‘ L_N-N=N
in situ treatment of  azide modified
P. falciparum, 3d7 protein(s)
parasite culture | 3 +
S
'-::.--’\:E_ e
biotin DIBO

triazole conjugate

. by

[T
affinity purification

on-beads
trypsin digestion
: ,'"' LC-MS/MS
NN protein identification
G0
A S P
?

triazole conjugate

copper free click reaction

5 ETHENRTUFRERASEUFHNESREALANETE
Fig. 5 Identification of artemisinin targets based on CuAAC and SPAAC

13-l 51X — g iR I 4A, 21 5 0 ke AT A 0
UL, A RRRE R (B 6) L
RO REA, PR MR AL S D FE SR AT AR 50
PR IR, IR R 45 R 5 o= HATIRE.
R RAEA A TR RIS . Lin PR FOL AR,
fEHOL (405 nm) B, FESIREEEUMY S B 1
DU e 2 () BEXRE R AR 13- AR AR N A S L, e

N-NH
¢ )—Linkef}—Biotin
N-NH b
Oy — Biotin )
N:

- NH
T Ry S
= '/7 Disls-Alder reactions P

6 SLfEML M E M-SR IR N A R
Fig. 6 Inverse-electron demand Diels-Alder reactions

between strained alkene and tetrazine



¢ %4 Chinese Traditional and Herbal Drugs 3 50 % #5437 201942 A - 989 -

TEHAR IR AT 5 5 A DY U B 1) S kR
NG, SIS PR B DY - A e
1A ) o A2 S 7 ] S SR ) SIS A 146,
4 SHUFHITESETRHEIEA

HAER, AEAAER S HOR B L R E T
PESRAE T2 MR B, oo E a g ER
BT 32 L FH A ) 50 B o A AT v T ) o
. MOk, K E R PTEEOR N H T R E AR,
ARt R T S AR R . BT BN
Iz 8 B R R JUM: HR IR B ARl
(tandem mass tag, TMT) i ARWY [ KARZ M
4%l & (isobaric tags for relative and absolute
quantification, TTRAQ) $ AN K 5+ 3% 41 iy &
R A€ [ AL ZE brid (stable isotope labeling by
amino acids in cell culture, SILAC) #ARM™%, H
Bl SILAC &N AR T 253 1t il I
HARIR =R S e . bAoA, BEE A
S-SR RE, BRRGER 2 (E f%E 5 T
WRFE AR, AL S 22 A f e
48 R AT PN 01 o 49140, 1) 73 5% 4% Cinverse
docking) AP, %759k LAk S i 5 iS4 /N o
THEY IR, BT CA B RN S &
JEHER, PSR S A IR AR
TR, T 25 Wi L8 A a5 A T T 2,
5 4iF

R ERA ETERE AN L, RREE
GBS, AR, AL “ 2R 2RO
HIFE A, ST 2E M R I RE U B R B
PO PRI HERE, 2 T e 25 3ARE S PR R
DRI, A 243 M s 20 T RS S G e R 2
WFR AU R AT B 2 R SO S A B Ak
s SRR RV E TS T R, 0T
VAR L AT DA S 0 A i s 24 v 1 s R A
BE AL AR FABLH] DAL AT RE BRI R T 70 B9 58
fitt,  ANT A AP B AT A 25 R B A B Y
Higte T, A BRI B2 AR R R i)
o AER—FhE B, ERIATB, R A
T 2RISR R AR VIT KOS R HE HER A=
SO R B R FH A5

Rt BRBAEVFZINY, HEFE—ER
JRBRE, Ll 2G5 Y S B R TR AR R AR
3L S G, MAAmEs. BN R EAER, R
R0 s e A 2 7 2 CE DUA I Al 28 o 24 3 1 R 2 1)

TR, Xk, w5 BT A A B REUERI T k.
PRI, IRABTFOZEOR, #E— P AW i i
BRL, RE2E ORI EL, X B2 )R e
A EHESN A

P
[1]1 %5 M, FBEME. MEAERIE: RRWI 4 disE

[J]. HE 244, 2014, 23(7): 753-758.

21 JFRT, BAH. WIERA IR EAREE [J].
fh 2224, 2018, 76(3): 177-189.

B3] # e, HEE. BRI LA REE R (1],
FRELZY, 2016, 47(18): 3346-3350.

(4] ®oul, BEmE, BMGK, 55 TS R g
1R P AR R e 24 PR SR S 8 R DR [J]. e
24,2018, 49(1): 173-178.

[5] LiuCZX, Yin Q Q, Zhou H C, et al. Adenanthin targets
peroxiredoxin I and II to induce differentiation of
leukemic cells [J]. Nat Chem Biol, 2012, 8(5):
486-493.

[6] Dong T, Li C, Wang X, et al. Ainsliadimer A selectively
inhibits IKK alpha/beta by covalently binding a conserved
cysteine [J]. Nat Commun, 2015, 6(3): 6522-6534.

[77 LiD,LiC,LiL, et al. Natural product kongensin A is a
non-canonical HSP90 inhibitor that blocks
RIP3-dependent necroptosis [J]. Cell Chem Biol, 2016,
23(2): 257-266.

[8] Kong L M, Deng X, Zuo Z L, et al. Identification and
validation of p50 as the cellular target of eriocalyxin B
[J]. Oncotarget, 2014, 5(22): 11354-11364.

[91 Liu L, Hua Y, Wang D, et al. A sesquiterpene lactone
from a medicinal herb inhibits proinflammatory activity
of TNF-alpha by inhibiting ubiquitin-conjugating enzyme
UbcHS5 [J]. Chem Biol, 2014, 21(10): 1341-1350.

[10] Liao L X, Song X M, Wang L C, et al. Highly selective

IMPDH?2
antineuroinflammation therapy [J]. Proc Natl Acad <ci,
2017, 114(29): 5986-5994.

[11] Wang L C, Liao L X, Lv H N, et al. Highly selective

activation of heat shock protein 70 by allosteric regulation

inhibition  of provides the basis of

provides an insight into efficient neuroinflammation
inhibition [J]. Ebiomedicine, 2017, 23(9): 160-172.

[12] Kolb H, Finn M, Sharpless K B. Click chemistry: Diverse
chemical function from a few good reactions [J]. Angew
Chem Int Ed, 2001, 40(11): 2004-2012.

[13] Wright M, Sieber S. Chemical proteomics approaches for
identifying the cellular targets of natural products [J]. Nat
Prod Rep, 2016, 33(5): 681-708.

[14] Chen X, Wong Y, Wang J, et al. Target identification with



* 990 -

¢ %4 Chinese Traditional and Herbal Drugs 3 50 % #5437 201942 A

[16]

[17]

(18]

[19]

[20]

(23]

[26]

(27]

quantitative activity based protein profiling (ABPP) [J].
Proteomics, 2017, 17(2): 3-4.

Lehmann J, Wright M H, Sieber S A. Making a long
journey short: Alkyne functionalization of natural product
scaffolds [J]. Chem Eur J, 2016, 22(14): 4666-4678.
Krysiak J M, Kreuzer J, Macheroux P, et al.
Activity-based probes for studying the activity of
flavin-dependent oxidases and for the protein target
profiling of monoamine oxidase inhibitors [J]. Angew
Chem Int Ed Engl, 2012, 51(28): 7035-7040.

Ekkebus R, van Kasteren S R, Kulathu Y, et al. On
terminal alkynes that can react with active-site cysteine
nucleophiles in proteases [J]. J Am Chem Soc, 2013,
135(8): 2867-2870.

Lanning B R, Whitby L R, Dix M M, et al. A road map to
evaluate the proteome-wide selectivity of covalent kinase
inhibitors [J]. Nat Chem Biol, 2014, 10(9): 760-767.
Wang C, Chen N. Activity-based protein profiling [J].
Acta ChimSin, 2015, 73(1): 657-668.

Ziegler S, Pries V, Hedberg C, et al. Target identification
for small bioactive molecules: Finding the needle in the
haystack [J]. Angew Chem Int Ed, 2013, 52(10):
2744-2792.

Zhao X, Li G, Liang S. Several affinity tags commonly
used in chromatographic purification [J]. J Anal Methods
Chem, 2013, 2013: 1-8.

Li Y Y, Zhuang Y P. fmpRPMF: A web implementation
for protein identification by
fingerprinting [J]. |IEEE ACM Trans Comput Biol
Bioinform, 2018, 15(5): 1728-1731.

Wilson D, Daly N L. Nuclear magnetic resonance seq

robust peptide mass

(NMRseq): A new approach to peptide sequence tags [J].
Toxins, 2018, 10(11): 437-447.

Lewis W, Green L, Grynszpan F, et al. Click chemistry in
situ: Acetylcholinesterase as a reaction vessel for the
selective assembly of a femtomolar inhibitor from an
array of building blocks [J]. Angew Chem Int Ed, 2002,
41(6): 1053-1057.

Lewis W, Magallon F, Fokin V, et al. Discovery and
characterization  of  catalysts for  azide-alkyne
cycloaddition by fluorescence quenching [J]. J Am Chem
Soc, 2004, 126(30): 9152-9153.

Wang J, Nie Y, Bai G, et al. Identification of target
proteins of mangiferin in mice with acute lung injury
using functionalized magnetic microspheres based on
click chemistry [J]. J Agric Food Chem, 2015, 63(45):
10013-10021.

Wang J, Tan X, Lin Q, et al. A quantitative chemical

[29]

[30]

[31]

[32]

[33]

[34]

[33]

(38]

[39]

[40]

proteomics approach to profile the specific cellular targets
of andrographolide, a promising anticancer agent that
suppresses tumor [J]. Mol Cell Proteom, 2014, 13(3):
876-886.

BEPRHT. TR b 258 ROy 455 7 H 0
SRR HIBE R S AR N AR BEAT [D]. REE: BT RS,
2014.

Wang J, Zhang J, Lin Q, et al. In situ proteomic profiling
of curcumin targets in HCT116 colon cancer cell line [J].
i Rep, 2016, 6(2): 1-8.

Wang J, Zhang C, Lin Q, et al. Haem-activated
promiscuous targeting of artemisinin in Plasmodium
falciparum [J]. Nat Comm, 2015, 6(12): 1-11.

Zhou Y, Li W, Xiao Y. Profiling of multiple targets of
artemisinin activated by hemin in cancer cell proteome
[J]. ACSChemBiol, 2016, 11(4): 882-888.

Hou J, Shi Q, Bai G, et a. A novel approach for
fluorescent visualization of glycyrrhetic acid on a cell
with a quantum dot [J]. Biochemistry, 2014, 7(1): 25-30.
Zhao N, Sun M, Burns-Huang K, et al. Identification of
Rv3852 as an
mycobacterium tuberculosis [J]. PLOS One, 2015, 10(5):
1-16.

Sletten E, Sletten C. A hydrophilic azacyclooctyne for
Org Lett, 2008, 10(14):

agrimophol-binding  protein  in

Cu-free click chemistry [J].
3097-3099.

Ning X, Temming R, Dommerholt J, et al. Protein
modification by
cycloaddition [J]. Angew Chem Int Ed, 2010, 49(17):
3065-3067.

Debets M, Berkel

dibenzocyclooctynes

strain-promoted  alkyne-nitrone

S, Schoffelen S, et al. Aza-
for fast and efficient enzyme
PEGylation via copper-free (3+2) cycloaddition [J]. Chem
Commun, 2010, 46(1): 97-99.

Dommerholt J, Schmidt S, Temming R, et al. Readily
accessible bicyclononynes for bioorthogonal labeling and
three-dimensional imaging of living cells [J]. Angew
ChemInt Ed, 2010, 49(49): 9422-9425.

Jewett J, Sletten E, Bertozzi C. Rapid Cu-free click
chemistry  with  readily

synthesized  biarylaza-

cyclooctynones [J]. J Am Chem Soc, 2010, 132(11):
3688-3690.

Sletten E, Nakamura H, Jewett J. Bertozzi

difluorobenzocyclooctyne: ~Synthesis, reactivity, and
stabilization by beta-cyclodextrin [J]. J Am Chem Soc,
2010, 132(33): 11799-11805.

Almeida G, Sletten E, et al

Thiacycloalkynes for copper-free click chemistry [J].

Nakamura H,



¢ %4 Chinese Traditional and Herbal Drugs 3 50 % #5437 201942 A

*991-

[41]

[42]

[43]

[44]

[45]

[46]

Angew Chem Int Ed, 2012, 51(10): 2443-2447.

Ismail H, Barton V, Phanchana M, et al. Artemisinin
activity-based probes identify multiple molecular targets
within the asexual stage of the malaria parasites
Plasmodium falciparum 3D7 [J]. P Natl Acad i, 2016,
113(8): 2080-2085.

Li Z, Qian L, Li L, et al. Tetrazole photoclick chemistry:
Reinvestigating its suitability as a bioorthogonal reaction
and potential applications [J]. Angew Chem Int Ed, 2016,
55(6): 2002-2006.

Song W, Wang Y, Lin Q. Selective functionalization of a
genetically encoded alkene-containing protein via
“photoclick chemistry” in bacterial cells [J]. J Am Chem
Soc, 2008, 130(30): 9654-9655.

Yu Z, Pan Y, Lin Q, et al. Genetically encoded
cyclopropene  directs rapid, photoclick-chemistry-
mediated protein labeling in mammalian cells [J]. Angew
ChemInt Ed, 2012, 51(42): 10600-10604.

An P, Yu Z, Lin Q. Design of oligothiophene-based
tetrazoles for laser-triggered photoclick chemistry in
living cells [J]. Chem Commun, 2013, 49(85): 9920-9922.
Yu Z, Q Lin. Design of spiro [2.3] hex-l-ene, a
genetically encodable double-strained alkene for superfast

photoclick chemistry [J]. 3 Am Chem Soc, 2014, 136(11):

[47]

(48]

[49]

4153-4156.

Prakash A S, Kabli A M, Bulleid N. Mix-and-match
proteomics: Using advanced iodoacetyl tandem mass tag
multiplexing to investigate cysteine oxidation changes
with respect to protein expression [J]. Anal Chem, 2018,
90(24): 14173-14180.

Wang J, Wong Y K, Zhang J. Drug target identification
using an iTRAQ-based quantitative chemical proteomics
approach-based on a target profiling study of
andrographolide [J]. Proteomics, 2017, 586(12): 291-3009.
Sobota R M. Analysis of the global changes in SH,
binding properties using mass spectrometry supported by
quantitative stable isotope labeling by amino acids in cell
culture (SILAC) technique [J]. Methods Mol Biol, 2017,
1555(1): 419-428.

W, EERA, B, & AT IENUABITHN
i 2 i B G HepG2 41 A IR B AR M0 1 I K ALl
BT [7]. FHEZ4, 2018, 49(8): 1835-1840.

RSO, FE TR T B BN TIREE S A AT
F [D]. bifg: sEREER B8 T, 2016.
Arvind N, Nitisha B, Bharti S, et al. Kumar inverse
docking based screening and identification of protein
targets for cassiarin alkaloids against Plasmodium

falciparum [J]. Syud Pharm J, 2018, 26(4): 546-567.



