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Protein targets of medicinally active molecules based on their
original structures and molecular probes

YANG Wan-gi, ZHANG Chong-jing”

(State Key Laboratory of Bioactive Substance and Function of Natural Medicines, Institute of Materia Medica, Chinese
Academy of Medical Sciences and Peking Union Medical College, Beijing 100050, China)

Abstract: Medicinally active molecules are those that have pharmacological effects. Research on protein targets
of these molecules not only clarifies their mechanism of action, but also deepens our understanding of biological
systems. Here we review recent advances in protein targets of drugs used in clinical practice or in preclinical
research. They have various functions including anti-inflammatory, anti-malarial, anti-tumor and other biological
activities. Activity-based protein profiling (ABPP) and cellular thermal shift assay (CETSA) are two useful methods
to identify the protein targets of small molecules. ABPP depends on a derivative active molecule probe to pull
down the protein targets to reveal the interaction mechanisms between the active molecules and targets. Drug target
engagement also can be assessed by means of CETSA based on ligand-induced changes in protein thermal stability.
In the CETSA approach, the active molecules do not need to be chemically modified. Combining the CETSA
method with quantitative mass spectrometry is an effective approach to study the effect of compounds on the thermal
profile of a cellular proteome and identify the protein targets. ABPP and CETSA can be complementary and effectively
clarify the protein targets. The study of protein targets will help reveal the mechanism of action of medicinal molecules,
reveal toxic mechanisms and aid in the discovery of new medicinal targets to promote the process of drug development.

Key words: chemical proteomics; activity-based protein profiling; cellular thermal shift assay; target identifi-
cation; drug development
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Figure 1 (a) Representative structure of an activity-based protein profiling (ABPP) probe, which contains a reactive group (green), a spacer
or binding group (black), and a reporter tag (purple); (b) Visualization and enrichment of enzymes can be achieved by a variety of reporter
tags including fluorophores (e.g., rhodamine) and biotin. Clickable handles including azide and alkyne can also serve as a reporter tag; (c)
Common electrophilic traps that react with nucleophilic residues in proteins; (d) Commonly used photoreactive groups and their reaction
under UV light
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Figure 2 Inhibitor discovery by competitive ABPP. The selectivity and potency of enzyme inhibitors can be determined by preincubation
of a proteome with inhibitors followed by probe treatment. Inhibitor-bound enzymes are detected by a reduction in labeling intensity of
ABPP probe
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Figure 3 (a) TPP-TR experiment: cells are treated with vehicle or a compound in a range of temperatures; (b) TPP-CCR experiment: cells

are treated with vehicle or a compound over a range of nine concentrations
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Figure 4  Structure of aspirin and its activity-based probe
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Figure 5 Structure of andrographolide and its activity-based probes
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Figure 6 Ibrutinib-based ABBP probes developed by Buggy's group (a) and Cravatt's group (b)
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Figure 7 p-Lactam ABPP probes including ampicillin-based and cephalosporin-based probes
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Figure 8 Chemical structure of formestane and probes used to profile the targets of formestane
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Figure 9  Structures of FP-biotin, bortezomib and carfizomib
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Figure 10 (a) Structures of artemisinin, AP1; (b) Structures of P1, CP1, P2 and CP2; (c) Structure of ART-yne; (d) Binding mode of heme-

activated-artemisinin with proteins
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Figure 11  Structure of panobinostat and the apparent stability of

HDACL in presence different concentration of panobinostat
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ACV1.ACV2 f1ACV3 (K 12). %xf b &S5
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Figure 12  Structures of acivicin and its activity-based probes
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N R R R o ek, 15 B4R BTG & 9 PF-7802 (&
13). 45 LA 415 [ D (cathepsin D, CatD) & A
FL IR JIES L 57 41 g ARPE-19 41 ffid 1 BACEL 111 1l 551 PF-
9283 [1) = BMLHE 4> T o (B IEEE PR B P S LR, Ko AL I
HBEAT 20 234k 2 Yo 855 J5 15, 8 S JBE SE 40 1) CatD &
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Figure 13  Structure of BACEL inhibitor PF-9283 and its click-
able photoprobe analog PF-7802
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10-2474 (& 14c) BRI 330 T ™ H A R4

. Scripps B F BT 5 ¥R 2 7] 2 FZ AL SR R A
SEEHE AT TS, HE TR TR R RS S T ST R
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Figure14 (a) Structures of anandamide and 2-arachidonolglycerol;
(b) The structure of PF-3845; (c) The structure of BIA 10-2474
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Figure 15 (a) The chemical structure of compound 3; (b) Structures of URB597, BMS-1, SA-47, SA-72, a-KH7, OL-135, AM404 and

LY2077855; (c) Structures of FP-TAMRA and FP-biotin
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Bromotriazine

Figure 16  Structure of nimbolide
Figure 18 Structure of probe bromotriazine (BTZ)

N Figure 19 Structure of EN6
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Figure 17  Structure of CCW 28-3, an RNF-4-recruiter-based de-
grader linked to BRD4 inhibitor JQ1 T = IR Rags AR ES, WIS F mTORCL 5 5!
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Figure 20  Structure of vioprolide A
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