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Figure 1 (Color online) Mechanism of action of lysine-targeting covalent inhibitors.
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Figure 2 (Color online) (A) Wortmannin and Sonolisib react with Lys833 in PI3K; (B) crystal structure of the covalent binding of Wortmannin with

Lys833 in PI3K (PDB:1E7U).
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Figure 3 (Color online) (A) Discovery of acrylic covalent inhibitors 2; (B) the interaction mode of covalent inhibitor2 with HSP72 protein.
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Figure 4 (Color online) Structures of compounds X044, UPR1444 and 142D6.
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Figure 5 (Color online) Schematic illustration of the covalent binding of covalent inhibitors to the lysine residue of target proteins via their 2-

ethylbenzaldehyde (EBA) warhead.
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Figure 6 (Color online) (A) Compound A5 obtained by incorporating a covalent warhead into PPA; (B) crystal structure of compound A5 covalently
bound to Lys271 of Abl kinase (PDB:7W7Y).
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Figure 7 (Color online) (A) ALKBHS5 covalent inhibitor DDO-02267; (B) the binding mode of DDO-02267 with Lys132 residue in ALKBHS
protein.
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Figure 8 (Color online) (A) Reaction mechanism of RMR1 with lysine; (B) reversible covalent inhibitor 4 targeting Mcl-1, designed from non-
covalent inhibitor 3.
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Figure 9 (Color online) (A) Reaction mechanism of 2-acylphenylboronic acid with lysine; (B) reaction of AB1 with Lys-PG and PE; (C) A covalent

inhibitor containing o-cyanobenzaldehyde (CNBA): M-CNBA-1.

BandyopadhyayZ & pl 7 — il 3 T 41 0 5 T R
(2-aminophenylboronic acid, APBA)/{JABI, ifii APBA
58Sk 55 20 TR AR T A M 2 A R T Jo B IR IR & I YR
(phosphatidylethanolamine, PE)F1fi % Bt ik A Ft H
7 (lysylphosphatidylglycerol, Lys-PG)HJe-NH, ¥
RIETNER R, WA &% S BN 5 22 IKPH M 3 A i
(K{9B).

NIRRT, R IEE ) 2 5 A T
RS T 1 D 3 - PR S T DA S B s 2kt AN & A
i B, Ling5 R 8L T — 254850 4 H S (CNBA)
Sk, ol MR s A LM IR AL, RGO
FEI AT 10D bR P B 0 5 B I SR S 5 RN SR
TR . RAMERUEE R, CNBAX 1
AU EE FIFKBP 12 28 1R Y2 7 Hh e b 1 28 A s e 3R 1k
e B, iZ BBV CNBA L 5] AMDM2-p534ll
Hil7 I Nutlin-3 258, K15 7 M-CNBA-1 ([90),
HOE T H [ MDM2 K T % #% I Lys94, SCEL T XF
MDM2-p53AH HAEH AN AT 3854, AT K BE 42 =

2386

NutlinZ& 737 TR I, CNBASE Ny —Foli Lk £
Ve OB A BRI B R Sk, AR T ARRINEY)
K.

3.4 TR SRR AR I SR 1 ]

RN R EE T EM. 5T A BRUKE
FROE RISE B A, RO — AR i B s R S
33482, Shannon A1 P\ #4528 %5 5 g AR )
EAER S, ik kI T A= EATEYRBT
(E10A) R B HEILM BB AR, 2B X,
AndersonZ5 Wit T o A SN L LA
KEA1-97, 7] # A i S A0 08 i 8 1 e AR 72067 T
& (lysine 72), A &I AL 5 8 B 5 LR 8 A
FOAH EAE L i S 08 T 3 v 4 ) IR R AR A K
(K 10B).

3.5 TR 2 ) 5t SR P A 1 R

T IR P S Skt i AT 42 A AL S ML AR, DAL ]



FREFR: b 2025 H55% 8 M

AR TRITOL T ik B T R, I RNE R
BE2FFRN K, Hilid i vEp- w s 3L M 15 i
PI3K"™, SZHL T VR RN ). 3T, Dalton [\ YiE
TSt S SR A g ST A Tl U 3RS (PT3KS) 417
il 7IGSK-229276 71347 iid, 5 N4- KBy 1 EE, 15
B RAT A5, %5 BT B Lys779 S B o] 3 411
#IPI3KS (ICs, = 8 nM) (E[11A, B). Fournier& “IJF k&
(B ATE Y6t — B I0AIE 1 i PEEG 1078 7, Joimid (i
e Lys779mEAk, JE Ik A R AR T AR i A

| NN _ |
//\NJ\ A Y O HNT SN )\u
H Cl F
RB7 KEAI-97

PI3KSSE & 2 i, 33E 0 v 1k M 3 Sk 5 Lys 779 % Bk i
S I A3 2R V5 (BT 11C).

BT LAEFTIR, Taylor I BA it 7 Mtk 1) J7
FREE AL A WVE N — R A R R [ S A, T
g = B o N i N W D S N [ i B B U
S oA 38 0 B 1) 35 [ T DA kb R 4 7 B
TR 1 [ LAV, BE A 0] e . s AT A P s .
BiJE, fE45 %0 R SRR, UDP-JTERATAEY)
XoF 43 A FF B 4T R v PR IR 2 LB S R iR (GIFT2) 1)

F
NH2
NH

N)\N
N

B 10 (MZRERE) (A) (LEVIRBTZ 1), (B) KEA1-97 58 A AT R & i B8 S

Figure 10 (Color online) (A) Chemical structure of compound RB7; (B) reaction of KEA1-97 with lysine in thioredoxin.
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Figure 11 (Color online) (A) A selective covalent inhibitor 5 targeting Lys779 of PI3KJ designed from clinical candidate drugs; (B) the crystal
structure of the covalent binding between ester derivative 4 and Lys779 of PI3K$ (PDB:6EYZ); (C) a schematic diagram of the acylation of Lys779
catalyzed by ester derivative 5; (D) the structural formula of compound 7 UDP-squarate.
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Figurel2 (Color online) (A) Vinyl sulfone derivative 8; (B) chemical structure of NU6300; (C) crystal structure of NU6300 covalently bound to

Lys89 in CDK2 (PDB:5CYT).
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Abstract: With the innovation of drug design concepts, the research on covalent inhibitors has once again become a
hotspot in the field of medicinal chemistry. Driven by bioinformatics and proteomics technologies, lysine, due to its
characteristics such as high abundance and low mutation rate, has gradually broken through the limitations of traditional
cysteine-targeting and shown the potential to become a core target for the design of a new generation of covalent drugs.
A large number of studies have shown that by adding covalent warheads to non-covalent inhibitors to design covalent
inhibitors specifically targeting lysine, the goal of highly efficient and selective inhibition of target proteins has been
achieved. This article systematically reviews the research progress of lysine-targeted covalent inhibitors, with a focus on
exploring the types of covalent warheads targeting lysine, their action mechanisms, and design strategies, providing
ideas and references for the development of lysine-targeted covalent drugs.
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