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[Abstract] Covalent inhibitors bind to target proteins through covalent bonds, and further inhibit them. Researchers have been discouraged

by covalent inhibitors because of their potential long-term off-target effect. However, with the in-depth study and exploration of the mechanism

of covalent inhibitors, the character of electrophilic warhead and nucleophilic amino acids as well as the implementation and improvement of

effective development strategies in recent years, many covalent inhibitors have been successfully approved. Their advantages in the treatment

of diseases have gradually emerged, making covalent inhibitors a hot spot in drug development. This review focuses on the binding mechanism,

research progress, development strategies, advantages and challenges of covalent inhibitors, and discusses their development prospect and

direction, in the hope of providing some reference for the development of novel covalent inhibitors.
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Figure 1 Mechanism of the interaction between
covalent inhibitor and target protein
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Table 1 Classification of covalent groups targeting specific amino acids
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2L BEEBR (cysteine, Cys) A A BERE A FE 424
JEANTET, T AR A P i AT A3 B0 A7
WF, SREZRET SR REET, JFlH— RN 20
BB R, XA D 2R R B
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AU

2000 AR R 326 EGFR A
)30 R S AR A2 AR B AR R R R sk, o
ZRIRSCHA N LT RERS 5 EGFR JECERE, HEhm )
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ZEAL I 5 A M AR /N4l i i 9 . BT R e A e
IR 2 A BE AL Ry TR Ik e 1A, L S50 2 4 v
AR SRR SR L Cys797 i3 1, 4 LB L BRI
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Figure 2 Co-crystal structure of compound 1 with
EGFR (PDB ID: 4G5P)
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ZH 2045 1 i K ( Cathepsin K, Cat K) J& A7 & it
B A ) O BEE A A, HG AT 0 A 0 ) B Y R
(odanacatib, 11) IEZEFFATIRIRMISE, HILAA &
AL BT R Y S I RS Cat K

PPS

TGPE D AR B R (AN S5 5 =T Y, X AT R
BEARICAE AR TS FERIVERT . & SR —H R (12)
FLE BN TI0 7 58 8 05 F 22 & PR AE i . 2018
4%, Andersen % " B I ARBHEAE Ryl Fi IR 2K 5%
R S6 184 fifF 2 ( ribosomal S6 kinase 2, RSK2)
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Figure 3 Co-crystal structure of compound 13 with
BRD4 (PDB ID: 6CZU)
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3.1.2 WEIRBEALEE-3 BN AmHIFR 1957 B XS
BB H AR AR )8 2 7585 % ( wortmannin,
15) J& W 5 Mt WL B%-3 3% B ( phosphatidylinositol
3-kinase, PI3K ) F4 %5 A Al 41 il ) ¥ 1k &
Yy 15 3 2 4430 5 2R T T AR O g B 114 T PR %
PI3K TGN £ 19 Lys833 AT &4 (LA 4) |

Xt PI3K F ICso A 2~4 nmol - L™, {HZHXF PI3K H
ABARMEREE, I HREMEA AR, R T lkix
[, i — 2D IT RAG B HIF AU, HReg i
LA 78 ROV 5 i B R, AN T A 45,
e gt AR/ NI . FS ARG TIE AT R S
Jo B 240 AL A I R 56 . 2018 48, Dalton 45
Tk T —FRFNBEHEMAT I PI3KS LM pifilsa,
L&Y 16, X PI3KS /Y pICso Ky 4.8, BIF 5% £ W]
HABES 5 PIBKS W (Y Lys779 Ry, J78 #e BE %
F 1 pmol - L™ i i 375 41 v i) PISKS HLAT =) Ji
PEPE. [RAE, $RECA VAR B CNY-486 19L& W
neolymphostin A (17 ) YE2 PI3K FITH AR 2 4k
FH ( mammalian target of rapamycin, mTOR ) X{E ¥t
PEPEILAN MG R BT K, HIRIRE &1k F 40
B AL S B 1 55 . Neolymphostin A E#% 18
b 5 R ) 2 L OO R SR A B ) Lys802, I LA
3 nmol L {3 B2 BELIT 76 41 At HH %) 2 11 %8 B( protein
kinase B, AKT) #ifgfk.
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Figure 4 Co-crystal structure of compound 15 with
PI3K (PDB ID: 1E7U)
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3.1.3 AMZBPERGHE T 4E LM insF EEE
e 4 Al F 4E (eukaryotic translation initiation factor
4E, elFAE ) BERSTA T ME SR 1 S B A AR LR B B
5T, elFAE f£ 2 P Mg th R kK, JF
5 R A R R A G 2020 4F, Wan %P0 5T
SERILA elFAE 1l 57 4H it 12 37 PEAR A5 ) i,
LM XTI 7T & T A HAT LS 1Y) elFAE
M IHIF . LAY 18 fEMS 5 elFAE F Y Lys162
RAEMEs G, REHREMEARR, (EXTH Rk
BE0Y a2 R0 ) REAS LR PS8 s B A

3.1.4 X HEETE T A P A AR 2018 4,
Baggio % Y R A ) 2 5k T & T A A AR
I 61 22 12 1) A X B T B B 1 (X-linked
inhibitor-of-apoptosis protein, XIAP) #ll i 7], H
t, ALE Y19 BE 8 5 AR 9N B TAP &K T 51 3
(' baculovirus TAP repeat 3, BIR3) &% #4 f 1 ()
Lys311 025G, IR A BRI HIEM (1Cs=
16.6 nmol L") . 7EX} LCL161 Tif 2514 L363 4ifir,
LG 19 7R H AR SR 1 i e 20 B A I e Ty, ARV
J& 4 20 pmol - L™ 254 F 4b# 48 h fEAZHN I 70% LA
R A, PR T R G Y 19 5 BIR3
SR S A B T g, T e RIX — (]
1, Baggio % ™ F 2019 4EHF & T8 10 ELAT 4 g
IR 007 FE R R R 2 L R Ak &4 20, 1k
A1) 20 fEfE 5 BIR3 Z5H49380 1 1) Lys297 3RILHILAS
0t {15 A A LA 4 2 1k O 5 S A 3
N o LAY 20 78 6 h AbBEAAF T Xt XIAP 4 1Cso 4
12 nmol ‘L', FE/K VL his i 75 4 2 mmol 'L,
IFTE M hRe R IR [l () > 2h] 1E
fE&4) 21 5 MEIRIEN T o [FIRAFE R S5 0F T,
AEWS 25 115 S SK-MEL-28 411/l 22 5 A549 4l & 1Y
T, XRWALAY 20 5iEREELZGY LCL161 H
AR A 2R

3.1.5 EPRELNM A MR 1 SR 2016 4R,
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( myeloid cell leukemia 1, Mcl-1 ) [ A 336 SEA- 6 55,
L BE 08 i Ty SRR P L S AR B A Lys234, IF
TR AR R S SR I R . B 21
X Mecl-1 Y ICso & 3.4 nmol - L™, H: 3 15 XF Mcl-1
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Ml AR AR SR TE R = T 24 A5 L) L 2021 4R,
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Fefy BH3 K, iZ M6 hMcl-1 BAT 53 59 26 F1 47 A
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320 PG G R ARk IR AR 2 3 A A R DA A e
B P R IBCAS B R AR 7 W it R 1 S
beloranib (22 ) J& i 2 R 2 HL K 2 ( methionine
aminopeptidase 2, MetAP2 ) FFLMHNHIF], S5HL,
v LA A/ N IR R AL S WD R 2 5 MetAP2 T 4
frsi By His231 7R3 g G, RS G 22 16
IRTTIRRITE T THSCRAN] W, (BAERF S R B BAT R
R ER, JE AR 2 R AF. BT 22 C&4E
REREREIRS T e 25 ) A ILImRAIESE , 7RIl IR
RIS KSR TSGR I S RIE R BT,
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EEE

4.1 $Bm L2 =ELRY i

22 R (serine, Ser) &2 [ i A1 HLAth /K £ it
TP S B GBI AR, NG b Y 2 I RE S B
LRI FRELE , IR A S L RSk BN A
HMEEE .
4.1.1 HERAEGEOSHNIEIR] 1928 FERAFH
## (penicillin, 23) 1ERdrd: Z 5N FIHIK
BT 2. BRI E W) 23 11 B- N Ik R R 5
i R E AL S ) 5 & R 45 58 F (penicillin-
binding protein, PBP ) IGPEALAL Ser36, ditixXFy
T 5 22 ARSI T 200 1275 3G A4t L B DA TG 22 2 X687 1Y)
U EH P,
402 SR R AL ] B- I R PUAE R A
IR AR B T 2GR, X T AN RE A%
I F IR BTN Tt B il 453X S T AR R Y B- TN Tk
TR A PTG 0T AR AR e o Ry T v ARGk A g
2, BRI B- N T e 0 R LB T A . BT
1 (avibactam, 24 ) JE—Fhal LA, HAa
JCI IR R BE e % 5 R A TG PE AR ALY Ser Fl
FEA S AR EAE P e B BTk e sk
FOMEAR IR P AR S X 55 22 PR TR R e 8 3 1 1T 30
PRI rh R RAF0997 8, IF T 2015 4R 4 56 [

PPS

FDA it L7

413 ZTOR PR R it AN R B R R Ve R AR AT
JEME DL T v ) PR R AT M, BRI B-UE R A
B RSN, W £ ERH B R §8 (acetylcholine
esterase, AchE ) [F]Ff B8 W% X ik b g HE 47— F
JE IR P KRR GO 2 R BT
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Figure 5 Co-crystal structure of compound 28 with
HCV NS3-4a protease (PDB ID: 3LON)
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Figure 6 Co-crystal structure of compound 31 with
20S proteasome (PDB ID: 4R67)
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