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Abstract: Metallo- S -lactamases (MBLs) mediate carbapenem antibiotic resistance by hydrolyzing the
f-lactam ring. However, existing inhibitors remain largely confined to laboratory research due to poor selectivity or
insufficient potency, and no clinically approved MBL inhibitors are currently available. MBLs are categorized into
three subclasses B1, B2, and B3. B1 and B3 subclasses possess a binuclear zinc catalytic center, whereas B2
harbors a single active zinc ion. Despite their structurally conserved active sites featuring a characteristic af/
Po-fold architecture with catalytic zinc ions positioned between af units flanked by flexible loops. Meanwhile,
candidates developed through enzymatic and thermodynamic studies, such as 2-quinazolinone QDP-1, boronic acid
derivatives VNRX-5133/QPX7728, thiazolecarboxylic acid ANT2681, and selenium-containing compound SPI-
1005, still face challenges in achieving broad-spectrum efficacy and clinical safety. This review systematically
examines the interaction mechanisms between inhibitors and MBLs, focusing on three strategic approaches:
Covalent binding strategies, zinc ion chelation, and allosteric inhibition. The synthesis aims to provide theoretical
foundations and rational design strategies for developing potent, safe, and broad-spectrum metallo- 5 -lactamase
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Figure 1 Tertiary structure of metallo-f-lactamases (MBLs). A: Bl (NDM-1, PDB: 3SPU); B: B2 (CphA, PDB: 3F90); C: B3 (L1, PDB:

1SML)
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Figure 2 Metal f-lactam inhibitors binding to cysteine
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Figure 3 Metal f-lactam inhibitors binding to lysine
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e, ke R K SRR e B R L I R R HI 5
MBLs #1174k & W) Leiris 0735 1 nig 8 42
HA WA B TR R 7, A R e 24 29, 18
100 pmol-L™ B 7] ¥ MEM X} 7= 45 1if NDM-1 Iffsi PR B 1
(E. coli NTBCI121) ff] MIC M 0.125 [4 % 0.06 pg-mL",
Thomas 5@ it ESI-MS F1 48 4b a] WG EIE SEAL 54
29 [AFE 5 VIM-2 JE il = e &AW HLE] o
215 Hihk &Y  Jackson ZEPVSZ B4l F K AR AW
UK-1 258 K, AT — RFR IR AR H RS
B G, o4k A 30, 1C, fEAK % 0.38 pmol-L7,
Pk 52 F 1 NDM-1 [ K i AT 1% MEM 80U Ji i
AN A] WG R 228 NDM-1 540 &M = Jc i &
Yo T f TR L I 1 -2 FR TR £ (NV-sulfonamidopyrrole-2-
carboxylates, NSPCs) & IIfi K #H 9¢ B1 I 28 MBLs 1
AR . NSPCs B 1% & MEM X llfs PR SR 5 1) K T
B A1l 28 55 75 A B8 blaNDM-1 97 %% &5 2> NSPCs %t
IMP-1 135 & T A B R s 24 ) 7)o I A FOPR A
FALED) 31X VIM-1 FHI0HE 1 e (pICy, = 8.5), 5
Il PR TI1 2454 VNRX-5133 (i R4 5 - NCT03840148)
AH 2410, A& 32 383 5 MBLs I 14 A7 21 S B i 18
TAEAR AR, FAR FBLEI AT R85 B B = o ic &4 -

SH
FsC' =
/=0
© HO

NDM-1 ICsy=6.1 pmol-L™! 20

Bla2 ICso= 0.48 pmol-L™!

NDM-1 IC50 0.17 pmol-L™!

BnO ; (o]

J~0Me
OMe

Cl

o 0
HOL, O~ -OH o o
F H H < SN
N-OH

-NH
23 HO 24 H
Bla2 K;= 6.4 kcal-mol!

p;Q

NDM-1 ICSO 0.08 pmol-L!

@Q

27
NDM-1 ICsy=0.04 pmol-L™!

OOH H

0\ NH
4’6"% )/’N‘NJ(

HzN “ 0 O H 'NH,

VIM-1 pIC50 8.5 NDM-1 K;=0.04 ymol-L"!

H Xt NDM-1 (30 #1035 1 K, = 0.04 pmol-L™!, I H. 245
IR N 8 mg-mL" i, Pk MEM X I AT 18 1 v 121
22 ERBFIE
2.2.1 EDTAFTPENTTES &5 iR, (b &4133
(EDTA) fifk 4434 [N,N,N',N'-tetrakis(2-pyridylmethyl)
ethylenediamine, TPEN] /2 5 X% ) 4 J& 25 & 571, AE % %1
S48 BT, 7 AE NDM-1 #0770, i i 230 )
FXE MBLs ¥ F 5 57 14, RS AR & &8 B, 5
BRI 4H e EE P, PR T ENITEIR R LR RIS, R
fif poixX —FEME L, B 70N A0 EDTA #E4T 45 # R A,
&K EDTA 545812 &%) (Ca-EDTA). %t &1L
R BE I BV R Kk 5D i 5% T 0T i) 4 B SR B B PR
HAE/N BB R R R F 1, H A7 IR I R HES
Jin SEU7 0 e e A () 1, 3- A AR BRI e R B, A i — &R
FIRFCERIZA . Forh, 3@ R AEE RIS H 22
BEGIN 58E B T B4 7 TPEN &5 K A0 LI i i 25 A1 45
FIL &Y 35, H 5 NDM-1 B A 8 2 #0355  (1c,, =
51 pmol'L™). il i 14k &4 2: % NDM-1
M T RIEMER . 74k, 1L&% 35 % HEK293 41 g
BRI, B R HEsEE.
2.2.2 NOTA 744 Zhang 259 & Bl — Fl g 7Y



FTIAFEE: & p- N L RE R 78T 7E 1k e © 733 -

Hozj rCOZH
o
(N\_S /\I)I\II/H S y
S
coH —N % N~

VIM-2 K;= 0.85 pmol-L™!
A
I ~
N

(@]
NH,
HO\"/K,H OH HO-P=0
I\N OH OH
o H 40
HO™ No [¢]
39

VIM-2 ICsy=129 pmol-L™!
NDM-1 ICso=0.37 pmol-L!
IMP-1 ICsy=3.88 pmol-L"!
L1 ICso=1.48 pmol-L! 5|

Figure 5 Metallo-f-lactam inhibitors with metal stripping
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