- 1616 - 254k Acta Pharmaceutica Sinica 2025, 60(6): 1616-1630

LpxH 8 @ E 251 5 it R

® &\ B2 A, X
(o R 2R 5205 AT RS 2252 2 0 ST, R AR 25003 HE R 5 20 e 5 L 90 2, 65T 100050)

W JRIT WERR-2,3- R WE G A 0 R /K i 8 (UDP-2,3-diacylglucosamine pyrophosphate hydrolase, LpxH)
ST YT TR TR BT A (lipid A) B G AR B OGBS . BT IR A /E N NIE 2 B (lipopolysaccharide, LPS) (1) 24
BUHRR A, R A E R S 55 HERNEYFD6E, LpxH AN PUE 4 K E R 2 — AT
LpxH [ Dy 5 4544 tH &, X B A7 C G 1K) LpxH #HIRIEEAT 7 R G0 E5 4, F AR Wt 58 7 1m i AT 1 R 3.
A LEIR NG A Lpx H A 510 (5 v S LBk, A BT Lpx H A ] 9 37 284 B 1 251 IR0 O

KEEIR: PUAEFR,; S22 PR TA ; Lpx H #0550, g 2 4 s it ik e

FE 5 S: R4 RRFRINAD: A NEHRE: 0513-4870(2025)06-1616-15

Research progress on LpxH-targeted antibacterial drugs
ZHANG Gao, XIA Jie", WU Song”

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

Abstract: UDP-2, 3-diacylglucosamine pyrophosphate hydrolase (LpxH) is a key enzyme in the lipid A
biosynthesis pathway of Gram-negative bacteria. Lipid A is an indispensable component of lipopolysaccharide
(LPS), and LPS plays an important biological function in Gram-negative bacteria. Therefore, LpxH is considered
one of the important targets in the research of antibacterial drugs. Based on the function and structure of LpxH
enzyme, this review systematically summarizes and analyzes the currently reported LpxH inhibitors, and offers
perspectives on future research directions. This review will provide ideas for the design of LpxH inhibitors and
contribute to the development of new antibacterial drugs targeting LpxH.
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Biosynthesis of lipid A and the function of LpxH in E. coli. A: The schematic representation of Gram-negative bacterial cell wall

(with E. coli as an example), including inner membrane, periplasm, and outer membrane (The Kdo,-lipid A unit is essential for growth of
E. coli), Ref. 5 licensed under CC-BY 4.0; B: Lipid A biosynthesis in E. coli (Raetz pathway); C: LpxH catalyzes the conversion of UDP-
DAGn to lipid X, Ref. 5 licensed under CC-BY 4.0. Kdo: 3-Deoxy-D-manno-octulosonic acid; UDP-DAGn: UDP-2,3-diacylglucosamine
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Figure 2 The crystal structures of LpxH in complex with ligands. A: The co-crystal structure of KpLpxH complexed with lipid X (PDB

ID: 6PHY, represented by cartoon and surface, cap domain: red, core domain: green; Lipid X is located at the catalytic domain between cap
domain and core domain); B: The detailed binding mode of lipid X (PDB ID: 6PH9); C: The first LpxH inhibitor, AZ1; D: The binding
mode of AZ1 to KpLpxH (PDB ID: 6PIB); E: The superimposition of lipid X and AZ1. The sulfonylpiperazine moiety adopts an "L" shape
in AZ1, similar to lipid X; F: The binding cavity of AZ1 and lipid X. The N-acetyl dihydroindole of AZ1 points to the catalytic site, and the

trifluoromethyl group points to the solvent exposure area (the same as the 3-O-acyl chain of lipid X). All the binding modes were depicted

by PyMol (Open-Source PyMol™, version 2.6). Kp: Klebsiella pneumonia
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Table 1

ASP122.ASN164 1 LYS167 J& it & 8 4 4% ; 5 {5 H
Bk 5 HIS195 ¥ RUE B B Jot 56 AH FLAE F : 2 107 I 1y Tk
Jiie 3 0 8% 37 T i1 VAL132.PHE141.ILE152. ALA153
6 g 7K M e TR ke A ) RS I i K S, TR
-k | o B — b A AR ELAE R 3 0 T s T R 0 S
ILE152 & il Joe 3 — e SE A0 B AE A o AR 40 B ) LpxH
5 I X 2 18] P A ELAE FHARAE AR 1.

B H O, G T IR B 28 LpxH /) 43 1 #0 ) 771
HRIE . FRAE BT CA BN i), nT DO A
BMKRMENES: O 753 1 5 PHE141 JE AL T B
m-w HERE L, L IX S AE 2 1 D RSR T AR AE — DU )
B 7K 1S 3 — ) AT DL 23 9 A B /0 ) AR 22 a5
T ISR, S — (0 R, 2 B3 10 7 71 R 87 X @) HR IR
WRGE IR (3£ 2) 5 LpxH 15 7K 23 i 2 18] 47 75 5 K A E
TEH, BEEESL 1K) — A5 T 55 TRP46 3-8 F11-N-H-JE
BB PR B AR LA, 53 A — AN SR BR AR AE Ay Tk 15 DR
I 5k LA B ) 45 M A, 3X 5 LpxH (i 4k 7= ) i
J5R X ) 2-N- Tk 3k BE B L7 B L5 — 80, Wi B 2E TR
@ 77 3 7] LA ARGSO 19 I ] & 7% R BH 25 T - A1
FAEH, MR BB AU T 5 ASNT9 I INRE T B ok
B EEEN; @ 534 5 TYR125.PHE128 JE % T 7Y
75 N HERNAE ELAE ) 2R 4 Lt R BE AR A BUAR B R, A
o N-FR - FR BB ik, DU RT DLS ASNT79 (6% \ARG8O
{0 WIS 00 8 T RO VB A P, 8 B SN 5 45 A R )
Ab, B T i AR 266 100 6f A — I R, A B 2 Y R R R
X, 7 A7 B AT DU o v R e 2 A By H R A, i
B REE U S BT .

2.2 LpxH/hoFHFIFMRER AZLZ2EMRIE
1) LpxH #0417 2015 47, Fif B F| & (AstraZeneca) A
3 I v A R R BT X A HE B B R OK i AT
(ATCC 25922 AtolC, TolC & [ s — Fh &} it i 1 &
1, & R WA B AR 2R R ¥ A F B 7 19, TolC 2k

The interactions between lipid X and key amino acid residues of LpxH in different Gram-negative bacteria, i.e. KpLpxH,

PalpxH, HiLpxH and EcLpxH. Pa: Pseudomonas aeruginosa; Hi: Haemophilus influenza; Ec: Escherichia coli

Chemical group

Interaction of lipid X KpLpxH (6PH9) PaLpxH (5B4B) HiLpxH (5K8K) EcLpxH (8QJZ)
Salt bridge Phosphate ARG80, ARG157 ARGS80 ARGS81,ARG158, LYS165 ARG80, ARG157
Hydrogen Phosphate ASN79, SER160, ASN164 - ASN80, ARGS81 ASN79, ARGS80, SER160,
bond ASN164
2-N-Acyl ASN79, ARG157, SER160  ASN79, SER160 SER161 ASN79, ARG157, SER160
3-0-Acyl LYS167 SER160, GLN163, SERI161, LYS168 LYS167
LYS167
4-Hydroxyl ASP122, ASN164,LYS167  ASP122,LYS167 ASP123, LYS168 ASP122,LYS167, ASN164
5-Hydroxy-methyl HIS195 HIS195 HIS196 HIS195
Alkyl 2-N-Acyl VALI132 (0-0); PHE141 (7-0) LEUS83, LEU141, VALI133, LEU138 (0-0); VALI132, LEU137 (0-0);
interaction ARG149, LEU152 (0-0) PHE142 (n-0) PHE141 (n-0)
3-0-Acyl ILE152 (0-0) TRP131 (7-0); LEU152, LEU138 (0-0) ILE152 (0-0)

LEU156 (0-0)
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Figure 3 The structure-activity relationship of sulfonylpiperazine inhibitors
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A: Structure merging and modifications, Ref. 5 licensed under CC-BY 4.0; B: The co-crystal structure of EcLpxH in complex with 20 (PDB
ID: 8QK9); C: The superimposition of 20 (PDB ID: 8QK9) and 23 (PDB ID: 8QKS5)
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FREE B R EE T, B, ks TR BA T AR
(973 B 9 PR ) R LA PR . AR K A B AT AT
L, ORILH R 3R BRI EN TS SRR BE
540, 43 5l /& PHE141.PHE128 fl ARGS80, iX 3 /™2 %
BR Bk ik 0] DL 43 Sl 55 il T IR 1 28 100 ) 7R AR A 1.3 FH 4
KA R 45 G AF o TE AR S5 5 M v, 128 Al
141 (LR N 2R £ 80 =2 A ST R, 128 £
SR R ST R R DAL Ik A I B A ) 2> T A
PaLpxH 8% AbLpxH 45 & ) K m-m HERRAE R . HI 13X
LE S B IR 1) 22 e, IR AE 5 AN R 40 5 LpxH 45 & I
BAANRIMGEMEMG G thun, thA4 24 %F
K W ¥ B EcLpxH I 25 A& 1F H EE 4 2 7 5 B B
PaLpxH 5% 10 5 LA BB R, AR BA ) i =
I3 14 B A FH 1 LpxH 400 770, & o 2248 w4k & it A
[F) £ R0 R )52 R 7T

B2 B B I AN HELE F A S R I ISR R T bt
W VR AT E REERS . W B SRR, Y2 5% LpxH
FA R B 1S 1 A A ) (IC,, < 0.1 pmol L)
Z 00 T B AR R TR AR B BT B S A, BT T A HR 2R R R
PR B IR SR e 2R T R U AR T R AR A B R I M (MIC <
0.5 ug'mL™"). Rk, 2 8 G fey 38 0 40 6 28 3% 1 (n )8

EnTry AU, 384 BBk 14 BH & 51 i s 1 39 43 -~ 1l
Pk 2 SO, gD SRR R4 A 2 5 2 LpxH
NG TN IR R . R A B R R RS
ZMEAEE, HATC A V2 06T LpxC #lii 71 (¥ 4 i,
FHHEN T IRARWT T, 10 ACHN-975%, ¢F Lpx AP,
LpxDPO3I A7 — 2637 B0 0] 570 R e 1 o PRI, %1%
T BT R /N G T AR R AT 6 G B SR R HE P R
AR 2 — AN A AT BB A R

2 L ik, LpxH 491l 77 0F 78 i) AR SR 8 Wi 7 B2, (B
TISRAEAE L FE T A VS 78 M 2R 3B M 72 V5 ) Wl b HE
R EAPE B RS 1) L, £ 4 5 121 i AR
A H RN DA% 8 I E A i R 5% ) . i & LpxH A
0 IRR N i T 6 5 S 45 A ¥ % R, LpxH 4 77 47 22
KR R — A HAE R LI BT 8 259
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