oz )

ZEN /I - - WER % | QEEENEER CpxA REREHAET IS H 808
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn Jul. 25, 2024, 40(7): 2022-2037
DOI: 10.13345/j.cjb.240021 ©2024 Chin J Biotech, All rights reserved

b= R .

BRGNS Na N 22 H CpxA 23T & H 320 = it 245 10
= AR

I, B, EEe R Bee S e pEER S
AR, MY, EEE

1 JE BB e 238, fmad BT 361023

2 MLBE SRRt s S A i S S0 00 %, e JHI] 361023
3 JEBE2E GRS P, R ] 361023

4 FITE2ERE A DA SEARARR, W Ji 361023

5 EITBE2EREZ 2R, i K] 361023

|

W, 208, \IEYE, VFEAE, FRafe, BREAL, AIER, RO, XSHHE, iR RN R CpxA RAR K
S 20 T T 24 P R B R (0], AR TR, 2024, 40(7): 2022-2037.
XIE Xueqin, LI Xinyao, HUANG Jingyan, XU Suneng, CHEN Yiling, QIU Yuhang, TANG Minchen, XIE Huilin, DENG Qiqi,

HUANG Jinghan. Mutation of the envelope stress-responsive protein CpxA capable of regulating the antimicrobial resistance and
virulence of bacteria[J]. Chinese Journal of Biotechnology, 2024, 40(7): 2022-2037.

O E: CpxAREZXKAMAA T LRAENQIERAS R % Cpx B9 KRR, R w15 TR,
R A REEAREER T EMN, A5 MBS AK AT EZAEILGAL. HLFR, G
CpxA M9 FT R A AWM IF L5 AR AR, AT LR E 5 e h M ERXMMATH TR
FRBREIG T T BRI, ALRET @i QIR HA T EE CpxA 6944 . AR ALRE
CpxR #9i8 %, B 54T A AL mE o h KR A& A7 BEGIF, B &EET 4 a4tafiz e b
R G E S ey AT EEE, VAABY )1 R E W 2 B SR F I8 T A RS A AL

KRR QR AL, CpxA; RE; A AMERM; BoRk; LEHSG7TRE

TRENIE . AR B AR 4(20221011406); HREE KA QDI ZRiT 1202312631020, S202112631013); JE (]
R R BRI LA 630 H (35022202142D1329); R TTER BRI (K2022-02); T BAE R DU AR 2021 4R
B H IR R(21004)

This work was supported by the Natural Science Foundation of Fujian Province (2022J011406), the Fujian Province College
Student Innovation and Entrepreneurship Training Program Project (202312631020, S202112631013), the Medical and Health
Guidance Project of Xiamen Science and Technology Bureau (3502Z2202142D1329), the Xiamen Medical College Science and
Technology Project (K2022-02), and the Xiamen Education Science “14th Five Year Plan” 2021 Key Project (21004).

*Corresponding author. E-mail: cherryxie36@163.com
Received: 2024-01-10; Accepted: 2024-02-17



WER £ | BENHEEER CpxA REREMMAE R A4S N6 iEE 2023

Mutation of the envelope stress-responsive protein CpxA
capable of regulating the antimicrobial resistance and
virulence of bacteria
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Abstract: CpxA is a key member of the envelope stress-responsive Cpx two-component system
ubiquitous in Gram-negative bacteria. It is responsible for signal sensing and has dual activities
of phosphatase and kinase. CpxA has been revealed to participate in the regulation of
physiological processes such as virulence and antimicrobial resistance of bacteria. In recent
years, the development of novel antimicrobials targeting CpxA has attracted much attention.
Drugs developed based on inhibition of the phosphatase activity of CpxA have shown
effectiveness in the treatment of urinary tract infections caused by Escherichia coli. This review
introduces the structure and functional domains of CpxA and the activation of Cpx pathways by
CpxA. Furthermore, it summarizes the roles of CpxA in the development of antimicrobial
resistance and the regulation of bacterial virulence and reviews the latest progress in the
development of new antimicrobials targeting this protein. It is expected to assist in the
exploration of CpxA-targeting anti-infection strategies for severely antimicrobial-resistant
bacteria whose clinical infections are of urgent need to be controlled.

Keywords: envelope stress-responsive system; CpxA; mutation; antimicrobial susceptibility;
pathogenicity; targets of antimicrobial therapies
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Figure 1

Sturcture and activation pathways of CpxA in Gram-negative bacteria. A: Structure and function

domains, Escherichia coli CpxA (GenBank accession number: NP _418347.1) was used as an example to
label amino acid sites in various domains. B: CpxA downstream activation pathways.
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Bacteria

resistance®

Mutant/Functional domain Changes in antimicrobial

Mechanism References

Escherichia coli CpxA (Y144N)/PSD

Aminoglycosides (gentamicin,
amikacin); Fosfomycin

@D CpxA (A93-124)/PSD
@ ACpxA/whole protein

B-lactam (imipenem, ceftazidime);

Aminoglycosides (amikacin,
gentamicin); Hydroxyurea

Higher efflux pump AcrD; [14]
Lower membrane porin

Unchanged: fluoroquinolones

(norfloxacin)
@O CpxA (F218Y)/HAMP
@ ACpxA/whole protein

ACpxA/whole protein Fosfomycin

Aminoglycosides (kanamycin)

OmpF
Contitutive activation of [20]
CpxR
Contitutive activation of [21]
CpxR
Lower fosfomycin [22]

transporters glpt and uhpt
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2R 1)
Bacteria Mutant/Functional domain Changes in antimicrobial Mechanism References
resistance®
CpxA (H248A)/DHp B-lactam (ampicillin) Lower OmpF [23]
CpxA (T248P)/DHp Aminoglycosides (gentamicin); Through transcriptome: [24]
Hydroxyurea (@ Higher efflux pump
@ Lower OmpF
® Lower ROS production
(D CpxA (A93-124)/PSD  Lowered: B-lactam (amdinocillin, ~ Excessive activation of the [25]
@ CpxA (L38F ampicillin, cephalosporin) Cpx system by CpxA*
G415C)/TMD1 CA Unchanged: vancomycin, mutants leads to a loss
neobiotin, bacteriocins, of PG homeostasis and thus
erythromycin, and rifampicin cell division and shape
defects
ACpxA/whole protein B-lactam (ampicillin); (O Higher periplasmic [26]
Aminoglycosides (gentamicin) protease and chaperon such as
degP;
@ Lower formation of
hydroxyl radicals
ACpxA/whole protein Lowered: chloramphenicol and Higher OmpF and OmpC [27]
nalidixic acid through regulation of AtpB
Salmonella enterica M ACpxA/whole protein ~ B-lactam (cephalosporin, @ Lower porins ompW and  [28]
serovar @ CpxA (L38F)/PSD cefuroxime, ceftriaxone, stm3031;
Typhimurium ® CpxA (A92-104)/PSD  cefotaxime); @ Higher AcrD;
Aminoglycosides (netilmicin, ® Higher proteases and
amikacin, streptomycin, chaperon genes: ppiA, htpX,
kanamycin) spy and ycCA;
@ Lower ROS-forming
genes: NUOA and sdhC
Neisseria AMisS (CpxA)/whole Unchanged: cationic antimicrobial / [29]
gonorrhoeae protein peptide (polymyxin B)
Vibrio cholerae CpxA (A97-133)/PSD B-lactam (ampicillin) Higher efflux pump: vexRAB [30]
Unchanged: tetracycline, gentamicin, and vexGH
polymyxin B, erythromycin
P. aeruginosa CpxA (A154S)/TMD2 Aminoglycosides (gentamicin); Restore cell wall structural [31]
Vancomycin defects caused by missing
AmidA and AmiB
ACpxA/whole protein Aminoglycosides (gentamicin) / [32]
Haemophilus ACpxA/whole protein Aminoglycosides (gentamicin); / [33]
parasuis Unchanged: erythromycin
Klebsiella CpxA/not specified Lowered: amikacin, aztreonam, / [34]
pneumoniae cefazolin, imipenem, cevofloxacin
V. parahaemolyticus ACpxA/whole protein Polymyxin B Higher VP_ RS01045 and [35]

VP_RS08405 required for
outer membrane formation;
Higher biofilm formation

: Enhanced unless otherwise specified.
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FEANE, T CpxA H9ZeA5 RE T JH 8L HIM

56 S0 . NADH 56 S0 RAI41 1 5, 2 4 AL 4 AR T APERTT CoxA N TRAZH 2
H PR KL ROS 172 A0 3k T it 40 1 FEVE, H BB 12 356 DR ) 925 400 1 20 1 e A
T2 PE2429) ) 33T ROS KCF B E AT CpxA GBI IR I B, BRI BOR M T
SR AN B 25 MRS LA R, AN BN 93-124 aa MAMERRMSN, 0 ACPXA.
TR R B R F S A SR T, (0 WNFE 2 R, fE HATCEE B, CpxA ik
A T S T A TR AR Y Lt A A SHLARE s, JLabs

R2 CpxA RESMESHIRE
Table 2 CpxA mutation and bacterial virulence regulation

Bacteria CpxA-regulated pathogenicity processes Virulence changes References
Adhesion &  Colonization & replication Dissemination Toxin
invasion
Enteropathogenic =~ ND ND ND 1 T3SS ND [41]
E. coli
E. coli ND | Bactericidal peptidoglycan ~ ND ND ND [42]
recognition protein (PGRP)
Uropathogenic ND | Bacterial load in kidney, ND ND ND [43]
E. coli bladder and urine
Avian pathogenic | HeLa ND ND ND ND [44]
E. coli epithelial cells
Enterohemorrhagic | HeLa ND ND | T3SS | Galleriamellonella [45]
E. coli epithelial cells
Cronobacter | HBMEC | @ Within macrophages; | HBMEC ND | © Caco-2 cell; [46]
sakazakii and Caco-2 @ Bacterial load in organs  and Caco-2 @ Mouse
cell cell
Shigella sonnel ! ND ND 1 T3SS ND [47]
S typhimurium | Intestinal | Within macrophages ND ND | Mouse [48-49]
epithelial cells
Aeromonas Veronii | EPC cell | Bacterial load in organs ND ND | @ EPC cells; [50]
® Mouse;
(B Zebrafish
Yersinia | HEp-2 cell | Bacterial load in organs ND 1 T3SS; | @ Hela cell; [51-55]
pseudotuberculosis T6SS4 @ Mouse
Citrobacter rodentium ND | Bacterial load in organs ND ND | Mouse [56]
N. gonorrhoeae ND | Bacterial load in organs ND ND | Mouse [57]
Legionella ND | @ Within macrophages; ND | T4SS ND [58-59]
pneumophila @ Bacterial load in amoeba
Dickeya dadantii  ND ND ND ND | @ Carrots; [60]

@ Chicory leaves;
® Potato tubers

Haemophilus ND | @ Within macrophages; ND ND | Human [61-63]
ducreyi 2 Within human serum
V. anguillarum ND ND ND ND | Blue gourami [64]

ND denotes undetermined; | means reduced.
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