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Lactate dehydrogenase from uropathogenic Escherichia coli
enhances pathogenicity via promoting macrophage lactylation

FAN Liming, CHEN Ye, JIANG Weiyu, ZHENG Xinyi, XIE Ziwen, YE Leyuan, JIN Yihan,
FANG Jiaqi’

Department of Clinical Medicine, School of Medicine, Hangzhou City University, Hangzhou, Zhejiang, China

Abstract: Uropathogenic Escherichia coli (UPEC) is the leading cause of urinary tract infections
(UTIs). It can adhere to and colonize uroepithelial cells, disseminate systemically, and induce
severe sepsis and subsequent renal failure, posing a substantial threat to global public health.
Emerging evidence indicates that lactylation, a key post-translational modification (PTM) in
macrophages, plays a crucial role in the host defense against UPEC infection. Notably, the UPEC
CFTO073 strain harbors /dhA, which encodes lactate dehydrogenase (LDH), an enzyme critical for
lactate biosynthesis. However, the mechanism by which LdhA (the /dhA-encoded LDH) regulates
macrophage lactylation during UPEC infection remains elusive. [Objective] To elucidate how
LdhA modulates macrophage lactylation and thereby impacts UPEC pathogenicity. [Methods]
Online bioinformatics tools were used to predict the functional domains and transmembrane
regions of LdhA. The recombinant protein rLdhA was generated via molecular cloning, and its
LDH activity was measured by a commercial LDH activity assay kit. Western blotting was
performed to assess the cellular entry of rLdhA into macrophages and its regulatory effect on
macrophage lactylation. Enzyme-linked immunosorbent assay (ELISA) was employed to measure
the secretion of inflammatory cytokines in macrophages treated with rLdhA. The drug resistance
profile of UPEC CFT073 (wild-type and /dhA-knockout strains) was analyzed via an automated
microbial identification system. To evaluate the role of LdhA in UPEC pathogenicity, we treated
mice with the wild-type UPEC CFT073 (CFT073™), IdhA-deficient mutant (CFT073%*), or
rLdhA (with or without pretreatment with an LDH inhibitor) through intraperitoneal injection or
tail vein injection, and then observed and quantified pathogenic phenotypes. [Results] LdhA
harbored a LDH domain and was secreted extracellularly. We successfully established an
expression system for /dhA and achieved efficient expression and purification of rLdhA. Functional
assays confirmed that rLdhA exhibited LDH activity and can enter macrophages via clathrin-
mediated endocytosis, subsequently enhancing macrophage lactylation in a dose-dependent
manner. Additionally, rLdhA significantly inhibited lipopolysaccharide (LPS)-induced
inflammatory cytokine production in macrophages. Furthermore, LdhA was found to substantially
modulate the drug resistance profile of UPEC CFT073. In vivo studies demonstrated that LdhA

http://journals.im.ac.cn/actamicrocn
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promoted the pathogenicity of UPEC in a mouse infection model. [Conclusion] Collectively, our
findings demonstrate that LdhA enhances UPEC pathogenicity by upregulating macrophage
lactylation and suppressing the production of proinflammatory cytokines. However, the underlying
molecular mechanisms mediating this regulatory cascade remain to be fully elucidated and warrant
further exploration. This study offers a new theoretical basis for deciphering the pathogenic

mechanisms of UPEC infections.

Keywords: uropathogenic Escherichia coli; lactate dehydrogenase; macrophage; lactylation;

pathogenicity
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() = HESER TN ; D: LdhAHA FLRR I SR 1
Figure 1

The structure and function of LdhA. A: Functional domain prediction of LdhA; B: Transmembrane

prediction of LdhA; C: Three-dimensional structure prediction of LdhA; D: LdhA exhibits lactate dehydrogenase

activity. ns: No significance; **: P<0.01.
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C: IdhAFED (W 5 B R WU D) 2571 ;. D: rLdhAMYIFE$:%KiA; E: rLdhARYLifkilZk; F: 424000rLdhA
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Figure 2 The expression and purification of recombinant protein rLdhA. A: The PCR bands for the /dhA4 gene;
B: The double-digestion bands of the /dhA gene-cloned plasmid; C: The double-digestion bands of the /dhA4 gene-
subcloned plasmid; D: Induced expression of rLdhA; E: Purification curve of rLdhA; F: SDS-PAGE image of
purified rLdhA.
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CFT073™ B2/ INRUE AIE(P<0.05) RIBS BE(P<0.01)
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THP-1FIRAW264. 7FLIRALESEIR s E. F: XFCHIDHFLIR AL AT B K BE 73T .

Figure 3 The effect of rLdhA on macrophage lactylation. A, B: The entry of rLdhA into THP-1 and RAW264.7
cells; C, D: The effect of different concentrations of rLdhA on the lactylation of THP-1 and RAW264.7 cells;
E, F: Gray scale analysis of the lactylation bands in C and D. ns: No significance; **: P<0.01.
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Figure 4 The effect of rLdhA on the macrophage inflammatory factors. A: The effect of rLdhA on the
production of IL-1p and TNF-a in THP-1 cells; B: The effect of rLdhA on the production of IL-1p and TNF-a in
RAW264.7 cells. ns: No significance; *: P<0.05; **: P<0.01.
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Figure 5 The effect of LdhA on the pathogenicity in mice. A: The effect of LdhA on the pathological changes in
the kidneys and bladders of mice; B: The pathological effects of LdhA on renal and bladder tissues of mice; C:
The effect of LdhA on the body weight of mice; D, E: The effect of LdhA on the renal and bladder weights in
mice; F: The effect of LdhA on the inflammation in mice. *: P<0.05; **: P<(.01.
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Figure 6 The effect of LdhA on the antimicrobial resistance of UPEC CFT073 and its role in the prevention and
treatment of urinary tract infections. A: The effect of LdhA on UPEC antimicrobial resistance; B: The potential

role of LdhA in the prevention and treatment of urinary tract infections. **: P<0.01.
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