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要     旨 

Background: The emergence of amoxicillin (AMX) resistance in Helicobacter pylori (H. pylori) 

poses a significant challenge in current first-line and rescue eradication treatments. Although 

this resistance is primarily linked to penicillin-binding protein 1A (PBP1A) mutations, 

experimental evidence has only been obtained for a limited set of them. We aimed to 

experimentally assess the effects of a panel of PBP1A substitutions, including T558S, N562H, 

T593A and G595S associated with high-level AMX resistance in clinical isolates. Method: Site-

directed mutagenesis by natural transformation was used to generate mutant strains harboring 

different combinations of T558S, N562H, T593A, and G595S substitutions. Therefore, the wild-

type H. pylori laboratory strain 26695 and the clinical isolate KIN76 (encoding the four 

mutations) were respectively used as recipient and donor strains for natural transformation.  
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Mutant and wild-type strains were assessed by whole genome and Sanger sequencing and AMX 

susceptibility testing by agar dilution method. Additionally, we compared the growth rates of 

the mutant strains with those of the wild-type strains to evaluate the potential impact of growth 

on the resistance phenotype. Then a PBP1A-AMX binding assay was performed on membrane 

protein extracts from different strains, using Bocillin as labeling agent. Finally, 3D structural 

analyses were conducted to compare mutated and wild-type PBP1A proteins. Results: The AMX 

minimal inhibitory concentrations (MICs) at baseline were 0.0625 and 2 μg/mL for the recipient, 

respectively. All experimentally generated mutants cumulating T558S and N562H, T593A and 

G595S, or all the four mutations were AMX resistant (i.e., MIC > 0.125 μg/mL). Mutants with 

dual mutations exhibited a MIC 4 to 8-fold higher than the MIC of the wild-type recipient strain 

and those with quadruple mutations showed up to 16-fold higher MIC. In contrast, transforming 

the wild-type recipient strain with a single T558S, N562H, T593A or G595S mutation did not 

generate any AMX resistance. Sequencing confirmed site-directed mutagenesis and ruled out 

any possible concomitant change into genes encoding other penicillin-binding proteins or other 

proteins interacting with PBPs and involved in AMX resistance. The growth rate analysis 

showed no significant difference between the resistant mutants and the parental strain 26695, 

ruling out any substantial effect of growth on the newly acquired resistance phenotype. The 

Bocillin binding assay showed that the PBP1A affinity for AMX decreased gradually with the 

accumulation of 2 and 4 mutations compared to the wild-type strain. Protein 3D structural 

analyses revealed that mutations led to conformational alterations of known AMX binding sites. 

Conclusion: Cumulated PBP1A mutations synergistically increased the MICs of AMX likely due 

decreased drug affinity by binding site alterations. While establishing new markers of drug 

resistance, these findings contribute to our understanding of the mechanisms underlying AMX 

resistance in H. pylori.                                             

                                              

 


