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Effects of carbapenems on the biofilm formation and gene expression of
Pseudomonas aeruginosa
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Abstract  Objective To evaluate the effects of carbapenems on the biofilm formation and gene expression
of Pseudomonas aeruginosa. Methods Three P. aeruginosa strains were included in our study and the minimal
inhibitory concentrations (MICs) were tested through the agar dilution method. Crystal violet staining assay and
scanning electron microscopy were performed to evaluate the effects of different concentrations of carbapenems on the
cell number and morphology of P. aeruginosa biofilms. Transcriptome sequencing was carried out to select differential
expression genes, which were then verified by quantitative RT-PCR (qQRT-PCR). Results Three P. aeruginosa strains
were resistant to many antibiotics except carbapenems. The biofilm formation decreased concurrently in all isolates
when treated with imipenem and meropenem, but no significant effect was observed on the mature biofilm. However,
the size, the shape and the number of biofilm cells changed significantly after the treatment with meropenem.
Nevertheless, distinct recovery of the biofilm cells was observed at 6h after removal of carbapenems. Transcriptome
sequencing and quantitative RT-PCR (qRT-PCR) results suggested that carbapenems cause evident change in gene
expression involved in protein transport, metabolism, and biosynthesis of membrane protein, and activate the stress
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response of biofilm cells. Conclusions

Carbapenems have an inhibitory effect on the biofilm formation of P,

aeruginosa, but have little effect on the biofilm that has formed. The morphology of biofilm got a satisfactory recovery

after withdrawal of carbapenems. Therefore, this study highlights the importance of early treatment and foot treatment

after the infection of P. aeruginosa.
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