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1. Introduction

2. Promotion of conjugation by environmentally relevant concentrations of tetracycline,
facilitating plasmid transfer via horizontal gene transfer

3. Promotion of conjugation by quaternary ammonium compounds at environmental
concentrations, facilitating plasmid transfer via horizontal gene transfer

4. Promotion of conjugation by sub-inhibitory concentrations of colistin, facilitating plasmid
transfer via horizontal gene transfer

5. Conclusions

Abstract

Antibiotic resistance has become a significant global public health issue, and horizontal
gene transfer (HGT) plays a crucial role in spreading antibiotic resistance genes (ARGs).
Therefore, this study investigates the impact of bacterial exposure to antibiotics (Tetracycline,
Colistin) and quaternary ammonium compounds (QACs) on conjugation. Specific plasmids
were used in the conjugation experiments to understand plasmid transfer between bacteria. The
results indicate that when bacteria are exposed to sub-inhibitory concentrations of antibiotics
and disinfectants, the conjugation transfer frequency significantly increases. The study
examines the production of reactive oxygen species (ROS), changes in cell membrane
permeability, and the expression of conjugation-related genes to understand the possible
reasons behind the promotion of conjugation. Exposure to tetracycline resulted in excessive
ROS production and increased cell membrane permeability, stimulating ARG transfer. QACs
altered the composition and content of extracellular polymeric substances (EPS), while colistin
increased cell membrane permeability. Scanning electron microscopy (SEM) revealed surface
damage in bacteria treated with colistin. Additionally, the expression levels of outer membrane
protein genes (ompF and ompC) increased. Both antibiotics and disinfectants regulated the
expression of genes related to conjugation. Antimicrobial susceptibility testing showed that
after plasmid transfer from donor to recipient strains, the recipient strains exhibited changes in
their antibiotic resistance phenotypes. Therefore, it is essential to continuously monitor the
levels of residual antibiotics and disinfectants in the environment to reduce the risk of ARG

spread across various ecosystems.
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