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ABSTRACT

Bees are essential pollinators for ecosystems and agriculture; however, their populations are currently
declining due to unintentional exposure to pesticides, particularly neonicotinoids such as thiamethoxam. Although
bees possess endogenous detoxification enzymes, their efficiency may not always be sufficient. This study aims to
develop a probiotic-based detoxification concept by genetically engineering Escherichia coli BL21(DE3) to express a
Cytochrome P450 monooxygenase (CYP450) from Apis mellifera. Toxicity assessment of thiamethoxam on E. coli
BL21(DE3) revealed high tolerance, with normal growth observed at concentrations up to 2.5 g/L. However,
induction of enzyme expression using IPTG proved toxic to the cells; thus, optimization tests determined 0.5 mM
to be the optimal concentration. Upon enzyme expression, HPLC analysis demonstrated a significant reduction in
thiamethoxam levels after 48 hours of incubation. LC-MS analysis of the dominant metabolite following
detoxification identified an ion with an m/z of 261.0755, which corresponds to Benzophenones according to the
preliminary database. However, further investigation suggested that this m/z also corresponds to desnitro
thiamethoxam (CgH;,CIN5OS), a derivative of thiamethoxam through nitroreduction reactions. These findings
demonstrate the potential of applying bee-derived detoxifying enzymes for the development of probiotics to

protect bees from pesticides in the future.
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