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Abstract

1. Genetic study of the pesticide-targeted enzyme

4-Hydroxyphenylpyruvate dioxygenase (HPPD), encoded by hpdA. HPPD is a specific target of
the pesticide, isoxaflutole, and is also an essential enzyme in tyrosine metabolism. In the soil bacterium,
Sinorhizobium meliloti, a divergently transcribed ORF upstream of ApdA, designated ApdR, was found to
be a positive regulator of 4pdA. Disruption of either hpdA or hpdR caused an accumulation of the HPPD
substrate, hydroxyphenylpyruvate (HPP). Pesticides belonging to the group that includes isoxaflutole
apparently inhibit HPPD enzyme activity. Molecular analysis of the intergenic region between ApdR and
hpdA revealed two copies of a direct repeat sequence S1 and S2 that were proposed to be HpdR-binding
sites. Dnasel footprinting demonstrated that HpdR indeed binds to the region spanning S1 and S2. Upon
exposure to the HPP, HpdR undergoes a conformational change that leads to the activation of ApdA

transcription.

2. Discovery of the novel genes: chpR, chpA, chpAl, chpB and chpB1 for biosensor development
Screening of a Transposon Random Integration f-galactosidase fusion library for isolates that
show induction of /acZ in response to pesticide exposure resulted in the discovery of the chpR-chpA-
chpA1 locus on the endogenous plasmid pSymB. Transcription of chpA-chpAl was highly induced upon
exposure to the insecticide, Chlorpyrifos (CPF). The inducibility of chpAAIl is ChpR dependent
suggesting that ChpR is a positive transcriptional activator. S. meliloti strains that over-produced
ChpRAA1 became CPF sensitive. Moreover, a pair of similar genes, named chpB and chpBI, was found
232 kbp away on the same plasmid. ChpAB and ChpA1BI1 protein sequences share a high degree of
identity at 50 and 68%, respectively. Over-expression of chpB and chpBI causes cells to become more
resistant to CPF and this phenotype is ChpR, ChpA and ChpAl dependent suggesting that ChpAAl

converts CPF to a more toxic metabolite which is then further detoxified by ChpBB1.
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