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Abstract:
Trichloroethylene (TCE) is a United States Environmental Protection Agency Priority Pollutant. TCE
is mutagenic and a suspected carcinogen. TCE is recalcitrant in the environment and has been found to
be ubiquitous in soils and ground waters, globally. Use of TCE degradative pathways moderated by
enzymes, the expression of which redides on recombinant plasmids, to biologically degrade TCE is a
promising new technology to eliminate TCE.

One such TCE degradative pathway is the toluene ortho-monooxygenase (TOM) pathway which is
borne on the recombinant plasmid pTOM. Research presnted here examines the ability of pTOM
pathway to degrade TCE in two different host cells, the original plasmid host Pseudomonas cepacia
PR1 and a transconjugant Pseudomonas cepacia 17616. The goal of this research was to determine
those mechanisms that cause the loss of the TCE degrading phenotype, associated with pTOM, in both
suspended and biofilm cultures.

These mechanisms include plasmid instability within the host cell, cell toxicity caused by TCE
exposure, and cell injury caused by TCE exposure. In addition this research developed a protocol to
determine the severity of these phenotypic losses in any pTOM host organism. With the use of several
novel reactor systems, analytical methods, and protocols were developed to determine the suitability of
P. cepacia 17616 as a host for plasmid pTOM.

Batch studies indicate that P. cepacia 17616 is able to incorporate pTOM and degrade TCE at rates
equal to those of other pTOM hosts. Plasmid stability experimental results showed significant
segregational plasmid loss in P. cepacia 17616-pTOM in non-selective suspended and biofilm cultures,
resulting in almost complete loss of plasmid-bearing cells within 30 days of operation. Continuous
culture plasmid loss studies showed that the probability for plasmid loss per cell generation was a
function of growth rate and ranged from 0.025/generation at a growth rate of 0.065 hr-1 to 0.035 at a
growth rate of 0.17 hr-1. Results indicate there was no significant difference in the probability of
plasmid loss between suspended and biofilm culture, suggesting that biofilm growth does not affect
plasmid stability the P. cepacia 17616-pTOM system.

Use of a novel TCE vapor exposure reactor system showed the TCE exposure can cause serious injury
and toxicity to P. cepacia 17616 and can result in catastrophic loss of the TCE degrading phenotype in
P. cepacia 17616-pTOM cultures. In addition, the severity of both cell injury and toxicity was found to
be a function of TCE exposure time and TCE concentration.

Research here indicates that plasmid loss, cell injury, and cell toxicity are significant mechanisms that
can result in the detrimental loss of pTOM pathway expression and these mechanisms should be
considered in any plasmid mediated catabolism of a toxic waste. 
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