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Results Summary: 

When assessing a site for potential bioremediation, it is important to determine whether the 
native microbial community contains members capable of producing enzymes that can degrade the 
contaminant of interest. It is also essential to determine whether these genes are actively being 
expressed, and further, whether the enzymes produced are actively catalyzing the appropriate reactions. 
Therefore, methods to determine genetic potential, gene expression, as well as direct enzyme activity, 
are all useful in planning a bioremediation. 

Trichloroethylene (TCE) is one of the most common contaminants of groundwater in the US. It 
is a suspected human carcinogen, and exposure to TCE has been linked to a number of potential human 
health effects. Several bacterial groups are capable of oxidative, cometabolic degradation of TCE. 
Bacteria expressing these enzymes are commonly found in soil and groundwater. In addition to TCE, 
these enzymes degrade a range of aromatic compounds, which themselves are often found as 
contaminants. 

Our lab group has developed enzyme activity-dependent probes for most of the toluene 
oxygenase pathways which cometabolize TCE. In conjunction with Dr. Frank Roberto and Ms. Amber 
Miller (INEEL), we have also developed an enzyme activity-dependent probe for soluble methane 
monooxygenase, which also cometabolizes TCE. These probes are surrogate substrates that are 
transformed by the enzyme to yield fluorescent and/or colored products. They give a clear, quantifiable 
signal only when the enzyme of interest is actively functioning. Their pathway specificities have been 
demonstrated, and response of the probes has been correlated with TCE degradation in microcosm 
studies. We have also developed PCR primer sets specific for the genes encoding the initial hydrolase 
for each of the toluene oxidizing pathways. The primers were located within the open reading frame of 
the gene so that they could be used with extracted DNA to detect the presence of the gene, and with 
extracted mRNA to detect active transcription. 

We have also adapted additional approaches to analyzing bacteria containing the toluene 
oxygenase pathways. These techniques include fluorescent in situ hybridization (FISH) and 5-cyano, 
2,3-ditotyl tetrazolium chloride (CTC) reduction. FISH of whole cells using 16s rRNA oligonucleotide 
probes is a powerful technique for evaluating the identity, abundance, and relative activity of microbial 
cells. CTC is a monotetrazolium redox dye, which produces a fluorescent formazan crystal when 
biologically or chemically reduced. CTC provides a direct visualization of actively respiring bacterial 
cells. These techniques allow us to examine and better understand relationships between microbial 
community metabolic activity, single cell metabolic activity, and specific enzyme activity in laboratory 
test cultures. 

By applying the entire suite of these techniques, we have assessed the status of microbes 
containing the desired degradative enzymes in the environment. In order to evaluate the utility of these 
techniques in an environmental sample, they were applied to groundwater samples from TCE 
contaminated aquifer at the Test Area North (TAN) site of the Idaho National Engineering and 
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Environmental Laboratory (INEEL), and cells were harvested from the samples by sterile filtration of 
the groundwater. Multiple wells within the plume have been fitted with flute devices, which allow 
sampling at discrete depths. Samples were also obtained from just outside the plume for comparative 
purposes. We have completed two full field trials of the enzyme activity probes, along with molecular 
analysis and other approaches, at the TAN site. The results of these studies, which are being submitted 
for publication, indicate substantial levels of toluene oxygenase and soluble methane monooxygenase 
activity. This type of information can play a pivotal role in verification of monitored natural attenuation 
as well as monitoring of active bioremediation. 
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