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EXECUTIVE SUMMARY

Objectives:
The project research was designed to utilize a combination of laboratory and field studies

to identify physical, chemical, genetic, and physiological influences that govern the

accumulation and biodegradation of fuel components. The major focus was on factors governing

the fate of naphthalene in a contaminated field study site. Quadracyclane, a potential jet fuel
additive, was also examined.
In accordance with this broad design, the three objectives were:

1. Explain the presence of highly conserved naphthalene metabolism genes at the field study
site by documenting the presence of mobile genetic element(s) in both isolated bacteria and
DNA directly extracted from contaminated sediments;

2. Use analytical chemistry and both biochemical and molecular tools for exploring the
diversity of naphthalene catabolic pathways at the field site; and

3. Measure the susceptibility of quadracyclane to microbial attack and its metabolic pathways in

both culture media and $oil.

MAIJOR ADVANCEMENTS:

Quadracyclane. A variety of assays [Gas chromatography/Mass spectrometry (GC/MS)

analyses monitoring of loss from soil and spectrophotometric measures of microbial growth in
soil suspensions] examining the susceptibility of the fuel additive, quadracyclane, indicates that
this compound is highly resistant to microbial metabolism. Regardless of the type of inoculum
used (soil and sediment from a diversity of climatic and prior contamination histories), no
evidence for use of quadracyclane by microorganisms as a carbon and energy source was
obtained. Efforts exploring possible cometabolic reactions using cyclohexane, cycloheptane, and
norbornadiene as co-substrates also failed to demonstrate quadracyclane biodegradation. Thus,
should AFOSR use quadracyclane as a fuel additive, little biodegradation of this material in soil
should be expected.

Naphthalene. Insights into the expression of biodegradation genes and their transfer and
dissemination between microorganisms at the contaminated study site were obtained. A

metabolic pathway for bacterial naphthalene oxidation (established decades ago) was used as a




guide for selecting 1,2-dihydroxy-1,2-dihydronaphthalene (1,2-DHDN) as a unique transient
intermediary metabolite whose presence in samples from a contaminated field site would
indicate real time in situ naphthalene biodegradation. When surface waters emerging from the
site were processed in a manner designed to avoid sample-handling artifacts, the 1,2-DHDN
intermediate was successfully concentrated, extracted, and identified by gas
chromatography/mass spectrometry. This is an example of how knowledge and techniques of
biochemistry, microbial physiology, and analytical chemistry can be focused toward measuring
transformations catalyzed in situ by naturally occurring microbial communities in real time.

A procedure for extracting and stabilizing mRNA-transcripts of naphthalene-dioxygenase
genes (nahAc) expressed during microbial metabolism in the contamianted study site, was
developed and applied to groundwater. The naphthalene catabolism mRNA transcripts were
sequenced and compared to one another and related genes. The resultant phylogenetic analysis
revealed the genetic diversity of naphthalene metabolism. This type of information has never
been produced from a contaminated site before.

Our molecular characterization of nahAc detoxification genes actually expressed in
groundwater was a novel épproach to exploiting genetic diversity. The findings of field site-
derived mRNA sequences that differ from those of cultivated microorganisms suggest that
previously undiscovered genes operate in detoxification processes in natural microbial
communities.

We have identified the location of naphthalene catabolism genes (on chromosomes and
plasmids of our isolated bacteria). Furthermore, mating assays have verified the transferal of the
mobile genes between bacteria. Restriction fragment length polymorphism (RFLP) and Southern
analyses have proven that the plasmids carried by bacteria in our site are very closely related to
one carried by a bacterium isolated decades ago from Bangor, Wales, UK. These results provide
insights into the global distribution of biodegradation genes. Mating experiments with
microorganisms extracted directly from site soil have proven this plasmid to be mobile and the
likely mechanism by which the community adapts to contaminant exposure. These findings have
important implications for AFOSR and other agencies that need to predict the fate of fuel
components in soil.

Documenting the exchange of catabolic and other genes among bacteria inhabiting soil,

sediment, and aquatic habitats is of ecological significance and poses substantial methodological




challenges. Using a population genetics approach to the distribution of naphthalene metabolism
genes in the study site, a diversity of isolates capable of metabolizing naphthalene have been
isolated from 2 spatially distinct locations at the field site (the contaminated seep area and an
uncontaminated adjacent hillside soil). The isolated bacteria have been characterized
taxonomically. These possessed PCR-amplifiable homologs of nahAc, the gene which codes for
a key component of naphthalene dioxygenase. DNA sequencing was utilized to investigate
relationships between these amplifiable nahAc genes and the 16S rRNA genes of the same
bacteria. It was found that the naphthalene catabolic gene sequence was highly conserved
between the taxonomically diverse hosts of the gene. We have isolated the plasmids and using
pulsed field gel electrophoresis and southern hybridization characterize them. These mobile
genetic elements (78 to 88 kb in size) are carried by individual bacteria and have been retrieved
directly from the microbial community native to site soils. Thus, we have documented how
naturally-occurring microbial communities can adapt to contaminant exposure and the mobile
genetic element responsible for that adaptation. These findings provide evidence for the
horizontal transfer of nahAc among the lineages of the naphthalene-degrading populations
represented by our isolates. Genetic transfer of catabolic genes may play an important role in the
evolution and adaptation of biodegradative bacterial populations to contaminants.

The information from horizontal gene transfer studies suggests that both (intracellular)
transposon-mediated and (intercellular) plasmid-mediated transfer occurs in situ at our field
study site. These findings are fundamental for advancing a mechanistic understanding of
microbiologically-based intrinsic bioremediation technology — essential for both AF and
society’s environmental clean-up needs.

Overall, these. findings are fundamental for advancing a mechanistic understanding of
microbiologically-based intrinsic bioremediation technology — essential for both AF and

society’s environmental clean-up needs.
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PROCEDURES:

All procedures utilized in this AFOSR project are reported in the peer reviewed publications
listed above.

APPENDIX:

All collected data are reported in the above-listed peer reviewed publications.




