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ABSTRACT
“Microbial Perchlorate Reduction - A Rocket Fueled Metabolism”

Perchlorate, an oxyanion of chlorine is now recognized as a widespread ion in environmental
systems. Because of the potential health complications associated with prolonged exposure,
perchlorate was added to the EPA’s Contaminant Candidate List in 1998. Subsequent remediation
efforts have led to the recognition of microbial reduction as the preferential strategy to remove
perchlorate. Although originally assumed to be a coincidental reaction of nitrate respiring organisms



now it is known that specialized microorganisms have evolved that can grow by the anaerobic
reductive dissimilation of perchlorate into innocuous chloride. More than forty of these organisms
are now in pure culture and this number is rapidly increasing all the time. Since 1996 concerted
efforts have resulted in significant advances in our understanding of the microbiology,
biochemistry, and genetics of microorganisms capable of reductively transforming perchlorate into
innocuous chloride. The recent completion of the whole-genome sequence of the perchlorate-
reducer, Dechloromonas aromatica, offers further insight into the evolution and regulation of this
unique metabolism. Perchlorate-reducing microorganisms have been isolated from a broad diversity
of environments including both pristine and contaminated soils and sediments. Although originally
unexpected due to the supposed limited natural abundance of perchlorate, recent geochemical
studies have indicated that natural perchlorate is far more prevalent than originally perceived. In
addition, the diverse metabolic capabilities of these microorganisms could also account for their
presence in environments where perchlorate is not found. Phenotypic characterization revealed that
the known dissimilatory perchlorate-reducing bacteria (DPRB) exhibit a broad range of metabolic
capabilities including the oxidation of hydrogen, simple organic acids and alcohols, aromatic
hydrocarbons, hexoses, reduced humic substances, both soluble and insoluble ferrous iron,
electrically charged cathodes, hydrogen sulfide, and elemental sulfur. All of the known DPRB are
facultatively anaerobic or microaerophilic which is reasonable in light of the fact that molecular
oxygen is produced as a transient intermediate of the microbial reduction of perchlorate. Some, but
not all, DPRB alternatively respire nitrate. To date, all microorganisms capable of perchlorate
reduction can alternatively use chlorate, however, the same is not necessarily true of chlorate-
reducing bacteria and there are now several chlorate-reducing microorganisms in pure culture that
are incapable of the reductive respiration of perchlorate. DPRB are ubiquitous, dependent on
molybdenum for their metabolism, and the presence of oxygen and nitrate negatively regulate
perchlorate reduction. All DPRB are members of the proteobacteria, a phylum that is believed to
have evolved 2.5 — 2.8 Ga. However, molecular evidence suggests that perchlorate reduction is the
result of horizontal transferred genetic events and it may not have originated in the proteobacteria
phylum. This is supported by evolutionary analysis of the genes specifically involved in the
metabolism, the perchlorate reductase and the cytochrome oxidase, both of which are belonged to
protein families that may have been prevalent in the last universal common ancestor 4.25 — 4. 29
Ga.

The field of microbial perchlorate reduction has clearly advanced significantly in a very short
period from a poorly understood metabolism to a burgeoning scientific field of discovery. Over the
last 10 yrs we have gained a much greater appreciation of the microbiology, biochemistry and
genetic systems involved and this has led directly to the development of successful treatment
technologies for contaminated environments. Overall, the future is promising; however, research in
this field is still in its infancy. Little is known of the evolutionary timeline of this metabolism. From
a biogeochemical perspective, a better understanding of how perchlorate is formed in the natural
environment and what geochemical conditions are required for its formation might give some
insight into this. From a microbial perspective, it will be important to look for this metabolism in
more extreme environments such as hypersaline or hyperthermophilic to obtain DPRB isolates
across a broader phylogeny to establish a broad-base molecular chronometer. This will also allow
for the development of more robust technologies for the treatment of extreme waste streams
contaminated with this pervasive compound.



