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Toxic Heavy Metal Resistance in Bacteria
Our laboratory has studied the molecular genetics, physiology and biochemistry of
how bacterial cells cope with toxic inorganic cations and anions. The genes for most
of the resistance systems that we have studied reside on bacterial plasmids and
transposons, including arsenic, mercury, and silver resistances in a wide range of
Gram negative and Gram positive bacteria.
Identification of new genes has been key and frequent. Approaches include genomic
sequencing, in silico DNA sequence analysis, DNA sequencing, and the usual wide
range of molecular microbiology methods and membrane transport studies.
Currently, experimental work is in collaboration with laboratories in other
universities.
The relatively new silver resistance system was first found on a plasmid in hospitalexposed bacteria; mercury resistance determinants came from hospital isolates as
well as from mercury polluted environments such as Minamata Bay, Japan. Arsenic
resistance is wide-spread and involves oxidation and reduction of inorganic arsenite
and arsenate and transport across the cell membrane, both inward and efflux. The
cadmium resistance efflux ATPase is closely homologous to those defective in the
human hereditary copper diseases, Menkes' syndrome and Wilson's disease.
We have collaborated with biotechnology startup companies concerned with
microbial genomics, bioremediation and biomining.

These studies have been useful in providing a basic understanding of systems that
are shared by microorganisms and are causes of human disease, as well as those
found in the environment. In some cases, metal-resistance genes directly affect
bacterial pathogenesis. The plasmid resistance systems also have been of general
interest in revealing novel regulatory genes, and enzymatic and membrane
transport systems, for which homologous examples are found elsewhere in bacteria
and eukaryotes.
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