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(4) Bacterial Resistances to Toxic Heavy Metals

Simon Silver
Department of Biology, Washington University,
St. Louis, Missouri, U.S.A.

Bacterial resistances to toxic heavy metals such as mercury,
cadmium, arsenic, silver and others are governed by genes an small
extrachromosomal plasmids. Each system is separately determined and
has a different physiological and biochemical basis. Mercury resis-
tance is the best understood of the heavy metal resistances. There
is resistance to inorganic Hg++ and Hg+ and also to organo-mercu-
rials such as phenylmercury and methylmercury. We have recently
completed the DNA sequence of the mercury resistance regions of
plasmid R100 (originally from a Shigella infection in Japan) and of

transposon Tn501 (originally from a soil Pseudomonas in Australia).

For most of the 4900 nucleotids matched sequence. The nucleotides
of both and identical at about 85 7% of the positions. The first



gene for both R100 and Tn504 is the DNA regulatory gene merR. The
product of which binds to the operator-promotor region of the DNA
(next) to start mRNA and protein synthesis. The first protein
needed for the resistasnce mechanism (merT) is a 116 amino acid
membrane transport protein. It functions (along with the next
protein, which is a small apparently periplasmic protein) to assure
the careful movement of Hg++ from outside the cell to the next
shared protein, which is the mercuric reductase. The mercuric
reductase is a large (MW 116000) dimeric protein, closely related to
glutathione reductase (of human red blood cells). It contains FAD
and requires NADPH for activity. In addition to having the DNA
sequence. This protein has been purified and antibodies have been
made.

Although the mercury resistance system is best understood, we
have some information about other heavy metal resistance systems.
Arsenic resistance is due to a membrane ATPase, which pumps AsOa___
out from cells. The proteins have been identified. Cadmium resis-
tance is due to a membrane Cd**'/2H" excange system and silver resis-

tance is due to less cell binding of Ag+ by resistant cells.
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