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Mercurous ion (Hg+)-dependent reduced nicotinamide adenine dinucleotide
phosphate oxidation was demonstrated in an extract from cells of Escherichia
coli W2252 that bear R factor.

Mercury-resistant strains ofEscherichia coli
bearing R factor have the ability to reduce mer-
curic ion (Hg2+) to metallic mercury (Hg°) (2-7),
and purification and properties of an Hg2+-re-
ducing enzyme have been reported (1, 8). I now
report that a multiple-drug-resistant strain of
E. coli W2252 bearing R factor (E. coli W2252
R) is not only resistant to Hg2+ but also to
mercurous ion (Hg+), and the same enzyme
seems to catalyze reduction of both Hg+ and
Hg2+.
Organisms used and methods for their culti-

vation, estimation ofenzyme activity for Hg+ or
Hg2+ reduction, and enzyme purification were
similar to procedures reported previously (1). It
has not yet been demonstrated that an Hg2+-
resistant strain ofE. coli W2252 R is also resist-
ant to Hg+. My recent experiments showed that
the resistant strain could grow in a nutrient
broth containing 0.01 mM CH3COOHg;
whereas the sensitive strain lacking R factor
could not grow in the same medium (unpub-
lished data).
Crude extract was prepared from the cells of

E. coli W2252 R grown in the nutrient broth
with or without 0.01 mM HgCl2. Hg+- or Hg2+-
dependent reduced nicotinamide adenine dinu-
cleotide phosphate (NADPH) oxidation activity
of the crude extract was measured. The crude
extract from cells grown with HgCl2 had both
Hg+- and Hg2+-dependent NADPH oxidation
(Fig. 1). The crude extract from cells grown in
the nutrient broth without HgCl2 had neither
Hg+- nor Hg2+-dependent NADPH oxidation ac-
tivity (data not shown). Both activities were
induced to the same degree by adding either
CH3COOHg (for Hg+) or (CH3CO0)2Hg (for
Hg2+) to the growth medium.
To clarify whether the same enzyme cata-

lyzes Hg+- and Hg2+-reducing activities, both
were measured at each step of purification, i.e.,
(NH4)2S04 fractionation, diethylaminoethyl-cel-
lulose column chromatography, Sephadex G
200 gel filtration, or hydroxyapatite column

chromatography. Both activities were not sepa-
rated from each other at each step of purifica-
tion. Elution profiles of both activities from the
hydroxyapatite column showed that both activ-
ities were purified to the same degree (approxi-
mately 100-fold) at the final stage (Fig. 2). To
confirm that the same enzyme catalyzes both
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FIG. 1. NADPH oxidation dependent on mercu-
rous and mercuric ions by the crude extract ofE. coli
W2252 R. Crude extract was prepared from the cells
of E. coli W2252 R grown in the nutrient broth
containing 0.01 mM HgC12. NADPH oxidation activ-
ity ofthe crude extract dependent on Hg+ or Hg2+ was
measured. Reaction mixture contained the crude ex-
tract (2.6 mg of protein), 0.02 M potassium-phos-
phate buffer (pH 7.0), 0.04 mM mercury compound,
0.01 mM NADPH, and 2 mM mercaptoethanol in a
total volume of 3 ml. Reaction mixture containing
phosphate buffer, mercury compound, mercaptoe-
thanol, and NADPH was preincubated for 5 min at
20`C, and the reaction was started by adding the
enzyme to it. The following compounds were added to
the reaction mixture: (-0-) no addition, (-O-)
0.04 mM HgCl2, (-A-) 0.04 mM CH3COOHg,
(-0-) 0.04 mM (CH3CQO)2Hg.
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FIG. 2. Purification of mercurous and mercuric ions-reducing enzyme by hydroxyapatite column chroma-
tography. The active fraction from the Sephadex G 200 eluate (33 mg ofprotein) was applied to a column of
hydroxyapatite (11 by 1.5 cm), washed with 0.01 M potassium-phosphate buffer (pH 7.0) containing 4 mM
mercaptoethanol (PM buffer). Elution was carried out with a linear gradient ofPM buffer from 0.01 to 0.1 M.

TABLE 1. Heat stabilities ofmercurous and mercuric
ions-reducing activities

Inactivation of reducing activ-

Treatment" ity

Hg+ (9M Hg2+
70'C, 5 min 0 0
75°C, 8 min 24 33
80°C, 5 min 53 60

aThe reaction mixture contained 38 ,ug of heat-
treated purified enzyme (hydroxyapatite eluate
fraction; specific activity, ca. 60 U/mg), 0.02 M po-
tassium-phosphate buffer (pH 7.0), 0.1 mM
CH3COOHg or (CH3COO)2Hg, 0.1 mM NADPH and
2 mM mercaptoethanol in a total volume of 3 ml.
The reaction mixture containing phosphate buffer,
mercury compound, mercaptoethanol, and NADPH
was preincubated for 5 min at 20°C, and the reaction
was started by adding the enzyme to it. Hg+- or
Hg2+-dependent oxidation was measured.

activities of Hg+ and Hg2+ reduction, effects of
heat treatment and various inhibitors on both
activities were examined; and both activities
were similarly inactivated by various heat
treatments (Table 1). Numerous heavy metal
ions such as Ag+, Cu2+, and Co2+ were tested for
their inhibitory action on both activities. Both
activities had similar sensitivities to these
heavy metal ions. Effects of various sulfhydryl
inhibitors on both activities were also exam-
ined. Both Hg+- and Hg2+-reducing activities
were severely inhibited by iodoacetamide but
not by either p-chloromercuribenzoate or N-

TABLE 2. Effects of various sulfhydryl reagents on
mercurous and mercuric ions-reducing activities

Inhibition of reducing
Inhibitora activity

Hg+ (% Hg2+

p-Chloromercuribenzoate 0 0
10-4 M

N-Ethylmaleimide 10-3 M 0 0

Iodoacetamide
10-4 M 71 64
10-3 M 91 93

a The purified enzyme (hydroxyapatite eluate
fraction) was dialyzed against more than 1,000 vol-
umes of 0.02 M potassium-phosphate buffer (pH 7.0).
The reaction mixture containing 30 ,ug of the di-
alyzed enzyme, 0.3 or 3 ,umol of each inhibitor, and
240 ,mol of potassium-phosphate buffer (pH 7.0) in
a total volume of 2.15 ml, was preincubated for 5 min
at 20°C, and the reaction was started by adding 6
,umol of mercaptoethanol, 0.3 ,umol of NADPH, and
0.3 /tmol of CH3COOHg or (CH3COO)2Hg succes-
sively. Hg+- or Hg2+-dependent NADPH oxidation
was measured. The final volume of the reaction
mixture was 3 ml.

ethylmaleimide (Table 2). Although further
complete purification is needed, to conclude, the
results describing purification and properties of
an Hg+- and Hg2+-reducing enzyme suggest
that a single enzyme catalyzes both Hg+ and
Hg2+ reduction.

I thank H. Takahashi for helpful suggestions and criti-
cisms during this work.
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