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Fig. 1. Effects of metal ions on the microsomal ATPase activity.
(A) The effects of various metal ions were measured on the
microsomal ATPase activity. The concentrations of metal ions were
100 uM () and 1 mM (). All metal ions were chloride salts. (B)
Inhibition of the enzyme-coupled assay by metal ions. Activity was
measured in an assay medium containing 0.5 mM ADP and 0.5 mM
K,HPO, without microsomes. Thus, the activities represent those of
pyruvate kinase and lactate dehydrogenase used for an enzyme-coupled
assay. The concentrations of metal ions were 100 puM (2), 500 uM
(M), and 1 mM (X). The control activity was measured in the absence
of metal ion ().
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Fig. 2. Effect of Hg* on the microsomal ATPase activity in the
presence of vanadate and nitrate. The activity was measured in the
absence (1) or in the presence () of 50 uM Hg** under the indicated
conditions, the presence of vanadate (Va), NO;, and both (Va+NO,).
The concentrations of vanadate and NO, were 1 mM and 50 mM,
respectively. Values are means® SD(n=9).
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Fig. 3. Dose response to Hg* of vanadate- and nitrate-sensitive
H*-ATPases. (A) Dose response of H*-ATPases to Hg™ in the
presence of vanadate and NO;. The activity was measured in the
absence (M) of any inhibitors or in the presence of vanadate (Va,
@), NO, (A), and both (Va+NO;, ¥) under the various concentrations
of Hg*. The concentrations of vanadate and NO,” were 1 mM and 50
mM, respectively. The data were fitted to a sigrhoidal function,
represented by the solid line. Values are means £SD(n=5). (B) The
inhibited activities by vanadate (@), NO,” ( A), and both (W) at the
various concentrations of Hg* were calculated by subtracting the
activity obtained in the presence of inhibitor from the corresponding
control activity shown in Fig. 3A.
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Fig. 4. Vanadate- and nitrate-dependences of Hg**-sensitive ATPase
activity. (A) Dose response of H*-ATPase to vanadate in the presence
of 50 uM Hg*. The activity was measured in the absence (W) or in
the presence (@) of 50 uM Hg?* under various concentrations of
vanadate (Va). The data were fitted to a sigmoidal function, represented
by the solid line. Values are meanstSD(n=>5). (B) Dose response of
H*-ATPases to NO, in the presence of 50 uM Hg*. The activity was
measured in the absence (M) or in the presence (@) of 50 uM Hg”
under various concentrations of NO;. Values are means®SD(n =5).
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Fig, 5. Effect of DTT on the Hg™-induced inhibition. The activity
of microsomal ATPase was measured in the presence of 50 uM Hg™
and at various concentrations of DTT. Values are means® SD(n = 3).
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Fig. 6. Recovery of Hg*-induced inhibition by DTT. ATPase
activity was measured with (1) or without (1) incubation for 5 min
under the indicated condition. The concentrations of DTT and Hg™
were 100 UM and 50 UM, respectively. Values are means+tSD(n = 5).
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Hg*-induced Reversible Inhibitions of Microsomal H*-ATPases Prepared from Tomato Roots
Dae-Seop Shin, Kwang-Hyun Cho and Young-Kee Kim*(Department of Agricultural Chemistry, Chungbuk National
University, Cheongju, Chungbuk, 361-763, Korea)

Abstract : In order to characterize the effects of heavy metal ions on the microsomal ATPase activities, microsomes
were prepared from the roots of tomato plant and the activity of microsomal ATPase was measured by an enzyme-
coupled assay. Hg?" inhibited the activity of microsomal ATPase in a dose-dependent manner, while Gd*, Fe*, La*,
Zn™, and Pb* inhibited not only the ATPase activity but also the activities of enzymes used in the assay. However,
Cs" and Ba™ showed no significant effect. Hg®" inhibited the activities of both plasma membrane and vacuolar
membrane H*-ATPases. In the dose-response to Hg?, the activitics of both microsomal H*-ATPases were severely
inhibited at the concentration of Hg** above 10 uM and were completely inhibited at 1 mM Hg>. Apparent Ki values
of Hg* on the inhibitions of plasma membrane and vacuolar membrane H*-ATPases were 80 uM and 58 uM,
respectively. The Hg**-induced inhibitions were reversible since the addition of dithiothreitol completely reversed the
inhibitory effects of Hg. These results suggest that the inhibitory effects of Hg®* on both plasma membrane and
vacuolar membrane H™-ATPases are nonselective and reversible.

Key words : heavy metals, mercury, varadate, nitrate, H'-ATPase, tomato roots
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