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Effect of zinc ion on generation and scavenging reaction of reactive oxygen species
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Summary

Zinc is an essential metal but toxic to baker's yeast at high concentration. In this report, the effect of zinc on the

enzymes that generate or scavenge reactive oxygen species was analyzed. Zinc ion potently inhibited glucose 6-phos-

phate dehydrogenase, NADP dependent isocitrate dehydrogenase and glutathione reductase, whereas slightly activat-

ed NADPH: quinone oxidoreductase, which generates superoxide anion and hydrogen peroxide. Toxicity of zinc on

yeast can be principally explained by the reactive oxygen species increased due to the inhibition of glutathione re-

ductase.
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Fig. 1 Effect of zinc on the activity of glutathione reductase (GR)
in permeabilized yeast cells. Baker’s yeast cells were
permeabilized according to the method reported previ-
ously”. Enzyme activity was determined spectrophoto-
metrically by the increase in the absorbance at 412 nm
for 30 seconds at 37 C . Reaction mixture of 1 mL con-
tained permeabilized yeast cells (1 mg/mL), 0.15 mM
NADPH, 4 mM MgCl,, 0.2 mM DTNB and various con-
centrations of oxidized glutathione (GSSG) in the pres-
ence of ZnCl, and 0.1 M Tris-HCI (pH 7.8). A. Inhibition
of GR by Zn. B. Quotient velocity plot”. The values of
(Vmax-v)/v were plotted against Zn concentrations. 4,
0.5 mM GSSG; . 0.2 mM GSSG; A, 0.1 mM. GSSG.
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Fig. 2 Effect of zinc on the activity of glucose 6-phosphate de-
hydrogenase in permeabilized yeast cells. Reaction mix-
ture of 1 mL contained yeast cells (1 mg/ml), 4 mM
MgCl,, 0.1 M Tris-HCI (pH 7.8) 0.2 mM NADP and 0.5 or
0.2 mM glucose 6-phosphate (G6P). Increase in the absor-
bance at 340 nm was recorded for 30 seconds at 37C.
€, 05mM G6P; l, 0.2 mM G6P.
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Fig. 3 Effect of zinc on the activity of NADP-isocitrate dehy-
drogenase in permeabilized yeast cells. Experimental
conditions were similar to those described in the legend
to Fig. 2 except that the concentration of NADP was
0.5 mM and substrate was isocitrate (IC). 4, 04 mM IC;
M. 02mM IC.
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Fig. 4 Effect of zinc on the activity of glutamate dehydroge-
nase in permeabilized yeast cells. Reaction mixture of
1 mL contained yeast cells, 10 or 20 mM glutamate(glu),
0.5 mM NADP and 50 mM hydrazine-glycine buffer
(pH 9.1). Increase in the absorbance at 340 nm was re-
corded for 30 seconds at 37C. €, 10 mM glu; l, 20 mM
glu.
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Fig. 5 Effect of zinc on the activity of GR in permeabilized
yeast cells. Reaction mixture of 1 mL contained permea-
bilized yeast cells (1 mg/mL), 0.15 mM NADP, 4 mM
MgCl,, 0.2 mM DTNB, 0.5 mM GSSG and various sub-
strates for dehydrogenases in the presence of ZnCl, and
0.1 M Tris-HCI (pH 7.8). ¢, 05 mM G6P; l, 04 mM IC ;
A 20 mM glutamate.
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Fig. 6 Effect of menadione, NADP, glucose 6-phosphate and
zinc on the activity of aconitase in the presence of NaNj.
Permeabilized yeast cells (10 mg/ml) were mixed with
1 mM NaN;, 0.02 mM NADP, 0.5 mM glucose 6-phos-
phate and various ligands in 40 mM Tris-HCI (pH 7.1).
After incubation at 37C for 5 min, cells were collected
by centrifugation at 800 X g for 5 min and suspended in
50 mM Tris-HCI (pH 7.1) containing 0.5 M sorbitol at the
concentration of 200 mg/ml. Aconitase activity was de-
termined by coupling with NADP-isocitrate dehydroge-
nase. Reaction mixture contained 5 mM citrate, 0.25 mM
NADP, 4 mM MgCl,, 10 mU/ml of NADP-isocitrate de-
hydrogenase and 1 mg/ml of yeast. The increase in the
absorbance at 340 nm was recorded. Mean values = SD
(n = 3) were indicated.
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Fig. 7 Effect of menadione, NADP, glutamate on the activity of
aconitase in the presence of NaN; Experimental condi-
tions were similar to those described in the legend of
Fig. 3 except that glucose 6-phosphate was removed
from the reaction and the mixture was incubated for 10
min.
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