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Summary

Ebselen, a selenium containing compound, is known as a ROS scavenger under the experimental conditions and
further under the cerebral infarction. However, ebselen shows some cytotoxic effects, which are considered to be
related to the modification of sulfhydryl groups of proteins. In this report, we examined the effect of SH modification
by ebselen and p-chloromercuribenzoate (PCMB) on the enzymes of energy metabolism in permeabilized yeast cells.
Ebselen and PCMB inactivated glyceraldehyde 3-phosphate dehydrogenase and alcohol dehydrogenase potently, and
NADe-isocitrate dehydrogenase and malate dehydrogenase to a lesser extent. Inactivation of these enzymes may be
due to the modification of sulfhydryl groups of the enzyme protein. Aconitase with a SH groups in the active site
was not at all inactivated by ebselen, but potently inactivated by PCMB. Ebselen inactivated NADP-isocitrate dehy-
drogenase (NADP-ICDH) and glucose 6-phosphate dehydrogenase (G6PDH), but PCMB that caused a potent inactiva-
tion of the former enzyme showed only a little effect on G6PDH. Glutathione reductase was inactivated by ebselen,

but more potently by PCMB. Cytotoxic effects of ebselen can be explained by its inactivation of the glycolytic/oxi-

dative enzymes and further antioxidant system.
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Glyceraldehyde3-phosphate dehydrogenase (GAPDH) —
20 mM KPO,(pH 74), 05 mM Fructosel 6-bisphosphate,
05 mM ADP, 05 mM NAD, 1 mM NaNs;, 1 mM spermine.
Alcohol dehydrogenase (ADH) — 50 mM Hydrazine-
glycine (pH 9.8), 100 mM Ethanol, 0.5 mM NAD, 1 mM
NaN;. Glucose 6-phosphate dehydrogenase (G6PDH) —
100 mM Tris-HCI(pH 7.8), 0.5 mM NADP, 0.5 mM Glucose
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Fig. 1 Structure of ebselen and PCMB
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6-phosphate, 1 mM spermine. Glutathione reductase
(GR) — 100 mM Tris-HCI(pH 7.8), 0.5 mM Oxidized glu-
tathione, 0.5 mM NADP, 0.5 mM Glucose 6-phosphate,
0.2 mM DTNB, 1 mM spermine. NADP-isocitrate dehy-
drogenase (NADP-ICDH) — 100 mM Tris-HCl(pH 7.8),
0.5 mM NADP, 0.5 mM isocitrate, 4 mM MgCl,, 1 mM
spermine. NADP-Glutamate dehydrogenase (NADP-
GDH) — 50 mM Hydrazine-glycine (pH 9.8), 40 mM glu-
tamate, 0.5 mM NADP, 1 mM spermine. NAD-isocitrate
dehydrogenase (NAD-ICDH) — 100 mM Tris-HCI(pH7.8),
0.5 mM isocitrate, 0.5 mM NAD, 1 mM spermine, 1 mM
NaN;, 4 mM MgCl,, 1 mM AMP. Malate dehydrogenase
(MDH) — 50 mM Hydrazine-glycine (pH 9.8), 40 mM ma-
late, 0.5 mM NAD, 1 mM spermine, 1 mM NaN,
Aconitase — 100 mM Tris-HCI(pH 7.8), 5 mM citrate,
0.25 mM NADP, 4 mM MgCl,, 0.1 U/ml NADP-isocitrate
dehydrogenase
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Fig. 2 Effects of ebselen and PCMB on the activities of glycolytic enzymes in per-
meabilized yeast cells. Permeabilized yeast cells (10 mg/ml) prepared ac-
cording to the method reported previously” were mixed with each com-
pound in 40 mM Tris-HCI (pH 7.1). After incubation at 37°C 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. Enzyme activities were determined by reaction mixtures de-
scribed in “Materials and Methods” and 1 mg/ml of yeast. The increase in
the absorbance at 340 nm was recorded. Error bars indicate Mean =
SD(n = 6-30). A, GAPDH; B, ADH.. € Ebselen; [] PCMB added.
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Fig. 3 Effects of ebselen and PCMB on the activities of mitochondrial enzymes in permeabilized
yeast cells. Inactivation of enzymes and determination of enzyme activity were similar to
those in Fig. 2. A, NAD-ICDH; B, MDH; C, aconitase. 4, Ebselen; [ ], PCMB added.
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Fig. 4 Effects of ebselen and PCMB on the enzyme activities of NADPH generating and antiox-
idant enzymes in permeabilized yeast cells. Experimental conditions were similar to
those in Fig. 2 except that the activity of GR was determined by the increase in the ab-
sorbance at 412 nm. A, NADP-ICDH; B, G6PDH; C, NADP-GDH; D, GR. 9 Ebselen;

[J,PCMB added.
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