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Summary

Menadione, a naphtoquinone compound with vitamin K acitivity in animal, shows cellular toxicity, which may be
ascribed to the reactive oxygen species. This work analyzed the menadione-dependent generation of reactive oxy-
gen species in yeast. Menadione inactivated aconitase, the most sensitive enzyme to oxidative stress, in the pres-
ence of reducing reagent such as ascorbate or NADH and NADPH. No requirement of azide, an inhibitor of cata-
lase, for the inactivation of aconitase by menadione with NADPH indicates that superoxide anion radical produced
plays a principal role for the inactivation . Ascorbate stimulated the inactivation of aconitase by menadione with
NADPH or NADH in the presence of azide, suggesting the generation of hydrogen peroxide. Menadione-dependent
generation of reactive oxygen species can be explained by the NAD(P)H-quinone oxidoreductase l-mediated reduc-
tion of menadione to quinol form, which participates in the production of reactive oxygen species in yeast. Possible

role of ascorbate and glutathione in the reduction of menadione was also discussed.
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Fig. 2 Reduction of Cu®**

by ascorbate and sulfhydryl com-
pounds. Each compound was mixed with 0.15 mM
CuSOs4, 0.5 mM neocuproin-HCI and 10 mM Tris-HCI
(pH 7.0) on microplate. Absorbance at 456 nm was mea-
sured by platereader. <>, ascorbate; O, Dithiothreitol;
[], reduced glutathione; &, N-acetylcysteine added.
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Fig. 3 Effect of menadione and reducing reagents on the activi-
ty of aconitase in the presence of NaNs Yeast cells
were permeabilized according to the method reported
previously”. Permeabilized yeast cells (10 mg/ml) were
mixed with 1 mM NaNs3 and each compound 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) contain-
ing 0.5 M sorbitol at the concentration of 200 mg/ml.
Aconitase activity was determined by the coupling with
NADP-isocitrate dehydrogenase. Reaction mixture con-
tained 5 mM citrate, 0.25 mM NADP, 4 mM MgCl:, 10
mU/ml of NADP-isocitrate dehydrogenase and 1 mg/ml
of yeast. The increase in the absorbance at 340 nm was
recorded. Error bars indicate Mean = SD (n = 3 or 6).
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Fig. 4 Effect of menadione and NADP on the activity of aconi-
tase in the presence of NaNs and NADP. Experimental
conditions were similar to those described in Fig. 3 ex-
cept that incubation mixture contained 1 mM NaNs and
0.02 mM NADP. Error bars indicate Mean = SD (n = 6).
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Fig. 5 Effect of NaN3 and ascorbate on the activity of aconitase
in the presence of menadione and NADPH. Experimen-
tal conditions were similar to those described in Fig. 3
except that incubation mixture contained 0.01 mM men-
adione and 0.01 mM NADP without NaNs. Error bars
indicate Mean = SD (n = 6-18).
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Fig. 6 Effect of glutahione and ascorbate on the activity of
aconitase in the presence of menadione, NADPH and
NaNs. Experimental conditions were similar to those
described in Fig. 3 except that incubation mixture con-
tained 0.01 mM menadione, 0.0l mM NADP and 1 mM
NaNs. Error bars indicate Mean = SD (n = 6-18).
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Fig. 7 Proposed mechanism of ROS generation by menadione,
NADPH and ascorbate.
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