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Generation of Reactive Oxygen Species by Menadione
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Menadione, a soluble form of vitamin K, is often used as a generator of reactive oxygen species (ROS) such as
hydrogen peroxide in cultured cells or microorganisms. In this paper we describe the menadione-mediated produc-
tion of superoxide anion in permeabilized yeast. Menadione inactivated aconitase which is the most sensitive
enzyme to ROS, in the presence of KCN, an inhibitor of superoxide dismutase, suggesting that menadione can pro-
duce superoxide as a principal product. Addition of reducing agent including dithiol or NADPH increased aconitase
inactivation, indicating that the enhanced ROS generation depends on the enzymatic reduction of menadione.
Menadione further produced 8-hydroxy-2’-deoxyguanosine in DNA in the presence of copper, suggesting
menadione/copper-dependent formation of hydroxyl radical. Menadione may form semiquinone radical by the reac-
tion with protein thiol residue or nucleic acid under the conditions without enzymatic reduction, followed by the for-

mation of superoxide and further hydroxyl radical in the presence of transition metals causing DNA base damage.
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Activity (umol/min/g) Fig. 1 Effect of reactive oxygen species (ROS) on the
activity of aconitase in baker’s yeast. Yeast cells

0 3 6 9 were permeabilized according to the method
reported previouslye). Permeabilized yeast cells
(10 mg/ml) were mixed with 0.1 mM hypoxan-

Control thine (Hx), 05 mM NaNs and 1mM KCN in 40

mM Tris-HCl (pH 7.1). ROS was generated by

0.1 mM Hx Hx/xanthine oxidase (XOD) system and the reac-

tion was initiated by the addition of 2 mU/ml

XOD. After incubation at 37C for 6 min, cells

Hx + 1 mM KCN were collected by centrifugation at 800 X g for 5

min and suspended with 50 mM Tris-HCl (pH
7.1) containing 0.5 M sorbitol at the concentration
of 200 mg/ml. Aconitase activity was determined
by the coupling with NADP-isocitrate dehydro-
genase, and the reaction mixture contained 5
mM citrate, 0.25 mM NADP, 4 mM MgCls, 10
mU/ml of NADP- isocitrate dehydrogenase and 1
mg/ml of yeast. The increase in the absorbance
at 340 nm was recorded. a, p < 0.01 vs Hx; b, p <
0.001 vs Hx; ¢, p < 0.05 vs 0.5 mM NaNs.
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Fig. 2 Effect of naphthoquines (NQ) on the activity of aconitase in baker’s yeast. Permeabilized
yeast cells (10 mg/ml) were mixed with 0.2 mM menadione (A) or 0.1 mM plumbagin (B), 0.5
mM NaN3 and 1 mM KCN in 40 mM Tris-HCI (pH 7.1). Cells were collected after incubation
for 15 min (A) or 10 min (B) at 37°C. Aconitase activity was determined by the methods
described in Fig. 1. a, p < 0.05 vs none; a’, p < 0.01 vs none; b, p < 001 vs NQ; b’, p < 0.001
vs NQ; ¢, p < 0.01 vs 1 mM KCN; d, p < 0.001 vs 0.5 mM NaNs.
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Fig. 3 Effect of menadione and reducing agents on the activity of aconitase in baker’s yeast.
Experimental conditions were similar to those described in Fig. 2 except that 0.1 mM mena-
dione was used and that yeast cells were incubated at 37C for 5 min. A. Effect of dithiothreitol
(DTT). a, p <001 vs 025 mM DTT; b, p < 0.001 vs 0.5 mM NaNs. B. Effect of NADPH. a, p <
0.001 vs none; b, p < 0.01 vs menadione; b’, p < 0.05 vs menadione; e, p < 0.001 vs 1 mM KCN.
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Fig. 4 Effect of naphthoquinones on the autooxidation of Fe?*. FeSO4 of 0.1 mM was incubated with
additives in 10 mM Tris-HCI (pH 7.2) at 37 C. Aliquot of 0.2 ml was mixed with 0.1 ml of 1
mM bathophenanthroline disulfonate at the indicated time and the absorbance at 540 nm was
recorded by microplate reader. 4, no addition ; l, 0.05 mM plumbagin; O, plumbagin plus 5
pg/ml SOD; [, plumbagin plus 2.5 ug/ml catalase; 4, 0.1 mM menadione.
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Fig. 5 Effect of naphthoquinones on the copper-dependent formation of 8-OHdG. Calf
thymus DNA was treated with menadione or plumbagin for 1 hr and 8-OHdG
was determined by HPLC-ECD method as described previously7>. @, mena-
dione; [, plumbagin.
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