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CLEAVAGE OF DISULFIDE DEPENDENT ON SUPEROXIDE
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Summary: Disulfide bond was cleaved by superoxide in aprotic media and by a
hydroxyl radical derived from superoxide in aqueous medium. The reaction

mechanism was examined in detail.

Superoxide is an important species uwhich plays wvarious roles in
biological systems. Superoxide 1is known tc participate in lipid
peroxidation,l) inflamation,z) carcinogenesis,3) enzymatic reactions,A) etc..

We hauve reported that the disulfide interchange reaction is initiated by

=
> The first step of the reaction is the cleavage of disulfide by

superoxide.
superoxide. The reacticns of superoxide with disulfides are significant since
the disulfide linkage plays an important role in the living systems. Here we
report the disulfide cleavage reaction dependent on superoxide.

Superoxide was produced in acetoritrile by electrophoresis.é) DNPSSR
(DNP=2,4-dinitrophenyl) is cleaved by nucleophiles or reductants to generate
ONPS™ . So the rate of DNPSSR cleavage by superoxide was determined by
measuring the absorbance spectrum of DNPS (2 max = 460 nm in acetonitrile).

The reaction was second order: first order in superoxide and in
disulfide, respectively. The second order rate constants of the reaction are
shown in Table I. When R was a bulky group such as tert-butyl, the disulfide

was not cleaved. The relation between the logarithms of the rate constants

Table 1 Reaction rate constants** of DNPSSR cleavage by superoxide in
acetonitrile (25 C)
1072 1077k
-R it R M tet)
CH2CH3 4.2 CH2CONHCH3 8.8
CH(CH3)2 0.5 CHZCHzCONHCH3 3.4
C(CH3)3 0 CH20H2CH2CONHCH3 3.4
C6H5 5.1 CH2CH2CON(CH3)2 2.9
p-ClcéHa 10.0 CHZCHCONHCH3 6.2
p-CH3C6Ha 3.8 NHCOCH3
p-CH3OC6Ha 2.8 CHZCH2COOCH2CH3 5.6

*% determined by stopped flow method
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and the substituent constants of Hammett (0p) when R was aromatic is
illustrated 1in Fig.1l. Aromatic compounds with an electron withdrawing group
were cleaved more easily. These facts suggest that superoxide reacts with
disul fide 1in SN2 like process including one electron transfer to produce the
thiolate anion and thiy) radical, which cause the chain interchange reaction
of disulfides.

Fig.1 Hammett plots for cleavage of DNPSSR by 0.7 (R=p-X-C
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The reactivity of superoxide in aqueous solution was investigated by use
7)

of a xanthine—-xanthineoxidase system as the superoxide source. In this

system, DTNBB) was cleaved to generate TNB , which was detected at 412 nm in
visible spectrum. The generation of TNB was inhibited by SOD(superoxide
dismutase), catalase and the scavengers of hydroxyl radical (DMSO, sodium
formate and mannitol are strong scavengers and urea is a weak one) (Table
11). This result suggests that the reactant which cleaved the disulfide was
hydroxyl radical generated by the Haber-Weiss reaction. It is known that the

) and iron effectively catalyzes this

Haber—-Weiss reaction is not so fast
reaction to generate hydroxyl radica].lO) The addition of FeSOa accelerated
the generation of TNB  (Table III). The iron-catalyzed Haber-Weiss reaction
is known to be accelerated by EDTA and inhibited by DETAPAC

10 So the effects of the chelating

(diethylenetriamine pentaacetic acid).
agents were inuvestigated (Fig.2). The generation of TNB~ was effectively
inhibited by DETAPAC and accelerated by EDTA. These results indicate that a

very small aquantity of iron, which may be contained in the reaction mixture,
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catalyzed the Haber-Weiss reaction and the hydroxyl radical cleaved the

disulfide. The mechanism of TNB~ generation is shown in Scheme 1.

Table I1 Effects of inhibitors on cleavage of DINB (25 T)

addition relative rate addition relative rate
no addition 100 denat.catalase 5 ng/ml 79
S0D 0.3 m/ml 31 DMSO 2 mM 48
SO0 0.7 M/ml 15 OMSO 4 mM 29
S0D 1 ug/ml 6 sodium formate 4 mM 49
catalase 0.6 ng/ml 52 sodium formate 8 mM 31
catalase 1.1 ng/ml 27 mannitol 8 mM 29
catalase 1.7 ng/ml 5 urea 10 mM 92

eH 7.0, S50 mM potassium phosphate, 0.1 mM xanthine, 0.1 mM EDTA,
0.3 mM DTNB, 45 g xanthine oxidase

Table 111 Effects of Fe2+ on the cleavage of DTNB

addition relative rate
no addition 100
FeSOa 0.01 mM 146
FeSOa 0.05 mM 195
FeSO4 0.10 mM 221

pH 7.0, 50 mM potassium phosphate, 0.1 mM xanthine,
0.3 mM DTNB, 45 ig xanthine oxidase, 25T

Scheme 1
- +
202- + 2H2+ _— H202 + 02-
Hp0p + Fe? ——> -OH + OH™ + Fe3*
Fe3* + 0,7 —— Fe?* 4+ 0,
ESSE + ‘OH ——> ES- + ESOH

ES- + 0, —> ES™ + 0

2 2

Superoxide cleaves disulfide in aprotic media. In protic media,
superoxide is not so strong a nucleophile as to cleave disulfide, but the
hydroxyl radical derived from superoxide cleaves disulfide. The results

suggest that a protein denaturation may be caused by the generation of
superoxide.
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Fig.2 Effects of chelating relative .
rate ——
agents on the cleavage of -
——
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