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Abstract

The role of the active oxygens on plasmid DNA damage by carbonyl compounds derived
from Maiilard reaction was investigated. Plasmid DNA extracted from E. co/i Hb101 was reacted
with carbonyl compounds, such as glyoxal, methyl glyoxal, dihydroxyacetone, diacetyl, glyceral-
dehyde, glycolaldehyde and furfural with and without the active oxygen scavengers at 37C
for 6 hours, and then the degree of damage was determined by using 1% agarose gel electro-
phoresis. All of the carbonyl compounds except furfural caused to damage of DNA. Among
these, glyoxal, methyl glyoxal and dihydroxyacetone markedly induced the damage of DNA.
On the other hand, the DNA damage by the carbonyl compounds was greatly inhibited by
catalase, superoxide dismutase and a-tocopherol it is considered that the damage of DNA
is due to active oxygens, such as singlet oxygen, hydrogen peroxide and superoxide anion
generated during the autoxidation of carbonyl compounds.

Key words : DNA, low molecular carbonyl compounds, active oxygen, active oxygen
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Fig. 1. Agarose gel electrophoretic patterns of
plasmid pBR 322 DNA strand scission by
carbonyl compounds.

Plasmid DNA was reacted with 0.1M carbo-
nyl compounds at 37C for 6 hours in 0.05M
Tris-HCI buffer(pH 7.8).

1, DNA alone ;s 2, DNA+ furfural 5 3, DNA
+ dihydroxyacetone 5 4, DNA+diacetyl ; 5,
DNA+ glycolaldehyde ; 6, DNA+ glyoxal +
7, DNA+ methyl glyoxal ; 8, DNA+ glycera-
ldehyde.

Table 1. Residual amounts of intact DNA in the
reaction systems of DNA and carbonyl
compound

Carbonyl compounds Residual amounts, %

Dihydroxyacetone 75
Diacetyl 473
Glycolaldehyde 532
Glyoxal 6.2
Methyl glyoxal 36
Glyceraldehyde 36.2
Furfural 98.0
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Fig. 2. Agarose gel electrophoretic patterns of
plasmid pBR 322 DNA strand scission by
carbonyl compounds with and without ca-
talase.

Final concentrations of carbonyl compounds
and catalase are 0.1M and 1pg/mf.

1, DNA alone; 2, DNA-+dihydroxyace-
tone ; 3, 2+ catalase ; 4, DNA+diacetyl ; 5,
4+ catalase 5 6, DNA+ glycolaldehyde 5 7, 6
+catalase ; 8, DNA-+glyoxal + 9, 8+cata-
lase + 10, DNA+ methyl glyoxal : 11, 10+
catalase + 12, DNA+ glyceraldehyde 7 13, 12
+ catalase.

Table 2. Effect of active oxygen scavengers on DNA damage by carbonyl compounds

DNA damage inhibition, %

Active oxygen scavengers

Dihydroxyacetone Glyoxal Methyl glyoxal
Catalase 68.2 434 50.0
Superoxide dismutase 52.7 48.1 75.3
a-Tocopherol 38.6 374 264
Mannitol 132 227 6.3
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