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Thiram (tetramethyl-bis-thiocarbamyl disul-
phide) (CAS No. 137-26-8) is a subject of inter-
est in genotoxic studies because i, it is exten-
sively used as a crop fungicide and industrial
anboxidant and ii, its chemical structure close-
ly resembles that of disulfiram, a drug used in
aversion-therapy of chronic alcoholics.

Thiram has been found mutagenic in several
bacterial tests [1, 2]. It also induces sperm ah—
normalities in mice [3] and increases the SCE!
frequency in human lymphocytes [4]. How-
ever, the mechanism of mutagenic and cance-
rogenic effects of thiram is unknown. Looking
for the possible reason of mutagenic effects of
thiram we employed numerous bacterial
strains which allow to identify changesin DNA
introduced by the mutagen. In the previous
work we showed that thiram did not methylate
DNA in the O-6 position of guanine and did not
induce the SOS system in bacteria (in prepara-
tion). In this study we have investigated the
influence of thiram on the mutation activity of
thiram in TA102, a unique strain among the
battery of Ames tester strains, which allows to
detect oxidative and cross-linking mutagens.

The second, used strain E. coli fpg~ mutant,
allows to check the possible ring-opening ac-
tion of thiram. We also present results which
point to the inhibitory effect of thiram on euka-
ryotic topoisomerase II.

The effect of thiram on eukaryotic topoisome-
rases was studied in the reactions highly spe-
cific for topoisomerase 1 and II. The relaxing

activity of topoisomerase | was not affected by
thiram at least up to 100 uM concentration
(Fig. 1).

In contrast, the unknotting activity of topoi-
somerase Il was clearly inhibited by 10 pM
thiram (Fig. 2). Since inhibition of the activities
of topoisomerases leads to an increase in the
number of recombination events [5], one could
speculate that thiram induces SCE [4] via its
effect on topoisomerase II.

Evaluation of the mutagenic effect of thiram
was carried out using the Salmonella/mamma-
lian microsome Ames test with S. typhimurium
TA102. This standard tester strain contains A-T
base pairs at the site of the mutation. As it is
shown in Table I, thiram was not mutagenic in
TA102 (with and without metabolic activation)
in the range of nontoxic concentrations. This
result excludes cross-links and oxidative dam-
age in DNA as a possible mechanism of mut-
agenic activity. To check the possibility of thir-
am'’s effect on modification of purines we stu-
died the sensitivity of the fpg” mutant to this
chemical. The FPG protein of E. coli was in-
itially identified as a DNA glycosylase whic:rlh
excises the imidazole ring-opened form of N'-
methylguanine residues in DNA (Fapy) [6].
The FPG protein exhibits a wide substrate spe-
cificity, including: the ring-opened form of
adenine residues in DNA treated with ionizin
radiation, guanine residues modified at the
position with alkylating agents and the ring-
opened purines modified at the C®-position by

! Abbreviations: SCE, sister chromatid exchange; FPG protein, the protein encoded by the fapy gene of E. coli;

MMS, methyl methanesulfonate
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Fig. 1. Effect of thiram on topoisomerase I.
The activity of topoisomerase | was assayed in the nuclear
extract from mouse lymphoma L5178Y (LY) cells. Nuclei
were isolated according to Pommier ef al. [7] and extracted
with 0.35 M NaCl according to Estley et al. [B].
Topoisomerase | assay measured the relaxation of the
supercoiled pBR322 by the extract according to Liu [9].
Thiram was mixed with the enzyme in the assay coctail in
the absence of the substrate and incubated for 10 min at
30°C. DNA electrophoresis was performed on 0.7%
agarose, 2 mM EDTA, 40 mM Tris /acetate buffer, pH 7.8,
at 1 V/em according to Maniatis et al. [10]. The
concentrations of thiram were: lanes 1, none; 2, 10 uM; 3,
100 pM; 4, control pBR322

N-hydroksy-2-aminofluoren. The biological
importance of this enzyme comes from the fact
that Fapy-DNA glycosylase activities have
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Fig. 2. Effect of thiram on topoisomerase II.
Topoisomerase Il assay determined the conversion of
topologically knotted phage P4 DNA to the unknotted
topoisomer and was performed according to Liu & Davis
[11]. Preparation of the nuclear extract, incubation of the
extract with thiram and electrophoresis were performed
as described in the legend to Fig. 1. The concentrations of
thiram were: lanes 1, none; 2, 1 pM; 3, 10 puM; 4, 100 pM;
5, control pBR322

been conserved in prokaryotes and eukaryotes.
Figure 3 shows that the sensitivity of bacteria to
thiram is not modified in the fpg~ strain as
compared with the wild type. In both strains a
similar survival was observed (e.g. about 70%
at 400 uM thiram). This is in contrast with the
sensitivity to MMS where significant difference

homogenate fraction prepared according to Maron and Ames [12].

Table 1
Evaluation of thiram mutagenicity by the Ames test with S. typhimurium strain TA102, and the liver

Data are means from 12 plates. 50 pl of 59 homogenate fraction was added per plate

Thiram number of his* revertants / plate + S.D.

(pg/plate) -59 %+ S5.D. +59 %+S8D.

0+ DMSO 460 +33 104 630+ 63 100
2 45111 08+ 2 611130 97 +£21
5 42014 01+ 3 617+ 70 08 +11
10 371 £59 81 %13 664+ 04 105 15
25 421 £55 92 +12 731+ 92 116 +15
50 448 +50 97 11 504 £123 04 +20
100 417 £32 91+ 7 702+ 94 112£16
150 420 £20 91+ 4 625+ 60 09+ 9
250 210 £30 46+ 7 500+ 30 79+ 5
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Fig. 3. Effect of thiram and MMS on survival (%)

of E. coli AB1157 strain and BH20 fpg -mutant.
The bacteria were grown at 37°C in LB broth
supplemented when required with 40 pg/ml kanamycin
sulphate. Thiram or MMS was added at the appropriate
concentration and the cell suspension was incubated for
&0 min at 37°C with agitation. At the end of incubation the
suspension was diluted and plated on nutrient agar. The
plates were incubated overnight at 37°C. AB 1157 with
MMS (A) and thiram (O) BH20 with MMS (&) and thiram
(@)

in survival of the mutant and wild E. coli strain
was revealed (1% and 45%, respectively, at
6 uM MMS).

Such damages, if they did occur, could be
excised by UvrABC nucleases [13]. Thus, the
results presented imply that the thiram in-
duced lesions do not lead to the opening of the
imidazole ring of purines. However this sug-
gestion might be non conclusive since the
above mentioned type of damage, could be
excised by UvrABC nuclease [13]. It should be
noted that the thiram-induced damages in
DNA can be removed by the excision repair
system in S. typhimurium cells [2].
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