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THE MUTAGENIC ACTION OF SODIUM BISULFITE
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Summary. This paper describes the mutagenic activity of sodium bisulfite

toward phage A. . The frequency of mutation of the c gene of A was increased

about 10 times as much as that of spontaneous mutation by treatment of the

phage with 3 M NaHSO3 solution of pH 5.6 at 37° for 1.5 hrs. The mutagenesis

could be related to the cytosine derivative specific reaction of sodium bisulfite.
In our current studies on the interactions of chemicals with nucleic

acids and their components, we have discovered that sulfite ions react

with a variety of pyrimidine pases’ " 3. Sodium bisulfite forms an addition

compound with uracil, 5, 6—dihydrouracil—6-su1fonate2. Cytosine and

sodium bisulfite form an unstable adduct, dihydrocytosine-6-sulfonate,

which is hydrolyzed to give 5, 6-dihydrouracil-6-sulfonate. Uridine and

cytidine have been found to undergo similar addition reactions with sodium

bisulfite3, 5-Methylcytosine is converted into thymine by treatment with

bisulfite3. These reactions occur at 37° and at pH around 6. The dihydro-

cytidine- 6-sulfonate readily regenerates cytidine in its neutral solution.

The 5, 6-dihydrouridine- 6- sulfonate is convertible into uridine on treatment

with weak alkali. No reaction has so far been detected with other major

nucleosides and nucleotides when they were treated with sodium bisulfite

under similar conditions.

From these findings, it may be expected that cytosine (and 5-methyl-

cytosine) residues in DNA will react with sodium bisulfite. Such reactions,
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if they take place in vivo, may exhibit mutagenic or inactivating action on
the organisms whose genetic informations are encoded in their DNA.

A mutant of phage N\ which possesses a mutation at the ¢ genes forms
a "clear" plaque instead of a normal "turbid" one. By measuring the
induction of clear mutations of phage A mutagenic action of sodium bisulfite
was found.

Materials and Methods

E. coli K12 used as the indicator for scoring ¢ mutants of A h was
N14-4% which is a derivative strain of W3623 try” gal” sm' (Lederberg).
General methods of handling of phage and media used were described in a
previous papers. 0.5 ml of solution of sodium bisulfite or control buffer

O]0 were mixed

and 0. 01 ml of suspension of phage with the titer of 2.3 x 1
and incubated at 37°. After various times, an aliquot was taken, diluted

and plated to measure the mutation frequency. The sodium bisulfite

solution was prepared by mixing 3 M NaHSO3 and 3 M NagSOj solutions

in 3:1 {v/v) ratic. The pH was 5.6. The composition of the control

buffer is 2.3 M in NaCl and 1 M in sodium phosphate buffer, the final pH
being 5.6. Mutagenesis by bisulfite was compared with that by hydroxylamine
The ¢ mutation was induced by treatment of A with 1 M solution of hydro-

xylamine for 6 hrs at pH 7.5 and 37°. Treated A phages were plated
with indicator bacteria to give about 1, 000 plaques in one plate. The term,
frequency of mutation, is used to indicate the frequency of mutants among

surviving phages.

Results and Discussion

The numbers of plaques screened and that of mutants found are shown
in Table I, together with the frequency of mutation with 95 % probability
level. The frequency of ¢ mutation increased as a function of time of
treatment with bisulfite, and the maximum value was obtained by the
treatment for 90 min. Longer treatment did not seem to further increase

the frequency. The absence of the increase of mutation frequency by the
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incubation in the control buffer eliminates the possibility that the mutation
might have been caused by factors other than the bisulfite ions such as pH
or high salt concentration. The potency of sodium bisulfite as a mutagen

is comparable to that of hydroxylamine under the test conditions employed.

From these observations, we conclude that sodium bisulfite possesses
a mutagenic activity,

Little can be stated at this stage of work about the mechanism of the
mutagenesis caused by the bisulfite treatment. A transition mutation,
C-G—>T-A, would be brought about by bisulfite-modification of cytosine
(and/or 5—methylcytosine6). A preliminary experiment has shown that
DNA, when treated, in vitro, with H?’SSO§, does incorporate the 355 into
its molecule, and, furthermore, this label can be completely removed by
treatment with alkali (pH 12, 37°, 1 hr). This observation is just as
expected from the experiments carried out with cytosine. In addition,
when the DNA, which had been treated with bisulfite and then with alkali,
was hydrolyzed with perchloric acid and the hydrolysate analysed by
paper chromatography, a spot of uracil was detected. Uracil was not
detectable in the hydrolysate of DNA that had not been treated with sulfite.
These observations are in favor of the view that the mutation is caused
by the modification of cytosine (and/or 5-methylcytosine) by bisulfite.

Chemical mutagens often exhibit cancer inducing activities. It would
be interesting to examine if bisulfite ions could cause cancer in some

organism. Such studies are of importance because of the air pollution

by sulfur dioxide and of the sulfite salts being used as the food additives.
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