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Effects of bisulfite on DNA and proteins
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In order to gain insight into the action of bisulfite {a solution form of 50;) towards
living organisms, it is important to investigate reactivities of bisulfite towards biological
materials. A considerable amount of knowledge has become accumulated on the reactions,
under a variety of conditions, between bisulfite and nucleic acids and proteins. However,
relatively little is known about the reactivities of bisulfite to these molecules at neutral
pH values. The following results have now been obtained.

(1) Bisulfite reacts with thymine and its nucleotides at pH 7 to form, reversibly, §,6.
dihydrothymine-6.sulfonate. Sodium salt of this compound was isolated pure, and the ki-
netics of reversion to thymine was investigated. It was found that the reversion was gener-
al-base-catalyzed: Sulfite and phosphate ions, for example, were highly efficient catalysts
to convert this 5,6-dihydro derivative into thymine. Therefore, in biclogical settings, where
general bases are abundant, any bisulfite-adduct of thymine formed in DNA would be ex.
pected to readily revert to thymine.

(2) Bisulfite reacts with 5.hydroxymethylcytosine very rapidly to form cytosine 5-methyl.
enesulfonate. The sulfonate was isolated as crystals and characterized. The 5-hydroxy-
methylcytosine residues in double stranded T2 DNA were reactive towards bisulfite. This
contrasted sharply with the inactiveness of cytosines to bisulfite when the cytosines are
located in the double helical structure of DNA.

(3) Chain cleavage of DNA by the action of bisulfite-oxygen. During the autoxidation
of bisulfite, free radicals are formed which can attack DNA and lead to chain cleavage of
this macromolecule. It was found that a bisulfite solution as low as 107# M concentration
can bring about this reaction. This was demonstrated by allowing DNA from phage lambda
to react with sodium bisulfite at pH 7 and 37°C for 30 min, followed by sedimentation
analysis in an alkaline sucrose gradient.

(4) Cooperative actions of bisulfite and nitrogen nucleophiles. When cytosine was treat-
ed with a mixture of bisulfite and semicarbazide, the addition of bisulfite across the 5,6-
double bond of cytosine was followed by an amine.exchange at position 4, to give 4-semi-
carbazido-2-ketopyrimidine.5,6-dihydro-6.sulfonate as a sole product. This type of reactions
tock place also with hydroxylamine, methoxyamine and hydrazine as the amine component.
Treatments of phage lambda with these bisulfite-amine mixtures resulted in efficient in.
ductions of clear mutations as well as in extensive killing of the phage. The actions of bi-
sulfite and the amines were cooperative in the sense that either bisulfite or the amine alone
did mot cause such extensive effects on the phage.

The reaction of bisulfite-semicarbazide with cytosine is single-strand specific, and there.
fore was expected to serve as a probe for nucleic acid conformations. This reaction was
used to investigate whether tRNA changes its conformation upon aminocacylation. The
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results obtained with three species of tRNA have indicated that the conformations do not

change when the molecule is aminoacylated.

(5} Analysis of the reaction between tryptophan and bisulfite-oxygen was carried out.
Tryptophan was found to react easily with 1072 M bisulfite in the presence of air to give

a mixture of products.
major product was a-dioxindolylalanine.

Five out of seven compounds produced were characterized. The

(6) Inactivation of phage lambda by the bisulfite-oxygen system is a quite rapid process.
The cause of the inactivation has now been elucidated. It was the inactivation of phage

coat protein but not that of the phage DNA.

(7} The cell to substratum adhesion of Chinese hamster cell line Don was found to be
severely damaged by treatment of the cells with a balanced salt solution containing 30 mM

sodium bisulfite.
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Fig. 5. Alkaline sucrose density gradient
centrifugation patterns of DNA samples.
{A} P.Labeled 2 phage was treated with
5x107* M bisulfite at 37C as described in
the legend to Fig. 1. The DNA was re-
leased from the phage by treatment with
EDTA (Bx1072M) at pH 11.3 (Davison
and Freifelder, 1966) and centrifuged,
Time 0, 0—0; 30.min-treated ({survival,
0.094), e—e; 120min-treated (survival,
0.0064), a—a, (B) *P-Labeled 1 DNA
was treated with bisulfite as in (A) at
20C for 30 min, made alkaline, and
centrifuged. Treated with 1074 M bisulfite,
e—e; 1072 M bhisulfite, aA—a; no bisulfite,
0—0O. The arrows indicate where the
marker H.labeled i DNA sedimented.
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