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The bleomycins, water-soluble basic gly-
copeptide antibiotics produced by Strepto-
myces verticillus1^, exhibit antitumor and

antibacterial activity83 , and therapeutic effects
on human squamous cell carcinoma have
been reported4). They inhibit DNAsynthesis
in E. coli, Ehrlich carcinoma, and HeLa

cells5). In vitro, bleomycin A2 or the other
bleomycins react with DNAwhich has pre-
viously been treated with a sulfhydryl com-
pound, and cause a decrease in its melting
temperature (Tm)6). In the reactions in
vitro and in vivo, strand scission in DNA
has been confirmed by sucrose density gra-
dient centrifugation analysis, and the results
are presented in this communication.
Bleomycin A2, copper-free, was supplied
by Dr. Takita, Institute of Microbial Chemi-
stry. DNAfrom HeLa cells which has been
labelled with 32P was prepared by the sodium
dodecylsulfate(SDS)-phenol method and
purified by methylated bovine serum albumin
column chromatography. DNA of E. coli
was prepared according to the method of
Marmur7). Changes in molecular sizes of

DNAtreated with bleomycin A3 in vitro,
before or after dialysis, were analyzed by
sucrose density gradient centrifugation.

In the in vivo experiments, E, coli 15T"

cells labelled with uC-thymine were incu-
bated with bleomycin A2 for 30 minutes at
37°C. The cells were suspended in a solution
containing SDS (1 %) and EDTA (0.05m),
which was shaken with an equal volume of
90% phenol for 10 minutes in the cold.
EDTA, which prevents the effect of bleo-
mycin on DNAin the presence of a sulf-
hydryl compound63, was added to avoid DNA

degradation by the antibiotic during extrac-
tion. The aqueous layer was subjected to-
sedimentation analysis. HeLa cells cultured
in Eagle MEMmedium8) supplemented with
10% calf serum were labelled with 3H-
thymidine for 20 hours and incubated with
bleomycin A2 for 6 hours at 37°C. EDTA
(0.05m) was then added, and the DNAwas
extracted and analyzed according to the
method of Terasima and Tsuboi9).

As is shown in Fig. 1, incubating of 32P-

labelled DNAfrom HeLa cells with bleo-
mycin A2 at 37°C in Tris buffer (pH 7.6)

Fig. 1. Effect of bleomycin A2 on
sedimentation patterns of DNA
of HeLa cells in vitro.

32P-labelled DNAfrom HeLa cells (about 40 jag/ml)
was Incubated for 2 hours at 37°C with bleomycin A2
as indicated in 50 niM Tris (pH 7.6) buffer supple-
mented with 1 him 2-mercaptoethanol. The incuba-
tion mixture (0.2 ml), before or after dialysis against
the same buffer for several hours at 4°C, was layered
on 4.6ml of alkaline (pH 12.5) or neutral (pH 7.5)
sucrose density gradient solution (5~20 %) and sedi-

inented at 50,000rev./min. for 2 hours at 20°C in a
SW 50 L rotor of a model L2-65B Beckman ultracen-

trifuge. The fractions were collected from the
bottom of the tubes, and DNAwas precipitated in

each fraction with 5% trichloroacetic acid using
bovine serum albumin as carrier. The precipitate
was suspended in 2n NH4OHand the radioactivity-

was measured in a GMcounter.
a and b : alkaline sucrose centrifugation

(a before, b after dialysis)
c and d : neutral sucrose centrifugation

(c before, d after dialysis)
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Fig. 2. Influence of 2-mercaptoethanol
on the bleomycin activity in vitro.

E. coli B DNA (250 jug/ml) was incubated with
bleomycin A2 in 50 niM Tris buffer (pH7.6) in the
absence or presence of 1 niM 2-mercaptoethanol
for 2 hours at 37°C, and dialyzed against the same
buffer for 16 hours in the cold. TheDNAsamples
(0.2 ml) were centrifuged in alkaline sucrose den-
sity gradient solution (5-20 %) at 50,000 rev./min.
for 120 min. at 20°C. Absorbance at 260 mju was
measured after addition of 0.8 ml of water to each
fraction. In the absence of bleomycin A2) the
identical sedimentation pattern of DNA was
obtained with or without 2-mercaptoethanol.
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Fig. 3. Effect of bleomycin A2 on DNA
of growing E. coli 15T~ cells.

E. coli 15T- cells, labelled with "C-thymine
(0.05 juc/ml, 24 mc/mM) for 120 min., were in-
cubated in the growth medium containing
bleomycin A2 for 30min. at 37°C. The cells
were collected by contrifugation and DNAwas
extracted by sodium dodecylsulfate-phenol
method. After centrifugation at 36,000 rev./
min. for 2 hours at 4°C in alkaline sucrose
density gradient solution in SW50 L rotor
fractions were collected and the DNA was
precipitated as described in Fig. 1. The radio-
activity was measured in a low background
windowless gas flow counter.
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Fig. 4. Effect of bleomycin A2 on DNA

of growing HeLa cells.
HeLa cells, labelled with 3H~thymidine (0.05 pic/

ml, 1,850 mc/mM) for 20 hours, were incubated
with bleomycin A2 for 6 hours at 37°C. Thecells

were collected by centrifugation and suspended
in cold PBS containing 0.05m EDTA. The cell
suspension, 0.1 ml (1x104 cells) was layered on
4.6 ml of alkaline sucrose density gradient solu-
tion (pH 12.5, 5~20%) overlaid with 0.2 ml of 2%

SDS solution and centrifuged at 36,000 rev./min.
for 90 min. at 20°C.
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with 1 mM 2-mercaptoethanol decreased its
sedimentation rate, but no radioactivity was
found in the cold TCA-soluble fraction in
any samples. The amounts of slow sedi-

menting DNAincreased when the reaction
mixture was dialyzed against the incubation
mediumfor several hours at 4°C. The effect
wasmoremarked in alkaline than neutral
sucrose solutions. These results suggest that
single strand scission occurred in DNA
treated with the antibiotic. Similar results
were obtained with DNA of E. colt. As

illustrated in Fig. 2, the strand breaks were
demonstrated in DNAof E. colt treated with
bleomycin A2even at the concentration of
1.6 /^g/ml in Tris buffer supplemented with
1 mM2-mercaptoethanol, but no significant
change was observed in DNAtreated with
40 //g/ml of the antibiotic in the absence
of 2-mercaptoethanol. The result showed
that the sulfhydryl compoundwas necessary
for bleomycin A2 to cause scission in DNA
strand as in the case of decreasing Tmof
DNA6). The grade of the strand scission
was parallel to the concentration of bleo-

mycin A2 employed.
Single-strand scission of DNA was also

observed in growing E. coli 15T" cells,

incubated with bleomycin A2 at 10 or 100
Ag/ml for 30 minutes (Fig. 3). A similar
breakage occurred in HeLa cells incubated
with the antibiotic at 8 or 40 jug/ml for 6

hours (Fig. 4). Unless EDTAwas added to
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the cell suspension, moremarkedscission of
DNAwas demonstrated. The enhancement
of DNAdegradation seemed to occur during
the extraction procedure.

The results presented in this paper indicate
that in the presence of a sulfhydryl com-
pound in vitro, bleomycin binds to DNA,
and causes single-strand scission. A similar

reaction is induced by bleomycin in growing
bacterial and mammalian cells. The scission
of DNAmay be the cause of the inhibition
of thymidine incorporation into DNA of
growing cells and the inhibition of cell
division which have been reported in a
previous paper5).
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