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NOTE

QUALITATIVE DIFFERENCE
BETWEEN BLEOMYCIN AND

RADIATION EFFECTS ON
CELL VIABILITY

HlDEYA ENDO

Cancer Research Institute, Faculty of
Medicine, Kyushu University,

Fukuoka, Japan

(Received July 30, 1970)

Results of previous work on the mode of
action of the antitumor antibiotic bleomycin

(BLM), discovered by Umezawa et al.l\
indicate that this antibiotic breaks DNA
strands of microbial as well as mammalian
cells in vivo and in vitro2>*94:>5>7).

In connection with the breakage of DNA
strands due to X-ray and ultraviolet (UV)

irradiation, it seemed' very important to
clarify whether the action of
BLM is qualitatively similar
to those of X-ray and UV
irradiation. A suitable ap-

proach to this problem would
be the study of the lethal

effect of BLM on some radia-
tion sensitive mutants of E.
coli carrying excision-repair
defects for UV or X-ray
damage. This communication
describes the results of such
an analysis, which show that

the action of BLM is different
from those of UV and X-ray

irradiation.
Three isogenic sub-strains

of E. coli K12, AB1157, AB
1885 (UV sensitive, Howard-

Flanders)6> and AB2463 (UV

and X-ray sensitive, Howard-
Flanders)^ and four strains

of the E. coli B series, B
(Benzer), B (Berkeley), B

(Harm) and Bs-i (UV and X-
ray sensitive, Hill)9) were
employed for these experi-

ments. The E. coli K strains

were kindly given by Dr. N. Otsuji, Kyushu

University. The other strains were taken
from the laboratory stock. BLM-A2 (copper
free) was kindly supplied by Dr. H. Umezawa,

I

nstitute of Microbial Chemistry, Tokyo.

Each strain, grown logarithmically in EM
medium (K2HPO4 10.5g, KH2PO4 4.5g,

MgSO4 0.05g, (NH4)2SO4 1.0 g, sodium cit-

rate0.47g, glucose 2.0g, casamino acids

2.5g and thiamine 0.1mg per liter), was

harvested, washed once with EM buffer (EM

medium in which glucose, casamino acids
and thiamine were eliminated), and resus-

pended in the same buffer to obtain a final
cell concentration of about 109/ml. To each

cell suspension, equal volumes of the buffer
in which BLM-A2 was dissolved at various

concentrations were added. The mixtures
were incubated for 30 minutes at 37°C with-

out shaking. At the end of incubation the
treated cell suspensions were diluted 100

Fig. 1. Effect of bleomycin-A2
on the viability of three
isogenic substrains of E. coli
K12; AB1157, AB1885 (UV
sensitive) and AB2463 (UV
and X-ray sensitive)
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Fig. 2. Effect of bleomycin-A2
on the viability of the strains
of E. coli B series; B (Ben-
zer), B (Berkeley), B (Harm),
and Bs_! (UV, X-ray sensi-

tive, Hill)
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Table 1. The sensitivity of the E. coli strains to UV and X-ray irradiation

S tra in
U V irrad ia tion (sec) X -ray irrad iation (K rad)

0 15 2 5     30  6 0 15

A B 1157

A B 1885

A B 2463

1

1

1

1.2 x lO-1

2 .8 x lO"1

2 .2 x lO-3

5.2 x lO-2

0. 7 0. 5 1

1 2. 5 x lO-2

4. 5 x lO-2

< 5.5 x IO~5

B (B en zer )

B .-,

1

1 1. 6 x IO-3

0. 9

< 1.6 x lO-6

0. 7 1

1

2 .3 x lO"1

1. 6 x lO-2

7 .1 x lO-3

< 1.6 x lO"5

Each strain, grown logarithmically in EM medium was harvested, washed once with EM buffer and was
resuspended in the same buffer to obtain a final cell concentration of about 2~6xlO8/ml. Aliquots of each cell

suspension were exposed to UV irradiation of the 15 watt Hitachi germicidal lamp at a distance of 80cm.
Other aliquots of the respective cell suspension were exposed to X-ray irradiation under the following condi-
tion : 180 kVp X-rays, no filtration, HVL 0.36mmCu, dose rate 570 rads/min. at room temperature.

The numbers of surviving cells in each irradiated fraction were expressed as relative values, referred
to unirradiated aliquots taken as 1.

fold with the buffer to stop further reaction
of the drug and were finally plated on
nutrient agar after appropriate further dilu-
tions. The colonies of surviving cells were
counted after an overnight incubation of
the plates.

As shown in Fig. 1, the survial curves
of the three isogenic strains, AB1157, AB

1885 (UV sensitive), and AB2463 (UV and
X-ray sensitive), treated with BLM-A2 were

quite similar. Since the UV- and X-ray
sensitivity of AB1885 and AB 2463 were
confirmed to be well retained as shown in

Table 1, the possibility was eliminated that
the above results might be due to the use
of revertants. Thus, it is concluded that
the mode of lethal action of BLM-A2 evi-
dently differs from that of UV and X-ray
irradiation.

Similar experiments were also carried out
using strains of the E. coli B series. As

shown in Fig. 2, the survival curves of B
(Berkeley) and B (Harm) are in accord with
that of Bs-i (Hill), a strain which was also
confirmed in the present study to be sensitive
to UV and X-ray irradiation (Table 1). This
experiment, especially the comparison of
strains B (Berkeley) and Bs-i (Hill), again
indicates that there is no relationship bet-

ween the mode of lethal action of BLM-A2
and that of UV- and X-ray irradiation. It
is further noted that E. coli B (Benzer) used
in this experiment was particularly sensitive
to BLM-A2 as compared with other B strains
so far tested. In order to look for one

possible cause of difference between the BLM

sensitivity of E. coli B (Benzer) and the
other B strains, the respective cell suspen-
sions or cell-free extracts were incubated

withBLM. The residual activity of this

antibiotic in each mixture was biologically

determined, but no difference could be ob-
served. It is therefore unlikely that the

difference in BLM sensitivity between E. coli

B (Benzer) and the other B strains may be
caused by different contents of BLM inacti-

vating enzyme. Details of this experiment,
together with other related data will be
published elsewhere.

Regarding the lethal effect of BLM on
cultured mammaliancells, Terasima et al.10)

recently reported that the change in sensi-
tivity of cells during various stages of the
division cycle is quite similar to that for
X-ray irradiation. Histopathological obser-
vations of lung fibrosis induced in patients
by administration of large doses of BLM

also showed some similarity with those in-
duced by X-ray treatment.n) These findings,
together with some clinical observations that

certain X-ray sensitive tumors well res-
ponded to BLM,12) seem to offer a basis of
an argument that the real mode of action

of BLM may be similar to that of X-rays.
However, our present data do not cope

with these ideas, and rather seem to support
the view that BLM is different from socalled

radiomimetic agents including X-rays, the
more so since this antibiotic has virtually
no effect on bone-marrow13).

This work was supported partly by a Grant-
in-Aid for Scientific Research from the Ministry
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of Education. The author wishes to express
hearty thanks to Dr. Hamao Umezawa, Director
of the Institute of Microbial Chemistry for the
supply of bleomycin-A2, his continuous interest

and valuable discussion. The author's thanks are
also due to Dr. Nozomu Otsuji, Dr. Minoru Ishi-
zawa, Kyushu University for their valuable dis-

cussion, and to Dr. Kojt Masuda, Kyushu Univer-
sity for his collaboration on X-ray irradiation.

According to the personal communication of Dr.
Kenshi Suzuki, National Institute of Radiological
Sciences, Chiba, they also obtained the similar
results with the present study, which indicate
that the action of bleomycin is different from
that of radiation.
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