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Communications to the editors

ENHANCEMENT OF THE LETHAL
EFFECT OF ALKYLATION TO

ESCHERICHIA COLL B/r BY
SHOWDOMYCIN

Sir:
A similarity exists between the action of

ionizing radiation and radiomimetics on
living cells.1>2) These points have been
discussed in relation to lethal damage to
the DNA molecule caused by ionizing radia-
tion and radiomimetics, and the protection
and recovery from such damage. The sen-
sitization phenomenon, however* has, in-
vestigated to any extent only for ionizing
radiation.3>4>5) We have attempted, therefore,
to investigate the effect of two types of
alkylating agents, 2,2/-dichlorodiethylamine
(nor-HN2) and methyl methanesulfonate

(MMS), on Escherichia colt B/r. Although

showdomycin is an antibiotic isolated from
the culture media of a microorganism^, its

structural and radiosensitizing property7*
would indicate that it is a novel thiol-
binding agent, and a one to one addition
reaction with mercaptoethanol has actually

been observed (S. Watanabe & K. Tanaka :

personal communication) ; furthermore, such
thiol-binding property of this compound
has been also indicated in other biological

systems12'13) : E. colt B/r (CSH), grown over-

night in an aerated nutrient broth culture,
and m/15 sodium phosphate buffer (pH 6.8)
was used throughout this experiment. Other
details for the assay procedure will be found

in our previous reports.u>15) Nor-HN2
(hydrochloride) was synthesized according

tothe method of Ward8), and MMS was
purchased from Kanto Chemical Co., Ltd.

(

Tokyo); both were stored at -20°C until

use.
To assay the lethal effect of alkylating

agent and showdomycin, approximatly 3 x 1Q9
cells in 1 ml phosphate buffer were added
to 9 ml of phosphate buffer solution con-
taining an amount of alkylating agent appro-

priate to give the required final concentra-
tion. The mixture was then incubated at

Table 1. Loss of vialibity caused by the
treatment of E. colt B/r with showdo-
mycin in combination with alkylating-
agents.
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Nor-HN2: 2,2'-Dichlorodiethylamine
MMS: Methyl methanesulfonate
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7°C, and after 30 minutes 100 jul of showdo-

mycin in buffer solution was added and
incubation was continued for another 30
minutes.

At the end of the incubation period, the
cell suspension was cooled in ice to minimize
further reaction. The suspension was then

sufficiently diluted with ice cold phosphate
buffer and viable cells were counted after
40 hours at 37°C on nutrient agar plates.

In Table 1 are summarized the effects of
showdomycin on the lethal effect of these
two alkylating agents. Although showdo-
mycin alone did not show any serious
toxicity to the cell, the lethal effects of
alkylating agents are considerably enhanced
by the addition of 10"4 and 10~5M of

showdomycin. This interesting phenomenon
could be refered to as "radiomimetics sen-
sitization", a term which has been often
used for the enhancement of the lethal effect
of ionizing radiation.

Before discussing the action of showdo-
mycin it should be noted that the alkylating
agents used affect the bacteria in different
ways. Nor-HN2, a mustard type difunc-
tional alkylating agent, is believed to form
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inter-strand bridges between the double
helix of the DNA molecule9'10) while MMS
causes single-strand breaks in the DNA
moleculen). It is interesting that showdo-
mycin has enhanced the lethal effect of
both alkylating agents in spite of their
different mode of alkylation.

Two possibilities may be considered for the
mode of action of showdomycin in this
sensitization phenomenon ; (1) the lowering
of the concentration of cellular SH which
reacts with and detoxicates the alkylating
agents before they can attack the target
molecules, (2) the inhibition of DNA repair
machinery, the enzyme system in E. coli

B/r which is now generally believed to effect
repair to DNA damage caused by radio-

mimetics. The first hypothesis seems more
reasonable because damage by alkylating

agents has been well prevented by treatment
with some sulfhydryl compounds in mam-
mals and other living systems in vitrol).
In this connection it would be also interest-
ing to examine the effect of other kinds of
thiol-binding agents. The validity of the
second hypothesis would be examined by

using mutant strains of E. coli, each lacking
one or more of the repair enzymes; then,

if showdomycin does inhibit one of these
repair enzymes, the corresponding mutant

strain would not be sensitized to alkylation
by showdomyein.

Yoiti Titani
yutaka katsube

Shionogi Research Laboratory
Shionogi & Co., Ltd.
Fukushima-ku, Osaka, Japan

(Received November 20, 1969)

References

1) Bacq, Z.M.: Chemical protection against
ionizing radiation, p. 90, Charles C. Thomas,
Springfield, 1965

2) Heradi, F.; T. Valyi-Nazy, Zs. Nazy & A.
Jeney: Protection against the toxic effects
of X-rays and nitrogen mustard on E. coli
0111 by radioprotectors. Radiation Research
16 : 464-470, 1962

3) Bridges, B. A.: Sensitization of Escherichia
coli to gamma-radiation by N-ethylmalei-
mide. Nature 188 : 415, 1960

4) Moroson, H. & D.N. Tenney: Radiation
sensitization by thiol-binding agents of
radioresistant and radiosensitive Escherichia
coli;;and the oxygen effect. Radiation
Research 36 : 418-440, 1968

5) Bruce, A.K. &W.H. Malchman: Radiation

sensitization of Micrococcus radiodurans,
Sarcia lutea, and Escherichia coli by p-
hydroxymercuribenzoate. Radiation Research
24 : 473-481, 1965

6) Nishimura, H.; M. Mayama, Y. Komatsu,
H. Kato, N. Shimaoka & Y. Tanaka:

Showdomycin, a new antibiotic from a
Streptomyces sp. J. Antibiotics 17 : 148-
155, 1964

7) Titani, Y. & Y. Katsube: Radiosensitiza-
tion of Escherichia coli B/r by showdomycin,
Biochim. Biophys. Acta 192 : 367-369, 1969

8) Ward, K., Jr.: The chlorinated ethyla-
mines-A new type of vescicant. J. Am.

C

hem. Soc. 57 : 914-916, 1935.

9) Brookes, P. & P.D. Lawley: The reactian

of mono- and di-functional alkylating agents
with nucleic acids. Biochem. J. 80 : 496-

503, 1961
10) Venitte, S.: Interstrand cross-links in the

DNA of Escherichia coli B/r and Bs_! and

their removal by the resistant strain. Bio-
chem. Biophys. Res. Comm. 31 : 355-360,
1968

ll) Wahl, R.: Detection of single strand breaks
in DNA alkylated in vitro. Fed. Proc. 24 :

547, 1965
12) Hadler, H. I.; B. E. Claybourn, T. P.

Tschang & T. L. Moneau: The pivotal
position of the mitochondrial thiol group
exposed by dinitrophenol located by means
of ATP energized mitochondrial volume
changes requiring gramicidin, showdomycin
and dinitrophenol. J. Antibiotics 22 : 183-
188, 1969

13) Roy-Burman, S.; P. Roy-Burman & D.W.
Visser: Showdomycin, a new nucleoside

antibiotic. Cancer Res. 28 : 1605-1610, 1968

14) Titani, Y. & Y. Katsube: Radioprotective
action of non-ionic surfactants on E. coli
B/r. Radioisotopes (Tokyo) 16 : 323-325,

1967

15) Titani, Y. & Y. Katsube: Mechanism of

radioprotective action of Tween 80 on E.
coli. Radioisotopes (Tokyo) 17 : 203-207,
1968


