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As it is known, daunomycin, an anticar-
cinogenic antibiotic described by Di Marco
et al.l), inhibits the synthesis of DNAand
RNA (Barbieri et al.2)), induces phage pro-
duction in lysogenic cells (Heinemann and

Howard3)), but inhibits phage multiplication
in the case of T phage (Parisi and Soller4))-
Its effect, however, on heat induced phage
production was not yet studied.
It appeared from our preliminary experi-
ments, that similarly to mitomycin C and
UVirradiation, daunomycin in a concentra-
tion up to 80 jULgjval at 28°C has no phage

inductive effect on Escherichia coli K 12 {A
cI-857) thermoinducible lysogenic organism,
harbouring an ind~mutant prophage. This

condition made it possible to study the effect
of daunomycinon thermoinduction without
any interference caused by its owninductiveeffect.

An E. coli K12 (A cI-875) culture grown
for 16 hours at 28°C in complete medium
(nutrient broth) was diluted into 9 volumes
of fresh complete medium and was further
incubated at 28°C for 2 hours. After wash-
ing twice with distilled water 5.105 cells/ml
were suspended in complete medium or in
the case of shift down condition in minimal
medium of Davis and Mingioli5) supple-

mented with L-throeonine and L-leucine (20
//g/ml each). Heat treatment was accom-

plished at 45 or 43°C in complete or minimal
medium, respectively. Plaque assay was
performed at 37°C after chloroform treat-

ment and at 28°C from untreated culture on
indicator strain E. coli C 600 (Appleyard6)).
The number of plaques in the former case
was regarded as the concentration of com-

plete phages, whereas plaques on 28°C were
counted as infective centers. The phage yield
was determined as follows : thermoinduced

cultures were diluted 400-fold into complete
medium and after incubation for 100 minutes
at 28°C the complete phage concentration
was measured.

Daunomycin was a gift of Prof. F. Arca-
mone of Farmitalia, Milano, Italy, the strain
of E. colt K 12 (/} cI-857) was kindly supplied
by Prof. F. Jacob of the Institute Pasteur,

Paris, France.
As it is known, the thermoinducible lyso-

genic E. colt strains can grow fairly well at
28°C and there is no spontaneous phage

production from the strain mentioned above
at this temperature. If the cells are incu-
bated at 45°C in complete medium, the
immunity substance (repressor) becomes in-

activated and the ^rophage detached due to
this derepression. This process of induction

has been completed in the whole population
in 20 minutes, and can be measured the
increase of infective centers and the sharp
fall of viable cell count (Fig. 1). During a

prolonged incubation at 45°C, the vegetative
cycle of phage production will start but
then inhibited presumably at a later step,
and, consequently a very low production of
complete phages can be detected. At the
same time, however, the production of pro-
teins responsible for the lysis of cells was
undisturbed, thus the lysis could take place

prematurely decreasing the count of infective
centers (Groman and Suzuki7))- When the
induced culture was cooled to 28°C at 20
minutes, the production of complete phages
could intensively start, giving a burst size

of about 200 independently of the moment
of cooling.

Daunomycin (50 ^g/ml) in complete medium
inhibited the steep decrease of viable cell
count. It delayed to a slight extent the
rise of infective centers, but the achieved
level remained unchanged for a long time.
As it was expected, daunomycin repressed
strongly the production of complete phages
but this inhibition proved to be reversible ;

a normal phage yield could be reached after
the dilution of daunomycin.



VOL. XXII NO. ll THE JOURNAL OF ANTIBIOTICS 575

Fig*. 1. Effect of daunomycin on
thermoinduction in complete
medium.

Viable count in control culture (a) and in the
presence of 50 ^g/ml daunomycin (b). Infective
center count in control culture (c) and in the
presence of 50 fig/ml daunomycin (d). Complete
phage production in cultures thermoinduced in
the absence (e) or in the presence (f) of 50 ;«g/
ml daunomycin, after a 400-fold dilution into
complete medium at different times and further
incubation for 100 minutes (Values are multiplied
according to dilutions). All cultures were in-

cubated from 0 minute at 45°C.
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Fig*. 2. Effect of daunomycin on
thermoinduction in shift down
condition.

Viable count in control culture (a) and in the
presence of 20 fig/ml daunomycin (b). Infective
center count in control culture (c) and in the
presence of 20 £<g/ml daunomycin (d). All cul-
tures were incubated from 0 minute on at 43°C.
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When an inoculum grow in complete me-
dium was transferred into minimal medium

(shift down condition) then the thermoin-
duction was carried out at 43°C, the number

of infective centers increased slower than in
complete medium but the high level longer

persisted. Only a small decrease of viable
cell count could be observed. Daunomycin at
a concentration of 20 //g/ml strongly delayed

the increase of infective centers without any
significant bactericid effect.

In shift down condition the experiments
were Aarried out at 43°C because daunomycin
was bactericid at 45°C and this made the
specificity of its action on phage induction

questionable. This difference in temperature,

however, did not cause any change in the
thermoinduction of control cultures. On the
otherhand, thermoinduction was performed
at 43°C also in complete medium with results

similar to the above-mentioned ones all
except the weak inhibition of phage produc-
tion causing a second rise of infective centers.

Therefore, the effect of daunomycin on the
premature lysis was less observable.

It appears from our experiments that in
complete medium not only the production

of complete phage but the decrease of in-
fective centers in the course of prolonged

incubation at 45°C can be inhibited by dauno-
mycin. These effects of daunomycin are
obviously the consequences of the inhibition
of phage-DNA and/or RNA synthesis. It
is more difficult to interprete the phenome-
non which could especially be observed
during the thermoinduction accomplished in
the shift down condition. In such cases a

marked delay was found in the increase of
infective centers and this points to the fact
that daunomycin inhibits also the derepres-
sion of prophage, the first phase of thermo-
induction. According to numerous authors

(Horiuchi and Inokuchi8), Green9) and Lieb10)),

derepression is caused by the thermolability
of the repressor. A delay of this direct
thermoinactivation by daunomycin is rather
improbable. Our experiments refer to the
possibility of derepression through an in-
direct way as it was supposed by Susman
and jAC0Bn), Wainfan et al.12) and Gold-

thwait and Jacob13).

Comparable results to the aforesaid ones
were obtained with hydroxyurea14), in shift
down condition a marked delay of derepres-

sion was proved. As hydroxyurea is a
specific inhibitor of DNA synthesis (Rosen-
kranz and Levy15)), this refers to a role of
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DNA metabolism in the process of dere-
pression, and thus daunomycin may also
delay derepression by means of interfering

with DNAmetabolism.
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