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BIKE\'S JouR\AL 5.1-n (1962)

Studies on the Colicinogenic Factor in Escherichia coli K 12
Inducfion of Colicin Production by Mifomycin C

Alitoinycii} Ginduccs thc PIOduction orcolicinin E. coliK 30 and colicinogenic strains or XI2
'The production of colicin sccms to invol\, c it 110.0 syntllCSis of protein in a 11'action of the population
of a colicinogcnic strain. The proportion of this F1 action is incrcasccl by itcalmcnt \\, ith inducing
agents. The optimal condiiions \\, CTC clenTonstraiecl by two methods, lacunae collniing anti assay
of Ihc stipernatant. By boni methods 11te optimal conditions \VCI c round 10 lie the same

DJp, r!,"e, 11 of Gene!i", Of aka Uni, err!'ty
Med^^a! School, Of"Aa

(Refei, ed/or pi^611t"!!'on, ,Jan"ary 30, 1962)

TEIJI 1111MA*

A, Iytomyciil C, aiT antil)lotic isolated from SII',!lion!yceJ carJPi/o5wJ, selectively
inhibits the synthesis of deoxyril)onucleic acid (DNA) in EJche!ichid co!i (Shil, a
at n/., 1959). Additional studies ITave revealed that DNA synthesis it, hicll has
I)CGn Inhil)ited I, y Initomycin C treatmcnt can I)e promptly restored by infection
of th, ,, its with bart, "rophag, T2 (S, kigu. hi and Titan'I, 1959, 1960^). Must
of the Iiactcriophagcs \\, hich nttiltiply in the pi'esciice of initomycin C arc ITon-
infectious (SekigucllI and Takaoi, 1960b), I)ut these I>hages nave the ability of
multiplicity reactivation, cross reactivatioil and mutual exclusion (Okub0, 1962).
NIItomyciiT C also affects ryenctic meclTanisms in ff. coli exerting a Inutaoenic action,
incrcasing tlTe recoinlJinatioiT rate (Szybalski, 1958 ; Tillin a and Hagiwara, 1960 ;
Yuki, 1962), and inducing IJhaue development in a Iysouenic strain of f. co!I A' 12
(01, u, at "!., 1959).

This coininunication presents evidence that ITTitomycin C can induce colicin
production in colicinooenic strains of E. coli. Preliminary results have been reported
elsewhere. (1111ma, 1961).

MATERIALS AND METHODS

SU\{itIARY

INTRODUCTION

Organisms : The strains used in these experiments are descril, ed in Table I
E. coli A' 12 and its mutants were originally isolated and spplicd by Dr. I. Lederber, '
and have been propagated in our Ial>oratory. E. coli K 30 and TR 16 \\, ere supplied
by Dr. P. FTCdericq. Colicino, 'enic strains of E. coli K 12 were isolated in this Ia-

* Present Address : Institute for Fermentation, Juso-Nisl, ino-cho, Higashiyodoga\va-ku, Osaka, Japan
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boratory by mixing the strain with appropriate donor strain.

strain

K 30

W 1177

TR 16

Table I

IUIMA

Y 70

TR 706

WR 110

Summary of Strains Used

\, ledia : The peptone broth used contained the followinu constituents in
distilled \\, ater: Peptone (Kyokut0) I 7, , meat extract (Kyokut0) 170, NaCl
0,2'6. A synthetic medium used, had the followinu composition: Glucose 3
gin, (NH4)2HP0+ 2.5 gin, KH, P0+ 0.1 gin, N, C15 gin, S. dium glummat, 2 gin
and distilled water I litre. The pH \\, as adjusted to 7.2 with NaOH. Glucose
was sterilized separately and mixed with the medium after coolino.

Methods : E. coli K 30 (or TR 706) which is colicinogenic and streptomycin
sensitive strain \\-as drown at 37'C. The cells were collected by centrifugation
and resuspended in the synthetic medium. After treatment with initomycin
C (Ky. **a H^kko C. .) or ult"^vi. 1st light (T. ^bib^ GL-15), th, ., 11.1n titer
was assayed by two different methods, i. e. , super nate assay and lacunae counting
(Oreki at "!., 1959).

S\pel'lidle array. After treatment, cells \\, ere incubated a further 1.5 hours
at 37'C to allo\\, release of colicin into the medium. As shown belo\\,, colicin

production reached a maixmum after 1.5 to 2 hours. The cells were centrifuged,
and the super natant \\, as used for. the assay. A colicin sensitive and streptomycin
resistant indicator strain, W 1177, was mixed with the supernatant and after two
hours, the number of survivors of the indicator strain \\, ere counted by spreading
the mixture on nutrient agar I)lates containing streptomycin (100 11glml).

Lacunae coni!!trig. . After treatnlent, the cells \\, ere diluted and mixed \\, itIT a
colicin sensitive and streptomycin resistant Indicator, \V 1177, together \\, Ith 3
inI of 0.77, soft agar. The mixture \\, as poured onto nutrient plates containing
streptonTycin (100 11gjml). After' 18 hours incubation, a number of small clear
spots, "lacunae", appeared on the plate in the conHuent growtlt of the indicator
strain. These lacunae were not observed when TR 16, which is immune to
colicin or WR 110, which is resistant to it were used as indicators.

proioiroph, colicinogenic strain

Th reo nine. Ieucine, Ihiamin requiring, locios e, galac-
lose, mallo se, nonf e rine nilng. sire PIOmycin resistant
strain derived f rom K 12

W I 177 colicinogenic strain

Th reonine, Ieucine, Ihiomin re q uiring. lactose n on -

Iermenling sireplomycin sensitive strain

Y 70 colicinogenic strain

Colicin resistant siroin derived Irom W I 177

chardcie risiics



INDUCTION OF COLICl\ PRODUCTION BY AtITO\IYCIN C

RESULTS

The effect of colicin in the super natant of K 30 cultures on two straines, W
1177 and TR 16, is shown in Fig I. TR 16 differs from W 1177 onlyinits colici-
nogenic property.
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Fig. I. Killing Action of Colicin on Two Strains

Escherichia coli K30 was lreoied with milomycin C10/1/91mll for lO min. Theireoied
culture was incubated for 2 hours o137' C. Aller incubation. Ihe supernol. nl of the
culture was collecled by centrifugation. W 1177 or TR 16 was mixed wilh the super-
notani and the number of survivors was counied

o

Colicin production variecl \\, itit the dose of Initomycin C or ultraviolet Iiultt
used. Optimal conditions for colicin production were obtained by treatin, cells lit
the synthetic meditiiTT with 0.1 11g/'inI of initomycin C for 15 nTin. or by 30 seconds
irradiation from an tiltraviolet lamp at a distance of 45 cm. The optimal condi-
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LUTMA

tions as judged from super natant assay were the same as thosejudged from lacunae
counting (Fig. 2, Fig. 3). The rate of synthesis of colicin after induction can be
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CONCENTRATION OF MITOMYCIN C
1/19/in 11

Fig. 2. The Eff ecl of the Milomycin C Concentration on Lacunae
Form at ion

A colicinogenic strain was treated wiih various concenirotions of milomycin C. Lacunae
counting was carried out immediately clier Irealmenl and after 2 hours incubolion

o1 37 C

104 o

followed by the lacunae counting method. Figure 4 shows the increase in lacunae
after treatment with inducing agents. An untreated culture produces lacunae
spontaneously at a rate of 10~3 per cell in a population. Immediately after treat-
merit, the culture produced the same number of lacunae as the untreated culture.
However, when the treated culture was incubated at 37'C in broth the lacunae

count Increased rapidly and reached a maximum after 2 hours. In the control CUI-
ture the lacunae count did not increase dunn. incubation.

These results show that colicin synthesis occurs spontaneously at definite
rate (about 8 XIO~' per cell in K 30 population), in a population of colicinoaenic
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INDUCTION OF COLICIN PRODUCTION BY A{ITOMYCIN C
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CONC. OF MITOMYCIN C 1149/hill

Fig. 3. The Effect of the Concentration of Milomycin C on the Induction
of Colicin Production

A Colicinogenic siroin was Ireoled with various concenir. lions of milomycin C. Aller 2
hours incubation, each of Ihe super natonls was mixed wilh on indicaior siroin, W1 177
and Ihe number of survivors was counied 2 hours later

strain, Iiut after the treatment with induciil^ agents, other fractions in the culture
negiii to synthesize colicin. \\Ihen chloramphenicol was added at various periods
after Induction, there was a decrease in the rate of increase in lacunae, depended
on when the chloramphenicol was added (Fir. 5). These results suouest that the
synthesis of colicin Involves de !JODO synthesis in the induced cells.

DISCUSSION

The induction of colicin production in a colicinooenic strain of E. coli was
first observed in E. coli ,\{L and later in other strains after treatment with ultra-

violet light (Jacob at a/., 1951; Fredcricq, 1954; Hamon and Lewe, 1955).

o 10
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IVlytomycin C is of biological interest, because of its antineoplastic activity, selective
inhibition of DNA synthesis, ability to induce the development of prophaoes in Iy-
sogenic bacteria, inutagenic action and an 111ty to induce the production of colicin
in colicinogenic IJactcria. These characteristic effects are similar. to those of ul-
traviolet lidht. Furthermore, UV and initomycin C have similar effects on the
chromosomes of E. coli K 12 and affect the recoinbinatiolT process in the recipient
cells (Yuki, 1962). When H/i' donors are exposed to UV or initomycin C, and
mated with untreated F-, the treated It/I' donor decrcase in fertility exponentialIy
as a function of the dose. The decrease in the rate of recombinant formation

is faster than the decrease in the rate of transfer of the colicinogenic factor. As
was shown previously, transfer of the colicinogenic factor Is not so much affected
by this treatment (Itiima, 1961). Lavalle and Jac01> (1961) suggested that the
colicinogenic factor. was resistant to disintegrations of P32 Incorporatecl into the
cell, and assumed that the colicino, enic factor contained less nucleic acid. The

o

Fig. 4. Lacunae Formation offer Treatment with Milomycin C
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differcnce in the sensitivity of the chromosomal character and the colicinogenic
factoi' Inay reflect a difference in the structure of the colicinogenic factor.
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Fig. 5. The ERect of Chloramphenicol on Lacunae Formation

Chloramphenicol was added o1 Ihe lime indicated by the arrows
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