
Title Studies on the Effect of Mitomycin C on Nucleic
Acid Metabolism in Escherichia coli Strain B.

Author(s) Shiba, Shigeru; Terawaki, Asaharu; Taguchi,
Tetsuo et al.

Citation
Biken's journal : journal of the Research
Institute for Microbial Diseases. 1958, 1(2), p.
179-193

Version Type VoR

URL https://doi.org/10.18910/83169

rights

Note

Osaka University Knowledge Archive : OUKA

https://ir.library.osaka-u.ac.jp/

Osaka University



witu:;. s JOURNAL I, 179-193 (1958)

Studies on the Effect of Milomycin C on Nucleic Acid
Metabolism in Escherichia coli Strain B'Q

SHIGERU SHIBA, AsAHARU TERAWAKi, TETsuo 'LAGucHi AND IUNicHi 1<. AWAMATA

Surgit"! Di, .!31n", Del"71me, ,! of Clinical ReJ, "7th, allof Ihe Depart, "e, 11 q!" Chemolherapy.
Re"arcli InJin"Ie for Microhinl Dim3e$, Oneka Untien!47

JRetei, .ed for pub!it"!toll, December 3, 19,581

By using an exponentialIy growing culture of E. ton strain B, the action or miloinycin C
was studied in terms or its effect on 111e growllT and the biosynthesis or protein, RNA and
particularly DNA of the organism. The results were as follows

I. \\'iten growth of E. coli strain B was incasured by the optical density, it was found that 111c orga-
nism gi. c\\, exponentialIy (or normally) up to 90 minutes incubation even in the piesence or 0.02-0.1
"g. /inI. of milomycin C and after that time, the rate of growth gradually decreased. TITe \. jability
of the culture, on the othei' hand, was found to be strikingly reduce. Thus, after 90 minutes
incubation in the presence of 0.02-0.1 Jig. /inI. of the antibiotic, the number or \, jable cells was only
about 5 per cent or the \, alue at the start or incubation

2. Determination of the content o1 protein, RNA and DNA of the culture during 90 minutes
incubation revealed that 0.02-0.1 I, g. /in!. of milomycin C completely inhibited the biosynihesis or
DNA by the organism while that or protein and of RNA wcrc entirely unaffected

3. Similar effects on DNA synthesis or the antibiotic was observed in culture of E. coli strain B
even after repealed washings or the cells with milomycin C-free medium which had been ill contact
with the antibiotic in tile medium lacking glucose.

4. The inhibitory effect or milomycin C on DNA synthesis \\. as found to be reduced 10 somc
extent by adding baker's yeast extract to Ihc test medium.

SUMMARY

Mitomycin C (abbreviated as MC) is a new antibiotic isolated by \,\:akaki
at a1. (1956) from SI?e/110mj, ,eJ, aeJ/Ino311J. Since 1956 many papers have appeal'ed on it,
all of which suugest that the antibiotic has a remarkable effect on various
transplantable animal tumors and that it can be regarded as one or the most
effective antitumor substances (Shiba, 1957 ; Taguchi, 1957 ; Su;41ura. 1958,
Te"anaka, 1958 ; Usubuchi, 1958). It has al^o been repo"ted by Hata at at. (1956)
that the antibiotic exerts a strong antibacterial activity against ITot only
gram-positive and gram-negative bacteria but even against some kind of viruses.

it is one of the characteristic features of MC that is possesses a marked
antimicrobial activity besides the antitumor activity. This suggest that the samc
mechanism of the antibiotic is involved in its antimicrobial and antitumoi activities
and further that analysis of the former may become an Important clue for

unstudied intrinsic action or the antibiotic on tumor cells.elucidating the yet
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T'herefore, attempts have been made to reveal the blochemical mechanism
involved in the antibacterial activity using strains of E. coli.

In this paper are reported the results of studies of the effect of MC on the
growth, the biosynthesis of protein and of nucleic acids in E. coli strain B.

180

Muleiirr/, and Me/froth

Orrranisms : E. ,on B and E. roli 15 T~ were used throughout the \\, ork.
These strains \\, ere obtained from the collection of this Institute and maintained

on slants of nutrient agar.

Preparation of cell suspensions : A small amount of bacterial culture \\, as
transfei. I. ed to Glucose-Simmons' medium (pH 7.0) and incubated at 35'C with
shaking at 120 strokes per minute for 12-16 hours, Two inI. of this culture was
transferred to 150 inI. of a fresh Glucose-SImmons' medium and incubated again
at 35'C with shaking for 2.5 hours' The exponential growing culture were then
centrifuged and the cells were collected. The cells obtained were diluted \-vith
Glucose-SImmons' medium to a final optical density 0,085-0,090 at 660 inn. The
cell suspension \\, as then dispensed in a T-shaped tube <20 mm. in diameter)
^jinila^ to that devi, ed by Monod at a!. (1949).

To the diluted cell suspension I in I. of appropriateIy diluted MC in a warm
Glucose-SImmons' medium finally added. As a control, I in I. of Glucose-SImmons'

Both the cellmedium \\, as added to a similar cell suspensionsuspension.

containinu MC and the control were then incubated at 35'C with shaking
During the incubation, determinations \\, ere made, at intervals of gro\\, th and
protein and nucleic acid content. when necessary, viable cell counts \\. ere also
made. The number of viable cells in the suspension was found to be 0.8 x 10s
pel' in I.

Assay of growth : Growth \\, as measured as an optical density at 660 inn in
Ihc Goleman IT. Spectrophotometer. For determination of via billty, allquots of
the whole culture properly diluted with physiological saline \\. ere plated on ager,
and the colonies counted after incubation at 37'C for 16 hours,

Assay of nucleic acids and protein : Nucleic acids \\, ere extracted \\, ith
p, ,chl. "ic acid acco"ding to the method of Schneide" (1946). Two inI. of the
w. hole culture was mixed with an equal volume of 67. perchloric acid solution
and kept in an ice-bath for 40 minutes. Then the precipitate \\, as washed twice
with 3% perchloric acid, centrifuged, and the nucleic acids in the piecipitate
were extracted into 2 in I. of 6% IJerchloric acid, by heating the sample at 90'C
for. 15 minutes. After centrifugation, the nucleic acids in a I inI. allquot of the
super natant \\, ere measured by the orcinol reaction for RNA (Ceriotti, 1955) and
diphenylamine "eacti, n fo" DNA <Bu"ton, 1956) respectively.

The protein content of the whole culture \\, as determined by the Folin reaction,
arc. "ding to Eru'I at "I. (1949) using a 0.5 inI. anquot of the cultu"e

Measurements of adaptive formation or 13-galactosidase : 2.5 horn. cultures of
E. ion were centrifuged, \\, ashed twice \\, ith physiological saline and suspended in
thc medium lacking glucose to final optical density of 0,085-0090 in a tube of
20 mm. diameter. The prepared cells suspension were divided into two parts.
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To one part was added I inI. of MC solution and, 10 the other, I inI. o1 SICiile
distilled water. The tubes were then incubated at 35'C with shaking 101' 15
minutes and at the end or the incubation were centrifuged and the cells washed.
The washed cells were used for experiments.

Adaptive formatian of p-galactosidase was dctei. mined manomcti'ICally. For
assaying the adaptive formation of p-galactosidase, each flask contained I in I. or
cell suspension, 0.4 inI. of M/15 phosphate buffer. (pH 7.0), 0.2 inI. of M/40
lactose, and 0.2 in I. of distilled water or MC solution.

MC : MC used was obtained from 1<yowa Felinentaiioii Industi'y Co. , Ltd. ,
Tokyo. <10t numba. 102. )
Yeast extract : Baker's yeast extract prepared by oriental Yeast Co. , Ltd. was uscd.

RESULTS

I. E/er! of MC o11 Ihe g, 'Droll! and ridbi!ity ill E. fuji B
Growth curves of exponentialIy growing cultuic of E. ton B in the presciicc

and absence of MC are presented in Fig. I. In MC-free medium the Iuibidity
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Fig. I. Effect of MC on growlh of E. coli B in log phase
Cells in the log phase of growth were diluted wilh Glucose-

Simmons' medium, giving on initial titer of 0.8 X 107 cells/inI. ,
mixed with MC, and incubated of 37'C. Growth was followed
by measurement of the optical density of 660 inn of one hour
inter VCIs in Jr. Colemon Spectropholometer
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Fig. 2. Log phase E. coli B cells incuboted for 90 Min. o137 C in the presence (A1 and
absence IBi of MC were 310ined by PfeifFer solution.

0.1-0.02 Itg. inI. of MC, the increase in turbidity continued during the first 90
minutes and, afterwards, the increase was markedIy suppressed. Even the presence
of 0.01 ICg. in I. of MC induced a slight inhibition of the growth after 90 minutes,
but 0,001 12g. in I. of MC caused no inhibition.

Results of viable cell counts under the same condition are presented in
Table I. The numbers of viable cells of the control were 0.8 x 108 cells/in I. at
the start, and 2.6 x 108 after 90 minutes incubation Cabout 3 times the initial
value). The increase in via binty was parallel to the turbidity <0.0. ) which
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TABLE I. EFFECT OF MC ON VIABILITY OF E. coli B

MC in suspension

o

Ag/in I I

0001
---.

0.01

incubation lime

o

90

0.02

0.8 X 10s

I. 8 X I6u

0.8 x I OSo

12 x 101190

A log phase broih culture of E. coll B was mixed wiih MC o1 zero lime.
incuboied and shaken o1 35'C. The viable cell couni was measured by

PIOling On nuirienl agar

o

90

.- - - -- ----

o

90

0.05

o

90

-^ - - ----.---^-------

O. I

increased from 0.9 to 0.26 during 90 minutes. From these I'esults, It is dcduced
that the division time of E. coli B in Glucose-SImmons' medium was about 60
minutes in this experiment. On the other hand in MC-containing medium the
viable cell count \\, as less than 5% artei. 90 minutes : 1.2xlOii cells/InI. at 0.1

perl'inI. and 2.5xlOii cells/'inI. at 0.02 Itg. /inI. of MC. At 0.01 Itg. /inI. of MC,
which is the minimum concentration to inhibit growth, the viable cell count
decreased to 10% or the initial value. No decrease in viabillty \\, as seen on addition
of 0,001 11g. /inI. of NIC.

After PreifTer stainin, ,, the cells treated \\, ith 0.1 Itg. /'inI. or MC for 90 minutes
were round to be much more elongated than thosc in the control culture as sho\\ n
in Fig. 2 (a, b)

11. 1:1er/ q/' IWC o11 Ihe pio/eii! and JINrleir arid 111n!fiefiJ ill E. coli B
From the preceding experiment, 11 was shown that the growth of E. ro!i B as

measured by the turbidity \\. as not suppressed artei. 90 minutes incubation in the
presence of 0.02 IJ"./'inI. of MC, whereas the viable cell count was markedIy
decreased. These results may suggest that so-called unbalanced growth '
(Cohen, 1954) occurs in the growth o1 the organism in the presence or MC.
Therefore the following experiments were performed on the effect of MC on the
protein and nucleic acid synthesis in E. ,on B.

I) Effect of MC on E. ton B in the growing state : Allquots were taken from
a culture at 30 minutes intervals for analysis. The results are shown in Table 2
and Fig. 3. The amounts of protein and nucleic acid were determined in 0.5 in I.
and 1.0 inI. aliquot respectively. In the control culture, the growth and DNA.
RNA and protein synthesis proceeded at a similar rate. In the presence of MC

viable count/in I

^I

0.8 X 10s

2.6 x I OS

o

90

0.8 x 10s

2.9 X I OS

08 X 10s

6 XIO"

08X10s

2.8 x jou

L83
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Fig. 3. Effect of MC on growth, protein and nucleic acids synthesis in E. coli B. 2.5 inI. of
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at a concentration of 0.1 Ag. /inI. , (which does not inhibit the growth during 90
minutes incubation) the synthesis of RNA and protein proceeded at the similar
rate to that of the control, while DNA synthesis, was completel inhibited
immediately after the addition of the antibiotic. Such an inhibition of DNA
synthesis took place even in the presence of 0.02 Ag. /in I. of MC. One hundredth
of a microgram per inI. of MC also produced about 60% inhibition. Inhibition
of RNA and protein synthesis was obtained in the presence of I t .,'inI. of
MC, a concentration sufficient to prevent the growth of the organism.

ii) ITreversibility of MC-induced inhibition in E. coli B in the growing
state : After being in contact with MC in a culture at 35'C for 15 minutes, cells
\\, ere harvested by centrifugation, washed twice with physiological saline and then
transferred to an equal volume of Glucose-Simmons' medium. The washed cells
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MC in

suspe nsion

11:9. /in 1.1

TABLE 2. EFFECT OF MC ON THE GROWTH, PROTEIN,
AND NUCLEIC ACID OF E. coll B.

o

Tjne ,,., b. re' I

0.0 I

o

30

60

90

Turbidily
E 660 in"

0.02

o

30

60

90

0090

0125

o180

0265

Prolein
Folin reaciion

E 660 inn

O. I

o

30

60

90

0090

0130

0190

0280

^ DNA

I Piphenylomine
' E 660 in I reaciion
I E 600 in"

0070

0.1 05

0150

0.21 O

*

I .O

o

30

60

90

0085

0120

0185

0265

0075

0.1 I O

0144

0200

0.1 I O

0160

0225

0315

were then reincubated \\, ith shaking at 35'C and the growth and RNA and DNA
contents \\, ere measured at intervals during the incubation. As shown in Fig. 4,
growth, RNA and DNA synthesis in the control medium increased at the same
rate as that in un-washed culture. On the when cells were treatedcontrary,
with 0.02 Ag. /in I. of MC, the growth and RNA synthesis continued at a rate
similar to that of the control for 60 minutes after the start of reincubation, but
DNA synthesis did not proceed at all.

ill) Effect of MC on E. coli B in the non-growing state : To ascertain whether
the selective inhibition or DNA synthesis by the antibiotic might occur only in
dividin, ' cells, the effect of MC on E. coli B suspended in SImmons' medium
lacking glucose was observed.

The cells harvested from 2.5 hours culture were resuspendcd in the medium
lacking glucose. The cells could be incubated for an hour \\, ithout these beln. any
reduction in the inotility or viahinty, but \\, ith no multiplication or increase in
the nucleic acid or protein content of the cells. Such a suspension of cells was
mixed with MC and then incubated at 35'C for 15 minutes. T}, e \\, hole culture

^, as then centrifu, ,ed, washed twice \\, ith a medium liontaining n0 o1ucose,
resuspended in Glucose-SImmons' medium and finally incubated at 35'C \\. ith
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Fig. 4. Irreversibility of MC-induced inhibition of DNA synthesis in E. coli B
Samples were removed from the MC. containing and MC-free cultures

o1 the time indicated in the Fig. , kept of 20'C, woshed Iwice with

physiological saline solution, resuspended in Glucose-Simmons' medium, re-

incubated of 35'C and the growth, RNA and DNA assayed as before

o

A

shaking. A control culture containing no MC \\, as treated similarly. 'The results
are sho\\. n in Fig. 5. In MC-treated cells .'rowth occurred normally during the
cal. Iy stage of incubation but showed a little decrease after 90 minutes incubation,
\\. hile DNA synthesis \\, as inhibited completely from the beginning. The inhibition
\\. as not I. ecovered even after 2 hours incubation.

111. Pni'/iai ifJ/Din/io?! of DA'r1 o, 111hefiJ b/of kgd bj: r\IC ill Ih, 1112ditiin '01/1niiii'?Ig
J, Err$/ ex/run

Froin the preceding experiments, it \\. as shown that MC inhibited selectively
the DNA synthesis of E. ro!i B. Attempts \\, ere made to clarify the mechanisms
of this inhibition.

\/anous compounds shown in Table 3, related to nucleic acid metabolism
\\CTe added to the culture medium and the effect of MC on DNA synthesis of
E. ,on B was observed by similar methods to those describcd above. There was
no reversal of inhibition by any compounds except yeast extract. As shown in
Fig. 6, when the cells incubated in Glucose-SImmons' mediun\ containing 20
Ing. /'inI. of yeast extract are exposed to MC, the DNA synthesis is restored to
degree depending to the concentraion of MC added. That MC is not Inactivated
by yeast extract is obvious from the result illustrated in Fig. 7. The I. estoration
of DNA synthesis by yeast extract \\. as also observed \\, hen \\ ashed cells which
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Fig. 5. Effect of MC on E. coli B in non-dividing stole o medium locking glucose.

E. coli in the log phase were harvested by centrifugation, suspended in the medium
lacking glucose, and mixed with 0.02 119.1ml. of MC

The mixture wos incubated for 15 min. and the cells were again collected by centrifugation,

washed twice with the some medium, re-suspended in Glucose-51mmons' medium and incubated

of 35'C. The control sample was treated similarly. Samples were withdrawn of 30 min

inferVCIs for chemical analysis

11ad been in contact \\. ith MC, \\'ere incubated ill culluic 111cdium o, 111aiiiiil!,
\. cast exti'act.

I\'. filer'/ of ,VC o11 Ih, ,Ida/)/it, ejin'111u!ion q113-grr/(if'/nitdtt. re ill h'. fin B
By studying the I'elation ship bct\Teen synthesis of all cnzymc pi'otciii alld

D\A synthesis during ultraviolet 11uht ITi'adjation, it \\. as I)OSIulatcd that I)NA
synthesis In Ight be associated \\ ith the induction slave of adaptivc ciizymc
Formation since ultlaviolet rays strikingly Inhibit cnzymc rollnatioit tit a dosc
sumcient to inhibit DNA synthesis (ToInarii, 1956). in This ICspcct, it may I)c or
considerable interest to observe the effect or MC o11 adaptive cnzyine 101'mallon.

As sho\\. n in Fig. 8,13-galactosidase formation of E. fuji B \\. as not inhibitcd
IJy treating the organism \\. ith 0.1 Itg. ,Jinl. MC. Undei' thc salnc conditions I)\A
synthesis was inhibited completely as mentioned above.

V. Effect of MC on protein and nucleic acid synthesis in E. coli 15 'I'~, a
Ihymine requiring mutant

This strain is unable to synthesize methylpyrimidine, that is a SPCcific
component of DNA, but is able to synthesize DNA in the medium containing
thyminc. The effect of MC on the organism therefore, Inay PIOvidc us \\. ith
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TABLE 3. REVERSAL BY VARIOUS COMPOUNDS OF MC INDUCED

addition 10 glucose Simmons'
medium

conlrol

control- Yeast extrac1 20mg. /in I

MC 0.05mg. /in I

MC-Yeast extract

BLOCK IN DNA SYNTHESIS OF E. COLI B

amount of DNA after incubation

MC-odenine 30"91ml

- - ---- - -

MC-guonine

I for 120 min. o1 37'C E. 600mp

MC-cylosine u

MC- UFOcil

MC-Ihymine ,/

MC-Ihymidine if

MC-I o1ic acid 5491ml

------I - - --- - -- - -^

11

0125

0135

0032

0060

0034

11

MC-cosaminoocid I Ding/in I

0.4

0030

0.3

^

3
o

o

>

^ 0.2
Z
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.

<
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a_

o

0030

^

MCI-I'vecsiiL!

MC I'I. Yeosi I+I

0030

0030

0035

^

MC I' I. Y

^:

0030
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Fig. 6. Reversal of MC-induced block in DNA synthesis of E. coli B by yeast extract.
Log phase E. coli B cells were resuspended in Glucose-Simmons' medium containing 20

ing. /inI. of baker's yeast extract, mixed with MC, and reincubofed of 35'C. The growth and
DNA contents were then measured
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Fig. 7. Reversal of MC-induced block in DNA synthesis in E. coli B by yecsl extract.
Cells incubofed with MC in the glucose. free medium of 35'C for 15 min. were washed

twice with the some medium and resuspended in Glucose-Simmons' medium supplemented with
20 ing. /in I. of baker's yeast extract. Growth and DNA contents were then me OSured
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Fig. 8. Adaptive formation of e-galactosidase in MC-treated E. coli B.
Log phase E. coli B was harvested by centrifugation, resuspended in

a medium locking glucose, mixed with MC, incubated for 15 min. of 35 C,
washed twice with physiological saline and resuspended in the same
solution. Adaptive formation of p-golacfosidase in this suspension was
measured CS before. Each flask contained 3 ing. Idry weightj of E. coli B.

a cluc 101' undci'standing the inhibition Inechanism of DNA synthesis by MC in
A'. 10n B. Thus the following experiments were carried out.

Experiments \\, ere made with E. roll 15 T~ by the same method as with E
coli B, except that thymine <30 Itg. /'in I. ) was added to the medium.

As indicatcd in Table 4, when this strain in the logarithmic phase of gro\\. th
\\ as used for the determination of nucleic acid and protein no inhibition \\. as
observahle either in the growth or DNA synthesis in the presence of 01 11g. /in I.
or MC.

'Thc gro\\ th and the synthesis of DNA, RNA and protein of the organisitl
was unaffected even by the presence of a much higher concentration of MC
11.0 ug. /in I. )
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DISCUSSION

As describcd in the previous section it was observed that in the presence of
MC at a concentration of 0.1-0.02 Itg. /inI. the growth of E. ,on B, measured by
the optical density, I)egan to be inhibited after 90 minutes incubation, \\, hereas
the Ilumbers of viable cells marked Iy decreased before that time. This may
indicate that the growth inhibitory action of MC is not bacteriostatic but
hactei. locidal. it also suggests that the growth of the cell in the presence of MC
may lie abnoi. in al and not accompanied by an increase of \, jable cells.
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A chai. acteristic finding in the experiments \\. as that, in the presence of MC
at a concentration sufficient to reduce the via hinty of cells, the DNA synthesis
was found to be inhibited specifically. Thus the inhibition of DNA synthesis
occurs immediately after the addition or 0.02 pal'inI. of MC, the minimum dose
for' killing 95% of the viable cells. However protein and RNA synthesis and the
adaptive formation or ,-galactosidase of the cells are entirely unaffected even in
the presence of 01 1.1u. /in I. of MC.

Protein synthesis was found to decrease at a conccntration or the antibiotic
or more than I Izg. /in I.

in the previous papers we reported that NIC moderately inhibited the
respiratioil alld glycolysis of Ehrlich ascites tumor' cells at a cell level \\, hile no
inhibition \\. as observed in hornoqenates or the tumor cells. A SImila^ results
were obtained \\. ith bacteria, but at the inuclT itIghcr concentration of 10 I. e. /in I.
MC Inarkedly inhibited the substi'atc respiration of Bari/!!!J J!{billiJ at a ccll level,
\vhcieas suclt aiT inhibition or respiration \\, as not observable in an extract of the
organisms (Shiba, 1957). This suggests that the inhibition or respiration may not
lei)resent the primary action of MC but a secondary phcnomenon inducecl by
certaiil othei. basic cllanges caused by the antil)lotic

Furthci'in orc, Ihc inhibitory action or the antibiotic sccms to be ITreveisib!e
since when the 111hibition has once occuried, 11 is not reversed by washing
MC-contactcd cells \\, ith 91ucosc F1'ce medium or with gi'owlh incdium.
Since in terms of the inhibition of the furthei. DNA synthesis, MC \\, as equally
effective either on multiplying or non-inultiplying cells the inhibition may not
result nom the cessation or cell division but from action or thea pillnary

antibiotic on I)\I\ synthesis.
Ultra\, 101ct ladiatioil and alkylating aryents ITave been reported to be inhibitoi's

of DNA synthe, I* in E. ,"I, ' B (K"in, ", 1953; Her. ,lott, 1951). In 19531\"Ine, .
reported that DNA synthesis in E. roli B was tempoi'allly inhibited immediately
artei. irradiation at 2600 A for 15 minutcs, \\. hile the pro\\. Ih rate and RNA and
protCin synthesis \\. ere not fundamentally altercd. Altei' 40 minutes' ill'adjation
however. inhibition of both protein synthesis on a DNA synthesis had occurred.
According to I{arold and ZiporiiT (1957), sulfur-mustard exerts a selective
inhibition on DNA synthesis in E. roli B at the concentration or 85 11g. /inI. and
it also inhibits gi'0\\. th and RNA synthesis at a concentration of 110 ILO. /inI. . The
inhibition of D\A synthesis caused by the drug ho\\'ever, was found to be
reversed by washing \\, ith a drug-free Inedium Indicating the reversibility of the
inhibition.

MC, on the other hand, can completely Inhibit DNA synthesis in E. roli
B even at a concentration of bel0\\, 01 IJg. /'in I. The difference bet\\, een the

to inhibit DNA and that to inhibit RNA orconcentration of MC necessary

protein synthesis is much greater than that in cases of tiltraviolet radiation or
of alkylating agents. Furthermore, unlike inhibition by mustard derivatives, the
inhibitory action of MC is irreversible by \\. ashings. These finding clearly suggest
that the action of MC may be much more selective for. DNA synthesis than that
of othei. agents such as ultraviolet radiation or alkylating agents
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SHIBA, TERAWAKl, TAGUCHI AND KAWAMATA

Moreover, the apparent specific inhibition of DNA synthesis by MC may
indicate that the antibiotic may serve as an important tool to clarify the
metabolic pathway involved in the DNA synthesis of the particular organism.

Ultraviolet ray has so far' been regarded as an important tool 101. the
clarification of the physiological role of DNA in cells, yet theI. e are still many
unsolved questions. As stated above, ultraviolet radiation inhibits adaptive
enzyme formation at a dose sufficient to inhibit DNA synthesis.

In the present work, however, it was shown that a-galactosidase formation
was entirely unaffected by 0.1 11u. /'inI. of MC, a concentration inuclt higher than
that sufficient to inhibit DNA synthesis (0.02 IJg. /in I. ). it is possible, therefore,
to predict that DNA synthesis may not I, e essential for 19-galactosidase formation.

As to the relation between DNA synthesis and cell division, it has been
proved by many in\, estigators that DNA synthesis is essential for. cell division,
serving as an impartible component of the chromosome. In these expel'jinents,
it \\'as observed that MC-treated cells are marked Iy elongated, which may perhaps
be attributed to the cessation of cell division. The inhibitioiT of DNA synthesis
by MC could result in preventing division.

From the present results it can be deduced that the intrinsic mode of action
of MC may be invariably associated with the specific inhibition of the synthesis
of DNA, which belna genetic material is one of the most important components
of the cell. This may explain the bacteriocidal effect of MC as well as its broad
spectrum. The mechanisiTl involved in the inhibition or DNA synthesis by the
antibiotic, however, must a\^ait further studies.

The effect of MC on the deoxyribose content in an acid-soluble fraction of
E. coli B has also been studied, but no remarkable effect could be noticed.

it must be pointed out here that MC does not inhibit the glowth and the
nucleic acid synthesis of E. ro/i 15 T~ even at a concentration of I Aq. ,'inI. . The
reason for this is now being studied. Finally clarification of the effective principle
for reducing the inhibitory action of MC in yeast extract In Iqht be of some help
for understanding the mechanism of the Inbiliition.

192

REFERENCES

Burton, K. (1956) A study of the condition and mechanism of lite diphenylamine reaction
for the colorimeinic estimation of desoxyribonucleic acid. Bioche, ,I. I. , 62,315-323.

Cerriotti, G. (1955) Determination of nucleic acids in animal tissue. I. Biol. Chem. , 24.59-70
Cohen. S. S. , and Barrier, H. D. (1954) Studies on unbalanced growll, in EJche/ichia coli. Proc.

Nail. Arud. Sci. U. S. , 40, 885-893

Earl, \\!., and Carl, S. F. (1949) Puiification of the 11yperglycogenic glycogenlytic factor from
insulin and from gastric mucosa. I. Biol. Chem. , 180, 825-837

Harold, F. M. , and Ziporin, Z. A. (1957) Effect of nitrogen and sulfur mustard of nucleic
acid synthesis in EJchelithi@ coh. Biochim. at BibphyJ. acid, 21, 482-503

Hata, T. , at a1. (1956) Milomycin, a ne\\, antibiotic from Streptomyces. I, I. anti, ., Ser
A. 9, 141,146.

Hata, T. , ei a1. (1956) Studies on the therapy of the experimental infectious diseases by
Milomycin C. Chemother"Iy, 4 (5), 295-298. (in Japanese)

Her riott, B. M. (1951) Nucleic acid synthesis in mustard gas-treated Errhelithi" ton. I. Gen.



Physi01. , 34,761-764
Kelner, A. (1953) Growth, I'espiration and nucleic acid synthesis in ultraviolet-irradiated and

in photorcactivatcd EXAe/ichi" coli. I. Bad. , 65,252-261
Monod, J. (1949) The growth or bacterial clultures. '11/1. Rer. ItIicrobi0/. 3,371-394
Schneider, C. (1946) Phosphorous compounds in animal tissue. 3. A comparison of methods

for the estimation or nucleic acid. I. Biol. Chem. , 164,747-751
Shiba, S. , et a1. (1957) Experimental studies or Mitomycin C. Ch, MD!A, rapy, 5,322-323. (in

Japane, by
Sugawara, R. , and Hat'a, T. (1956) Milomycin, a new antibiotic from sirepiomyces. 11. I.

Antib. , Se, . A. 9, 147-151
Sugiura, K. (1958) The antitumo^ effects of Mitomycin C given by oral administration

(personal communication. )
Sugiura, K. . and Stock, C. C. (1958) The CRCci or Mitomycin C on a spectrum of tumors.

(personal communication. )
Taguclii, T. (1957) Effect of Milomycin C on the respii'ation of Ehrlicl\ ascites turnoi' cell

and Baci!/", J"b!in$. Chemotherapy, 5 (5), 223. (in Japanese)
Teranaka, T. (1958) Studies on antitumor activities or Milomycin C. I. Qink" City Med

Genier, 7.24-31

Toriiani, A. A{. (1956) Effects de I' irradiation ultraviolette surla biosynthescinduite de in
penicillinase de Bacillus cereus. Blochim. Biol/{yr. field, 19,224-235

Usubuchi, I. , et a1. (1958) The effect or Milomycin C on the growlli or a \, arieiy of rat and
mouse turnois. Cam, 49,209-222

Wakaki, S. , at a1. (1958) Isolation of new fractions or antiiumor milomycin. All!ib. 3 Chemo. ,
8 (5) 228-240

MITOMYCIN C ON NUCLEIC ACID METABOLISM T93




