
Title DNA Synthesis and Lambda Phage Development in a
Lysogenic Strain of Escherichia coli K 12

Author(s) Otsuji, Nozomu

Citation
Biken's journal : journal of the Research
Institute for Microbial Diseases. 1962, 5(1), p.
9-19

Version Type VoR

URL https://doi.org/10.18910/83037

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

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

The University of Osaka



BIKE\'s JouR\.\I, 5.9-19 (1962)

DNA Synthesis and Lambda Phage Development in a
Lysogenic Strain of Escherichia coli Kj2*

TITU I clationship bct\VCcn ticox\ ribonuclcic acitl (D\.\) anc1 1,101cin s\, ITihcsis titiiing jaml)c!a
(I. ) pitagt tic\'clopincnI in Lilli'a\'in 1.1 (U\') inducerI 1:1theiI'chiti 1'011 K12 was 51.1diccl

I) InnticLion o17. phag, 101'mallon in Ihclysogcnic SII'alit of1;. '01/1<12, Ihyniinclrs* inuiant,
dicl I'Dt climinat<, Ihc nc"a o1' Ihc I, actciia for. cxogenous 111\. ittin". \.\'ht. n Ihyn, inc \\ as addccl
jinii, cdiaicly allcr UV Iri'anjailon. D\.\ writhcsis cuminciiccclart"r a lag PCrioclor Go 11Tintiics. \\hilt'
back 1'1a 51ai\ CLI or 11, yininc Tm 60 or 90 11.1ntiics \\. CTC al, IC to writhcsi/t; D\,\ irumccliaicl\. allci
Ihc atkrillon o1'Ihc rillti'111, I. 111 111c '01/11cr condition. Inatuic pitag, ' pailiclcs \VCI'c Tclcas"clinto the
inccliiiitT anCT' 75 mirintcs incuhaiion. bill in Ihc laitcr 111cy \\, ci'c tici, ciccl in Ihc it, CLIiuii, \\'11/10Lil
a Iat"ni DC1'loci. \'\11.1T 1,101cii, s\ nth, 'SIS in U\ in tillc"cl badcria was inhibiiccl ity cliloi'ait, PIiciticol
at all carl\ PCI'lotl of Incubation. 110 PITagc I)\.\ or pailiclcs \\crc synilit'slyccl

2) \Vhcn a 11, '11/10/1in, rcc!uii'ing 11tLitaiii or E. toll K121Tacll, ,;cn $1ar\"CIOf n, ctltionin, . 11, c
30 I'llnui"s lag DC1'lotl I'rquircc1 1.1 D\..\ writh, *is \\as incl'cast. <1 10 a I, CTiocl colic*punning to Ihc
PCI'loci or it1.11,10ninc star\'alton. anti pi rigcii\ 13hag, 's \VCrc libcraictl liti0 11.11 inn(11un, allcr a nullnal
iaicni I, ciiucl ICckoncLl non, lite 11mc or Itiruiioninc acidiiiuit

3) .\ U\' intlucc, I Iysog, ITic sirain or I;. to/i \.\!3101 (7) \\as SLaicely airccic:I by. IT. 1101/1\. cin
C at it colict rill'alloi, \vltich \\. as sumci"111 to in hillii D\.-\ svnili, 'sis or a non-Iys. g"nic siraiii 11T E
toll' \.\;31 01

DC1"rlJn, "! of BIO!o4r, mrulli, of Sri'e, ice
Omta Unite, Jin, , 0$, An

(Rct, !',, offor 1/1/61^^"!io", Febi, !dry 16, 1962)

I'; OZOMU OTSUJi**

SU\. INl. -\RY

InfectioiT of E$chci'ichitt coli willT n}erul)ers of the T-evcn series of I)actci'iopltagcs
results in the cessation of I)acterial DNA synthesis. After several minutes lag
period, synthesis of phage Dl\'A coiTTmcnces. When protein synthesis Is Iilockcd
at an carly stage duriil^ the latent period, no phagc DNA is synthcsized. How-
ever, when I)rotcin synthesis is supprcsscd a litilc later after Infection, synthesis of'
phage DNA proceeds even if Ilo fui. theI pi o1cin synthesis is taking lilacc (Button,
1955; NIClcchen, 1955; Tomizawa and Sunakawa, 1956). Recent studies on
phage ITtultiplication Ilave demonsti'aled that number of ne\\, cnzymes, \\, hicll cannot
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* This work was reported at the First Syii, PDSiiiii, o11 \. 11crobial Genetics, in Tokyo, on Febi'uary
11,1961 (015tiji ancl Hakuia)
PI'CScnt r\cldi'CSS : Deparrmcnt or Chcmoiherapy. Tl, c R'Scarch Institutc for A Iicrobial Diseascs*
Osaka University. Osaka
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be detected in the host cell, are formed during the first few minutes of infection
with T-even phages (Cohen, 1961). Barrier and Cohen have sho\\, n that Infection
of a thymine requiring mutant of E. colt with T2 phage results in a removal of
the IJlock in thymine synthesis (1954) and that the activity of thymidylate synthe-
tase in a thymineless mutant of E coll Is Increased about 1000-fold I>y infectioil of
11", bart, "in with T2 phag, (1959).

However, we have still very little knowledue as to whether or not Ile\\, proteins
are formed liefore the synthesis of tempcrate phage DNA takes place (A{Iki and
Matsushita, 1956; Thomas, 1959). This may IJe partly due to tl}e difficulty of
distinguishing I)etween the DNA of a temperate phage ancl of its host, because
phage DNA does not contain a specific compound such as 5-hydroxymethylcytosine
\vhiclT is peculiar to T-even phages. Since a Ihymme requiring mutant of E. coli
K12 (Okada e/. a!., 1960) and an antilJiotic nTitomyciiT C \\, hiclT inhitits I, acterial
DNA synthesis (Shiba e/. at. , 1959) ITave become availablc, it is no\\, possible to
elt!cidate the relationshij, bet\\, een the synthesis of DNA and jJrotein dullng temper-
ate phage multiplication. This paper describes the results o1)tained I)y anal\, se of
DNA and proteiil synthesis in a UV induced Iysooenic straiiT of E. coli K 12 Ihymi-
neless or methionineless mutant, together \-\, ItIT those obtained by, Lising antil, lotics,
chloramphenicol and 1,110m\, cin C

OTSUJl

I. Bat!,,!"! J!!"in$

Strains or E. toll K12 (KT~. Ihymincless* : 58-161, riteihioilinelcss), botll or which aie Iysorrenic
101 I. prophage, \\ere LISeclin this expcrimcnt. E. roll \.\'3101 (?.) \\as iso1aied artei infecting a non-
Iysogenic 511'ain of E. roll \V3101 with Ihe \\, 11tl type <11 ain or I. pha"'e. r\s plating indicator 101
phage I. , E. toll' \\'3101 \\. as Liscrl

2. J\/edi"

The bacteria \\. ci'c gr0\\'11 in a In in irual I, tedium (SG ritedium) coniaining 2.5 g of (\H+)2HPO+,
1.5 g of KHzP0+, 0.1 g ori\, IgS0+. 7HZ0,5 g or \aC1,2 g o150diui, . glt!lamatc anti 3 g or glLicose
per litei at pH 7.2. Thymine (10 11g!rut) ancl methionine (50 11g!inI) \\. cre addec1 10 11te itTedia for
gr0\\'11, of the respective intitants. The indicator strain for' phage titration \\as gro\\n in ITUiricilI
broill it, ecliuin (10 g meat extract, 10 g polypepione, I g \aCl in I liter or H20 and the PI{ was
adjtisted to 7.2 \\, jilt \aOH)

3. Flinge duo'

E. coli\.\'3101 at a concentiation or about 109 perlnlin nutrient broth nTedium was centrifuged
ancl suspended in an AD solution (0.01 itI phosphate buffer. pH 7.0,0.01 A1 A{gSO+ and 0,0851\{
I*;aCl) at about the same concentration. The I. phage Iysatc \\, as diluted to 102 willt an AD
solution and added to this bactcrial suspension. After 30 minutes incubation at 37'C. the phage-
bacteriunt complex was plated on E. coli \.\'3101 by the soft agar layer nTethod (Adams, 1950)

itIATERIALS A\D METHODS

* TITis 511'ain was generously supplied by Di. T. Okada or Kanazawa University



4. Chemi, "! alla!131,

R\A and D\.\ were assayed b\, the orcinol anti diphenylamin mrthods, respectively (\, IeJbauin,
1939; Btition, 1956). Bactei'ia weie chilled to O'C and acidified by perchloric acid at final con-
centration of 0.5 \. The acid insoluble 11 action was 511spendcd in 0.5 \ perchloric acid and neated
at 90'C for. 15 minutes. D\A ancl R\*\ in the extract were assayed and, after dissol\'ing the
residue in a small \, o1ume or I \ :\:aOH, pi Diein was determinecl by Ihc inclhod or Lo\\, TV at a!. (1951)

5. Chemical$

Alitomycin C was provided front Kyowa Hakko Kogyo Company and chloramphenicol \\as
purchased in a crystalline form front Sankyo Company

6. lirath"lion toilh 1,111'a, ,io/e! Ii"A1

U\I irradiation or bacteria was carticcl out by exposure of the cell suspensioil to a 15 \\all
Toshiba germicidal lainp at a distancc or 45 cm

D\r\ SYNTHESIS A\D pHAGE DE\;ELOP\, IE\T IN E. COLI

I . DJ\'/I ITi!!he fir and ?. Ihnge dear/oninei!/ ill Ihe 147mine I'aqwilti!g inarian!

E. coliKT~ cultures at a logarithmic phase of growtlT in SG medium \\, ith 10/4g
per in I of thymine were ITarvested I)y centrifugation and suspended in SG medium.

RESULTS
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Fig. I. Effect of Thymine Starvation on the Growth of E. coli KT~ offer UV Irradiation

Logarithmicolly growing cells o1 E. coll KT~ were harvested and washed Iwice wiih saline
The cells were reincuboled in SG medium in the absence of Ihymine and irrodioied wiih UV for

The bacteria were shaken wilh vigorous derolion and Ihymine added 110 1191'in11 o145 seconds

the limes indicated by Ihe arrows
'.-'.', o1 0 minules I- \, at 60 minuies
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0.2

^--
o

.

60

A

\
^.

120
TIME jinin. I

I80

A-,, o190 minutes .~., of I05



OTSUJl

After irradiation of the I)acterial suspensions with UV for. phage induction, the ,
were shaken \\, Ith aeration at 37' C, and thymine (10"o1ml) \-\, as added at intervals.
Fig. I shows the change in optical density of UV induced I>acteria. It is apparent
froiTT the data that bacterial Iysis liegins at the same time in IJacteria \\. ith th ,mine
at the moment of UV irradiation and in I, acteria after 60 minutes starvation of

th\, mine. Under these conditions I, acterial Iysis lieuait 90 minutes after U\/ ITiadi-
at ion. However, addition of th\, mine 90 or 105 minutes after U\JITradiatioil rcsultcd
in residual growth for. 30 minutes liefore IJacterial Iysis took place. In the absence
of thvmine, IJacterial growth continued at the same rate as in the control culture,
I)ut ITO Iysis occurred during the test liei. 10d. The Iiacterial oro\vih o1}served
in Fig. I suggests that eveiT in the absence of exoP'enous thymine, the I)acteria are
still able to synthesize I, acterial components, nut are ttnalile to produce I)acterio-
phage I, articles, IJecause an increment in optical density was observed without
Iysis of the I>acteria. This is clearly seen in Tal)Ie I \\, here, in the incdium \\, ithout
thyniine, there \-vas no DNA synthesis or release of pha, 'CS into the medium, I, ut
ITTore RATA and protein were s\, nthesized

12

EITecf of Thymine Starvation on I. Phoge Multiplication and Protein and Nucleic Acids
Synthesis in E. coli KT~

Exponeniially growing E. coll KT~ in SG medium o1 37' C were horvesied, washed twice
and suspended in Ihe some medium. The bacteria were 11rodioled wilh UV for 45 seconds and
divided in101wo portions. One poriion was incubaied wiih Ihymine 1101191mll and Ihe other
wiihoui Ihym;ne for ? hours with vigorous shaking. Allquois of the bccierio were removed I or
counting infective cenlers on I. phoge sensilive bcclerio and the rest was used for me OSurin the
protein and nucleic acids

Thymine Time of incu-

1/19/'in 11 boilon jinin. I

o o

o 120

10 120

Table I

DNA. P

1/19/in 11

0.18

O . 20

0.61

corresponding 10 induced bocierio*

These results show that RNA and proteiiT \\, ere synthesized even in the absence
of Ih\, mine and that Iysis of bacteria began at the same time, if thymine \-\, as su lied
after 60 Ininutes starvation. Therefore, the effect of thymine addition on the
synthesis of cellular constituents and phage nTultiplication \\, as studied.

E. coli KT~ grown in SG medium supplemented \\, ith thymine were Ilarvested
and washed twice with saline. These cells \\, ere suspended in SG medium and
itradiated with UV for. phaue formation. Then, the^ were divided into two o1-
tions, to one of which thymine (10 11gjml) \\, as added immediately after UV Irradi-

The other portion was incubated without thymine for. 60 minutes. Bothat 10n

were shaken with aeration at 37' C and ajiquots \\, ere taken for the measurement

RNA. P

ipg/in 11

O . 345

0760

0654

Protein

INg/in 11

45.4

75.8

69.8

In Ieclive

centers/in I

I . O X I 08*

5. 0I I 07*

6.4 I I o9



13D\A SY\THESIS A\D pHr\GE DE\:ELOP\-IE\T I\ E. COLI

of nucleic acids and protein. It is clear from Fig. 2 that the amount of RNA and
protein in Ihvmine starved Iiacteria Increased at the same rate as in the I)acteria
supplied \\, ith th\, mine throughout the experiment. If th\, mine \\, as added jin-
mediate I\. after U\/ irradiation, DNA s\, nthesis did not occur for. 60 minutes and
thereafter proceeded linearly. Ho\\. ever, addition of thyminc after 60 minutes
inter\, al pel. mitted an inTmediate svnthesis of DNA (cf. Fig. 4). As Is seen in
Fi, '. 3, addition of Ihymine allcr 90 or 120 Ininntcs starvation also results i. :I the
immediate synthesis of DNA. The latent I, eriod for' I. phage InultiplicatioiT is 75
minutes if thyn, ine is supplied immediately after U\I Irradiation. Ho\\, ever, if
U\/ induced I, acteria were st, .TVecl of thvmine with shaking and tl, en transferI, ed
to a complete medium 60 to 150 In inutcs after U\/ 11'radiation, man\. In, lure
phage particles \\, ere released Into the medium cluring a further 3() minutes incu-
ballon period, showing that the I. e Is no latent lieriocl In the synthesis of I. phage
and of DNA. At the present time it is impossible to disci'jininaie netween the
chemical constituents of DNA of tlTc tempcrate phage I. and of its I}OSI E. coll^<12,
Iiut the result Ina\, Indicate Ihai, a I'Drtioil 11 not all the DNA synthesizccl after U\I

RNA. P DNA-P
1/19/in 11 1491mli

2.5 0.5

20

COMPLETE MEDIUM

0.4

1.5

J/
^/0.3

1.0

X

0.2

>,

0.5 0.1

NO THYMINE FOR
60 MINUTES

o o

Fig. 2. The Synthesis of DNA, RNA and Protein in E. coli KT~ offer irradiation with UV

The experimenlol procedures were Ihe some OS those described in Fig. I. excepiihai Ihymine
was added 10 one cullure after 60 minuies 510rvoiion. Allquois were laken o1 intervals for

measurement of DNA, RNA and protein

.-.. DNA . x-x. RNA , A-A. prolein

^/,,

><

o

PROTEIN

1491mll

><

X

60

TIME Imin. I

30

120

20

o 60

TIME jinin. I

10

120

o
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induction of Iysogenic bacteria is phage specific. These results also Ieacl to the
concept that a thymineless mutant of E. coli K12 can form various systems which
are related to the synthesis of phaoe DNA and phaae multiplication even in the
absence of exogenous thymine.
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Fig. 3. Effect of Thymine Addition on I. Phage Development and DNA Synthesis in E. coll
KT~ offer a Given Time of Starvation

The conditions were Ihe some OS Ihose used for Fig. I. Thymine was added o1 Ihe limes
indicaled by the arrows and o1iquois of Ihe samples were removed o11er 30 minules incubation for
assay of the phage liter and the amount of DNA. The reloiive number of infective centers means

the ralio of infective centers after 30 minutes incuboiion 10 those o1 the lime of Ihymine addition

o 30

I

D NA. P

1149/in 11

60 90 120 150 180
TIME jinin. I

I,

In order to clarify the above system, chloramphenicol it, as used, in view of the
idea that the system may consist of protein molecules \vhiclT participate lit phage
DNA synthesis. The principle of the experiment was as follows ; if the synthesis of
phage DNA does not require prior proteiiT synthesis, DNA and phage formation by
UV induced E. coli KT~, which have been exposed to chloramphenicol in thymine
starved SG medium at an early period dunnu incul>ation, after which the clruu is
removed by transferring the cells to complete in Idium, will commence immediately
after the transfer. However, it it requires prior protein synthesis, after the same
treatment, there will be a noraml latent period before DNA and pharre s\. nthesis.
The results of the experiment performed along this line are showiT in Tanle 2. When
chloramphenicol \\, as added early durino the incubation period and then the IJacteria

6.8 X 106

3 X 105
o
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o
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30
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I
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\\, ere transferred after 90 minutes to SG medium containing thymine, a little phaue
and DNA was s\, nthesized durinu a further 30 minutes incubation period. But,
when U\/ induced Iiacteria were exposed to the drug 60 minutes after induction,
at a time when a little plotein ITad alread\, I)een synthcsized, there was a relative
bio increases in D\A and phage formation. It is concltided that there Is a chloram-
phenicol sensitive stage in phage DNA synthesis

D\A SYNTHESIS A\D pHAGE DE\, ELOP\, IE\T IN E. COLI

Table 2. Effect of Chloramphenicol on I. Phage Mulliplicofion in UV Induced E. coli KT~

Washed b. cleric were Irrodi. led wiih UV for 45 seconds und shaken wiih vigorous aero-

lion in SG medium locking Ihymine. Chloramphenicol 120 1191mll was added o1 intervals and Ihe

cells were removed of, er 90 minuies by cenirifugoiion. Then Ihe bcclerio were incub. led in a
dele medium wiih shaking 10r 30 minuies

Time of Addition
jinin. I

CM4

o

30

60

75

Thymine

n o ne

CM

90

90

90

90

90

2. D. \':-I JJ, 111h, fir rind I. lift, g, d, "flopm, 111 Ill a MCIhioi!file I', 4111 1'111g millni!I

To confii'ITT 11\e participation of protCin synthesis in the Initial101T of Iihage DNA
synthesis, a Inethionine I. equiring nlutant of E. toll K12 \\, as uscd. If protein syntlte-
sis participates in pha, e DNA synthesis as dcduccd IronT the al)ovc cxperiment, DNA
and I>hage for ITTat!on In a In GIIiionincless nTutant \\, 111 bc delayecl for a period cor-
responding to the I, CTiod of inclhionine starvation, IJccause they are urial)Ie to
s\, nthesize I>hage specific Iiroteins in the al)sencc of external Inethionine.

The expel'linental litoccdures \\, ere in principlc the same as those for Fig. 2
cxcept that methionine (50 11gjml) \\, as addec1 111 PIacc of Ih\, mine. It Is clear from
Fig. 4- that protein svnthesis occurred Immediately after the addition of Inethio-
nine, \\'hile I)eforc the synthesis of DNA tllere was a Iau of about 30 minutes, e\, en
if nTethionine was present throughout the experiment o1. added 30 minutes after
UV irradiation. TITe Iiacteria \vhicll were inculJated \vitlT metllionine after 30

minutes starvation ITad a lag IJefore phage growll\ corresponding to the period of
Inethionine starvation, releasing progeny phages after a norilTal latent period
I'eckoned from the time of metiiionine addition. This result also appears to favoi the
the vie\\, that prior protein synthesis is necessary for. the Initiation of phage and lis
DNA formation.

chloramphenicol

90'

PhDges/in I

15

I. 4I I0,

30/10,

35I I0,

4. 0I I 03

8. 0 X I 03

at

120 '

4. 0 x I o5

3.4xlO"

I . I X I 07

3.2 x I o7

I. 5 A I OS

DNA-PIml
o1

90 '

O. 129

0129

O . 159

0191

0205

120'

0110

0145

O . 255

0343

0408
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Fig. 4. Effect of Methionine Addition on I. Phoge Development and DNA und

Protein Synthesis in a Methionine Requiring M, ,ufanf of E. coli K12
The experimenlol procedures were Ihe some OS those used in F;g. I except Ihal meIhion;ne 150
1191mll was added o1 Ihe lime indicated by arrow
.-,, DNA ^ A-A. protein I. . I. reloiive number of infective centers
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31 DJ\" '17/11h"if ajid I. liftnge deaflopin, !11 in Ihelief, !!ce of milo?1:7cii! C

The antibiotic milomycin C ITas lieen reported to have a selective inhibitory
action on I)acterial DNA synthesis \\, ithout exerting any effect on RNA a. rid protein

Table 3. Effect of Milomycin C on DNA Synthesis and I. Phoge Development of E. coli W3101

E. coli W3101 110 inI of 3.0X108 cell, /in11 .rid UV i"du. ,d E. .. I, W3101 17.1 110 inI of
of 5.2X108 cells/in11were exposed 10 various corcenircics ci rr, iicrryc:n C in SG mediLm for
2 hours

PROTEIN
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40

o

,
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X
,
I
I

Conc. of MC*

20

o

o

0.25

0.5

1.0

2.0

10

120

Time o1 incu.
botion jinin. I

* MC

o

o

120

120

120

120

120

milomycin C

DNA-P 1/19/in 11
W3101 W3101 17.1

0110

0298

O. 094

0069

0048

0042

O. 20 I

0420

0410

0390

0375

0360

Phages/in I
W3I 01/11

I. 7 x I on

I. 9 x I o9

I. 4 x I o9

I. 4 x I o9

I. 2 x I o9



synthesis (ShilJa e/ a/., 1959). Infection of E. coli B \\, ith the T series of hacterio-
phages resulted in restoration of the IJlockage in D\A synthesis produced by inito-
my cm C (Sekiguchi and Takagi, 1959). Table 3 shows the effect of initomycin C
on DNA synthcsis in UV induced Iysooenic ancl non-Iysooenic strains of E. coli
W3101. E. ,, IiW3101 and \\13/01(I. ) at an .xp. n, nti^I growth pha, . w, re Iru"-
vested Iiy centi iftigation. After washing, E. coli W3101 (I. ) was exposed to UV
and incubated in SG medium with various concentrations of milomycin C for. 120

A concentration of 0.25 11g PCr in I of nlitQinyciiT C resulted in the coin-
piete inhibition of DNA synthesis in a non-Iyoosenic strain, while the presence of
hioher levels of the di. rig did not affect the synthesis of DNA and I. phage in a UV
Induced I\, sogenic strain.

D\,\ SY\THESIS AND pHr\GE DEVELOP:\IE\T IN E. COLI

In Inutes

Several experimcnts ITavc suggested tlTc depcndencc of DNA synthesis on prior
protein synthesis. Harold and ZIPorin lit Ihcir investigations on nucleic acid and PTO-
lein synthesis in U\/ or mustard treatcd E. coli, demonstrated that protein synthesis
\\, as I'equired for thc initiation of DNA synillCSis (1958). In ITradiated I>actcria,
the presence of chloramphenicol or of amino acid analogues leads to a decrcase In
the yield of the mutant, Indicating that protCiil synthcsis In us I occurl)efore the DNA
is duplicatcd in order to I, roduce in utaiioil (Witkin, 1956 ; Doudney and Haas, 1959 ;
Schwartz and Strauss, 1958, ). DCDcndcncc of DNA s\, nthcsis Lipon PI'10r protein
synthesis \\, as analyscd in dctail in studies on the multiplication of Ihc T-series of
I)actcriophao'es. DNA synthesis in bactei. Ia infected \\, itIT Tevcn phages is coiTTpletc-
I^ inhil)lied if inhilJitors of IJroteiil synthesis ale added IJefore or 11nnTcdiatel\, after
infectioil (Burton, 1955 ; Me Iechcn, 1955 ; To In Iza\va and Sunaka\va, 1956)
If, Itowever, Ihc I)actcria arc Infected witlT I)hages and theIT exposed to InInIiitors
of protein synthesis only a fc\\, minutes after the start of intracellular I, hagc develop-
merit, DNA synthesis proCCeds without further protein synthesis. The data o1Jtain-
ecl ITi thc I, resent series of experiiTTents, using chioranTphcnicol and Inethionine or
Ihyminc requiring Inutants, also appear 10 favor the view that during Ihc Innltiplica-
tion of temperate phagc I. , IJrotein syntllCSis Is nccessary foi' the initial101T of D\A
and I>hagc formation.

\, VC must ITo\\, consider the questioiT of \\, he ther the neecl for. I>rotein s\'nthesis
is specifically ^clated to IJhaae DNA s\, nthesis. As seen in Fig. 3, DNA synthesis
is immediately followed by, the concomitant synthesis of I. phage particles \\'hen
th\, inipc is supplied to UV induced E. coli 1<T~ after several minutes of Incul>ation.
This suouests that some if not all the DNAs s\, nthesized durino temperate phage
multiplication is I. phage DNA, allhouglT we cannot distinguish net\\, een the D\A
of I. phaue and of E. co!I K12. When E. coli KT~ was incubated in a thymine
deficient SG medium with chloramphenicol jinmediatcl\, after U\/ ITi'adjation,
and then 90 itTinutcs later resuspended in coinplcte Illedium \\, ithout the drug,
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there was no synthesis of DNA and I. phaue during a further 30 minutes period
(Table 2). From these resJlts it in^, conclude that at least a portion of thc
proteins synthesized during the first few minutes after U\/ induction in^, be
specifically related to the synthesis of I. phage DNA

The question now is, what is the mechanism which confers on the UV induced

I'Sogenic strain the alJility to overcome the inhibition of DNA synthesis produced
I, v ITTitomycin C. If we accept the view presented al)ove and assume that induc-
tion of I. phagc development in Iysogenic E. coli induces the synthesis of Ile\\, en-
z\, mes catalyzing an alternate pathway for DNA synthesis \\, hiclT is no longer affected
by' IT, itQinycin C as in T2 bacteriophage (Sekiguchi and Taka, 'I, 1960; Aposhian
and Kornber, ', 1961), or induces sumcient enzymes to overcome the inhibition
caused IJy initomycin C, it is possilJle to explain the peculiar phenomena obtained
in the analysis of the effect of initomycin C on non-Iysooenic and UV induced
I\^^ogenic strains of E. coli.

Restoration of impaired synthesis of DNA \\, it IT U\/ induction of Iysouenic
bacteria Is also explainalile on the assumptioiT proposecl IJ\, Relc}l d d/. (1961)
that the IJrimary action of the drug may I>e to dama, 'e the DNA nTolecule and that
damaged DNA can ITot act as a DNA template. However, if we accept this view,
\\, e must assume that I, acterial DNA is more susceptil)IC to the action of nlito-
myciiT C than I. phage DNA, in spite of the fact that the chemical constituents
of I. I, haoe DNA arc similar to those of the host I, actcrium

It v. ,as reported that infection of thymii!e requirino Inutant of E. coli \\, ith
T eveiT or T5 phaucs is able to eliminate the need for. exooenous thymine of the I, ac.
tel'Ia and confer on them the a1>1111\, to synthesize phaere DNA (Barrier and Cohen,
1954 ; CTa\-\, ford, 1959). Howcver, it is apparent from Table I that induction
of I. I, hage development in a Iysogenic strain of a Ihymineless mutant cannot elimi-
nate the th\, mine requirement of the I)acteria. Infectio!l of a \, irulcni mutant of
I. phage is also unable to endo\-\, the IJactcria \\, ill} the abilit\, to I, roduce bacterio-
phage particles it the exogenous requirements of the I)acteria were omitted from
Incubation Inedium. These results ITlay IJe explained on the hypothesis that the
DNA of T-even and T5 phages contain a polynucleotide sequence \\, hich controls
the s\, nthesis of thymidylate synthetase (Earner and Cohen, 1959), nut I. phaoe
may lack this sequence. Therefore, \\, e nT^, suppose that, even thouoh phaoe
specific proteins are synthesizcd after U\I induction of Iysooenic bacteria, the
enzyme systems catalyzing thymine synthesis are not produced, and hence that
the thymine molety in the phage DNA is formed throu. 'IT a reaction catalyzed by
the enzyme systems of the host cells.

OTSUJl
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