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STUDIES ON DEFECTIVE LYSOGENY DUE To CHROMOSOMAL

DELETION IN ESCHERICHIA COLI

I, SINGLE LYSOGENS'

I. P. GRATIA2
Laboratoire de IVlicrohiologie at Hygiene, Universit6 de Liege
(Recei\, ed Marc1\ 19,1966)

uMMARY Spontaneous deletions extending to the attachment site of phage ;isO
were selected from several strains of ESCherz'chin cofi (C, 1<-12, g) by colicine B

treatment. These deletions arising in bacteria Iysogenic for 480 (or 2.80) cause
defective Iysogeny in most cases ; they extend into the phage genome for variable
distances.

Lysis occurs in many defective Iysogens after UV-irradiation. The Iysates do not
usually contain any active phage particle. Preliminary examination of the Iysates
has shown the release of coat material. A rare defective Iysogeii \\, as found to pro-
duce a few (10~') infectious particles, \\, hich are unable to Iysogenize.

BIKEN JOURNAL \701.9.77-871966

INTRODUCTION

Among mutations conferring cross-resistance
to colicine B and phage Tl in ESChei'I'chitt co/^',
some are deletions extending to the tryptophan
operon on one side and covering the attachment
site of Matsushiro's phage 480 on the other
side. In strains initially Iysogenic for 480,
these deletions affect the ability to produce this
phage (GRATiA, 1964). This genetic peculiar-
ity has been considered in respect to the mode
of integration of the prophage in the bacterial

I The results of this study \\. ere presented at the
National Congress of I\ledical Microbiology held
at Bucharest on September 17,1965

2 ASPirant du Fonds National Belge de in Recherche
Scientifique. Present address : Department of
I\Iicrobial Genetics. Researcl, Institute for Ali-

CTobial Diseases. Osaka Universitv. Osaka

Japan

chromosome. The results obtained indepen-
dently in two laboratories (FRANKLiN at at. ,
1965 ; GRATiA, 1965) are in agreement with
the linear insertion model proposed by CAMP-
BELL (1962). This paper gives some additional
data concerning the occurrence and the charac-
teristics of this prophage's cure or defective
Iysogeny due to chromosomal deletion in seve-
Tai strains of ESChei'ichi" co/^'.

MATERIALS AND METHODS

I . Medih

Buffer saline : Difco Hemagglutination Buffer
BTOtl\ : Difco Brotl} for current manipulations,

and enriched broth (G-broth) for cultures : Difco
Be af extract, 3 g ; yeast extract, 2 g ; Bactopeptone,
5 g ; glucose, I g ; buffered saline, I liter
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Solid medium : Agar Broth Difco ; in some cases,
this medium was enriched with yeast extract (2 gjl)
For studies witl\ phages and for testing Iysogeny, the
agar concentration in this medium \\, as reduced to
I per cent

Synthetic medium : Simmonds c;tmte agar con-
taming glucose (2 gil), plus supplements \\. hen re-
quired by the strain

2. Bocteiia/ stinr, is

Strains of E. coli C, *, some K-12 derivatives
(HCA 23 (1) ; PA409 (2) ), 28 TAM. I .at"ying the
episome F'co! t, 3, (3), and also the B colicinogenic
strain CAI8 \\. ere used

3. Bacte, 1'00hages

Besides Tl, the temperate phages I, 480 and the
following derivatives \\. ere used

I) The hybrid phig" 2.80 (2) with the marke, s
7'1",,!; (immunity of I) and 11"' (host range of 480)
and the same location on the nost chromosome as

480 (SIGNFR, 1964) ;
2) A mutant of tl, is phage, 2.80h, carrying a host

range mutation li'' (also a clear mutant \\, as used. )
3) A phage carrying I'm, ,," and hS" from a cross

between 2.80h and 680

4) A phage carrying the markers 11n, ,, 80, hen and
1111' from 2.80h crossed \\. ith the phage 2,111' (minute
piaques) (2)
Transduction experiments \\. ere performed \\, ith
phage PIAc. Some fo the phagc techniques used
are given by ADA\Is (1959), IAcoB and \VOLLMAN
(1956) and MATSusHiR0 (1963). Some techniques
are also described in the following paragraphs.

From cultures of a given Iysogen, aliquots were
colicine plates. These had beenspreaded on

smeared \\. ith anti-{180 immune serum to eliminate
free phage from the background for replica plating
must be made on sensitive bacteria as follows. The

resistant colonies appearing after 2 days incubation
were replicated on plates (I ) containing synthetic
medium \\. ithout tryptophait for checking the nutri-
tional requirements, and also on plates (2) co\. ered
with 480-sensitive bacteria for checking Iysogeny.
After replication on plates (2), bacteria \\. ere exposed
to a low dose of UV-light. The distinction bets\, een
the colonies was clear-cut ; either they gave rise to
large piaques and were Judged to be truely Iysogenic
or they did not sho\\. any trace of Iysis at all

4. Selection of collt^^Ie B-, esi'stallt 7111, tollts

Among the mutants resistant to colicine B, only
those \\. hich are also resistant to phage Tl have been
considered in this \\, ork. \\, ith colicine B alone

mutants must be selected at a biglT concentration of
this material. B-colicinogenic bacteria (about 1000)
are plated by the agar-layer method on nutrient agar
medium containing yeast extract. After 50-56
hours incubation at 37', the thin agar-layer with
bacteria is removed \\'ith \\, ater. A layer of 6 in I of
agar medium is poured on to the plates and then the
plates are sterilized \\, ith chloroform \, apor. They
are then stored to allow diffusion of the colicine

5. Up-,}, di, ct, 'o11 of Iysi's

The ability of mutants to Iyse on UV-irradiation
was studied on bacteria resuspended in buffer and
exposed to UV-light (time of exposure : 45 seconds,
corresponding to a dose of about 500 ergs!mm'
(germicidal mercury \. apor lamp) ). \\'hen greater
accuracy \\, as required, the treatment \\, as done at
10\\, temperature. For studies on the kinetics of
Iysis, the irradiated suspension in buffer \\. as mixed
witlt an equal volume of G-brotlt and incubated at
37' \\. itI, aeration. The suspension was examined
at intervals in a " Vitatron " colonmeter (662 A)

6. Ma, Ae, -I esct, e experi',,, e, !ts

The bacteria presumed to be defective Iysogenic
for *80 \\. ere irradiated in A1gSO. I MiloO and super-
infected witl\ genetically marked phages (see " Bac-
tenophages " : 2. and 4. ). After contact of I-2
XIO' bacteria with 5-10 xiO' PIaque forming parti-
cles in I inI of medium at 37' for 15-20 minutes,

the uriadsorbed phage \\, as treated \\'ith antiphage
serum and reino\, ed by centrifugation. After suit-
able dilution to prevent readsorption of phage pro-
geny on intact cells, the induced superinfected bac-
tena \\. ere incubated in broth for 2 hours. The

Iysates sterilized \\, ith chloroform were tested on
indicator strain for e\, Gritual rescue of markers carried

by the defective prophage

(1) From YANOFSKV C. ; ((2) IAcoB F. ; (3) FREDE-
RICQ P. ; (4) MATSusHiRO A
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RESULTS

I. Gene!IC I. e/"tt'oilshjps bet?,!ee, I In"tatz'0"s of
I. esztraitce to col, ti?!e B Q"d Iysoge"y107' 480.

As mentioncd previously (GRATiA, 1964),



one locus governing sensitivity to colicine B Is
closely linked to the tryptophaiT operon and to
the site of attachment of prophage 480.
Transductions \\'ere performed \\ith phage
PTAc among strains of E. coll^<-12 marked by
cys, try, Iysogeny, for *80 and, in some experi-
merits, resistance to colicine B. The results

are presented ill Table I indicating the fre-
quencies of the \, arious recombinants cj, s~ or
try'. It is clear from experiment n'I that the
less frequent classes must arise from a single
crossing-over bet\^een the marker try and the
t>80 attachment site allSO. Either the donor or
recipient is marked by a mutation of resistance
in experiments n'2 and n'3. Rare recoinbi-
nants for resistance and Iysogei\y (2 TV and 3
111) cannot result from multiple crossing-over
but from a single crossing-over bet\\, eelT seg-
merit IIJ-b(or 6/,) and nit". From the table
the order is conclusiveIy as follo\\s :

,, 1/11-try~b(bt, )-ajiSOcys .

This order is in agreement with the pre\'IOUs
results for segment cys-in, th-try (YAxoFSKY
and LE>;Nox, 1959) and for segment alith-/Iy-
nitsO (MATSusHiR0,1963). The main point in
this study Is the location of the resistance
markers between IIJ and nitso.

Among the various ITon-reverting mutations
of resistance, presumably deletions of \. ariable
extent, only those of the most complex pheno-
type of resistance (cross-resistance to colicines
B, I and V and phage Tl) may extend far on
this chromosomal segment. Either they, reach,
o11 the left, the tryptophan operon or they, COY-
er, o11 the right, the prophage attachment site
nitsO. This last case is shown in three ways :
(a) failure of recoinbinatioiT between the resist-
an CG marker and Iysogeny ; (b) failure of true
Iysogenization by a phage carrying a suitable

TABLE I T/re co-!,'"lisdi, cli'o11 of 11"111'110"a/, I'esistd"ce dpid lion Iysoge, 11'c (480)~ markei's twill phnge
P I AC. rl"abisis of the ,'ec0, "6111q, It classes

Exp
no

Donor

(1)
Recipient

(1)

alith

(480)~

2

tJ, s ,' fly

((180)'

Number
Recoinb
scored

b

toso)~

3

Select
A'ian{CT

allth b, bt, at tsutrycys

( *) ,I ^ ^2^ ^ 3 ^ ^4 ^ ^5 ^ ^ 6^

(1) The mutations marking parents are : fry (in, a23) : tryptophan dependence ; ajitli (t, y4-I) : response to
arithranilic acid ; cys (cys B) cystein dependence ; b : partial resistance to colicine B : 61 : cross-resistance to
colicine B and phage T. I. b~ and bt, ' are the alleles of sensitivity

cys ,' IIJ

(480)'

50

(480)~ (cys) ,' t, J,

to 80)',- 61,

till+

I. cys' all!/I (!isO)~

11. cj, , alit/! CEO)~

111. cj, s' a, ,11, (480)'

Iv. cy, a, ,Ih (480)'

V. cys a, ith' (480)~

Vl. cys o111h' (480)'

I till, b' toso)+

,, try' ' """'

,,, try" " ''''"

Iv. try' b (4) 80)'

I. 61, ' (4180)-

11.61, to 80)'

,11.6',' '4'0)+

Classes

130 cys

190

,,
"

Crossing-

(*)

I;6

2;6

I ; 4-5

2 ; 4-5

3;6

3 ; 4-5

I;2

I;6

I;4

I;5

I_2 ; 6

I_2 ; 4

I_2 ; 5

42

21

21

8

6

2

50

42

6

2

69

28

3

-over

tJ, ,+
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host-range marker, i. e. h" (P. 2 : Bacterio-
phages 2. and 3. ) ; (c) loss of ability to produce
480 in strains initially Iysogenic for this phage.
According to the extent of the deletion, the
mutations of resistance to B, I, and Tl arising
in till, ' bacteria Iysogenic for 480 (or 2.80)
are classified into the following 4 classes.

(1) resistance and persistence of ability to
produce active phage : bt}, 6"

(11) resistance and tryptophan require-
merit, persist anCG of active phage production :
bt, try, !y' '

(111) resistance and loss of ability to pro-
duce active phage : btT, ly'~ ,

(IV) resistance, tryptophan requirement
and loss of Iysogenic character : 611try, Iy~.

The relative frequencies of occurrence of
these 4 classes have been examined using the
replica plating method. The mutant colonies
have been selected by use of a high concentra-
tion of colicine B. Mutants from strains K-12,
C and g have been assigned to class I, 11, 111
and TV by checking their ability to replicate in
the absence of tryptophan and to Iyse sensitive
indicator (Table 2). \\Ihen E. coli C and

HCA23 are used, about 70 per cent of the
mutants are of class I (bt, b, ') ; class 11 are
rare (3 per cent) ; 27 per cent arc non-phage
producers, 18 per cent are of class 111 and 9
per cent of class TV. The results with FA409
are different, since all except one of the inu-
tants are of class I. In strain ;,, on the con-
trary, more than 90 per cent are non phage
producers, i. e. chiefly class 111 and some class
IV. It has been verified that the Iysogenic
character is very stable in the wildtype and
mutant Iy' bacteria of this strain. Therefore,
some diversity appears in the genetic organi-
zation in the various strains of E. coh, though
the order try-bt, -@tt" must be valid in all cases.

2. Persistence of Jinmunz'ty or othe, . prophage
markers I'M sowe of<Iect!be 61soge"IC inwta"ts
btl, b^~ and bt, try, b, ~

Mutants may lose their ability to produce
infectious phage particles without losing the
corresponding immunity. Since the mutants
studied here are resistant to 480 or 2.80 (be-
cause of the cross-resistance to Tl and to 480 ;
MATSusHiRo and HASECAWA, 1961), immunity

TABLE 2 Loss of ability to PIOd"ce acttbe ?hage ""d loss of I'mMMnzty I'M in14ta"ts highly yesz\tant to
collti, re B derzbedji. o1" styat'Ms cola' C, K-12 and q b, soge"ICjor 480 or 2.80

Strain

C (480)

C (280)

HCA23 (480)
(2)
FA409 mai'
(180) (3)

g (480)

g (280)

Number of

mutants (1)

399 (20)

193 (10)

(1) The number of subclones used is indicated in parenthesis
(2) Tite initial strain is in doI dependent and mutants considered in classes U and I\I do not respond to in doI,
but only to tryptophan
(3) Only one mutant is non phage producer ; It has maintained a single try~ mutation from the initial strain
and immunity of I

bt, , Iy'

412 (12)

% Mutants of class

850 (12)

75.7

63.1

11 111

bt, , try, Iy' bt, , Iy~

86 (6)

202 (6)

70.5

80

2.0

4.1

99.9
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8.1

13.8

3.3

14.3

23.5

TV

bt, try, Iy~

o

o

o

Loss of immunity
in mutants Iy~

16.7

8.0

9.3

0.1

111

79.1

78.8

9.5

1114

018

o

IV

12.8

7.4

118

1115

Oj7

519

6111

115

313

2, ;2



had to be studied against a phage 1'7"ms0 1180.
\\Ihen mutants \\, ere derived from a strain

Iysogenic for the hybrid phage 2.80 \\, ith mark-
ers jinm' and 11"', the sensitivity test \\, as per-
formed \\, ith phages I and 2.80h. Immunity
was examined with diploids formed by the ac-
quisition of an F' GPisome carrying the \\, lid-
type alleles of the deleted region (FREDERicQ,
1963) which are able to adsorb 480 or 2.80.

The results presented in the second part of
table I sho\\, that the phage immunity char-
acter still persists in a variable proportion of
mutants depending on the Initial strain. In
E. coll' C, loss of immunity was observed in
only 2 of 44 mutants bt, ,ly~ and bt, ,try, ly, ~ of
in dependant origin ; 42 still carry some phage
genome and are therefore defective Iysogens.
In E. coll g, on the contrary, more than 50
per cent of the mutants (bt, ,ly, ~ or btl, try, 61~)
lost immunity.

As the deletion seems to affect a segment of
prophage of variable length, one may expect
different sets of phage genes to appear in the
phage progeny after superInfectioiT with a
genetically marked phage. Results of such
marker rescue experiments are presented in
Table 3. As expected, there is a gradient in
the markers recovered according to the mutant
studied : 11"', host range of 480 ; Ini'
large piaques ; 1'711m", immunity of 480 ; c',
turbid PIaques. The loss concerns either h+So
and 7111' or h"0 and '71/1"So (or c' iridissociably
linked to 11/17""), indicating the following order
for the Iysogenic strain

IIJ-btj-h-, 1111-(C ,' 1'7"in)

as represented schematically in Fig. I.

3. PIO, sio/ogic"/ plopei. t, 'es of some of<Iect!'"e
6130geiis alter' Up-treat"tent .' rep/^^at1011 of the
of<Iecti"e ge?tome, 6131s tz, Id release of phnge ?Mute-
71Q/

As a defective prophage carries a deletion,
the question arises as to ho\\, the properties
determined by the normal prophage are main-
tained in the defective Iysogens. As shov. n in
the superinfection experiments (Table 3), the

recoinbinatioiT frequencies are about the same
(1.5 per cent between Jin"18' (from the induced
prophage 480) and AS' (from the super infecting
phage 1.80hc), \\, he ther the induced prophage
is defective or not. This result indicates that

the replication of the defective genome pro-
CGeds normally after Induction, at least in the
mutants studied in these experiments.

In E. coll' C, the deletion rarely reaches the
Immunity gene located on the right side ; it
affects only a part of the prophage genome in
most mutants. Correspondingly, more than
50 per cent are sensitive to UV-light. On the
contrary, in E. coll' 10, \\, here the deletion is
often extensive, most mutants are resistant to
UV-light. Several mutants derived from E.
coll' C Iysogenic for 480 or 2.80, including some
which had lost their Iysogenic character, were
studied with respect to (1) the UV dose-effect
on the survival ; (2) the kinetics of Iysis ; (3)
the final defective material released.

The graphs I in Fig. 2 show results with
strains (a) E. co/z' C ; (b) a mutant of C initially
non-Iysogenic carrying a deletion (bt, try) ; (c)
C (280) ; (d) C (480). F". in corv, b, th,
mutant Is slightly more sensitive than the \\, lid-
typ, . Th* coneitiviti, ^ of C (480) and C
(280) are not exactly the same. The graphs
H sho\\, the dose-effect in 3 mutants derived

from C 0.80) ^ L38 n. n d. forth. ; in d, fro
tive but producing rare infectious particles
(cf. n'4) ; L8 producing no active phage at all.
They are alike and resemble the curve of C
(280) in spite of the variable genetic defect.
This, however, is not exactly the same as the
case \\, Ith mutants derived from C (480).
Their survival curves are different and also

differ. from that of th. wild-typ, (111). Th,
mutants L7 and L57 respectively Iysogenic and
defective Iysogenic for ;isO are very sensitive
to UV-light but their survival curve has an
irregular shape in contrast \\. ith the normal one
which is straight. Strain Ll appears to be
more sensitive than C (480) (curve d). It is
worth noting that curves c and d are parallel,
sho\^ing that different doses are required for
the minimum effect \\, ith Ll and L57 but that

GRATiA, I. P. D<Iect!'re Lysoge?, y 63, Chromosomal Deletion 81



cys B

^ r-

try
4312

FIGURE I Diagrammatic representation of the chro-
in OSomal segment witlt cys gene (cystein synthesis)
and 11y (tryptophan) cluster genes, and prophage
480
Deletions co\, er locus bt, (sensiti\, Ity to colicine B and
to phage Tl), some extending to tiy or to <180 pro-
phage. The phage markers are h (host range), 7111
(minute piaques), c (clear piaques) and I'm, ,, (jinmu-
nity). I means linkage bet\\. een prophage and
chromosome ; 7'11f is the most proximal gene neces-
sary for the infectious character. The extent of the
deletions \, aries in the different strains : (K-12 (1),
FA409,1<-12 (2), HCA23)

(of, )
prophage

1.1nf h inI (c;jinm)

K12 ( I)
( 2), C

the lethality increases with the dose at the same
rate in both cases. L50 shows the same resist-

ance as the Initially non-Iysogenic mutant, in
agreement \\, ith the fact that it has no recover-
able marker including immunity which marks
the distal end of the integrated prophage.

The kinetics of Iysis in each strain \\, ere fol-
lowed after induction at the optimal dose.
Lysis is quite similar in induced C (280) and
defective Iysogenic derivatives (Fig. 3a), but
variations are observed with mutants derived

N/N.

@ "
>

>
.-

.

co

10~' \:,
, '\, d10~'

a.

11 .

1000304050 1020304050 102030405060sec
11V dose

FIGURE 2 L'itraviolet sur\'i\ al curves of ESChei','chih

coli C

I : ., \\'ild type (a) ; 0, in Litant derivative carrying
mutation bt, ti, . (b) ; Iysogenic derivative 0.80)'
(c) ; x , Iysogenic to 80)' (d)
11: ., \\, ild type (a) ; 0, nttitant den\ative L38
still Iysogenic for 2.80 (b) ; defecti\, e Iysogenic
derivative* L8 (x) "rid L9 (.) (b)
111 : ., \\, ild type (a) ; 0, mutant derivative T'sO
having lost Iysogeny and immunity (b) ; A mutant
derivative L7 still Iysogenic for 480 (c) ; defective
Iysogenic derivatives : ., L57 (c) and x, Ll (d)

I O~'

TABLE 3

\ :

* C

111\

SMPert'lyecti'o11 of inch, ced 7101'mai and d<Iecttbe ly, soge"t'c bactei'I'd (E. coll' C)

Strain

C (#80)
L7

Ll

L57

Induced

prophage

L57

L40

from C (480) (Fig. 3b) and refi. .t differ, n. ,^
in the number of Iysed bacteria. The latent
period is normal : about 80 minutes for 2.80
and defective 2.80d as for I ; about 135 min-
utes for 480 and defective 480d.

.

480
680

(1) h'80 checked in c' phage after passage on E. coll' C by the replica plating method using strain CjB try (A's".
resistant)
(2) q. piaques appearing on strain L8 (h"' resistant ; I-immune) among those counted on C!B try (h"'-
resistant).

L50

Allarkers of

superinfecting
Phage

480 di

*80 d2

480 d2
680 d3

hen ,- c I'm, ,!i

480 d4

heO, c frill"Z

82

,,

Markers
rescue

(1)
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11'',' illj, ' 1'11, ,,, A

,,

,,,, ,,,,,'''

,,

h"' C' jin, ,180

C 1,117, I

V,
Recombination

fig"-!"""""

(2)

,,,' , fin'MBO
I 11,111

1.60

1.90

1.45

1.56



A)

1.5

.
o

0.5

90 120 150 180 210 90 120 150 180 210min

FIGL:RE 3 Lysis of 11 sogenic and defective Iysogenic derivatives of E. coll' C and 1<-12 (00, variation of
optical density : final to initial ; (A) : 45 scc. irradiation ; (B) : 30 sec. irrad. )
A) I : ., PA409 Iysogenic for 2.80 ; 0, defecti\'e den\. atI\. e LIO+.

11 : ., C Iysogenic for 2.80 ; 0, defecti\. e Iysogenic den\'atIve L9
B) I: ., \\. ild-type strain C ; 0, C Iysogcnic for 480 ; x, idcm, but +5 sec. irradiation

11 ., defective Iysogenic den\. ati\. e L1 (1) 80 dl) ; 0, L40 (4) 80 d3) (2ITradinted samples) ; A, 15 (2 itra-
dinted samples) ; .. L50. ' ,

30 60 90 120 150

10

9

8

7

6
.
05

4

3

2

B)

11 Is therefore reasonable to suppose that in
the UV-sensitive defective Iysogens deletion
does not prevent the synthesis of phage mate-
rial responsible for Iysis and that some material
can eventually be detected.

Among 61ysates examined \\, ith the electron
microscope, 5 contained detectable particles
which \\, ere ITot all alike. Indeed, in the case
of L9, defective Iysogenic for 2.80 but produc-
ing a few' infectious particles (cf. n'+), the pre-
parations showed full heads and, sometimes a
separate tail but no complete particles like those
observed \\, ith a it ormal Iysogenic strain. The
jus^re^ of U (#sod, ), us (/. 80d, ) and Li04
0-80d3) contain empty heads. In the case of
L40 (*Sod, ), 00 partial, ^ hare y, t b, ,n f, und
in the Iysates

01\ the other hand, the Iysate of induced L8
bacteria has been analysed with respect to the
presence of antigenic material detectable by its
antiphage-serum blocking power. Diluted

samples of the Iysate \\ere incubated with anti-
2.80 serum for 30 min. at 37'. Then the se-

30 60 90 120 150min

-,\

I~~ '*,,
\

"

2::^,,/

ruin \\. as tested for Its antiphage activity. As
shown in the Table 4, treated sera had less
activity than untreated sera. Phage tail mate-
rial is therefore synthesized in this strain.

4. ,I defectibe 6130ge?! PIOdtici?Ig a s"ian am own/
of attire p^ruge

The resistant mutants b, ~ of our collection
(101 .f ind, pondant ., Igin) to net produ. . any
infectious phage particles. An exception is the
straii\ L9, defective Iysogenic for 2.80 with de-
letioiT 61, try, 61~, \\ hich produces piaque-form-
ing-particles \\, ItIT a frequency of about 10~6 of
normal. After UV-induction, L91yses normal-
Iy and produces the normal amount of nonin-
fectious particles \\, hich are detectable with an
electron microscope (cf. n'3). The active
phage released has the same characters as the
initial phage 2.80 with respect to the host range,
Immunity and PIaque morphology. However,
it is not absolutely identical since it is unable
to Iysogenize even though it forms turbid
piaques.

GRATiA, I. P. Defectt'"e Lilyoge, ,J, bj, GII, o, 110somn/ Deletz'on 83



TABLE 4

2.80
Serwm-blocki"g pogoer of ly, sate L8 0" the anti}ihage actiony of the Immune ser""I agaz'"st

Experiment
n'

2

Dilution
of serum

* Calculated from the time corresponding to 90% inactivation of the virus

a

3

b

I : 100

The kinetics of phage production was fol-
lowed. A suitable allquot of a fresh suspen-
sion of L9 bacteria in buffer was irradiated and
added to broth for incubation. At intervals,

samples were plated with sensitive bacteria and
the infecti\, e centers counted. For comparison,
a diluted sample of induced wild-type bacteria
C (280) was incubated and examined in the

The results presented in Fig. 4
show that the induced bacteria of the mutant

strain L9 produced phage after a normal latent
period. However, the relative number of in-
fective centers increased slightly. Also analy-
SIS of the individual productions showed that
the average output was 10\\, (Table 5). Indeed,
the tubes with one productive bacterium con-
tamed a very variable number of PIaque-
forming-particles. This result indicates that
in the defective progeny of a fe\\, induced bac~
tena a fraction of \, ariable size consists of in-

fectious particles and these may arise at random
during vegetative development.

Unlike the case studied by IAcoB and
\\10LLMAN (1956) \\, ith the strain PI4, defective
Iysogenic for I by reversible mutation dl, the
restoration of active phage in L9 occurs spon-
taneously (Table 6). UV treatment stimulates
this process but at the same time it induces
phage development in the initial strain (Table
6) and Iysis in both strains (Fig. 3a 11). Secon-
dary irradiation during the latent period does
not increase the formation of active centers.

I : 200

I : 200

Titer of

phage

I : 200

5.5 xiO"

4.2 xiO"

20 XIOB

Dilution

of Iysate

same manner.

4.3 xios

I : 20

I : 50

untreated
serum

I : 50

I : 50

I : 100

K*

16.3

12.7

treated
serum

The mechanism involved is therefore unrelated

to UV-treatment \\, hich only induces the vege-
tative state.

13.8

7.1

9.2

:I; I '. 2
10.5

400

300

;2200

84

100
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FIGURE 4 Variation in the relative number of in-

fective centers (IC) after UV-induction of strain C
Iysogenic for 2.80 (0) and of its defecti\, e Iysogenic
den\. atIve L9 producing a few amount of infectious
particles (0). (Scale reduced 11/0' for L9 since 105
times more bacteria \\. ere used). Before Incubation,
the irradiated suspension of the normal Iysogenic
bacteria \\, as diluted a XIO' bact. per inI incubated)
to a\, old readsorption of progeny phage on unlysed
bacteria. Phage produced by a I, eavy sespension of
mutant bacteria L9 is not adsorbed on cells which

lack the receptoTs. Infecti\, e centers \\. ere counted
after 30 min to 180 min incubation

o 30 60

.

90

11/05
100

o

120 150 min

.



TABLE 5 17, diuidi, a/ pi'od!{ctz'o11 of actzbe phage by bacteria L9. The dz:, t, 'ibt, ti'o71 of aidecti'o143 ph@ge
it I'?, chord"al rubes

Number of irradiated

bacterial tube

Infecti\. e centers

;'irrad. bact

Number of tubes contain-

Ing piaque forming units

Average output

Number of p. f. u
in eaclt tube

Experiment N'I

3.9 XI04

1.6 X 10-5

^30

N'2

3.4 x 105

3

39

120

* The true \, alue is almost certainly 10\^er, since one or more tubes inList contain t\\. o or more bursts

2.3 XI0-5

TABLE 6 1:1ffect of Up-111'adjatz'o71 o11 the prooft, ct, 'o11 of bncte, 'lophage by Iysogenz'c st, at'?I C (280)
inId ?Miltont dellba/!be L9

9150

N'3

(A) 1.1 XIO'

(B) 5.5 XIO'

1.1 x 10~'

11.9

2

2

3

,

14

30

49

(A)

7120

43.4*

11

26

59

78

128

Strain

C (180)
L9

Number of
bacteria

irradiated

215 xioa

204 XIO'

DISCUSSION

A1utants of E. coll^\, hich are not resistant to

colicine B may, carry, a deletion \\, hich reaches
or covers the attachment site of a prophage,
480. Such deletions are detected only among
mutants \\, hich are highly resistant to colicine
B. If they arise in a Iysogenic strain, they may

(B)
14.20

38.2 *

2

2

2

4

14

16

36

69

74

152

163

\^Ithout UV

140 x 102

22

Number of infective centers

witlT UV (dose in seconds)
30 45

131 XIoa 162 xiO"

96 x 101 161 xiOl

15

100 x 10"

37 xiOl

cause the loss of the ability to produce mature
phage affecting the prophage genome most
often partially as shown by marker rescue ex-
perlments. Most mutants with Immunity are
induced to Iyse after UV-treatment and even~
roany release phage material. They may, ^Ield
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phage material detectable by electron micros-
copy or by the serological method. Rarely
they produce active phage particles ; these have
lost the ability to Iysogenize.

This phenomenon gives very valid confirma-
tion for the linear insertion of the prophage
into the continuity of the bacterial chromosome
proposed by CAMPBELL (1962). The deletions
appear to be of more or less extent in the phage
genome of 480 (or a hybrid phage 1.80) extend-
ing from a proximal end (in respect to try)
adjacent to a chromosomal locus called 611.
Independently, FRANKLiN at a/. have analyzed
a set of Tl-resistant " small colony " mutants
from the K-12 strain Iysogenic for a hybrid
phage (rinm'O h"). Furthermore they per-
formed extensive marker rescue experiments
with the sus mutant of I. Their results agree
with those of ROTHMAN (1965) and also with
our present results and lead to the same con-
clusion that the integrated prophage is linearily
inserted into the continuity of the bacterial
chromosome.

The immunity gene appears to be located at
the distal end (in respect to tiy) and, therefore,
when a deletion reaches I'min, as we often ob-
served with Iysogenic derivatives of the strain
g, it causes the complete (or nearly complete)
disappearance of the prophage.

The variable extent of The deletions from the

integrated prophage starting from a given point,
adjacent to the locus bt, , should give evidence
of critical functions. As indicated by the re-
SUIts of superinfection experiments, the syn-
thesis of genetic material proceeds normally.
Possibly the replication starts at the distal end
so that the deletions would not affect this pro-

the effect ofIt is worth comparingcess

deletion on the synthesis and the structure of
phage components in several defective Iyso-
gens. Our preliminary studies in this field
has already shown differences between the
strains : incomplete particles but full heads ;
empty heads ; no particles.

The inability of the active phage to Iysogenize
resulting from the defective Iysogen L9 is
interesting. It is suggested that a deletion
covers the linkage point I between the bacterial
chromosome and the prophage so that the
vegetative phage \\, ould maintain a lesion in-
hibiting further integration. FRANKLiN at a!.
have also observed the inability of a phage pro-
duced in subnormal amount (11/0') to Iysoge-
nize and these authors have suggested an aria-
logy with the Ib' type described by KELLEN-
BERGER at a/. (1961). However, the relation-
ship between the case of their phage and the
case of L9 which yields much less active phage
cannot yet be determined
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