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INTRODUCTION
Lysogenic bacteriel streins may produce phage after they are exposed to
szall doses of ultraviolet lighte. This phenomenon was first found by Lwoff
et al., in Q. megatherium im 1950, Since then i; has been found that a number
of physicel and chemical agents could induce phage production in lysogenic
bacterize Among them are soft X-rays{Latarget, 1951), organic peroxides
(Lwoff & Jacob, 1952), niftrogen mustard(Jacab, 1953), irradiated leucovorin
(Borek, st ol., 1952) and L-azaserine(Mudd, =t al., 1955). GEoth genetic factors
(Weigle, ot nle, 1951) and physiological factors(Jecaob, 1952) appear to contraol
the induction of prophage by UV lighte Still, very little is known sbout the
mechanism by which the inducing agents act. It has been shown that the primary
effect of an inducing agent is on the bacterial component but not on the pro=-
phage component of the lysogenic system(Marcovivh, 1956). In the biochemical
study of an induced lysogenic system of B. megatherium 889(1), by UV light,
Siminovitch showed that RNA synthesis continued, and that there was some
residual cell growthe Heowever, the synthesis of DNA was blocked during the
First third of the latent period. He suggested that such bacterial disturbznces
ceused the prophege to enter the vegetative states. In their represser hypothssis,
Jacoh & Monod(1961) argued that in the lysogenic system , vegetetive phage re=-
plication was preuented.by cytoglacmic repressors similar to those postulzted
in the control of protein synthesis.
Thymine é;priuation of 2 thymineless euxotiroph leads to the inductien of

shzge in E. coli(A)(Korn & Weissbach, 1962) and of P15 prophege in E. coli
B 3(P1b) (Melechen & Skaar, 1562). Also mitomycin C, which hes been shoun
to inhibit bacterizl DNA synthesis (Shibe, et 21., 1955), can induce prophage

development In E. czli K=12 Takagi, et al., 1959) and z2lso in Bzcillus
P L S Detssaty




subtilis W 168 ($105) (Rutberg,et al., 1969)s. Both of these (thymine star=-
vation end mitomycin C) inhibit DNA synthesis. This suggests that interrup~

tion of DNA synthesis in the haost cell may cause prophage induction.

In the work presented hers nalidixic acid has been selscted to study
the phenomenon of induction for twc reasons: first, nalidixic acid was shoun
ta inhibit DNA synthesis in both B. subtilis znd E. coli(Goss, et 2l., 1564;
Cook, et al., 1886}, and second,nalidixic acid ceused a specific loss of
newly replicated ONA in B. subtilis (Rammareddy & Reiter, 1963)e. The purpose
of this work is to investigate the induction of Be subtilis 168 ( $105) by
nalidixic acid and to test whether there is any relation bestween the position

of replicating point and prophage induction.



LITERATURE REVIEW

Lxscgenx

A lysogenic bzcterium is & bacterium possessing and transmitting the
power to produce bacteriophage(Lwoff, 1953., Bertani, 1953). In most ceses,
the lysogenic bacteria, obtained by infecting with lysogenic phege, possesses
tha same properties as the coriginal non=lysogenic strains. Lysogenic bec=-
teria had two importent characteristics. One is the ability to produce phage
as a stable, heritable treit, and the other is immunity to lytic infection
by the same or closely related phages(Bertani, 1953). Thus, the presence of
a8 given prophage in a cell prevents both multiplication and lyscgenization

by homclogous infecting phage.

Immunity is an expression of the pressnce, in the bacterium, of a
prophage homologous to the infecting phage. When the prophage, either spon-
taneously or after infection, enters the vegetative state, immunity cdis-
appears and the superinfecting phage stert multiplying(Bertani, 1953; Jacob,
et 2l., 1953). When inducible lysogenic bacteria are first induced end
then infected with a mutant of the homologous phege, each bacterium releases
particles of phages as well as of mutant phage. Immunity reflects a block
in the replication of the nucleic acids of the superinfecting phage, but not
a failure of the phage to adsorb or to infect its nucleic acid. Jaceb &
Monod (1961) reported that immunity was caused by the ection of 2 specific
repressor produced under the control of a phage genome. [Mutation in this
gene wes thought to destroy the ability to produce 2 repressor and to render

the prophage unzble to establish or meintain lysogeny.



The physical association bstween prophage and bacterial genome has been
demonstrated by genetic recombination in E. coli. for example, if 2 non=-
lysogenic male bacterium conjugates with a female lysogenic sirain, scme
of the recombinent bacterial progeny may be non=lysogenic. If the male is
lysogenic for X-phage and the female for Y-phage, scme of ihe bacterial
recombinant are lyscgenic for X-phage, others for Y-phages; none will have
boths Thus a prophage behaved as a bacterial genetic marker and could Le
mapped by its specific linkage with other markerse In this way, Jaccb &

Wollmen (1961) mapped many prophage sites in the chromosome of E. coli.

fany slternative modes of prophage ettachment to the becterial genome
have been sugcesteds The most convimcing one was thai proposed by Campbell
(1562)« He suggested thet, upon lysogenization, the phagz genome circularized
and integrated into the host genome by 2 crosscver betwsen hocmclogous regiens
in the phage and host genome. Thus, 8s a result of mating between lysogenic
bacteria that cerried prophages differing insevergdl genes, a linsar map could
be constructed in which the prophege genes were inserted between bacteriesl
genas. For example, the location of prophage $105 has been mepped betueen

the bactarial merkers phe-1 and ilv=-A1 in lysogenic Bacillus subtilis 16&8

(Rutberg, 1963).

In studying the lyscgenic strain of L. goli, Bertand {1951} found that

during the middle period cf the logarithmic phase of growth, the ratis of
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of the bacteria. He also showed that phage production Ly lycogenic tecteria
wls & discontinuous process, consisting of the sudden burst of meny phage
periicles, instead of a continuous process such as a secretion of cne phage
erticles efter another from growing cells. The frequency of this spantanesous
1 E = 1 s m . » . - 2 5
i<ysis in lysogenic cultures in each generation veried from 1; 107 to 1: 10" .
Thus, it seems that, in a culture of lysogenic bacteria, the develcpment of
prephage into phage occurred spontanecusly in 2 small constant frection of the

growing cells.

Induction of Frophage in Lyscgenic Hacteria

Lucff ot al.,(1950) found that UV light inducecd phage production and that

essentially the whole induced lyscgenic population lysed. They found thet after

UV light exposure, bacterial growth continued for a period corrssponding to
one or two ¢enerations. MNo phages were produced during this pericd. AL the
end of this period, cell lysis began. Jacch & Wollmen(1953) comparec the phage
cdevelopment in newly-infected, sensitive bacterie and in induced, lysogenic
bacteria. They cbse;ued that the characteristics of phage development, such
as latent periocd, and the average burst size, were similaer in both syste%s.
Thus the processes of phage multiplicetion were identical in induced lyso-
genic tecteria and infected, sensitive bacteria. ‘It sgems that the only dis-
similarity occurs in tﬁe latent period immediately following irradiation and
leading to the vegetative state from the prophage state.

There are certain lysogenic strains thet do not produce normal phage

after being treated with inducing agents. In these strains, phage development
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to be abortive in that most of the induced bacteriz do not liberzte

particles upon lysis. Lwoff gt 21.,(1951) found & Ezgilluvs pesatheriun
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in which only ons in 105 bacteria releassd phage spontansously inatead of ane
in 102 observed in the corresponding normal straine After suitable irradia-
tion, more than 90 per cent of the bacteria lysed but phage production did
net increasa at alle A similar phenomenon was found in various other spe-

cies such as Pssudomonasa pyocyansa or Salmonslla tynhimurium in which UV

irradiation induced lysis, but only 2 small fraction of the lysed bacteriea

rsleased matura phagee

Fectors Controllinag Induction

Bertani(1951) in his early study of the kinetics of phage producticn
during the growth of bacterial cultures, ravealed that the rates of phags
production and of bacterial growth were not always parallel. This strongly
suggested that phage production was controlled by external factors, i. g.
soma changes of the medium induced by bacterial mstabolism. Two factors bave
been suggested to control phage production in lysogenic bacterizs. The first
is a genetic factor. After the discovery of UV induction, it appeared that
in each bacterial spscies some systems were inducible whersas others wers not.
For example, inducible strains, E. coli K=-12(Delbruck, st al., 1951) and non=-
inducible strains E. coli Lisbonne(Bertani, 1951) existed within the same
species. With phages cof B. megatherium studies by Ionesco(1951) it turned
out that, &) when a bacterium was lysogenized with a phaege derived from an
inducitle strq;n, the new strain was inducible, b) when lysogenization was
performed with a phage derived from a2 non-inducible strain, the new strain
was non=inducible, end ¢) when 2 non=inducible strain was lysogenized with a
phage from en inducible strain, the double lysogenic sirain, efter LV irra=
diation, produced only phage coming from the inducible strain. Similar

rasults have besn found by Jacob (1952) in Pseudomonas pyozyansza. from these




studies il was concluded that the inducibility was controlled in part by the
properties of the prophages It now appears thet ths inducibility is always
controlled by ths genstic constitution of the prophags. Ffor example, in the
bactericphage A system, the product of gene C1 wes a pratein that prevented

the expression of most 7 genes(Lieb, 1959). In lysogenic system, inactivation
of this repressor protein resulted in the synthesis of a new species of A m=RNA,
and was followsd by excision and replicetion of the prophage and lysis of the

host callse

The second factor determining the induction of proghage is the physioclo=-
gical state of the host bacterie. The effect of nutritional factors on apti=-
tude, i, e2. the ability of becteria to respond to irradiation, hes heen demon-
strated in Bacillus megatherium 889 (1) (Lwoff, et 8l., 1951)s It was obsasrved
that UV dose which could induce almost all bacteria grown in yeast extract
could not induce bacteria grown in a synthetic medium. ODisturbancas in bace

terial metabolism may affect aptitude markedlys. Jacob(1952) found, in 2 popu~-

lation of Pseudomonas pyocyanga deprived of glucose or ammonia salt, that the
proportion of bacteria able to produce phege, and the sensitivity to UV light

of these bacterie were strongly reduced.

The effect of amino acid étaruation on phage induction has bszen observed
by Borek(1952). He found that methionine or leucine starvation in a methionine
or leucine-deficient mutant of E. coli K=12( A ) strein before UV irradiation,
produced & similar decrease of aptitude. He also reportad that during amino
acid starvation after UV irradiation, neither bacterial growth nor lysis uwas

observed. However, upon readdiation of the lecking amino acids, bacterial



growth and lysis were resumede. It was, therefore, concluded that aminoc acid
starvation had not suppressed the inducing effect but had stopped the develop=-
mant of ths prophages Changes in the composition of the medium, or in the
caticnic balance after irradiation, also prevented phage production. Lwoff

(1951) found that when an irrsdiated culture of B. megatherium grown in yeast

extract was transferred to a broth medium, prophage development did not occur
but bacterisl growth proceeded. Huybers(1953) found that phage development in
lysogenic B, mecatherium after UV irradiation did not take place when the
medium was deficient in manganese, inducticn did not occur if manganese was
added. He also found that cobalt, zinc and copper could suppress phage pro=-
duction, and that this suppression was reversed by manganese. Jacob gt al.,
(1953) showed that UV induction might be reversed by exposing irradiated
bacterie to visible light, but this photo-restoration did not take place after

exposure to X-rays or nitrogen mustard.

Inducina Agents

Certain chemicals induced the desvelopment of prophage in lysogenic strains.
Physical agents, such as UV light(Lwoff et ale., 1950), X-rays(Laterject, 1551),
eand Y erays(Marcovich, 1956) also induced lysogenic bacteria. Lwoff & Jacob
(1952) found that organic peroxides, and ethyleneimines could also induce
prophage development. Hydrogen peroxide also induced phage production in
certain inducible strains(Lwoff et 2l., 1952). Smith(1953) found that bacterial
lysis was induced in Selmonslla thompson by nitrogen mustard, nitrogen gas,
glutathione and sodium thiolecetate, and this induction might be inhibited by
urethane or ascorbic acide Gots et al., (1955) found that azaserins could
induce prophage in E. coli K=12{~n)e Borek et al.,{1955) also reported UV~

irradiated leucovorin had a inducing effect on Ee coli K=12(~ ). This



irradiated-elicited inducing effect might reside in the pteridines moisly of
leucovoerin, since aminopterin has alsoc been found to bz an inducing agznt on
Fo coli K=12 (A) (3en-gurion, 1962). Mitomycin C has also been rcported by -

Takagi et al. (1553) and Rutberg (1569) teo induce prophage development in

Ee £231 K=12 (A)e

Two different kinds of evidence havz been found to suppert the thsory
that the inducing agents were acting on the bacterizl compcnenis, instead of
the prophage of the lyscgenic systeme Ons came from the estimaticn of the
size of the induction target by means of X-rays. Induction zppesered to result
from & single ionization and the size of the terget found was too lazrge to be
the preshage itsclf, but is of the sazme order of magnitude as the whole bac-
teriel nucleus {Marcovich, 1956). Ths other esviences ceme from the znalysis
of lysogenic bacteria carrying two different, but related prophages which can
simultaneausly develop in the same bacterium. The results showed that there
was an existence of a correletion in tha production of both types of phage.
Such a cerrelation is incompatible with the hypotheéis of a2 change in the
prophage itself es the primary event of induction. Therefore, davelopment
of tha prophage appearsd as a secondary effect, the primary avent consisting

of some alteration of the bacteriume.

pfiitenvein C and Its NMode of Acticon

fitomysin C is en entibiotic isolated from Strepitemyces zzgspitosus By

wakeki (1958). It hes becn shown to possess antibacterial activivy againsgt

both grem positive and gram nsgative bacterie (Tekagi, et 2l., 1555). akagi

=% zl, also cemonstrated that this antibiotic selectively inhibited the syn=-

thesis of DNA without eny effect on ths synthesis of protein and RNa in



E. coli, The sezme result wes found in Selmeriella typhimurivm{Levine, 196%;.

Takegi st 21.,(1959) showed that mitomycin C could induce procphage in t. colil

K=12(A )e¢ Similer resulis have Scen found in Szlmaorelles typhinurivalls 22) b
'8 \ 7

Lavine(i5&1), end by Marmur ct al., (1964) in Sacillus subtilis(FzSX). Reich

et gl. (1951) shcwed that mitomycin C could inhibit E. coli growth znd that
thare wes & breakccwn of DNA but not that of RNA and protein. Mitcaycin C
alse caused the covalent cross-linking of the complementary DNA strains

(Szybalski, 1963).

Levine(1961) noticed that DNA was selectively inhibited in Salmonelle
typhimurium by treztment witi mitomycin C, but thssa infecied ceils, could
produce active phage particles on infection with phage P 22. uLgon infectiion
of mitomycin C-trsated E. coli with Tos T3 or Tgy cells could recein the
gbility to synthesize DANA as shown by Sekiguchi et 2l., (1959); the ghage
particles producad by these cells were, howsver, non-infective. These resulis
may we interpreted to msan that Dii synthesis proceeds in phage=infected bac=-
terial cells through 2 pathuay which differs from that of non-infectsd cells
and which is resistant to the acticn of mitomycin Ce 4n alternative sxpla=
nation may te that infection of the cells is follcwed by 2 massive induction
of enzymes connected with the synthesis of DNA, and that th2 production of
these enzymes is inhibited by mitomycin Ce This may bes the reason of the

ynihecis c¢f non-infective phage particles es dascribad by Sskiguchi st al.

u

(1955)e The finding that inhibition of DNA synthesis in cells treated with
rmitcmycin C was rastored by infection with phage is consistant with the fact
that mitomycin C had little effect on the ability of the DXa to transfoom for

g2 given markers
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Thyminzlass Death and Prophane Inducticn

Thymineless desath, the loss by @ thymine-requiring auxotroph of the
aoility to multiply after deprival of thymine, was first found Sy Cohen &

Berner(1654) in £. coli 15 T « A number of different hypctheses have teen

put Torth to explein this phenomencn. Cne of them wes thet prophage inductilicn,
es describsd by Melechen{1962). Weissbach =t 21.,(1962) reported that phage
was induced in 2 lysogenic strain of E£. ccli K-12(A) duriny thymine sizrvation.
Productier of A phuce in these cells was arrested by depriving the cells of
carben, nitrogen, or phosghoruse. Thay 2lso noticed thet conditisns which pre=-
vented thymineless death, i. 2. chlorarpheniccl treatment or czrion siazvation,

alsgc inhibited

o]

hege inducticn by thymine starvation. After 60 to SC minutes

+

'..l

of thyminesless incubaticn, the ncn-biazble cells in the culture were nct cepable
of producing maximal phage titers. Since full inducticn reguired about 120 mie
rutes, Weissbach gt al, concluded thet thymineless cezth and thymineless Induce

— .

tion m2y not be necessarily interdependsnt,

Melechen & Skaar(1962) =zlss found phage induction in E£. zecli B3(Fit) end

-_—

£. coli K=12(A } cduring thymire storveticn. Since therz was no indicatior of

ic during the pericd of thymine starvation, they suggestsd thet, durin
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+» 2., the propnage diverted to vegetative replicoticn. Since they found that

this orophags diversion was stopped abruptly by treatment with chioramphenicol,

¥ =

it y2s then hypothesized that a eriticti condition for prophege diversicn was
thet nrotein syslieiis had to accowpany the inition of DRA synthesisze I was
sugcoste? that thymins stervatlion, 25 well 2s other inducing 2gents, actec by

vnztopling 2 zrotein bond between prophzge and bacterial Ohs cdue to the ONA:

._L- ZNCGCe
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Rolfe(1957) reported the effect of actinomycin D on thymineless death at
differant times during the course of thymine starvation in B. subtilis 5. He
found that there wes a critical time for the addition of actinemycia D
to stop thymineless death, corrssponding to 60=70 per cent survival. After
that time the surviving fraction continued Lo lose viauility in the presence

of ectinomycin De He concluded that thymineless death in Zacillus subtilis

involved at least two steps:(1) a step involving RNA and protein synthesis
during thymine starvation, and (2) a subsquent step requiring ccntinued thymine
starvation but independent of RNA and protein synthesis. It hes besn found
thet in one of the phage C1 mutants the repressor was reversibly inactivated

by heating, and upon caooling repression was restored (Gros & Banong, 1968).
Sicard et al., (1962) postulated that thymine starvation caused the accumulas=-
tion of an internzl inducer substance. If the derepression produced by incrsas=-
ed levels of inducer is reversible, then thymineless induction would require
(1) RNA and protein synthesis during thymine starvation, and (2) accumulation
of inducers sufficient to prevent rapid reversal of derepression upon rs=-
eddition of thymine. This hypothesis was the same as the hypothesis formulated
by Melechen (1962) who found that protein synthesis had to accompany thyming=
less induction im E. coli B 3 (P1b). However, the prophege diversion as des-
cribed by felechen might involve a series of steps beyond those leading to

cell death, at least one of which required the synthesls of a protein.

Cummings & Mondale (1967) showed evidence against induction as a cause
of thymineless death, They found that E. coli K=12(n~ ) suffered thymineless
desth with the same kinetics as the E. coli K=-12 non-lyscgenic strain. Deonachie
& Hobbs(1968) compared two different strains, E. coli 15 T (coli 15%), and

Ee coli 15 T-(cali 157), which was cured of the defective prophage




coli 45. They found that both strains showed tha same lass of plating vieoi-
Ittty coviog the poriod of thymine starvation. However, upon resdditicn of
thymine, there was a decrease in optical density and in the number of viatle
coli 157 cells but not the coli 15  cells, Therefore, they suggested that

thynineless death was not itself cazused 5y phage induction.

Yany other mechanism have been sucgested as the cazusz of thymirszless

Q.

cezth. These include unbalanced growih({Cchen & Barner, 1554), nuclezr derece
(Cellant & Suskird, 1961), sincle-strended breaks in the ONA of thymine starved
cells{"enniomann & Szbalski, 1962) 2nd colicin production. & cerrelation
between cclicin productiocn ard thymineless death wes shown by Sicerd & Deveoret
(1562). They suggested that thymireless dezth wes due to the precducticn of
colicine ituzzati & Chevalliier(1954) ancd Mennicmann({1955) also found that
thymire starvation induced colicin synthesis in thymineless colicinczenic
strains, [Mennicmenn found thymine-deprivetion of E. coli 15 T7 could induce
the oraduction of colicins; if thymine w2s added after thymine starvation. He

ccncluded thet thymineless death wes at least partially due tc the formation

of eslicin.

tzlidixiec Azid cn2lts Mode of fction

Nalidixic zcid(1=ethyl=1,4=dihvdro=7-rethyl-4-oxa-
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prolonged incubation with nalidixic acid. Deitz et 2l., (1966) fourd that
protein ard RNA synthesis were necessary for the lethal sction of nalidixic
acid., Although chloramphenicol and dinitrophenol, which uncoupled oxidative
phosphorylation, could prevent the bactericidal action of nalidixic acid upon
E. coli, in the presence of an inhibiting concentratian of chloramghenicol,
nalidixic acid prevented DNA synthesis in E. coli 15 TAU. Aalidixic acid
was shown to cause the degradation of DNA in E. coli 15 TAU (Cock gt 2l., 19€6).
This degradation could be arrested by the addition of dinitrcphenol or chlo-
ramphenicol to the cells treated with nalidixic acide. Nelidixic acid hes
also been shown to be mutagenic, and to induce excess DNA synthesis in E.
coli after its removal from the cells. Boyle gt al. (1969) showed thet nalidi-
xic acid hed no effect in vitro on the synthesis of DNA of E. coli. It had
no inhibitcry effect on DNA-polymerase, deoxyribosyl transferase and deoxyribo=
nucleotide kinase activity. They suggested that this absence of inhibition
might be e reflection cf the inability of nelidixic acid to bind to the DNA
primer, because of the absence of cross-linked DNA after treatment of nalidixic
acide GCege & Fujita (1969) demonstrated that nalidixic acid had little
inkibitory effect on phage SPO01-infected 3. subtilis DNA synthesis, They found
the SP01 DNA synthesized in the presence of high concentrations of nalidixic
zcid hed censity characteristic of normal SP01 DNA and that the ONA was
peckzged into vieble progeny phege particles. The rate of SP01 DNA synthesis
wes reduced and bacterial lysis was delayed. Recently, Ramareddy & Reiter
(1959) shnwed';ncther effect of nalidixic acid. They showed that BE. suttilis
168 cells decraded 20 to 30 per cent of their DNA in 3.5 hours of exposure
to nalidixic acid and that this degradation appeared to procceed sesquentielly

along the chromosome from the most recently synthesized DNA to older DiA.



All the inducing agents studied so far blocked DNA synthesis either
directly or indirectly. The mechanism by which prophage development ues
initiated zfter treatment of lysogenic bacteria with an inducing agent is still
obscure. icwever, it is clear that e disturbance of DNA synthzsiz is nesced for
srepihage inductions Since protein synthssis has to accewpany the inhibitizn
of DX+ in ocder for induction to occur, it would appear that prcphege induction
involves the upset of @ delicete metabolic balance which is responsidle for
the stable relationship between represssr molecules and proghage genes. The
known effects of nalidixic acid leads one to determine the effects of nalidixic
ecid on lysogenic sirains of Bacillus subtilis, and to test whether phege induc-
tion may be caused by the nalidixic acid induced degredetion of DNA near the site

of prophage integration,
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FATIRIAL ALD METHRSS

2oatarinl Strains and Phage: Jacillos subtilis 168 thy ind™, Secilius

subtilis 168 thy ind*, end Bacillus subhilic 163 thy+ind- arc from the collez-

tion of this lzboratory. BSzcillus subtilis 168 thy ind™ ts-134 wes obtained

from Dre 8. Mendelson, FPhags ¢'1DS was priginmally isclatzd from soil in the
latoretosy of Dre F. Reily, was providsd by Dre Rutbergs. Lysogenic derivziives

3 - . -

ys gubtilis 168 thy ind™ and Racilles gubtilis 162 thy~ ind”™ ts-134,

were isslated by picking some cells from the center of tuobic plaques forred

by plzting ¢105 cn the respective strains.

Medium 2-d Chenical: A minimal medium {prepared as cescrited by Sgizizen,

15S8) cantained 14.9 g KoHPG,3 € 3 KnpPQ,s 2.0 g (ﬂnﬁ)ZSL 1.0 socius Gitrate;
and 8.2 g m;scq. 7H,C (in grems per liter of distilled atter). This meciun

o

will be referred te he as subtilis salts(S5). Stock solutien of ECL clugoss end

2% czsein hycrolysate were prepzred. One @l of glucose &n” Lws mi cms2in hydroe

lysate wnerzz added to 100 ml of sterilized 5S. This will referre
Thymidire soluticn end tryptophan sclutions were meds a2t 2m3/ml concentraticns
0 distilzed webers 10 p;/ml cf thymidine solution was zddsd to TR medium an
ryatophan in all this experiments. NE3 sgar pletes wsrs poepered

by pouring the sterilized mecium containing S5.0 g nutrisnt zgzr, 40 2l of
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ceatretion of 220 ug/ml by raising the P7 to 8.0 with sodiua nylrexide.

sroduct of Calbiocheme 3H-thymidine with e specific activity

o
e
T
'
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o
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&
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(1)

of & /X was obioined from Schwarz 2ioResearch, N. Y.

chege fissay: Phage assay was mede by mixing 2 0e1 ml sample of lysogenic
culture with three to Tive drops of indicztor bacteria in 2.5 ml of mzlied 4op
laysr N» sofi agar znd then pouring the mixture on N2S platcs, 211 p-ating
were wsdz in cupliczies The plates were incubated overnight 2t the temserztuze

indicateds Logerithmically growing B. subtilis H cells were used s indicztor

Groweh of EBarterinm: Bacterial zirains were maintzined sn L3S olzt

bl
T
L]
o]
t
)

newed svery twd weekse In 2ll experimanis, ceils wzre grown ovarnight
et 37°C(er 30°C for the temperature~sensitive mutent) in CH madium containing
10 pg/ml thymidine or 40 pg/ml tryptoghzn(or both) as Tequired by the strains
used. Conlinucus acretion wes achieved by bubkling zir threugh the culiures
The cvernight culture was diluted 100-fcld in th2 morning with the scme =medica
end then grown to logarithmic phass. Repid Filtreticn wes achieved by using 2
Millizore device with 47 mm Schlezichar and Schnell membSrenz “ilten s{pors size
C for ths ts mutznt). The weshad ceslls iere eeozted =zt
“Fz tzmzeraturs indiczted to stzrved for ihymines Asczay for viaklas cells wzs

cone by teking susples at different intarvels, diluting them in S5 a:

pt |

d alating

nopnooretiens 2ad As85y 8f Radicnctivibys Hethymidine was uzsZ tao lzbel

ynthesise Incorporeted recdiocectivily wes assayed by adding trizhlpreacetic
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ihe mulerial srec

cipitatad by TCA was

Tilters,

zounter after adding 2 ml eof 98% 2,5-Zighenyloxazol
*henyleoxczolyl J=tenzene (POPOP) {Parkard "Premix",

rections wore rude by subtracting the

Lysagenic

They were diluted 100=-fold in the

~hase of growthe.

y locarithnmic

ierformead by the culture under the

. 2
ivse of atcut 25 erc/mm“/sec at ihe distznce of 60
secands «ith constent shakings. Nolidixic acid induy

tng the culture with 40 po/ml nalidixic zeide At &
gl w3z remcved by diluting with the same modicm o
resuszanding the cills in fresh mediume InToctious
izzoriteg inm the phage assay in @ Kleti-Suwmarson P
3 ores filtere

to o final concentreticn of 55 at 8%C for 45 minutes to &0

The filters were dried and counted in a Packard Liguic

62 minutes

collected on Resve Angel glass fiber

e(PPO) anc 27 1.4-tis=-2-(E-
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RESLLTS

Ao Indurtion of O -31lus subtili= 122 th"({ $103) by UV=irziniiatlen:

i

it has bezen cshown that ultraviclet light is a potent inducar for phece

develcpnont. To test the sensitivity of 8, subtilis 1€8 thy \,¢12:) o L=

o

rLrag

e

ation, znd for use as a standard for comperison with the deiz to be ;re-

m0n

cntad later, the following experimants were performed. Exponentially growing
cells were washed and resuspended in CH medium plus 10 pg/ml thymidine end
incubsted for 60 minutese A porticn of the culture was then UV-irrzdiatec

for 60 ssconds(25 ergs/mm/sec) « The cells were then incubzted. &t intervals,
the culture(both UV-irradiated and contrcl) wes essayed for vizble cells and
infectious centers. Chenges in optical density wera zlso mczsured. Fligurre 1
shaws that the spontaneous production of phege perallelled ihe rate of bacterial
crewthe TImmedistely after UV=-irzzdiaticon, there was a threz fold increese of
phage prodeciion. The burst size was about 60 pheges per cells Figure 2 shous
thet phege production was accompanied by cell lysis which was measursd ty the
dscocese in zptical density of ths culture. The increase of sell tucbigity

foo 60 minuvtes after UU—_r;adiatzon indiccted that protein synthesis continuad

guzing the period of inductions This experiment clearly shows that Bszillus

sustiiis thy™( $105) is UV-induciblz.

8. Incuction of Eacillus subtilis 168 thy (_Q105! bv thymisz siarvation:

When Be. subtilis 168 thy'( @$105) lysogenic cells wers incabated in &
thymireless meéium, the cells undezwcnt thyaineless deeth in the same way 2s
nonelysogenic thymineless auxotrophs(fige 3)e In the absence of thymine, there

wes less than two fold increzse of phege particles efter 120 minutes of

stervation., When thymine was added to the cells that had bassn starovasd for
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Figure 1o Induction of phage #4105 by Uy-irradiation

An overnight culture of Cacillus subtilis 168 thy'(¢105) was diluted

100~-fold and grown to exponential phase. This culture was filtered and resus-
pended in CH medium plus 10 pg/ml thymidine. After growing for 60 minutes, 2
portion of the culture was taken out and UV-irradiated for 60 seconds. st

intervels, viable cells and infecticus centers were ascayed on NB5 agar plates.
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Figure Z.

The optical density of tha cultures described in Fig. 1
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120 minutes, there was a burst of phage production. The number of phage
produced was approximate 10 per cell. This is about 30-fold more than that of
in thymineless culture. Figure 4 shows that if thymine was not added to
thymineless culture, there was no cell lysis, i. €. the optical density of
starved culture increased 3-fold and then leveled off but did no decrease.
Forty minutes after the addition of thymine to these starved cells, the cell
lysed. It is clear that phage $105 does not contain genetic information that
will allow the growth of thymine-=requiring cells in the absence of thymine.
The results also show ciearly that thymine deprivation of B. gubtilis 168 thy~

( $105) causes the induction of phage ¢105.

C. Effect of nalidixic acid on Bacillus subtilis 168 thy”(g105):

The survival of 168 thy ( (105) cells treated with nalidixic acid is shown

in Fige 5 These 168 thy  cells that were lysogenized with (105 were killed by
nalidixic acid in the same way as non-lysogenic 168 thy- cells as described by
Remareddy & Reiter(1969). The number of viable cells decreased exponentially
in the presence of nalidixic acid, until at 180 minute 1% of the cells survived.
The spontaneous production of phage during this 180 minutes was also inhibited
by nalidixic acide. Apparently, as long as nalidixic acid was present in the

medium, no phage production occurred.

We have shown that both UV-irradiation end thymine starvation, which

could interrupt the synthesis of DNA, could induce prophage production. Since

nalidixic acid is also an inhibitor of DNA synthesis, its ability to induce pro-
phage was also tested. As shown in Fig. 5, the spontanecus production of phage
parallelled the rate of bacterial growth as described before. In nalidixic

acid-treated cells, both cell growth and the sponteneocus production of phage



Figure 3, Induction of Bacillus subtilis 168 thy ($105) by thymine starvetion

An overnight culture of B. subtilis 168 thy~(<b105) was diluted and grown
to logerithmic phese in CH medium plus 10 pg/ml thymidines These cells were
then washed and resuspended in the same medium thymidine. The culture wag die
vided into two portions. 10 pg/ml thymidine was added to one portien(control).
Another portion was starved for thymidine. After 120 minutes, 10pg/ml thymidine
was added to a portion of the starved cells. At intervaels, the culture was

agsayed for viabls cells and infectious centers.

Curve A, Control viable cells

Curve Be. Infectious centers in thymine-starved culture

Curve Co Thymineless death

Curve D. Infectious centers in thymine~starved culture after addition of thy-
midine at 120 minutes of starvatione
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Figure 4. The optical density of the cultures described in Fige 3

Curve A, Optical density of control culture

Curve B. Optical density of thymine=starved culture

Curve C. Optical density of thymine-starved culture after addition of
thymidine at 120 minutes starvation
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were inhibited. However, after removal of nalidixic acid from the culture
that had been treated with nalidixi¢ acid for 80 minutes, ther was a burst

of phage production, about 6 phages per cell.

The burst of phage induction in thymineless induction and in the nalidixic
treatment indicated that this treatment caused the first step of induction
which predisposed that phage DNA te vegetative replication, as described by
Mlelechen et al.(1962) in E. coli B3(P1b). However, the vegetatives replication
was inhibited in the absence of thymine or as long as nalidixic acid was present

in the medium,

The relation between the durtion of nalidixi¢ acid treatment and prophage
induction was examined by experiments, described in Fige 7, in which nalidixic
acid was removed from @ culture that had been treated with nelidixic acid for
various length of time. It is clear that phage induction occurs after removal
of nalidixic acid from 20, 40 and 60 minute of nalidixic acid-treated cells.

It is concluded that there i§ no correction between the time of nalidixic acid
treatment and phage induction in the range of 20-80 minutes. The only difference
is that there is a longer latent peried in the 20 minute nalidixic acid=-treated
culture than those of 40 and 60 minute. As compare to UWe-irradiated induction,
it seems that both have the same pattern of inducticn, except for twe points.

One is the different latent period and the other is the different latent pericd

with different number of phage produced.

D. Action of nalidixic acid on phage induction after UV=-irradiations

It has been suggested that prophage induction cccurs in two steps. The

first was the release of the prophage genome from the repressed, integrated
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Figure 5. Induction of Bacillus subtilis 168 thy (#105) by nalidixic acid

Exponentially growing cells were filtered and resuspended in CH medium
plus 1D/ug/m1 thymidine. The cells were divided into two portions. One portion
continued growing as a control, another portion was treated with 40 ug/ml
nalidixic ecid. After 80 minute incubation, samples were taken from the treated
culture and diluted 100-folde At intervals, viable cells and infectious centers

were assayed,

*—e Control viable cells

—a Nalidixic acid-treated viable cells

XX Control infectious centers

O——0  pNalidixic acid-treated infectious centers

A——ah Infectious centers of nalidixic acid-treated for 80 minutes and
diluted 100~-fold
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Figurs 6. Relation between induction and the duration of nalidixic acid treat-

ment, Exponentially growing 168 thy ( ¢105) cells were filtered and resus-
pended in CH medium plus 104pg/ml thymidine. The cells were divided into three
portions, One portion continued growing, another portion was UV=-irradiated for
60 seconds(25 ergs/mmz/sac), and the third.portian was treated with 40 ug/ml
nalidixic acid. At time 20, 40 and 60 minutes, nalidixic acid treatment was
ended by diluting 2 semple of the cultures 100-fold into the same medium. At

intervals, viable cells and infectious centers were assayed on NBS plates.
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Stats. The ssecond was the replication of the derepressed phage genome. It
has been postulated that UV-irradiation ceused the degradation of cell DNA and
thet the degradation products antagonized the repressor and lad to the cere-
Fression of the prophags genomes Since nalidixic acid has been founc to in-
hibit the spontaneous production of prophage, the following experiments were
made tc determins the effects of nalidixic acid on prophage induction, i. ge
whether it inhibited the derepression of the prophage genome or the repli-
cation of the phage genomes Logarithmically growing B. subtilis 168 thy~™

(9 105) cells were irradiated by UV light for 60 seconds. lec/ml SHethymidine
was then added to the irradiated culturees The culturs was divided into tuwo
portions. One portion served as a control. The other portion was trezted
with 40 pg/ml nalidixic ecide At interwvals, viable cells, infectious centers,
and the amount of 3H-thymidina incorporation into DNA were asseyed, The
results were shown in Fige 7. Where nalidixic ecid was added to the cells
immediately after UV-irradiation, DNA synthesis was arrested after 10 miInutes.
Nalidixic ecid alsc inhibited vegetative development of phage (105 after UV=
irradiation. It sesems, therefors, that DNA synthesis is necessary for phage

¢ 105 to be produced.

In a second series of experiments, the cslls were first treated with
40‘pg/ml nalidixic acid for 20 minutes and UV-irradiated in the continued
presence of nalidixic acide Figure 8 shows that there waes still a thres fold
increase of infectious centers immediately efter UV=-irradiation even in the
presence of nalidixic azcide. However, there was no further phage production
in the presence of nzlidixic acid after UV-irradiation. Figure 9 alsoc shows
that there was no cell lysis in the presence of nalidixic acid after UV=

irradiation.



Figure 7. The effect of nalidixic acid on phage production in UV irradiated

Bacillus subtilis 168_thy”( #105). An overnight culture of 168 thy™( $105)

cells was diluted and gpown toilogarithmic phase in CH medium plus 1ﬁ‘pg/ml
thymidine. The culture was then Uv-irradiated for 60 seconds. ZJuC/ml of
Sk thymidine was addeds The culture was divided into twoc portions. One
portion served as @ controles The other portion was treated with 40 pg/ml
nzalidixic acide At intervals, viable cells, infectious centers were a2ssayed

and 3H-thymidine incorporation was also measured.
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Figures 8+ An overnight culture of Bacillus subtilis 168 thy™(¢105) was

diluted and grown to logarithmic phase in CH medium plus 1U‘pg/ml thymidine,

The culture was thsn divided into two portions. One portion served as a control,
The other pertion was treated with 40 pg/ml nelidixic ecide After 20 minutes,
samples from both cultures were taken and UV-irradiatecd for 60 seconds. At
intervals, viable cells and infectious centers were assayed. Optical censity

was also measurede.



ml
O
w
|

infectious centers per

Viable cells or
o
O-J

O
[o2]
1

o0
UV -irradiated
infectious centers

Control
vicble cells

Control
infectious centers

A UV -irradiated
+ nalidixic acid

Nalidixic ocid -

treated infectious centers

Nolidixic acid — treated viable cells

) ] 1 |

1 1 1 1 1 !
20 40 60 80 100 120 140 180 180 200 220

Time (mins.



Figura 9.

The_optical density of the cultures described in Fig. 8.
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It seems from these experiments that nalidixic acid did not inhibit
the derepression of phage genome; rather, it inhibited the replication of
derepressed phage genome. - These results are consistent with the hypothesis
that nalidixic ecid treatment caused the first step of induction, i. s. the
conversion of prophage DNA from the integrated, repressed state to the
excised, vegetative state., Upon the removal of nalidixic acid from the

treated cells, phage DNA began to replicate,

Uv=-irradietion causes the degradation of cell DNA at random points along
the chromosomes It has been hypothesized that this degradation involves in
the inactivation of repressor and leads to the derepression of phage genome,
following by excision and replication of phage genome. Recently, it hes
been reported from this laboratory that nelidixic acid, thymine starvation
and UV~irradiation cause degradation of DNA behind the replicating point.

It is tempting to spaculate that the replicating point on the cell chromosome
upon reaching prophage integration site may be damaged with nalidixic acid

or thymine starvation and resulting in prophage induction. i. ge whether

phage induction occurs when the degradation caused by nalidixic acid happened
to be near the site of prophage integrations In order to test this possibility,
we must get the synchronized cells that are replicating their chromosome neer

the prophage integration sitee Bacillus subtilis 168 thy~ind"ts=-134 was

selected to synchronize the cells, since this temperature sensitive mutant

is thought of a DNA=initiator mutant (Mendelson & Gross, 1967). They showed
that Dia synthesis in this mutant was arrested after 30 minutes of incubation
at 45°C, and the initiation of new round of DNA synthesis was inhibited. As

a preliminary study, some characteristics of the effects of high tempesrature

on this mutant were examined.
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Ee DNA synthesis and phage production in Bacillus subtilis 168 thy~inc"ts-134

( #105) at high temperature.

DNA synthesis was examined by 3H—thymidine incorporation in this tempera=

ture sentive mutant. Figure 10 shows that after transferring the cells to
45°C, the rate of DNA synthesis increased about two fold as in 30°C and then
arresteds However, DNA synthesis was resumed if the culture wzs transferred
back to 309C. .It is clear from Figure 10 that DNA syntnesis was arrested

after 45 minute incuabation of this ts mutant at 45°C.

In another seriss of experiments, phage production of this ts mutant at
4590 was alse examineds An overnight culture was diluted and grown to logari-
thmic phase at 30°C in CH medium plus 10 ug/ml thymidine and 40 pg/ml
tryptophens The culture was transferred to 45°C and grown for 45 minutes to
arrest DNA synthesis after the completion of all replicating chromosoms. The
cells wers then cdivided into two portions. One portion continued growing at
45°C and the other portion was transferred to 30°c. At intervals, vistle csells
and infectious centers were assayeds Figure 11 shows that at 45°C phage
production increased about two fold during 45 minute incubation and than was
inhibiteds However, after transferring back to 30°C, phege production
and viable cells increased. So the spontaneous production of phage in this

ts mutant was temperature sensitivee.

Fe Inhibition of phage induction after UV irradiation at 45°C in Bacillus

subtilis 168 thy~ind~ ts-134 ($105).

As was shown above, DNA synthesis was necessary for phage ¢105 to be
produceds This finding was examined in the ts mutant at 459C in which DNA

synthesis was arresteds An overnight culture of this temperature sensitive



Figure 10. DNA synthesis in Bacillus subtilis 168 thy ind” ts=134 ($105)

at_45°C,

Cells were grown overnight at 30°C in CH medium plus 10 ug/ml thymidine
and 40 pg/ml tryptophane The culture was then diluted and grown to loga-
rithmic phase in the seme medium at 30°C. To this culture, 1 pC/ml “Hethymi-
dine was addede After growing for &0 minutes for 30°C, the cells uere
transferred to 45°C. After 20, 70, and 120 minutes of growih at 45°C, 2
portion of the cultures are taken and trensferred back te 309C. At intervals,

3H-thymidine in these cultures was measured for DNA synthesis,
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Figure 11. Inkition of phace production in Bacillis subiilis 1€9 thy ing™
g u s o5 e, s

15-134( $105) at 45°c.

Lysogenic cells of the ts mutant were grown cvernight =t 30°C in CH
medium plus 10/pg/ml thymidine and 40 pg/ml tryptophan. The culture wes diluted
and grown tc logarithmic phase zt 30°C in the same medium. The cells were then
transferred to 45°C for 45 minutes and civided intoc two portions. Cne portion
continued growing at 45°C and the other gortion was trensferred tc 30°C. At

intervals, vieble cells and infectious centers were assayed.
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mutant was diluted and grown at 30°C to logarithmic phase in CH medium plus
10’Fg/ml thymidine and AD‘pg/ml thymidine and 4D‘pg/ml tryptophane This
culture was transferred to 459C for 45 minutes at which time DNA synthesis

was arrestede This culture was then UV-irradiated for 60 seconds and divided
into two portions. One portion continued growing at 45°C, and the other was
transferred to 30°C. At intervals, infectious centers were assayed, Figure
12 shows that after UV-irradiation at 45°C, there was a three fold increase in
infectious centers. However, phage production was inhibited by continuous
incubation at 459C after UV=-irradiation. After UV-irradiation there was a
typical phage induction, when the cells were incubated at 30°C. This is similar
to the observations of the earlier experiments with nalidixic acid in which it

was noted that DNA synthesis was necessary for phage(p105 produced.

Ge Relation between phage induction and the replicating point.
Rutberg (1969) showed that phage 105 integrated linearly into the

Bacillus subtilis 168 chromosome between the phe-1 and ilv=-A1 markers upon
lysogenization. These markers are located about 80% from the origin of the

B. subtilis chromosome. Since the generation time of this ts mutant im this
medium is$ about 60 minutes, so the logarithmically growing cells, which have
been transferred to 45°C for 45 minutes, were grown at 30°C for 45 minutes.

At that time ths cells are supposed to replicate near the prophage integration
site. Figure 13 shows there was phage induction by nalidixic acid after 45
minute growth at 30°C. However, there were phage inductions in both 0 and

80 minute growth at 30°C in which the cells are not supposed to replicate thier
chromosome near the prophage integration site. It was then concluded that
there is no relation between the position of replicating point and phage in-

duction after nalidixic acid treatment.
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Figure 12 Inhibition of phage production after UV-irradiation at 45°¢,

An overnight culture of B. subtilis 168 thy ind ts=134( ¢105) was
diluted and grown to the early logarithmic phase in CH medium plus 10 pg/ml
thymidine and 40 pg/ml tryptophan. The cells were incubzted 2t 45°C for
45 minutes and then UV=irradiated for 60 secondse The cells were diviced
into two portions. One portion continued growing at 45°C and the other portion
was trensferred back to 30°C. At intervals, infectious centers wsre assayed

on NBS plates.
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Figure 13. Releation between the replicating point and prophage inducticn.

Logarithmically growing culture of B. subtilis 168 thy ind"ts=-134( ¢ 105)
in CH medium plus 10 ug/ml thymidine and 40 ug/ml tryptophan was transferred
from 30°C to 45°C and incubated for 45 minutes. The cells were then trans=-
ferred back to 30°C. One portion was immediately treated with n2lidixic acid.
The other portions were grown at 30°C for 45 minutes and 80 minutes respective=
ly, and then both treated with nalidixic acids All these three portion were
treated with 404pg/ml nalidixic acid for 80 minutes and then diluted 100=-fold.

At intervals, infectious centers were assayede.

Ae MNalidixic acid treated for 80 minutes and then diluted

Be Grown for 45 minutes and then treated with nalidixic acid for 80 minutes
and diluted

Ce Grown for 80 minutes and then treated with nalidixic acid for 80 minutes
and diluted

De Control

Fe Grown for 80 minutes and then treated with nalidixic acid

Fo Crown for 45 minutes and then treated with palidixic acid

Ge Nalidixic acid-treated

He 45°C
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DISCUSSION

The results in this thesis indicate that UV=-irradiation induces prophage.
Immediately after UV-irradiation, there is a threc-fcld Increese in the
number of infectious centers in the culture. This increase is followed by
a latont period of 20 minutes during which time no increese in infectious
centers occurs. After this 20 minutes latent period there is an exponential
increase in the number of infectious centers until a cycle of phage pro-
duction wuth an average burst size of &0 phages per cell is completed 100

minutes after the time of irrediation.

The experiments also show thet thymine starvation ceuses prophzge
induction. During first 120 minutes of thymine starvation, there is less
then two=fold increase in the number of infectious centers in the cultures.
This number never exceeds the number of cells initially present at the
start of starvetion. Only upon the readdition of thymine to the culture,
does the number of infectious centers in the culture increase. The burst
size in thymine induced cells is alwzys approximate 10 phages per cell less

then the number produced in UV=induced cultures.

The results show & third agent, nalidixic acid, also Induces prephace .
As in the cese of thymine starvation, there is a two-fold increase of
infectious centers in 2 culture treated with nalidixic acid feor 240 minutes.
Fhece production is initiated upon removal of nalidixic acid from the culture.
The number of phage produced in the nalidixic ecid induced culture is
approximate § phages per cells I have 2lso found that 20 minutes of treat=-
ment with nelidixic acid is as effective in inducing prophage as 40 or 60

minutes of treatment.
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The thres=Told increase in infectious centers that occurs immediztely

after UV=-irradiztion is equal to the number of infectious centers expected if

(8]

each lyscgenic cell yields a plzque upon plating. This complete induction
cces no cccur in the thymine starved end nalidixic acid-treated cultures in
which even after four hours of incubation, the number of infectious centers

never exceeds twice the initial number in the culture.

#s indicated in the Introduction sectiony, induction mazy be divided into
two steps. The first is the elteration of the repressed, intcgreted srophzge
to tha excissd, vegetetive state. The second is the esctual replicaticn of ithe
derepressed, vegetetive phage. The deta in this thesis shows thaet the first
step of induction, i. 8. derepressicn can occur in the zbsence af DNA synthesis.
Ag chown in Fige 8 2nd Fige 12, UV-irradiation gauses ¢ threze-Fold increase of the

il
) Shtt i3

er of infectious centers even in the prasence of rmelidixic scid or 2t e lem-

l'—J.

crzture at which DMA synthesis is inhibitede. However, further productisn of

v

s}

3

:nage is inhibited by the continued treatment with ralidixic ecid or high tem=

21

peraturae. This suggests that the second step in induction requiree DNA synthesis.
The way that inducing 2gents bring about the first step of induction is

not as yet clears However, all inducing agents eppear to have comzon property

of inhibiiing, specifically, DANA synthesis. Three hypotheses hava Lsen propossc

to explein the mechenism of the first step of induction. Gn is thz precurser

fypcthzsise That is , that in the zbssnce of DNA synthesis, DNA precursers

zccumulate, and that upon reaching 2 sufficient concentiration, than thecse

precurssors will zntagonize and insctivete the repressor that maintains the
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lyscgenic stetes A sscond hypothesis ic the Lhe inducing sgents ¢ nig
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cegrzoztion of OhA and the products of degredation antagonize the regresscor,
thus resulting the prophage diverted to vegstatiive growthe The thirc hypo-
thesis is that the replicating point in the cell chromosome at the site of the
integrated prophage might be aamaged by the inducing agents. Conseguently,
the degrecdetion of DRR at the growing point that is caused by nelidixic acidg,
thymine starvetion and UV-irredistion would result in the excision cf progregs
loczted near the replicating point. The results in this thesis indicale that

the third hypothesis may not be correct.

The experiments(Fig. 13) in which the temperature censitive, Oii-initizter
mutant wzs used to align 'the Dihk repliceting peint near the chromcscme origin
(12 ta 1 o'clock position), shaows that nelidixic acid ceuses the incuctlon of
proghege integrated at the 10 o'clock positicn in the chromoscme. Thus, phage
incduction dces not appear to be the censequence of degradation of the DN neer
the site of prophage integration. Another cbservztion, that the arzest of Onha
synthesls in the tempereture sensitive, DNA=initiater mutant coes not lezd to
the induction of prophage, indicete that induction is alsc no ceused Cy the
sccunulation of DNA precurssorse Such precurssors would bs expected to have
sccunulated ™ in the temperature arrested cells. Thus the seconc hypothesis,
that incucition is the function of DNA degredation remzin as mest likely to be
correct. This conrclusion is supported by a recent observztion, not rapa:teq
in this thesis, that cell is unable to excise UV-induced pyrimicine dimars

frain its DN, and corsequently unable to degrads moch o its Din also non=-

L)

inducible by UV-irradiatione.
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SUMMARY

UW=irradiation, thymine starvation, and nalidixic acid treatment,

induced phags @105 in Bacillus subtilis.

Production of phage {105 in Bacillus subtilis was inhibited by nalidixic

acid as long as nalidixic acid was present.

20 minutes of treatment with nalidixic acid was a efficient in inducing

prophage as 40 or 60 minutes of treatment.

A temperature sensitive, DNA=initiator mutant was used to arrest and
synchronize DNA synthesis., The efficiency of induction in these synchronized
cells was independent of the positions of the replicating points 2t the

time ¢f induction.
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Induction of prophage in Bacillus subtilis 168((ﬁ105) was studied. It

was found that UV-irradiation, thymine starvation, and nalidixic acid treatment
induced phage ¢105 in this lysogenic strain. It was also fcund thet 20 minutes
of treatment with nalidixic acid was as efficient in inducing prophage as 40 or

60 minutes of treatment.

Froduction of phage ¢1DS in Bacillus subtilis was inhibited by nalidixic

acid es long as nalidixic acid was present in the medium.

A temperature sensitive, DNA=initiator mutant was used to arrest and syn=-
chraonize DNA synthesis. It wes found that the efficiency of induction was in-

dependent of the positions of the replicating point at the time of induction.





