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CHAFTER I
INTRODUCTION

The reiationship between g8 parasite and its host has been
and is a fasocinating probles o men of science. Among higher
animals and plants this problew has been investigated to a great
extent by various sclentists. 4lthough a2 nunmber of discoveries
have beeén wade and & great number of guestions have been answered
by the investlgators working on this problem & great amount of
information 18 needed. The lack of this knowledge is due to the
difficulties that one faces working with higher plants, animals
and their parasites.

ftudles on viruses (plant, animal and bacterial viruses)
has opened new fields for research. Research with bacteriophages
( a'Herelle 1917) and their specific hosts has been vigorously
followed in many laboratories. This research ean be done at less
cost, under closer observation and undsr hetter sontrellsed
eonditions. The study of the baetorium~baetoriephage'rolatienshlp
has attracted not only bacteriologists, but also geneticists,
virologlists, immunclogisis, biocnemiasts, etc.

Bacteriophages, are submieroscopic entities capable of
being introduced into apesifio liviag bacterial cells and of

reproducing inside such oells only. Inside the bacterial cell




the asterliorhage behavss as a cell constituent. The bacterial
o8ll i3 not a sizmple, but a very comodlicatsd entity. All the
cell's constituents are not thrown into a2 cell at randorm, but
they are set in a definite pattern and constitute an orranized
entity. The main problem in the atudy of intrecellular behavior
of baoterliopnages is that of thelr reproductive mechanisnms,
Clarification of thsse nachanisme would give sdientista

& better understianding of the nature of bectericophagess and thelr
reiatlonshipe, and vserhavs help to control thelr »nrovacation.
Information on the mechanics of dhacteriovhage reproduction may
throw some iight on the central problem of biology whieh is the
reproiuction of individual aveseific bloloziecal elements such =2n
genes. It haas been acsepted that bactericphaces carry spesific
gonetic m=terial {Lederbarg 15%3).

Although certain detaila of the bacteriophage bacteriunm
interacilion have been sneswered, our investigation has heen the
study of the host-parasite relationship ae 1t exists in the
bagtericophage infeosted beoterial cell. Specificelly thise
investigstion 18 the study of the lysogenic system in iacherichie
goili, etruin K12 znd the effeot of certulin druge on the lysegenie
syetem.

A purber of purine snd pyrimidine analozues and other
lentinetebolite compounds were used in this investigation. The
efreat of these drugs on the bsoterium bacteriophage combinsition
fWill be studled by the paper disc method 7.ii.'sheshov et, £1./1955)

Druge that 4o show soms effeoct will be studied further for their




effect on haoteriophsge lagbds: for thelr offeot on L. goll W1l485;
their effeot on the breteriur hactericophapge intercotion hy the
one sten growth expsriment of Fllis and Delbrusk {1938) and
finally the abhility ef thess drupe to lnduvee ©. goll K12 to
produse lanbda phage will be atulied.

Anothser sesmeot of thisz situdy will be the couversion of

Z. goll Y1485 calls inte aphercilazeta by the weinod oi Jeyues

aon

1297), and the infecticn of these spheroplestt with lambis

baotericrhase.




GHAFTEK I1
REVIEw OF RELATED LITERATURE

“he {irat dsgariptions of bacterial viruses (baateriephagoq
“ere publishsd by Twort {1915) and d'Herslle (1917). Twort (1915)
spagulated on the nature of ihe bacteriovhage in many wayes. He
thouzght that bsoteriocrhage could be (1) an ultramiscrcscconie virusg
(2) an @izvae with the power of growth; (3) & stege in the life
pistory o) the miorogoaous; (4) an entyme rroduced by the mioro-
coeous 1tseli end leading to 1ts own destruction and the nrojuotd-
ion of rore entyme. 1Twort favored the view that ths "material”
ve2 1roduced by the doccus and pointed out the connegtion with
the problen of eancer of this "apvarent srontaneous produation
of & salf deatroying msterial whioch, when started, incre2ses in
quantiiy.

n'Haralle (1921) believed bacteriovhsve to he & parasite,
& virus which wenstrates into sensitive bhacteria, develops and
lyses 1ts vacterisl hoat. This eoncept of bavtericphage presents
the oorreot ploture ¢f the relationship betwesn a sensitive
baaterium and a virulent bsoteriophsage, but does not apply to
lysogeny. The concept of lysozeny vwas introduced by ildenmeister
Ba’l, Otto. “unter and mordet {(Lweff 195%) whe spaculated that

bactericrhuge wes rreduced dy eertain bacterda in the ahaence of




thaze, 'This theery led people te believe that beoteriornszzes
aould be produced by haoteria without infection. Thus
Tildenneister and Herzberg (152h) clearly conceived of lysogeny
a8 B property of bacteria wihlch dould be malaleined in the
asvsence of free phage,

Ball {1%%%) ana Bordet (1925) lndegsndently raported the
existence of etrains of basteris in which sash cactsrium gives
rise te 2 heoteriorhase producling slone, this lysogenioe progperty
Leing msintalned in the shasence of free basteriorhage.

Turnet end Mefis {1929) attampted 4o explain lysogeny in
terrs of ths “anlage”. ifter treating lysosenis bacteria with &
dilstilled water and observing that arnproximately 0.1% of the
tactoria contalned basteriophapge, thsy soneluded that lysogenle
baoteria contained in their hereditary constitution a unit
potentially eapeble of liberating bacteriophage. This lytioe
prineiple "anlage” 18 a normal oonstituent of lysogenie phage
walon 13 lneorporatsd into the hereditary conatitution of the
basterium. Sacteriorhage particles are libarated only if this
"anlags” 1s agstivated.

wwofil and Gutmann (1950) observed that lysogenic bdaocteria
grow and 1lvide without libersting ‘acteriorhage. Only a smeall
frastion of the lysoxsale bvacterls in a lysogenle population
produces bacterlorhare and this process of bastariophage
rrocustion is lethat to the ractsrium.

From this bri=f niatorical review we can sss that basterio-

phage may be ¢lassified into two kinds: "Virulent” and




"femrerate” depending on ths response they eliolt uron infecting
bastaeria,

“Tirulent” bastericohares, comvosed of & ascre of desoxyri-
bosenualeic aaid (DNA) and a protein asost, when coming in eontast
with the proner baocterial csll adsord oante the surface of the
bagterium. The DNA of ths haosterionhage enters the asll(infestion)
whersas most if not all of the rroteln coal remains outside
avnargntly without verfsarming any other actin. The M2 i1s thus
the carrier of the genetice svecifiiclty of hecterioshsce.
Multirlication of the phuge N2 besineg soon after Infeotlieon
(broductlvo 1nfaetioﬁ Lwoff 19%3). During this time intersction
may cocour hetween the genetiae elements formed leading to the
sroduation of genetic recombinants of the phars. lNew bDeotaerlopn
phage protein thus begina t¢ he aynthesized and the maturs phzze
rartisles aprnear. 5till lster the 0ell 13 lysed libersting iate
the growth medium & large number of phage varticles. This coours
with the “virulent" basteriophaze.

In the case of the "temperate” bdacteriochares after they
come in contact and adscorb onte ths proper basterial cell e
variable number of bacteria may be lyvsed, but sowme haoteris
survive and give rise to lysogenio progeny ('reductive infactioxn’
Iwoff 19%3). In lysogenis bacterisa the abllity to produce phage
is believed due to a yrophage which arpears to bs part of the
hereditary material of the broterium and ic lccated ou the
bacterial chromosome (Lederberg and Lederberg 1953 ); Lennox (1958)

and Jasod (195%5). Lysogeny then ie the hereditary property of




producing bacteriophage without infection by external particles.
A lysogenioc bacterium possesses and transmits to its progeny the
capacity to produce baoteriophage (Adams 1959).

The evidence for the concept of the location of the pro-
phage on the chromosome and its genetic role was brought to light
by Murrsy (1953). He showed that infection leading to lyaogenieit¥
produces characteriatic transient morphological changes in the
host chromatin. The presence of prophage in each of the daughter
cells suggests that it divides in harmony with eome nuclear
structure.

Lederberg and Lederberg (1953) demonstrated that prophage
lambda 1s linked with a specific gene which controls the ferment-
ation of gelaotose in E. goll K12,

How can bacteriophage be produced by cultures of lysogenio
bagteriar It has been found that bacteriophage preoduction fronm
lysogenic strains of bacteria can be spontansous or induced.

Using single baoteris isolated by a micromanipulator,
lwoff and Gutmann (1950) demonstrated that bacteriophages are not
segreted by living and multiplying bacteria, but are released by
lyals of a small number of baoteria. The constant ratio betwesn
free bacteriorhage particles and the bacterla in growing cultures
indicates that in each generation a given fraction of the popula-
tlon 18 lysed and bacteriophage is released. The ratio observed
depends on the burst asize and the frequency of lysis. The faotors
which determine spontanecus bacteriophage production in lysogenic

gcultures are not all known.




Induction of provhage to precduce bacteriophages was first
discovered by Lwoff, Siminovitch, and Xjeldgaard (1950). They
found that irrsiiation of lysosenic culturea with small doses of
ultra-viclet light was followed by bacteriophage formation in
almost the entire popruletion; forty-five minutes after irradistion
the baoteris lysed and liberated large numbers of bacteriophages.
This led to the dlscovery of other inducing agents.

Latarjet (1951) found that ¥X-rays oan also induce bacterio-
rhags formatlon. 1In addition several chemical compounds including
|such redusing compounds as thiomallie acid, reduced glutathione
#nd asgorblc acld (Lwoff et al., 19%52) were found to have an
Ainducing efiect on certain lysogenic bacteria.

Tertio-butyl peroxide also indugses the development of pro-

hage in Leolllus mepatherium and in Pseudomonas pyocysnea. These

bacteris are induceed also by butadiene-~l:3:dlepoxide as well as by
Fthylenﬁimine (Lwoff and Jacob 19%82). Nitrogen mustard is also

Ln inducer on “seudomonas pyocyanea (Jacob 13952) and on Salmonells

thompson (411lliams Smith 1953). Bacteriophace formation is also

i nduced in some lysopenic strains of Salmonells thompson by sulfa-

thiazele, the effect of which 48 suppressed by para-aminobenzolce
reid {+11lilems Smith 19%3).

cts, Eird snd Mudd (1955) described the action of the
gntibiotic L-Azaserine ss an inducing agent for the development
pf” bacterlorhags in the lysogenie E. coll X12.

~tsull et. al., (19%9) showed Mitomycin C to be anather

induser for basteriorhage production in the lysogeniec K. goll K12.




Further work along this line has revealed several other
chemical inducing agents. In our investization, as 1t is stated
in the introduction, we have tested a number of purine , vyrimiding
and amino aclid analoguee and other antimetabolite convounds for
their effect on the baoterium-bacteriophaze relationshiv snd
also for their ability to induce bacteriophage formation in
E. 00li K12. These drugs showing abll ty in our sereening
procedure were studied more extensively in an effort to determine
their site of action. The use of these drugs in the study of the
lysogenic asystem has certain advantzges over the use of ultra-
violet irradlation, X-ray irradiation and nitrogen musterds. WwWith
these latter indueing agents precise ocontrel of dosage is not
a8 easily achieved as with L-azaserine, mitomyeln C and other
compounds.

Bacteriophage lambda was originally isolsted hy Lederbers
and Lederperg (1953) from £. gol! X12. The adsorption of baetoriﬁ—
phage lambda to 1ts bactoria} hoset cells is rather poor under
eonditions (Physiologically young cells) which are most sultable
to the adsorption of most other bacteriophages; it is quite good,
however, with starved cells in the presence of ¥g (Xaiser 19F5).
Under optimal conditions the latent period for bacteriophage
lambda is forty-five minutes and the burst asize 1s eighty to one
hundred and thirty. Other workers (lLieb 19%3) reported that
lambda bacteriophage gives & burst size of thirty-five to one
hundred particles after a latent period of thirty-five minutes.

Bacteriophage lambda has been studied by the electron mieroscope




(Xellenbergsr 19%4) and was found to b8 morchologically very
simllar to bagterlophage Tg. Serologlceally Taoteriophage lambda
13 not related to any of the T-baoteriorhages (velgls and Lelbruok
1951).

The auclelc acid of basterliophage lamdia haa been analyzed
by J.D.S5mitnh and L. Siminoviton (quoted by Lwoff, 1953}: its
bases were found to be adenine, thymine, cytosine, and guanine;
f-hydroxy-metihvlovytosine was not detected.

embda phages usaed in different laboratories, although,
all derive# from E. goli 12, often differ genetically to sonme
extent. This is probably due to the faet that lambds phapes are
usually obtained by inducing ¥. goll K12 with ultra-violet
irradiation which 18 mutagsnic and also to ths isct that many
derivatives of E. goll K12 were irradisted at one time or anether
in order to rroduce mutants for studles of bacterisl gansetics.

Another aspeet of our rreblem 1a the rreparation of
[E. coll w1485 spheroplasts and the infection of these spheroplasts
with temperate bactericphage. we hops that if these spheroplasts
could be infected with lambds baoteriophage to make & more
detaliled study of the sphercplast bacteriophage relationship.
Bacterial vrotoplasts have heen prepared by variocus
procedures. It has been proposed tc cell the fragile structures
that sre produced from gram positive bacteria after the removal
jof thelir cell wall protorlasts, and thoee from the gram negative
bacteria protorlasts in quotes or protoplasts like, (welbull 19583).

In our literature review we shall use thie nomenclature.




weibull (19%3) showed that protoplasts ocan be prepared by
treating cells of Bacillus megatherium with egg white lysozyme
in the preasence of suitable consentration of glucose or poly-
ethylene glyscol.

Lester (1953) and Beljanskl (1954) working idependently

showed that protoplasts of Micrococcus lysodeikticus li<ewlse
wares produced with egs white lysozvme.

¥Mitehell and Moyle (19%6) prepared protoplasts of garcina
lutes with lysozyme.

¥itehell and Moyle (19%7) in trying to prepare protoplasts

of gtsphylococcus aureus by lysczyme mede the interesting

observation that under certain eonditions in the absence of

lyszozyme, susvensions of Staphylococcus aureus became sensitive

to osmotie shoeXx and apreared to have been converted to proto-
plast llke bodles by autodigestion of part of the cell wall.
2ge vhite lysozyme hes bheen also used in preparation of 'proto-
plasta” of gzram negative bacterisa.

Zinder and Arnt (1956) described the conversion of Z. goll
¢ella 40 oamotically fragile bodies by the action of lysozyme
alone, provided that the medium was adjusted to either pH 5.0 or
to vetwezn pH 8.0 znd pH 9.0.

Repaske (19%6) found that cells of E. ¢oll, Aercbacter

vinelandiil snd Tseudomonss serupinosa, can be lysed by lysozyme

at PH T.6 to pH 8.0 if ethylenediaminetetracetic acid (EDTA) was
present in the resotion mixturs.

Spizizen (1957) prepared E. coli “vrotoplasts” with egg




white lysozyme.

Panijel and Huppert (1957) found that osmotlically shooked
T2r bacteriophage preparations were able to convert E. coll,
strain 5 to protoplast like structures. Bacteriophage D4 wan
motive on Salwonelle euteriditis. Sucrose solution (20% u/V)
ws8 Uusod 88 stabilizing sgent and EifT4 was necessary in the case
of 3elmonella enteriditis.

tederberg (19%6) and Hahn ani Ciak {1957) i1dependently
showed thui penicillin-innibited growth of :roteus vulgaris and
E. goli could iead to apaeriocal, osmotlosll; senslitive protoplast
ilke structurs.

Jeynes {1957) used 3% «/V amino acetic acid (glycine) asa
inducing sgent for protoplast formation.

Tevor (1961) reported the use of guinaorine hydrochloride
a6 stabilizing agent.

Orowth of bacteriophage in dbacterisl protoplasts has heen
revorted by various investigators. Salton and No.uillen (19%%),
Brenner and Stent (195%), Brenner (19%5) and Yojuillen (19%6)

heve reported that protoplasts of Desillus megatherium rstain the

ability to support growth of bacterlophage. In their sxperiments,

sglle of Baalllus regatheriun were infeoted with bacteriovhare

and then a fortion of the ocalls was converted inte protoclasts

by lysozysa. Cells and protoplasts later lysed producing phasze.
2inder and aradt (19%6) infected £. goli, strain E with Ty

bacteriophuye and after adgorption was completed lysozyme was

added. Irotoplasts thus produced by lysozyme were sanable of




produsing T4 bacteriorhage in titer comparable to that produced
vy intsot collia.

Lederbsrg and St. slair (1958) have reported that penlell-
1in spheraonlasts (protoplasts with cell well parts left on tham)
of 5. goll could he inlectsd with Tw, T7 aund Tg basteriophaies.

In our exreriments we shall sattempt to produce . ¢oli
w148% sphercplasts by the method of Jeynes [1357) and if these
gvherocvlagts show ability to adsorb lambds bacteriophage further

exariments will be plenned.




CHAPTER 7117
MATERTALD AND METHODS
Ragterial stralre &and vacteriophsge uvged

iaree sgtraine of Escherichla coll were used in all of our
experiments: E. coll X12, E. eoll C and I. goli wl4d5. Two of
the cultures were furnished by Hr. Thomas J. Bird, and 1. ¢oli
#1485 was obtelne from the 2merican Type Julture Collection. Thel
identification was basad on a number of bloghemieal reacticns as
is indlcated in Table II (page *3).

The temperate bacteriophage lambda from T. cgll K12 was
used throughout ocur experimsnta. ILawbda phages were prepared by
arradiating lysogenic E. coll X12 with ultra-violet light,
inoubating the irradlated oulture in the dark for 25 hours and
then centrifuging to remove the nonlysed basteria and debris.
The supernatant was mlxed with ehloroform, shaken for 3o minutes
to kill the remaining bacterle and centrifuged agsain. The clear
supernatant vwas assayed for lambda phoge with £. coll #1485, the
phage sensitive indicator strain. Lysates prepared by thls method
gave us 103-105 plagus forming units per ml.

fhaze assays or titers mentlioned thoughout this vork were
obtaianed by the agar layer method draties (1936). Brierly, the

phage esuspension is dlluted serislly in exaotly the same manner




as are bacterial suspensions. A measured volume of the diluted
suspenalon, usually 0.1 =1, is placed into about 3.0 ml of 0.75%
Agar in Brain Meart Infusion Broth (Difco) whioch has been prcviouﬂ~
ly meltied and placed in & 45-470C water bath. The sgar hes also
venvu inoculated with approximately 108¢109 bacteria car ml, whioch
are susceptiltle to the bactericrhace. This adxture of apgar,
baoteria, and paage is poured onto a pestri-4izh contelining aboutl
25ml of Jutrient Agar (Aifeo). The bacteria zrow in the top
layer and would give a eonfluent fllm of bacteria e:iscept for the
action of phages, which lyse oircular c¢learinge ozlled plagques.
The number of plaques on a plate multiplied by the dllution faotoﬂ
of the original suspension givea the amseay of rhazes a8 number
which has been shown by the elegtron mioroscope to be the same as
the number of phage partiocles (luria, Willlasws, and [lueitus 19%51).
High titer atooks wors prepared by the agar layer wmethod
(Adanms 19%39). Titweras of 107-108 baoteriophagae particles per ml
were obtalned by this method. ™urthor oconcsutration of phages
was achieved by lyophilization (Ad=ms 195%) or gorhowax aéacrptiod.

Soereeninx of chemical compounds

The chemical eompounds (drugs) ussd in this wors are listed
in Table I, (pazes %0-32 ;. The numher Iollowing each ohemical
conpound denotes the source from which it was ohialined. Number 1
indliesates that the drug was cbtalined from Yutrlitionsl ﬁiochemicalﬁ
Gorporation, 2 from Celifornia Corvoration Yor Blochemical Re-
saarch, 7 fror Mann Research Laborstosries, 4 from Elos Llsborstory

an3 § that tie chemioal wag obtalned frow elsewhsre.




The screening of the eifecet of the drugs on the baoterio-
phage bacterium intersstion was stuiled using the paper disec
method descoribed by isheshov, Hall, and Flon (195%). %ilter
paper disos #inch diameter (SochleicheriSchuell, # T40 &) eof highly
adsorbent paper were saturated with a solution of the test
substance and placed on the surface of prepared bacteriorhage-~
bacteris agar plates. * mixture of bacteria and bacteriophage
producing approximately 300 plaques was apread over a nutrient
agar plate. The agar plates were allowed to dry for 30 minutes
and the disces containig the proper goncentrstion of the drug were
placed on the surface of the agar plate. Four different asoncent-
rations were used for easch chemical compound (drug): 50mg/ml,
2%5mz/ml, 15mg/ml and Smg/ml. The plates were then inocubated
overnight at 3?00 and the results were recorded as 1s shown in
Table I (pages 27U-32), From the drugs that showed some effeot
by this screening methcd & number were selected and studled nmore
extensively for their effect on free lambda dbacteriophage,
bacteria, bacteria-bacsteriophage ocmbination by the one atep
growth experiment kllis and Delbruck (1939) and for their ability
to induce lambda bacteriophage formation in . goll Kl2.

-

Effect of chemical gompounds on free bacteriovhaxe

The effeot of the following chemical compounds on fres
lambda bacteriophage was studied:

L-Arterenol Bltartrate Hydirate

DL~Beta-Fhenyllactic Acid

Benzimidazole




Bisulfan

Diohlorscetyl~DL-3erine MNa

Diochloreacetyl-I-Serine

DL~Fara~-Tluorophenylelanine

rentamidine

ropamidine

R~CBZ-DL-38rine

Stilbamidine

DL-Bita-3-Thienylalanine

The above chenmical compounds were dissolved in oold or hot
water, but for uniformity all the above chemisal compounds were
heated to 857-9C°C before use.

The titer of the lysate used was 2.4 ¥ 108 plague forming
units per milliliter, Iline-tenths nl of the lysate was dispensed
into test tubes. To this was added O.lml of the proper dilution
of the chemical compound. The concentratiocns used for each drug
testoed wera{ Smg/ml, 2.5mg/ml, 1l.8mg/ml, and 0.Smg/ml. Controls
were run eoncurrently. Assays for lambda bacteriorhage were run
after one hour, three hours and twenty-four hours of inoubsasion.
The agar layer plate method of gratia (1936) wes used for these
essays,

Effect of chemigal compounds on ZTscherichia aoll w1485

E. coll %1485 was grown in nutrient broth (Difco) at 37°C for

twenty-four hours. (ne tenth ml of this culture was inoculated
into 100ml of rnutrient broth and was incubated with aeration in

a 379C water bath for and one half hours. The 2% hour aerated




culture wae centrifuged and the supernatant was discarded. The
baocterial cells were resusprended in saline, centrifuged and again
resuspended in saline., Flate counts done in dublicate showed
that the bacterial culture contained 2.4 X 108 bacterial cells
per ml. TFrom this bacterial culture a 4illution tube was prepared
ocontaining 2.4 X 105 bacterial cells per ml. From this O.1lml was
inoculated into 1.0ml of nutrient broth containing the appropriat‘
chemical compound at the proper concentration, thus the bacterial
culture was diluted from 2.4 X 10° to 2.4 x 105 baoterial cells
per ml. Controls were run concurrently. The concentrations of
each chemical compound used were: 50mz/ml, 25mz/ml, 15mg/ml, and
5.0mg/ml.

The above bacterial-chemiocal compound mixture and the
controls were inocubated in a 37°C water bath and aliquots were
removed at zZero time, after one, three, five and twenty-four hours.
Flate counte were made for each aliguot taken. The inhibitory, n
non-inhibitory or the stimulating effeet of these chemiocal compou#ds
upon the growth of E. goli W1l485 was studied. Three such experi-
ments were performed for each chemical compound tested.

Additicnal experiments of this type were performed using
only one congentration (lmg/ml) of each chemical compound. The
chemical cecmpounds thus tested were dissolved in phosphate buffer
Aliquots were drawn at zero time after two, four, six hours and
after overnight incubation at 37°C. One experiment for esch

gchenlical compound was performed.




Effect of chemlical compounds on the intracellular
development of lambda bagteriophage

The effect of saeh shomical compound on the intracellular

development of lambda bacteriorhage wes studied by the "one step
arowth' esi;sriment dessrihag by Delbruck and Luria (1942).

The intrasellular develorment of lanbda phage was also
studied by a method dessribed by Asheshov et al., (195%) which is
3 modiflcation of the "one ster growth" experiment. By this
methicd the adsor;tlon tube is diluted 1:50,000 and assays are
made after one, two, three, and five hours of incubation of the
beoterisl-bactericihage crhemical compound combination.

Atillty of chemlcal compourde to lnduce lambds

formation in recherichia ocoll KiZ2

The abllity of a chemical compound to induee the growth
and develorment of soctive bacteriorhace from the prophage atate
in lysogenie baacteria has boen correlsted with mutagenic and
carcinogenic activities Lwoff (19%53). In our investication we
tested a number of chemlcal sompounds which had shown some effect
on the bacteria-bacteriophage interastion by the paper disc method)]

The effect of these chemical compounds on the maturation
of the prophage in the lysogenlec E. goll K12 was studied with the
deseribed by Gots, Bird, and Mudd (19%5) in their exreriment with

L~Azaserine.

freparation of I. goll w1485 spheroplasts
Infection of spheroplestis with lambda

E. g0l wl48% spheroplests were prepared by the method of

Jeynes (1Y57). The sphercplasts wer examined microscopically and




their highly fragile nature was cobservad when they came in contact
with water.

Infesotion of E. gaoll W1l485 spheroplests with lambda phage
was asaoonplished in the {sllowing manner. Cne wml of an 18-20 hour
culture of srherevlasts was gsentrifuxed end the gupernatant was
discsrded, 1The nellet of sphercplasts was dlspersed into twe
milliliters of water oontaining 0.001%/liter of guinecrine hydro-
chloride which hae been revorted by Tabor (1961) to be a good
stabilizer for K. enli arherorlasts. 7o this tube lambda phare
was8 a&dded and adeorvtion took place for 6.0-12.0 minutee at 37°C.
reenyp for adsnrbed and non-adsorbed bacteriophage particles by
epheroplasts were compared with z2ssays obtained with whole cells

of §' goll 2’3143‘35‘




The sorasning cof the chemlical compounds studied was done
by the {ilter gajer disc methcd se desoribed in materials and
methcds. The reaulta obtalnedl by this method were recorded in
Table I (pages 30-32 ), @s B, », BF, and <.

1). B: Antibacterial aetivity: Ias characterised by a zone of

inhibitlon sround thae Jiso, *ilgure No. 1 {(pagze 50). A zone of
complete bacterisl inhibition is visible around the disc and this
12 surrounded by & zone of lighter bacterial growth.

2). E: ‘intiphape setivity: Is characterized by an area around tnﬁ

dlse irn whloh although bacterial growth 1s visible baoteriorhage
rlaques are lacking. Also an area in which fewer plagues are
present is visible. Figure No. II (page 51).

3). BZ: Zoubined sntibacterial and antiphape activity: This ocase
is evident in Figure No. IIT (puge 52). /. zone of bacterial

inBibition ia surrounded by snother zone of lighter bacterial

grovth and an area lacking bacteriophage plagues.

4). @: HNo effect whatscever: Figurse No. IV (page 53).
One more phenomenon not shown in the figures should be

menticned heres This phenomenon may be called stimulation of




pacteriophage. It appeared in very few cases. / greater number
of bacteriophage plagues was obgerved close to the 4dlsc than in
the rest of the tlste,

Effect of chemigal compourds on frcc bacteriophace

A dozen of chemicel compounds wsre tested for their effeot
on freec lambde bacteriorhage. Assays for surviving lambda phage
were made after one, three, and twenty-four hours of incubetion.
The results are shown in Table te. TIT (page 38).

Tt can be seen from this tadble that the chemlonl ecapounds
DL~Beta-Thenyllactic 4fald end Fenzlimidavcle Inhiblt fres lambda
phage ocwpletely at the concentretions &, 2.8, and l.%ms/ml. At
the concentraticn of 0.Smg/ml the inhidbition ie not complete.

L~Arterencol Ritartrate lyirste, Bisulfan, Tlchleracetyl-
L-Serine and N-CBZ-DL~ferine iphibit laxbda cvhage complstely at
the oconcentration of Sag/ml after 24 hours of insubation;
L-Arterenol Kitartrate Hydrate inhiv%its larhbda thiaca aftsr 24 hrs
at the 2.8me/ml concentrstion and alao it 13 more inhibitery at
lower concentrations thsn the other ohemicel compounds. Fisulfan
in the lower concentration of 0.%5mg/ml has no seffect on lamhilsa.
Tentamidine has a alight inhibltory effect on lambia bacteriaph&;ﬂ
in all the conoentrations ussed.

Propamidine, ftilbamidine, and OL-Beta-3-Thienylalsonine
all have & very 3light inhibdltory eflfect in the hlghar oconcent-
rations and no effeect in the 1.5mz/m and 0.%mg/ml conosentrations.

Dlohloracetyli-DL-3arine Na has no effeot on free lambda

phage in any of the concentrations teatel.




Effect of chemioal sompounds on £. eoll W148%

The effect of 2 number of chemical compounds on L. ¢oll
W1l48% was tested. The lanibitory, non-ignlbitory or the stizu-
lating eifeot ol tnese chemlcal compounds upon the growth of
£+ 001l w1485 18 recorded inm Table IV (page 36).

L-Arterencl sltartrete hAydrate, iunicits the growth cf
ke 0011 wl4b5 at all the concentrations tested alter twenty-four
hours of inoubation. In shorter periods of incubation & gradual
reduotion ol bacterial cell numbers was noted in all the concent-
rations. (Not recorded in table). After cne hour of incubation
in the concentration of S0m&/ml the bacterial cell number 1is
reduced form z.4 X105 to 1.1 X10% celils/ml; after three hours of
incubation it was reduced to ¢.8 x103, and &fter twenty-four hours
to zero. Himilar progressive reduction was noted for the conocent-
rations of 25mg/ml, lSug/ml, &nd Smg/ml of the compound L-Arterenojl
Bitartrate Hydrate.

Benzimidsezole: This compound inhiblted partlially the
growth of E. coll wi4bs5 at &«ll the concentratione after 24 hours
of inoubation. Juring incubetlion ior one, ané three hours the
reduction was slight. ‘Thus after twenty-{our hours of incubstion
the reduction was, for 50mg/ml from 2.4 X107 to 9 x1o“, for 25mg/m

* ana for smg/ml was 8.9X10%

to 7.2 X10%, for 15mg/ml was 7.8 X10
cells per mililiilisr.
Bisulfan at all the conoentrations used innibited the

growth ot k. goll Wl485 oompietely arfter one, three, and twenty-




four hours incubation.

Mcehloracetyl~-DL-Serine Na reduced the number of L. goll
w1485 cella from 2.4 ¥10° to 2.5 x10% at tre concentration of
EOmg/nl after twenty-four hours of incubation; at the cther
concentretions used thare was no reduetion during the seame period
of inoubation.

¥-Fluoro-DL-FPhenylalanine in the concentretions of SCmg/ml
and 2%5sg/ml completely inhibited the growth of 4. @oll W14&%; in
the lower oconcentrations of 15mg/ml and Smg/ml there wes a
redustion in the nusber of &. coll #1485 gelle to 13 A10° ana
to 20.4 X10% gells per milliliter.

Dichleracetyl-L~Serine, Fentamidine, ropamidine and
¥-CBZ~-11-%6rine all these shemioal coapounds inhibited the growth
of E. goll +148% completely after one, three, five and twenty-foun
houra of inoubation at all the concentrations used with the only
excaption of Dischloracstyl<l-Serinas and N-UBZ-DL-serine which at
the lower consentration of SBmg/ml did allov some growth‘to tuke
rlace even after twenty-four houre of inasubation.

3tiluamidine inhibited the growth of K. goll w1485 in all
the concentrations tested to some degreo.

Additionul experiments of the same type were performed.
The concsntration of the chemiocal compounds used was lmg/ml.
Assays were made Lo Jdetermine the number of baoterie groving. The
rosults obtained from these assaya are recorded {(feor zerc end one
hundred and twenty minutes) in Table V (peage 37).

The effect of the chemical compounds upon the gensration




time of ;. goll ¥1435 has been caleulated and recorded. The
calouletions were carried out by the use of the two formulae used
in the studies of growth of bacteria, (olifton 1957). The two

formulae ugad are shown helow:?

- loght~logko t
(1) R et Rl (2) Goerg= —
log n
where: n ¥umber of generatione
t Time ,
e tveraze generztion time

Bo wumber of basctaria at the teginning of time t
Bt Number of broterisa st the end of time

As it csn be seon from Takhle V (page 37 ) for the chezmical
cemteunds Tentamiline end Fropsmidine, a osnloulation of the
renerstion tlme was not sattempted since it wes eévident that both
ghem osle supuressed the growth of L. goll W1l485 at the concent-
rations tested. As tho goncentrstion of theae chemiocal cuupsunds
ie lowered siignt growth takes nlace. FPerhaps both compoundsz at
a2 lower oconcentration may ineraase the genaration time thus
gloewlnz the overall zrowih of L. goli wl48%,

From axamining the generation time of E. ¢oll wl4E5 in the
rresanes of the varicus chemicsl eompounde we cen séd that the
gomproun Hisulfan laersases the generetion time from 33U zinutesx
te 48,7 minutes. Stilbemidine whieh in higher concentrstiones
inhibited ¢rowth cowpletely, st the concentration of 1lmg/ml sup-
yreseed the growih by inoreasing the reneration time to 44.5 minu-
tes. [~‘rterenol-Nitartrate~-Hydrate ineresssd the generation time
to 42.8 minutes., Dichloragetyl-L-Serine also increased the gener-

ration time to 40 minutes. Benzimidazole and Dichloraeetyl-Di-




Serine Ns inoreased the generation time 1o 3% miuutes.

Some of the chemical compounds tested hud other effectsa on
the growth of E. goli W1485. ni-Beta-Fhenyllactic Acid showed
& stimulating effect. The generation time was reduced fromr 30
to 28 minutes. DL-Fara-Fluorovhenylilanine and NI-3ete~%-Thienyl-
alanine both stimulsted growth by reducing the generstion time |
to 26.6 minutes. N-CBZ-Di-Rerine also stimulsted the srowth of
E. goli Wl485 by reducing the generation time to 25.%5 minutes.




Effect of chemical compounds on the intracellular
development of lambds phapge

The effect of s number of chemical compounds on the intra-

cellular development of lambds phage was studied by the "one step
growth” experiment of Delbruck, and Luria (1942) and also by &
modifiocation of the above experiment described by Asheshov et al.
(1955).

As 18 indicated in Table VI (page 3% ) the different chemi-
¢al compounds varied in their effects on the intracellular
development of lambda phage. we can see the effect of each
chemical compound on the length of the "latent period” and also
the effect on the "burst size". The extent of the latent period
varies from 3o minutes which is below the normal of (control) 34
to the high 47 minutes, and the burst size varies from 56 plague
forming units per milliliter (whi~h 18 far below the 106 plagque
forming units per milliliter of the control) to 136 plaque forming
units pre ml.

The effect of the same chemical compounds on the intrsceli
lular development of lambda phage was also studied by the method
of Asheshov et al., (1955). This method was used to determine
in & gross way whether any of the chemiocal compounds had an
inhibitory or stimulatory action on the intracellular development
of lambda phage which was too slight to be ¢cbeserved by the disc
screening procedure.

As it can be seen from Table VII (pege ? )} the chemical

compounds were divided into two groups. The number of plagues




showing in each assay perf:rmed is shown in this table and also
the effect ¢f esch compound on the intrascellular development of
leztdsr vrhage has been 1dentified by T: for inhibitory effect,

NI: for non-inhibitory effect, and 5: for stimulstory effect.

Ability of chemical compounds %o induce lambda phage
formation in E. eoll K12

Fifteon ochemliocal oompounds were tested for their ability

to induce lsmbda phage maturation in E. ¢olil K12. The results
obtained sre shown in Table VIII (page 40)., In this table we

can see the number of lambda phage particles produced by exposure
of ©. 60ll X12 to the various chemical ceompounds.

DL-4lamyl-Ul-3%erine, TL-Artersnol HCL, Benzimidazole,
Dichloracetyl-L-Serine, 3,4-Dihydroxynorephedrine, Formyl-DL-
fhenylalanine and N-CBZ-DL~Serine all induse the formation of
lambda bacteriorhage from E. goli Kl2. It is of interest to note
thst Benzimidmzole, which at 5mg/ml concentration inhibits free
lambda phege, induces formstion of lambdas phage at the lower
oconcentration of 100ug or img/ml.

Stilvamidine, fropamidine, rentamidine, Thiocurscil and
L-Arterencl Bitartrate Hydrate 4id not induce lambda phage
fervstion.

pL~Fare-7luororhenylelanine induces lambda phage at the
lower concentration of 100ug and the higher concentration of 1m5/&1
but the size of the plagues 18 mush smaller than usually and this

shoull be investigated.




Infegstion of x. voll ¥W1i4(% asphercplasts
With lamhds hasteriovhage

It was found that lawbda vhapge was adsorbed onto 3. goll
w1485 spheroplasta at almost the same rate as to the whole cells
of E. goll W1485. As it can be seen from Table TX (page 4,y ) the
sdsorption of lambda phage ontoe whole cells of E. goll w1485 1is
much more rapid in the first eix ninutes snd then 1t becones
slower to the twelveth minute. In contrart sdsorption of lambda
rhage onto E. goll W1l48%5 spheroplasts ig less repid in the first
aix minutes and more repid in the tvelvéeth minute. In total
percenteges the sdeorption gr lambde rhage to E. eoll w1488 whole
cells and spheroplasta uaﬁ élmost gimilaer fer the time of six
to twelve minutes. Thor&fsoems t0 te a large number of receprtor
pites for lambda rvhage reralning on the aphercplasts cf E. ¢oll
¥148%. Thes reaults indicate that Z. coll w1485 growing in a
modium with glyaine 1s converted not into true protoplasts, but
into spheroplaste. ¥%e have hers the sape chaservation thet other
vorkers have reportel while they were working with cther phages.
The fact remeina that lawbda rhage iffecte :. coll w1485 ephero-

a—

plasts at the sams rote ae i1t Ainfecte vhole cells.




Table I
EFFECT OF COMFOUND3 TESTED

s
Compound Congcentrations
SOmz/ml 25mg/ml 15zg/ml Smpg/ml
EL‘Alamyl-DL~%orine3 i B G 0
DL»Artoranoll b B i 3
L-Arterencl Bitartrate Hydrsto? B R G 0
S-Azaguaninol B R ¢ 0
6-Aza Uridinel 2 F i i
DL-Beta Fhenyllaotio Aeidl F 13 0 ¢
Benzimidagzolet b3 |5 ¢ G
Bisulfan’ B B ¢ c
Chloracetyl-DL-Fhenylalaninel B R 0 o
Diohloracetyl-DL-Serine Na’ B T 13 i
N-Diohloracetyl-DL-Serine Nal B E ¢ o
Chlorambueill B ® o 5
Dichloracetyl-L-Serinel B P o 0
n(+)-Dihydroxyphenylalanine? B A c 0
D—Epinephrinoa B B 0 0
L~Ep1nophr1nea B B 0 0
DL-p-Fluorophenylalaninel B 7 B o
M Fluoro DL Fhenylalanine? B B c 0
Formyl-DL~Ph¢nylalan1no3 BP BY 0 0
5~Iodo—nocxyur1d1nel B B 0 0




Table I
EFFECT OF COMPOUNDS TESTED

Compound Congentrations
50mg/ml 2%5mg/ml 1Smg/ml  Sug/ml

DL-N-Isopropylarterencl NNR® 3 B 0 o
finetinl 8 3 0 0
Pentamidine® BP as Br BP
DL-Fhenylalanine Renzyl Lster> ® P i B
?rnpumidino“ P 2 ¥ ¥
ryridine-%-sulfonio Aeial n R £ B
N-0RZ-DL-%erine’ 15 B 0 ]
St11bami dine® B B ¢ o
JL-Beta-3-Thi enylalaninel P 0 0
tniouracil} B BF 0 o
2,5,6~Tr1amino~&~ﬁydrgxypyrimi«
dine Sulfate B 0 9]

L~Tyrosine? B ) ¢ 0

Sy
THE FOLLOWING JSOMPOUNDS SHOWED HCO RFTAIQT
Acatyl~n-?henyla1an1ﬁe% 2-Aoetyl Fyriﬁinel, Adenine ﬁulfatdk

Adeno ?ep5, ﬁ&encainal, Allyd Glycinel, sminowsetic écidl,

2-Apino-4-Teothyl Pyrim&ﬁin&l. Am&noyterin3, L~-ZAminec Tyrosine

piHell, I-Arginine Monohydroehloridel, IL-Asparaginel, &-iza-

Adsninel, Barviturio aaiél. patyl Diatcarataﬁ, Benzimidinel,

N~Benrol~-Dl~fhenylelanine b-naphthol ester<, 5~Bromc~0ra3115,




Table I
EFFEQT OF COMPOUNDS TESBTED

DISC TEST | .

Compound Conoetrations
Omz/ml 2%mg/ml 1Smg/ml  Sme/ml

N-Dichloracetyl-DL-Serine Nal, 2 Chloro-4-iminabenzolc zeiﬂl,
pL~-p~Chloro Phonylalaninol, 6-Chloro rurinel, 8-ch10r0~Xanthinelﬁ
DL-Desthioblotinl, Descxypyridoxine HGLY, nMoumerol), DMhydre-
cholesteroll, 3,4-Dihydroxynorephedrine H0ILZ, 1L-3,4-nihydroxy-
phenylalanine?, L-3,A-Dihydroxyphenylalanine? (L-DOFA),
L-Epinephrine Bitartrate?, Estradioll, pL-Ethioninel, femnu-
Benzene Hexachloridel, Glyoyl-DL-Fhenylzlanine?, dusnidine u3Lni,
Guanine Sulfatel, Homooysteine®, S-Hydroxyindole-%-ssetis ~old2,
3-Hydroxytramine HGL?. Indolol, D-Leusinel, ni-Teucinel,
2—&trcaptcpuriua2. §-Mereaptopurine Hydratoa, ¥ethionine Tulfo-
xidel, 7-uethyl-Polle Ac1d5, DL Methyl clutamie Aelal,
DL~-Norephedrine HCL®, DL-a-Phenyl-a-Alanins2, DL-b-Thenyl Acetis
Acid?, DL-b-Phenyl-b-Alanine?, Fhenvlalanine H5L2, X-2R7-Di-
Phonylalanino3. DL~Fhenylalanine Benzyl EutarB, L~-Thenrlephrins
HCL®, a-Ploolinis Aeid HCLl, Fteridyl Sulferamided, Ttarcyl
Aspartic Aoids, Pyridine-3-3Sulfonic Aecld Ral, Pyremyoln :%HGL“.
@ueroctinl. Sulfanilamide Uﬁ?l, Beta-2-Thienylalanincl,
Bets-2-Thienylserinel, P-Tosyl-DL-Phenylelsnine’, DL-Tyrceine?,
L-Valine>.

il
i
#

]
f




BIOCHEMICAL REACTIONS OF ORGANISMS USED

Blochemical Reactions

Pable I

Orgaenisms Used

Adonitol
Aesculin
Arabinose
Galactose
Glucose
Glucose~gas
Inositol
104 Lactose
.5% Lactose
Levulose
Maltose
Mannitol
Mannose
Meliblose
Raffinose
Ramnose
Saliein
Sorbitol
Sorbose

Susrose

EZscherichia coll, Straine:

K12 c w1485
N F N
P F N
F E F
E ¥ F
F F r
P F T
N N N
F F P
F P
P P N
P F F
P w7 P
p N p
P P F
N N N
P P ¥
N K N
P F p
N N N
N N N




Table I7

flochenriosl “esctions Orpanisca Use:

Egcherichie coll, “trains:

£12 i ¥1h8%
Trehalose ® . 5
iylose o » T
Ures R N i
Indol w ¥ 3
#ethyl Red ¥ ¥ ¥
voges~-Proaizuer N Y "
Zitrate K ki R
Gelatin N N X
Motility N 5 "
2ulfide q N v
HL-of~0X P 1 P
HL-of-AN § © F

I ?clitlvtr%eactlon
- Hegative Reaotlion

p-- Weak Tositive Heaotion




Table ITI

— EFFECT OF DRUGS ON FREE BACTERIOPHAGE

¢ 1
Drugs Tested Time in Concentrations Used in mg/m

Hours 5 2.5 1.5 0.5
1 g* 7 70 810
L-Arteranol Bitartrate Hyd.
24 0 0 10 800
1 0 0 7
Di~Beta Thenyllactic 2eid
24 0 ) 0 1
1l 0 o2 6 7
Benzimidazole
24 0 0 0 3
1 .3 60 730 2400
Bisulfan
24 0 60 T00 2100

1l 2400 2400 2400 2400
Diehloracetyl-Dil-Serine iNa

A2

Dichloracetyl-L-3Serine

B —To0—zsho—aath %

DL-para-Fluorophenylalanine

1
24 230 2100 2400 2400

1 120 180 290 610
Fentamidine

oA TT00 12551538

Fropanidine

AR

K-CBZ~DlL~Serine

‘22 2§8“ 383‘ iﬁﬁl 53%8

gtilbamidine

2t

DL-Beta-3-Thienylalanine
, _24 140 200 460 2400

vhole numbers X 165.
snnp—

e G e e e e




Table IV

E. COLI wW1s8g®

Congentrations Used in mg/ml

Drugs Tested 50 25 15 5

Colony Counta/ml
L-Arterencl Bitartrate Hyd. 4] 4] 0 o
Benziwidezole 9 T2 78 89
Bisulfan o o 0 0
Diohloracetyl-nDL-Serine Na 25 5100 6800 8000
Dichloracetyl~L-Serine o C 0 0
¥-Fluorophenylalanine 0 4] 136 204
Fentamidine ¢ ¢ 0 0
Iropamidiline 0 0 Q 0
N-0BZ-DL-2erine 0 0 ] 220
St¢41bamidine 2 2 2 2
Control 13000

* E. goll w1485 (24 X10“ cells/ml) incubated in Xutrient Broth

with the various consentrations of easch drug for 18-24 hours.

Colony_ogunts are expressed as_whole numbers X 103




Table V
_EFFECP CF DRUSS ob THE GEWERATION PIME OF -, COLT W14BS

—:‘

. congentr. Time in aT in
Dugs Tested Uao; ¥inutes Min
lmg/ml. o 120
Ml. Gount Dil. Count
L-srterenol Eitartrate Hyd. " -4 Tthu,-h TNTC
" -4 TKTC b TNTC
DL-Beta Phenyllactiec Acid -5 69 -6 132 28.0
p -3 TNTC -3 TRTC
Benzimidazole -5 24 -5 285 33.6
" -4y 13€ -4 THTC
Bisulfan -5 11 -6 60 48.7
¥ -3 THTZ -4 TNTC
Dichlorscetyl-ni-sSerine Na -5 89 -6 116 32.4
" -3 478 -4 TNTD
Dicehloracetyl-L-Serine -5 89 -6 7 40.0
" -4 339 ~4 THTC
DL-Fere-Tluorcphenylalenine -5 -6 158 26.6
o “'2 110 hand 2
Fentamidine -4 , 0 -4 0
" -1 G0 -1 Q
Fropamidine , -2 o -2 C
" -3 THTS -4 THTC
N~0BZ~DL~Serine -5 49 «6 132 25.8
. -2 118 -2 TNTC
Stilbamidine 4 -3 11 -3 71 44.%
" -4 360 -4 THRTS
pDi~bete-3-Thienylalanine ) 11 -6 259 26.6
-5 98 -5 TNTC
Control | o -6 17 -6 160 30.0

#*  TRTC: Stands for Too Numerous To Count
## Qolony counts per milliliter; Aversge of three plates

GT: Stands for Generation Time




Teble VI
?FFECT OF DRUGS CK THE IRT?AG LLLULAR
wonoent, Latent reriod Turst S%zu

nrugs Tested Lsed in linutes Fofols

-Arterencl Ritsptrate Hyd. 1img/ml 41 83
Dl~Beta~rhenyllastie Aold " 37 78
Renzimidaczole " 3% 80
Bisulfean " 40 63
Dichloracetyl-nL-Serine Na " 34 136
Dlehloracetyl-1-Serine " 3% 101
DL-¥Fera-¥luorephenylalenine # 30 122
rentamidine " 47 67
Propamidine " 46 %59
pe-CcBZ-DL-serine " 33 128
£t11lbreamidine " 45 46
Di~Betz-%~-Thienylalanine " 30 g7
|contrel o 34 105
* B,F.U, Btands for Plague Forming Units




Table VIIX

EFFECT OF DRUGS ON THR IETRACELLULAR

DEVELOPMINT OF

Time in Hours----Assays

prugs Tested” 1 z 5 Trtet
Dil. _Flsgues  CZounted
group 1 -2 0 7 11
ragetyl-pL~-serine ja -2 T . 247 348 8
Dichloragetyl-l-Serins -2 0 9 iz N T
Fentamidine €2 g 4] 0 1
K-CB2- erine -2 89 136 206 8
grewp J7°7° -2 23 110 90
L-Arterenol Bitartrate Hyd., -2 34 38 ¥4 1
Benzimidazole =2 48 is2 101 X1
Lisulfan -2 37 34 22 3:
Dl-Beta-Thenyllaotig seid -2 0 Q g 1
DlL-Fara-Fluorophenylelanine -2 28 350 325 g
Propamidine -2 148 0 0 I
DL-Bete-3-Thienylalunine -2 4 59 £9 Bl

* Consentraticn of drugs used {lmg/ml)

42 nffest of the drug on the number of Ilague Forming Imits

¥ i Two eontrols vere used; one for @agh Group.




Table VIII
Time in Concentrations Used m-%g/ml
Drugs Tested Hours 100 200 500 1000
. Flague Forming tnits ,

2 o 14 18 32
JBl-Alamyl-Di~-Serine 4 7 &4 =6 330
2 0 O 11 66
JDi-Artersnol MOl 4 0 20 47 42%
2 0 12 13 60
Di-Feta-Fhenyllaotic toid 4 11 17 24 448
2 14 20 11 196
Benzimidazole 4 )2 33 15 3%
2 T 0 26 %9
i 20 140 109 222
2 18 10 259 68
Ipienlorscetyl-1~Serine 4 12 16 19566 327
2 22 11 13 56
13.4-0 oxynorephedrinetiL 4 14 43 23 289
2 25 19 5 30
.rQL;Fam—?g.‘uoreghenzlalamm 4 388 49 96 1236
2 10 27 15 180
JFormyl-DlL-Thenylalanine 4 40 22 23 3E7
2 0 10 17 127
li-Col~-DL-Berine 4 21 33 22 467
2 10 11 12 11
li-irterenocl titartrete Hyd. 4 12 26 16 21
2 4 12 47 2
tentawidine 4 24 21 &7 23
2 10 9 3 13
IEropamidine & 18 13 17 15
2 8 8 11 16
Stilbamidine A 34 42 18 29
2 10 e i5 k¥ 4
1Thiouraeil 4 11 12 22 41

2 17

Jcontrol 4 28




Table IX

ADSORPTION OF LAMBDA FPHAGE ONTO SPHEROPLASTS
OF E. COLI W1485

Adsorption Tubes Time in Fercent
Minutes Adsorption”
E. coli V1485 6 34.15
Spheroplasts/ml 25x108 8 23.75
Lambde Phege/ml 24%x10° 10 11.25
12 16.00

Totel €5.15%

G N G AL e G e A D A GRS N G WS WS ANV ew MR G G SR e SRS AN RS WY e SN WSS WA eugw e e

E. coll w1485 6 45,10
whole Cells/ml  60X107 8 26.80
lambde Fhage/ml 43X107 10 11.50
12 4,85

Total 86.65

#the same pattern of adsorption was geen in a number of similar

experiments.




CHAYTER V
DISCUESION

For a conslderable time after bacteriophage was dlscovered
by Twort (191%) and d'Herelle (1921) the poesibiiity that bacterio-
Phages might prove to be the ideal agent for treating Jdiseases
cauged by bacterial infection was recognlized and efforts were
undertaken to explore this possibility.

Bacteriorhage is not an agent for treatment of bacterial
infections and interest in this aspect has diminished. Most of
the investigations in our times are undertaken not besause of
therapeutic importance of bacteriophages, but begcause in contrast
to the animal and plant viruses these baocterial viruses sre easy
culture and to handle and so present a simple means of acquiring
fundamental knowledge of virus behavior. There are differences in
the characters of viruses which affect such a great number of hostJ
but there are also many similarities and so discoveries made in
the study of bacteriophages point the way to the solution of some
of the problems encountered in the investigation of animal and
plant viruses.

With this in mind vwe decided to study the host parasite

relationship as it exists in the baoteriophage-infected bacterisl

cell. The approach that we used in studying the lysogenlc system




in E.coli K12 was essentially the scoreening of s number of drugs
and determining their effect on the lysogenic aystenm.

One hundred pvurine, pyrimidine, amino acid analogues, and
other antimetabolite compounds were screened by the paper disec
method for their effeot on the bacterial cell-bacteriophage inter-
action. By thie method more than two dozens of these chemiocal
compounds showed some effect. Ve were intereated in the host
rarasite relationship and ettempted to seleoct a variety of drugs
ranging from antipurasitic to substituted aléno acids and study
thelr effect further.

Stilbamidine, “ropesmidine anﬂggtntamiaino have been used
as chemotherapeutic drugs against mycoses, leishmanial infections
and trypanosomiasls. In all thess diseases the infectious agent
is an intracellular parasite and the druz zocts either by inter-
ference with serobic glucoss or nucleic &cld metaboliam within
the organisms. These drugs had shown an effect in our system as
demonstrated by the dise method,

Among the purine and pyrimidine ansloguea tested, Benzim-
idszole hed an interesting effect. Benzimidezole, which is &
part of the Vitamin E12 molecule has an inhibltoby effect on
vageinia virus in tissue culture Thompson (1947); MEF-l-polio-
myelitis virus in tissue culture Brown (19%2}; inhibited the
oytopathogenic effects on the following enteroviruses: (oxsackle
A9; CoxsaciZle B 1 to 6; and ESHO virus types 1 to 9, 11 to 21,
end 24 to 27. {(iggers and Tamm, 1961).

Anotheor zroup of compounds that were tested further were




the halogsnated amino acida both aliphatic and aromatic. Several
amino scld analogues have beon reported to inhihit multiplication
of basterlorhage, but most of these have an Ainhibitory effest on
the growth of uninfested bacterial cells and none brings about
the "oure' of an infected cell. (vatthews and Swmith 1958).

Bigulfan, which resambles niitrogen mustard at least to the
extent that 1t 1a an alkxylating agent, was selected becsause of
jta effectns cn myslozxsnous leukemia, ani 1tz effect against other
Laoterium-bactericphaze combinations.

L-trtersncl Bitartrete Hydrate, was also investigated,
besause of 1ts structural similarity to substituted amino meids
snd ite effect in our syster as demonstrated by the disc method.

When we ara working with & chemloal compound (drug) e
number of things may taxe plszce. The drug mey effect the etabl-
11ty of free bacteriorhasre, or the latent perlied and the burst
size. It may provent lysis altogether, or it may affect the
bagcterial growth. In the cass of a temperete phage esuch as
lambda the chenmiosl comround mey a&lso cause & change in the
nunber of cells heing lysogerized.

DL-Rete-Frienyllaatic eeid, Penzimlidazcle, RBisulfan and
H-CF7z-DL~ferine inhiditeld frees lembde phage at the cconcentrations
used. This eculd have besn expected since we know that compounds)
of the Jescribed nature have inhidbited other free phsges (Metthewp
and Swith 1985). rhage lambda was resistant to the other drugs
tested as nre animal and rplant viruses.

Ancther possible mode of action of the drugs tested is




their effect on the indicator strain K. goli wl485. Host of the
drugs inhiblted E. goli w1485 at the high concentration ol 50,
25, 15, and 5mg/ml while at the low concentration of lag/ml some
of the drugs suppressed or increased the growth of £. goll wWl4ii5
&8 was determined from ocaloulating the generation time ol k. goll
%1485 in the presence of the drug. Here the antiparasitie drugs
greatly suppressed the growth of E. goll wi4ch as aleo dld
Bisulfan, L-Arterenol Bitartrate Hydrate and Jlechloracetyl-L~
Serine. On the other hand most of the halogenated smino acids
stimulated the growth of K. soll Wl48S5.

Aside from the effect of thease drugs on {ree phage and
E. goli W1485 their effect on the intrscellular isvelopm ent cof
lambda phage was more important from our point of view. The eventp
of baocteriophage development and multiplication are very imzortant
and they should be mentioned here. The aadadition of lambus phage
or any phage to & sensitive bacteria culbture it is followsd by
a period during whioch phage disappears being adsorbed to the
basterial host, and a period of intrscellglar multipliocstion

without liberation of bacterlophage, the latent period, termineted
by the lysis of the baoterium and release of phuages ,ths burst
Blze. Lambde phage may in addition be established In the lyso-
genic astate.

iambda phage developed normally in the presence of Li-zeta-
2-Thienylalanine and Dichloracetyl-L-Serine. In the presence of
the remalng drugs a number of things were observed.

The mode of actlion of theéese drugs is difricult to explein.




hanbes 3 ¥ Jons

ve know that the main constituents of the phage partiole are

protein and DNA; also we know that phsge itself im devold of any -

independent metabolic activity, and that it needs a bacterial host
to replicate. Phage DN: injeoted into its bacterial host is
commitied to two principal tasks:

1). Hundredfold replisation of thie spesiiie¢ DHA to generate
the genetio substance which the progeny 13 to be endowed, and

2). The manufacture of several hundred replicas of the phage
protein to provide heads, talls and internzl protein for the
sompletion of mature infectious rvhage paricles.
acids may be operating by interfering with nospscifioc anergy
yielding reactions, preventing ayntheais or polymerization of the
essential dbullding blooks, or by interfering with the synthesis
or factors of specifio e¢ofacters. Chemical interference with
amino acld metabolism and hence protein synthesis weuld be
expected to result in the ceszaation of phage formstion. This migh
be the case here with the antiparasitic drugs and perheps with
Di~Beta-rhenyllactic Aeld, Bisulfan and the purine analogue
Benzimidazole. Benzimidazole sesms to interfere with asome step
in the intracellulsr development of lambds, The haloganated
amino aolds stimulated the intracellular development of lambda
as was determined by the one step growth experipent. FPera-¥iuoro-
phenylalnine which in our exreriments stimulated the intracellularn
development of lambda hag been reported by Zimmerman and Sehafer

(1960) to inhibit the growth of fowl plague virua in chiex embryo

t




fibroblasts. They reported that the effect is a result of inhibi-
tion of rrotein synthesis and the inhibition is reversible by
rhenylsalanine. £ poszible explanation for this ocontradioction
is th:t fowl plague virus is an RNA virus while lambda phage 18
a DNA virus. Also here our system 1s different, we are working
with bacteris and they are working with e¢hlck embryc fibroblests.

Althcuzl we can study the effeet of these drugs on the
intracellular development of larmbde Dhage by the one step growth
experim«nt we should not overlock the poesible production of
immature or non-infective bacterlophage. With some of ths drugs
a reduetion in the hurst size of infective particles esan be
accompanied by the liberation ol non-infective mature phage
{(in case of S5-Bromourscil) or of non-infective immature particles
{(in case of Froflavins) iatthews and Smith (1965). This possidbl
production of immature phages c¢an be detected by exzamining the
lysatesg in the electron microsccpe and by ecomparing the number of
Iinfective units determined by placue gsounts to the visible number
of partiele s in the electron mieroscope. The production of im-
mature bacteriophage ocould be alsc studled by aserclogical methods
total nitrogen determinations and phage neutralization with T
speoific antisera. In our eiperinent the production of immature
or non-infective bactericriiage was not studled..

Another factor that should be investigated, bafore we can
say for certaln %lkdf what the offect of the 4drugs on the intra-~
gellular dsvelorment of lanbda might be, is the determination of

the number of bacterial cells becoming lysogenized. TFerhaps the




burst size that was obtained in our assays was not the true durst
sige due %o a change in the proportion of the oells beconing
lysogenized. The ¥ of lysogenized cells oan be stuldied by the
use of the galactoss warksr “sonversion” Lederberg (19%56) or by
identifleation of the changee in the bacterliil host resulting
from lysogenization.

3ome of the compounds we uazd in our studios have haen
2130 noresnsd Tor their mutsgenio or oaroinogenio satlon in stu-
disg of sanser. 3inas mutaganis or carcinogsnic proparties of
a substance ¢an be sorrelatel with industion of phage maturation,
we attoemptal to zed If any of tha chemloal compoundis tested had
the ablility to induce the Jdevalopment of sstive phage from the
prophage atats in the lysorenie L. goll K12. BL-Para-Fluoro-
Phenylalanine, 3,4-Mhydroxynorephedrine HCL, H-0BZ-Dl~3erine,
Dl-Beta~Phenylleontis Acid, Formyl-nl-fhenylalanine, Di~Artersnol
KCL, Daohloracetyl-L-ferine and Penzimidazole can be added to the
othear indusing agenta such ze ultra-violet irradiation, ¥X-rays,
nitrogen mustards, Azzaserine, ote. Diechlorseatyl-I~Serine ahcwed
a grenter nunber of vhage particles to be prodused at the low
soncentraetion of 100uz and a lower numbsr of phage varticles at
the high concentration of Imz/ml. £ possible explanation Tor this
might be the effest of Dichloraesirl-L-3erine on free phagas.
Hohloracatyl-L-Rerine inhibits frae phafe and hers 1t seons that
the smaliler nugber of Thage particles thut we are getting with the
high eonecentration ig the result of the inhibitory affect of the

drug. The variety of compounds listed above with inducing aot1v1t1




mey be useful in determining sensitive sites in the lyscgenie
systen. It vould bte interesting to investigate the mode of sction
of these inducinag agents.

Intection of £. oell wWl4d% spheroplasts with lsmbde phage
wase sccorplished. [smbda phage was adsorbed onto £. goli Wl4Es

aphsroplasts at the sanse rate as onto whole cells.
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CHAXTER VI
SUMMARY

e tne hundred purine, pyrimidine, amino aeld analoguee and
other antimetabolite compounds were scresned for their effact on
Z. goll ¥1485 cells and lsmbda baoteriophage combination by the
paper disc method.
2). ¥ore than two dosens of the above chemlioal compounds showeqd
antibvacterial, antiphage activity or both by the method usad.
3). A dozen of the most active compounds wers tested further ;.
for their effest on fras lambda phage, on cells of E. goli w1485,
on the gensration time of the same rganism, on the intracellular
development of lambda phage by the one step growth experiment,
an4d on their abllity to induce lambda phage maturatlion from the
prophage state in the lysogenie E. goll E12.
4). D~-Peta-Fhenyllaatie Aeld, Renzimidazole, Risulfan, and
Dichloracetyl-L-Serine inhibit free lambda when used in high
congentration.
5. #ost cf the Aruge inkibit E. goli V1485 cells in the high
sorncentration of 50, 25, 1%, and Smg/ml, but a different effect
ean he seen when lwg/ml for emech drug i3 used. Thus the Jdrugs
Di~-Beta-Frenyllactic Aeid, DL-rara-Fluorophenylalanine, N~-CBZ-DL~
Serine and DL-Bete-3-Thienylalanine stimulate growth of E. goll




W148% by reducing the generation time, while Bisulfan, L-Arterenol-
Bitartrate Hydrate, Dichloracetyl-lL-Serine, Stilbnuidino.vPropan-
idine and Pentamidine inhibit the growth of E. goll w1485 to an
extent Ly lncreasing the length of the average generation time,

6). In the intracellular devslopment of lambdsz phage we have

a varied effeoct. Thus the drugs Nichlorasetyl-plL-Serine Na,
DL~Fars-®luorovhenylalanine, and N-CR7-nl-Serine inoraasae the
burst size; Fropamidine, Pentamidine, Stilbamidine, Eilsulfen,
Benzimidazole, DL-Seta-rhenyllactio Acid and L-Arterencl Eitartratﬁ
Hydrate decrease the burst slzse. Finally Dichlorecetyl-L-Serins,
and DL-Reta-3%-Thienylalanine do not show any effeot.

T The drugs: bLL-Para-Flucorophenylsalaning, N-Cig- iwserine,
3. 4-Dihydroxynorephedrine KCL, DL-Beta-Phenyllastis Aoid and
Benrimidazole colud be used as induocing sgents for the maturation
of lambda phage from the prophage state in E. goli Xlz.

8)e Ffoseible mechanisms of asction of most of the Irugs have
bean disoussed.

9. Infection of E. goli w1485 spheroplasts with lambda phage

wad sehlieved.
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THE EFFECT OF CERTAIN DRUGS
ON THE
LYSOGENIC SYSTEM

This investigatlon i1s primarily the study of the lysogenic

system in Epcherichla goli, strain K12 and the effest of certain

drugs on the lysogenic system. Another aspect of the investiga-
tion 1s the conversion of Esgherichia coll W1485 cells into
spheroplasts and the infection of these spheroplasts with the
tomporato‘haetcriophago lambda.

Escherichia coll, strain K12, E. coli w1485, E. goli C and
the temperate bacteriophage lambda were used ln the investigation;
Standard methods and approved techniques were followed.

One hundred purine, pyrimidine, aminoc acld analogues and
other antimetabolite compounds were screened for their effect on
Esgherichia coli W1485 cells and lambda bacteriophage combination
by the filter paper disc method. Thirty-one of the above drugs
showed antibacterial aoctivity, antiphage activity or both by the
method used.

A number of the above drugs that showed activity were
tested for their effect on free lambda bacteriophage, on cells
of E. goll w1485, on the generation time of the same nicroorganin?,
on the intracellular development of lambda bacteriophage and on
their ability to induce lambda phage maturation from the prophage

state in the lysogenic E. goll K12,
It was found that DL-Beta-IFhenyllactiec Acid, Benzimidazole,




Bisulfan and Dichloracetyl-L-Serine inhibited free lambda phage
completely or to an extent at the conocentrations tested.

It was also found that most of these drugs inhibited
E. ocoll w1485 cells at the high concentration of 50mg, 25mg, 15mg
and 5mg/ml while at the low ccncentration of lmg/ml their effect
varied.

DL~-Beta-rhenyllactic Acid, DL-Para-Fluorophenylalanine, N-CBZ-DL-
gerine and DL-Beta-}-Thienylalanine reduced the generation time
of E. goll ¥1l48% and thus stimulated its growth. Bisulfan,
L-Arterenol Ritartrate Hydrate, Dichloracetyl-l-3erine, sStilban-
idine, Fropamidine and Pentamldine increased the generation tlme
of E. goll w1435 and thue supvressed its growth.

The intrscellular development of lambda phage was affected
by a number of the drugs testsd as was determined by the one step
growth experiment. Dichloracetyl-Di-Serine Na, DL-Para-~-Fluorc-
phonylalanine and N-03Z-DL-Serine inoreased the burast size of
lampda phage and had no effect on the latent period.

Ffentamidine, Tropamidine, Stilbamidine, Bisulfan, Benzimidazole,
DL~-Bela~fhenyllactic Acid and L-Arterenol Bitartrate Hydrate
decreased the burst size and increased the latent perlod.
Dichloracetyl-L~-Serine and DL-Beta-3-Thienylalanine dld not effect
the burst size or the latent pericd during the intracellular
development of lambda phage.

A number of the drugs were tested for their ability to
induce lambda phage maturation in E. coli K12. DL-Para-Fluoro-

phenylelanine, 3,4-Dihydroxynorephedrine HCL, N-CBZ-DL-Serine,




DL-Beta-Fhenyllactic fcid and Benzimidazole act as indueing agantj-
Our attempt to produce spheroplasts from cells of E. ooli
W1485 was successful. These spheroplasts were easily maintained
and were infeoted with lamwbdéa bactericphage as was determined
by the method fellowed. Adsorption of lambds bacteriophhge on
these svheroplasts Ltook plsce at the same rate as for the whole

cells of E. goli W1l43s.
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