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I•· XNTRODUCTION 

Viruses which attack 'bacteria have become convenient tools for the study 

of several biological phenomena.. '!'hey have been valuable aids in investiga

tions involving genetics, bio-ehemieal synthesis, virus-host :relationships; 

and ecological factors in mierobial po})Ul.ations .. B~~ause of \he dis~inct spe

cificity of these viruses, they have become useful in Dacterial classifioa-

tion and identification, and may even someday pr@ve tlil.eir worth aai therapeu"" 

tic agents. Their particular value lies in the ease withwhiobt'Fl.ey lend them ... 

selves to experimentation. Im contrast t0 the difficulties eJcountered with 

most other organisms, bacterial viruses, or bacteriophage; may- be cultured eon-

veniemtly in large numbers under known, measured eon.ditionso 

Quantitative phage research has dealt primarily with those viruses whi.ch 

attack ·Esoherichia. ·ooii.. However, the study of bacteriophage b.as 'broadened ---=-=--
to the point where investigations of 0ther phage-host systems might be profi

table. This was the main reason that the 'bacteriophage of Xariiliomonas ·;erim:i, 

was chosen. 

The '!• 'pruri:11 virus was first isolated. 'bT Dr .. H. w. Anderson in 1928 and 

preliminary investigations of specificity, lysis., plaque formatio:Q., electron 

microscopy-, effect of some chemical and p}o;rsical agents on the stability- er the 

virus and of its 'burst time have been. carried out (Thornberry, et al, 1948, 

Tb.om.berry., 19.37, Eisenstark and Thornberry-, 19,0., and Orown:over, 1950). It 

is the purpose of this paper to extend the investigations of these workers 

with particular i:ntentien 0£ pr0viding further material for the study ef bac

terial and perhaps viral gemeties. The work is ooneerned with the isolation 

of different strains er baoterial viruses., all active against IliUlthomomas 

prlmi., and establishment of the individual identity- of each virus by various 

means. These means in.elude plaque morphology., indicator hosts, serology., 

burst time, and adsorption ra.teo. 
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II. EXPERIMENTAL 

·!· Piaque Morpb.olop: 

Eisenstark and Thorn.berry (19$0) reported that differences observed in 

plaques of pruniphage 01t'Xantliomorias prruii suggested the possibility .of dis

tinct genetic varieties such as those described for ·:e:sclierlcltla ·coii pm.age 
. ~ ... 

(Demerec and Fano, 1945). They also mentioned that, except for an increase 

in the halo type of plaque when it was subcultured9 attempts at isolating ge-

netic varieties were unsueoess:ful.. Since the imtiati<rm of the present i'n= 

vestigation, additional work and altered techniques have yielded a number of 

plaque types which appear to breed true. 

lo Materials and methods. 

·standard 'piaiing technique. The procedure used for assay of phage by 

the plaque method was modified from that used by other workers (Thornberry» 

et al, 1948, Thornberry, 19.37 9 Eisenstark and Thornberry, 1950 and Crownover, 

1950). The bacterial host was an .American 'fy'pe Gulture» No. 10016. The me"" 

dium used for routine work and maintenance of stock cultures of the host or-

ganism was as follows: 

Peptone o o· ••• o 5 go 

Beef extract o. o .3 go 
Glucose o •• o o o 5 g. 
NaCl • o o o o o o 5 go 

Agar • o o o o 15°20 go 

Water •. • •••• o 1 liter 
The host organism was either grown for 36 hours on a slant and the 

growth emulsified in 100 ml .. of sterile broth9 or it was grown in 100 ml. of 

broth for 5 hours with agitation. However prepa.red,11 4.5 mlo of host suspen

sion was added to test tube'!9o These tubes served to dilute the phage stock 

in tem ... :f'old dilutions .. For plating, the host organism and diluted phage 

were rapidly mixed with lo$' ml. of 2% a.gar which had been previously mea

sured into tubes, melted and cooled to 50° Co The mixture was then poured 

over a sublayer of solid medium containing 1.5 ... 2.0% agar. The plates were 
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incubated at 270 C. f.or 2-.3 days·. 

Experiments were conducted in which this procedure was varied to deter= 

mine the ef'feot of age of culture, size of inoculum, agar concentration, salt 

concentration, and temperature Qll the plaques produced. 

'E!t.rects of' age of ·ou1ture and size of inoeuium. In the determination of 
------ --- - --- ...._ u:;,=-a, ----

the effects of age of culture and size of inoc:rul:um on plaque f'orm.atio:m., a 

phage S'\lspension with a. titer or, x 107 was diluted serially. Samples of 

.!• pruni cultttr'es were taken at intervals of 2 hours from O to 22 hours and 

dilutions l:lo6, 1:107, and ld08 of the phage were plated with each sample. 

After 3 days of incubation at 27° c., a calibrated ocular and stage micremeter 

were used to measure 100 plaques from ea.ch age culture, and the mean diameter 

was calculated in millimeters ( see Chart l) • 

The effect of size of ~noculum was tested by adding 1.0, o.,, 0.4, 0.3, 

0.2, 0.1, and o.o, ml. of a turbid emulsion of the host organism to tubes 

containing 4.5 ml. of broth and then adding 100-200 phage particles in o., mlo 

of phage suspension to each tube. Tnese were plated in the routine manner and 

incubated at 27° c. for 2 days. 

E!.f.fecit '!! 3ar concentration. The procedure used to determine the effect 

o:f a.gar concentration on plaque formation was slightly different from that de-

scribed for routine plaque co'lllllts. Flasks of :nutrient broth containing var ... 

ious concentrations 0£ agar were prepared by adding respectively 1 .. 0, lo.5.ll 

2.0, 3.0 and 4.o g. of agar to six 100 mlo portions of broth in flasks. The 

phage was diluted to 1:109 and 1 ml. of each of the last i'ive diluticms was 

added to 4 ml. of a young cell suspension,, ml. of each concentration of agar 

was added a.nq the mixtU1·e poured over a sublayered plate. The final oomcen

trations of agar in the tubes were o.,o, 0.1,, 1.00, 1.2,, 1.50 and 2.00%. 

Et.feat of salt.coricentrat:tcin. To determine the effect of salt ooncen~ --
tra.tion on plaque £omation, o.o, O..$, l.O, 2.0 and 3.0% NaCl was inoorpora"" 



ted into 5 sets of brotho A suspension of host cells was added to each of 

the fi,re flasks.. Ten tubes of 4.,.5 ml., ea.oh were prepared .f'rom each of the 

flasks o The tubes of broth were inoculated in duplicate with about 200 par= 
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tieles each of five strains of the phageo The plates were then poured in the 

routine manner over a sublayer of agar containing matched salt eonoentrationso 

'Effect'!! 'tenwera~i!o The effect of temperature was tested by incuba= 

ting plates both at JOO Oo and 250 Co for 2 dayso 

'Isolation '!t ~que typeSo The method used in isolation of the different 

strains of pruniphage consisted of plat:i.:ng out the original stock phage to 

obtain plaques;i placing differently appearing ones into broth;i centrifuging 

the m1i:ture and plating the centrifugate to obtain another set of plaqueso 

This procedure was repeated numerous times to determine if the plaques picked 

retained the same plaque morphology on continued transfer~ 

2o Results 

ef'fect of age of' culture on the size of plaques produced., After an initial 

increase in the size of pla.ques9 possibly during the lag phase of growth of 

the bacterial population9 there occurs an almost linear decrease in the size 

of plaques produced on older cultures until only pin=point plaques are observ= 

ed on a 22 hour old cultureo 

The effect of size of inoculum is illu.strated in Figs~ 22 and 2J., The 

largest plaques were obtained nth the smallest inoculum9 and the plaques 

appeared smaller as the inoculum was inc:reaseds, appearing as pin point plaques 

with the largest inoculum tested<> 

E.ff~ ·!£ ~ :2..Il..Q~P~!!t~" Inereased agar concentration in the layer 

containing the growing bacteria and virus decreased the size .;;md distin~tness 

of the plaques., The effect was not quite as pronounced as that o! age of cul= 

ture o The bacterial film did not contain as luxuriant growth on the higher 
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concentrations of agar and the plaques were indistinct as a. result or this 

decreased growth. 

'E.t:f'eot o.t salt co11centration. Varying the salt concentration in the --=· == -- --=---= 
growth medium appeared to affect all the five phages similarlyo On 0% salt» 

the plaques were slightly smaller than on o.5%. On increasing concentrations» 

the plaques were enorm.ously·larger and were largest at the upper limit of salt 

concentration in which the host organism weuld grow. The morpb.ology of the 

plaques was also a:f'feeted. The halos and central lytio areas on 3% salt were 

enlarged all out of proportion to that observed on o.5% salt» making it im= 

possible to distinguish the five types by their plaque morphology as they ap,, 

pear in the lower concentration. Fig. 20 and 21 illustrate the remarkable 

difference in size and morphology of plaques produced on Oo.5% and 300% saltJ 

respectively. 

'Effeci . .2£ 'temperature. The effect of incubation temperature on plaque 

size is illustrated in Figso 24 and 25. An increase in temperature from 250 C., 

resulted in decreased plaque sizeo At 30° plaques were tiny9 disfigured, and 

indistincto Above 33° plaque formation was not observed9 even though the host 

organism grew well at this temperatureo 

Isolation i£ plaque "typeso Five different plaque types produced on Oo5% 

agar and o.5% salt concentration were chosen from plates containing the origi= 

nal phage suspension obtained from Dr. Thornberryo Figso 1=1.$' illus.trate the 

morphology of the five types. XPl» the "XP" standing for £anthomonas ]irun1 ... 

phage:11 forms a large, somewhat irregular plaque with an indistinct central 

lytic area and often has a concentrically ringed appearanceo The centrally-

tic area is faint and sonietimes diffioult to discerno This plaque type cha ... 

racteristieally varies in size from minute to large$ all the sizes» bowever9 

having the same detailed appea.ranceo Regardless of what size plaque of XPl 

type is selected fer sub cul turing.9 a plate exactly like this one as to range 



of sizes is obtainedo XP2 forms a medium~sized plaque with a large, well 

defined central lytic area and a. rather narrow zone of secondary ly'siso 
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XPJ forms a medium-sized plaque with a small but distinct central lytic area 

and a wide, characteristically light ... appearing halo of secondary lysis. IP.4 

foms a small plaque with an ill.,.def'ined margin that appears .fuzzy when elose= 

ly examined macroscopically. The last of the series, XPS also forms a small 

sized plaque which is similar to XP2, except that the zone of secondary 13'sis 

is wider in proportion to tlle central clear zone • 

.;. Discussion 

·:tritroducit:t6no In order to make use of plaque morphology» i oeo s relative 

size,-shape, definition of margin, and width of halo of the plaques, as a 

criterion for differentiation of phage types, it was desirable to know the 

effect of various factors influencing the characteristics of the plaqueso 

This was necessary in order to obtain reproducible and comparable results with 

the experiments.; For this reason, a cursory study of the factors influencing 

plaque morphology was ma.de solell' to determine optimum, standard conditions 

for best showing plaque di.f'fereneeso There was no attempt made to study these 

factors exbaustivelyo 

':Eli.feet e:t t11:re of culture and 'si'.ze o:£ inoculumo .As reported in the results --= ocm,:111, ~ maa . ~ -=-=-:, ~ ......, __ ..,. 

of the effect of age of culture on plaque size, the older the culture, the 

smaller the plaqueso T·his is in accord with the findings of Kleczkowska (194$) 

working with Rh:hiobium bacteriophageo She reported that plaques L,8 mmo in 

diameter are prod.uGed when a one-day old culture was used, while the plaq_ues 

were only o.8 mmo in diameter with a culture 7 days oldo Her explanation for 

this invelved the p}zy'siologiaal aging of the bacterial elomes forming the back.,. 

ground of the plaques, and this idea was supported with evidence that clones 

19 hours old were scarcely' susceptible to plaque f ormatio:no Furthermore, onoo 

plaques were formed, they had never been seen to increase in sizeD While 



plaques of pruniphage have also been observed to decrease in size with in~ 

creased age of culture, the situation here does not appear to be the same, 

for plaques have been observed to increase in sizeo Plaques of a phage ac= 

ti ve against mycobaoteria also have been reported to increase in size a and 
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as much as 6-7 fold over a period of a few days (Zampiere, 19SO)o Another 

possible explanation may be found, then, on consideration of the number and 

aoti vi ty of cells present when the plaques are being formedo It was observed 

with the pr'U.niphages that an increased inooulum would cause a decrease in 

the size of the plaqu.es o This is in agreemen.t with Cherry and Watson (1949) .ll 

working with the ·streptoc&ccius, 'iacitis host..,.virus system.I) who also reported 

a decrease in plaque size with increased size of inoculum.o Brenf'enbrenner 

and Korb (1925) observed similarly that when the number of susceptible bac= 

teria was increased, the size of the plaques produced decreasedo Further= 

more, when using mixtures of young and old cells, the size of pla.qttes de= 

creased as the proportion of old cells was increasedo This may help to ex= 

plain the decreased plaque size with increased age of culture in the case of 

the pruniphageso The diminishing of the plaques 'With increased age of cul= 

ture may be attributable to two factorsg (1) the increased size of the in= 

oculum and (2) the increased proportion of old and dead cells which would 

adsorb phage without allowing its multiplication.11 thus decreasing the effec= 

ti ve titer.. This is certainly in accord with Anderson us ( 1948) statement 

that one of the factors influencing the formation of plaques is the ratio of 

the time of lysis of infected eells to the time of division of uninfected 

cellso 

Effect 2£ 5~ ecineentra:tj'.ono One of the first reports of the effect 

of agar concentration on plaque size was by Bro:nfenbrenner and Korb (J,925) o 

It was observed that the average size of plaques increased as the concentra~ 

tion of agar decreasedo This observation was also made with the pruniphageso 



The decrease in size of plaque was thought to be caused by adsorption of the 

phage on the agar. In a later publication Bronf'enbrerlner and Hetler (1928) 

using spot inoculations on different concentrations of agar and gelatin, at ... 
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tributed the inhibition or lysis with 4% agar or ,0% gelatin to the prevention 

of water from entering and disrupting the bacterial oellso Kleczkowska (194.5) 

also reported that increased a.gar concentration decreased the size of plaques» 

and in addition., has claimed on the basis of experimental evidence that unat ... 

tached phage can diffuse through agar and produce plaques, making it unneces

sary for the phage to be attached to the bacteria before pouring the plates. 

It may be surmised., then~ that increased agar concentration effects a decreased 

plaque size by slowing the rate o.f v4.rus di.ffu.sion .. -an important factor in 

plaque formation (Anderson, 1948)a0 and possibly by adsorbing some of the phage, 

al though this seems unlikely in view of the above mentioned evidence of Klecz ... 

. kewska (1945) o Increased agar concentration has been reported not only to a.f ... 

feet plaque size, but also the formation of a halo (Hershey and Bronfe~brenner, 

1945)0 Oolipha.ge PC which produced ha.lo plaques on 0.6% agars produced plaques 

without halos on 1% agaro Increased agar concentration appeared only to de-

crease the width of the halos in the case of the pruniphageso 

'Effect of salt ·concentration. There have been numerou.s references in the --= - ~ =-·-""""' ............ "" 
literature to the effect of sodium chloride on bacteriophagy-o Adams (1949) 

reported that the T ... serles of colipha.ges are more rapidly inactivated in O«l 

No sodium salts than in nutrient broth and that this e:f"feot is decreased by 

10-.3 Mo divalent oationso This aspect of the sodium chloride effect was fur ... 

ther discussed by Gratia (1940~ 1940a) and Sertic (1936~ 19.36a)o Fong and 

Krueger (1949) and Fong (1948) reported a protective action of sodium ohlorice 

and increased a.oti vi ty a.t high temperatures in its presence 'With ·stapbyloccicou:s 
bacteriophageo Sohribner and Krueger (1937) stated that the presence of Oo2.5 

Mo sodium chloride With Sta.Af]jcioccus bacteriophage resulted in 5'~10 .fold 
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increase in phage production... On the other hand.I) Ohashi (1938) reported 

that inorganie salts decreased phage activity. The e.t"fect of sodium chloride 
. . 

on phage aeti vi ty- appears to be one concerned Wi. th adsorption and su.rf a.ee 

phenomena associated with ad.sorptiono Cherr.r and Watson (1949) studied the 

effect of electrolytes on virus adsorption and concluded that th,y were inost 

stimulating .for'both cellular lysis and virus adsorption at concentrations 

ranging from 0 ... 005 Mo to Oo05 Moo Krueger and Strietman (1938)~ Scribner 

and Krueger (19.37) and Gest (1943) also studied the effect of salts on the 

bacterlum=virus reaction ... Hersheyi> Kalmanson and Bron:f'enbre:nner (1944) not 

only fo'Wld that NaCl increased adsorption of the virus.I> but also stated that 

when inf'ecti vi ty was low and small plaques were producedi> a. very small in= 

crease in the salt concentration increased the size of the plaqueso As sh©Wl'l 

in the experimental results of the present investigationi> increased salt eon= 

centration has been observed also to increase the plaque size of the pruni= 

phageso Here, however1 the plaques increased tremendously over a range up to 

a limit of about 3% salt ... It is suspected that the action of salt in this 

case is not greatly influencing the adsorption of the phage :i but is merely 

slowing down the rate of growth of the host cells in the increased salt con"" 

centrationso This idea is supported by the fact that Xanthonionas 'p~uni :PSS= 

pires at a slower rate in 3% salt than in Oo5% salt in the medium and will 

produce more cells in the lower eoncentration of salt than in the higher in 

a given length of time (Goucher and Mandell~ 1951)0 

!_~.!,e;] . .2£ temperature o The effect of temperature of incubation on the 

plaques produced by pruniphages was to decrease the sizeo This is in agree-

ment with the work of Anderson (1948) and Kleczkowska (1945)0 Kleczkowska 

(194.5) did not Observe the formation of plaques with Rhizobium bacteriophage 

at temperatures above 30° Co This confonns very closely with the present 

observations 001 pruniphageo The reason for the diminished size of plaques 
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with increased temperature and la~k of plaque formation above 30=33° Co is 

obscure since it is well below the inactivation temperature of9 at least9 the 

pruniphage (Crownover9 1950) 9 and the host organism grew well at this tempera= 

tu:re o This phenomenon may be explained in part by the increased rate of growth 

of the host organism at the higher tempera,ture 9 since plaque f omation has been 

reported to be a fmwti.on of the time of di vision of the u.11infected cells (An= 

derson.11 1948),, 

·Plaq~ tne.!o The separation of distinct strains of bacteriophage on tre 

basis of plaque c:ha:t>$1.Ct~:ristic:s has been used by a number of worker~o Levine 

(1938) reported the separation cf two _[higeili phages by plaque fo:rmati~ and 

specific adsorption., Kleczowska (1946) reported the separation of a large and 

a small plaque=producing strain of fili!.zobium phage., Hershey (1945) 9 working 

with ~oliphage PC 9 noticed that 1% of the halo plaques produced on Oo6% agar 

had primary lytic spots in the haloo From these spots he obtained a differ= 

ent phage which showed interference phenomena between adjacent plaques of the 

two types which took the form of suppression of lysis in the area receiving 

phage of both typeso 

The outstanding example of the separation of strains of bacteriophages 

is the T=srr.ries of coliphageso These phages were separated by their reaction 

on indicat0r hosts and by the appearance of the plaques: (Demerec and F:ano» 

1945)., This series consists of seven distinct phages which have been studied 

in great detail by numerous workerso 

With the pruniphages 9 five d:Lfferent plaque types were chosen as described 

hi a previous section of th.is reporto Investigations have been limited to 

these five types i however 9 it should be noted that a. second type has been ob= 

served in the XP5 pla.que suspensionso It has been isolated and will be called 

XP6o It is not known whether XP6 is a contaminant or arose from XP5 by muta= 

tion9 but it appears to be different from the other five phages and will be 
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studied furthero Reeently~ another phage active against Xanthomonas ·prun~ 
was isolated from a rabbit fecal sample and when additional data are obtai~ed 

f0r it, it may become IP7o 

It should be mentioned that an interesting sidelight during the process 

of selection of the different plaques of pruniphage was the observation that 

the lytic areas of plaques» stained dire~tly with methylene blue, appeared 

reddish and the background of growth, a bluish greeno This phenomenon was 

also reported by Hadley (1924) who attempts to explain the difference in col= 

0r to increased alkalinity at the lytic sites from the alkaline debries from 

lysed bacterial cellso This does not quite seem reasonableJ yet no other 

re.fere:mce to this phenomenon has been foillld in the literature and no explana= 

ti0n is of'.f.'eredo 

·standard il.i:,ting teclmiqueo In the course o! experiments)) certain di!fi= 

culties were en.oou.ntered which required modification of standard. proceduresil 

One or these concerned the fact that tarithomonasprun~ produced a i1llIIIrlY mater= 

ial and tended to grow in a ropy manner (Eisenstark and Thomberryj) 19$0) 9 

thus making testdtube cultures a difficult procedureo The technique described 

above eliminated this difficulty and afforded several advantageso It assured 

a uniform suspension in all the tubeso The volume in the tubes was accurate 

for dilution since"it was not subject to auto0laving and storage losses before 

useo Finally, chance of contamination ruining the plates was diminished be= 

cause the culture was dispensed'after growth had taken plaoeo The purpose 

of the lo.5 mlo of 2% agar being added to 4o.5 mlo of broth was to obtain the 

smallest workable volume of culture medi1nn in which the growth took place== 

a volume which would distribute i tsel.i' evenly in a thin film over the sublayer 

and which contains only Oo5% agar final concentrationo This concentration was 

chosen from. the results of the experiment on the effect of agar ~oncentrationo 

The standard medium contained Oo.5% sa1t9 since this concentration was the one 
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which best showed up the differences in plaq'W) morphology between the five 

phage types in the experiment on the effect of salt conoentrationo The age 

and size of inoculum were chosen from the results of the experiments on the 

effect of these two fabtors, a.n.d finally, the plates were incubated at 27° Oo 

for best plaque differ&ntiation. 

ho Conclusions 

1. Plaques of Xa)ithomori.as prum..ph~e a:re .. best obtained with detailed 

plaque morphology- b;r t~ ·· ~~~ of a modified piating technique which includes 

the use of a small inobulum of young cells, a thin sublayered film of Oo5% 

agar concentration for growth in a medium containing Oo5% salt in plates in~ 

cuba.ted at 27° C. 

2. Five strains o:f !• ·P~ bacteriophage have been established on the 

basis of distinct differences in their plaque morpholog,yo 

B.. ·Indicator Hosts 

Di,f'ferentiation of phage types may- be aecomplished in several ways. , The 

use of plaque morphology for this purpose has just been discussed. Another 

means of differentiation is the isolation of variants of the original host 

organism which are susceptible to the lytio action 0f some of the bacterio"' 

phage variants, but resistant.to others .. Th$ sea.rah for and establishment 

of such variant strains of Xanihomonas pruni are described in this section. 

lo Materials and methods o 

Obtaining _E_oasili!! ~ va:tlantso Four different procedures were used 

in attempts to establish host variantso First, single plaques of the phages 

were beaten in nutrient broth and incubated until overgrowth. occurredo Usu

ally, a day or two was required., Samples of this overgrowth were then streaked 

out to obtain colonies. In the second procedure, a suspension of the host 

organism was plated out with Oo5 ml.. of high titer phage according to the 

plating procedure described under "Plaque Morphologyno Third, a mixed aus"" 
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pension of phage and host was smeared over the surface of nutrient agar 

plates. The fourth procedure involved streaking of the overgrowth from a 

lysed culture to obtain colonies. 

Colonies from all four procedures were then subcultured on slants. 

·Testing ,2! possib1e ~ variants. Once cultures of possible host var.,. 

iants were obtained, they were tested by the spot inoculation technique. 

This technique involved pouring layered plates without any virus according 

to the routine procedure previously described, except that in this case, 

the li.r; ml. of host suspension was prepared by emulsifying some growth from 

a slant of the host to be tested in 4.5 ml. of sterile broth. Small drops 

of each of the five phage suspensions were than placed on the semisolid sur= 

face. Growth or lack o:f' growth on the spots were interpreted as resistanc.e 

or susceptibility to the eorre sponding phage. ( See F'igs. 16, 17, 18, and 19) 

2o Results 

The overgrowth from suspended plaques yielded only strains o:f' the host 

organism resistant to all five pha.ges, while growth from a mixed suspension 

of host and phage smeared on the plate proved to contain only susceptible 

hosts. Cultures obtained from overgrowth of poured plates and lysed cultures, 

however., showed a remarkable range of quantitative differences in resistance 

to the five phages .. Examples of two such cultures showing partial overgrowth 

of some of the spots are shown in Figs. 18 and 19. From a total of 220 cul= 

tures tested, there was one obtained which was susceptible to XP5 and resis-

tant to the other four phages .. This variant is illustrated in Fig. 17, as 

compared to a completa"Jy' susceptible hos·t strain in Fig. 16 .. 

.3. Discussion 

Use of indicator hosts., A set of indicator host strains serves aa an 
~ rm ,·-- :rt re==at::r:r:-:r:n --= 

excellent tool to the geneticist for studies of mutation in both bacteria and 

viruses, and to the virologist :for studies of' virua.,.host interaction .. Such 
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a set of indicator hosts has been established by Demaree and Fano (1945') 

.for.Escherichia coli, and has been used for the study of mutation of the __ """""_""""'_ - . . 

bacterial host. A revi.Erw of the particular advantages of this e:x:perime:ntal 

tool is also to be found in their paper. Del'bru.ck (1946) has described the 

usefulness of the indicator host-virus system fo:r st·udying the host=virus 

relationship. 

Obtaining .~fvarimitso When a culture of a susceptible bacterium is 

attacked by the homologous active phagep the culture clear"s as lysis of th.e 

cells occurs11 and then after a time the culture becomes turbid again with 

growth of resistant organisms (Luria and Delbruck9 1943) o It was first be= 

lieved that the growth of the resistant bacter:La in a lysed culture was in= 

duced by direction action of the phage (dUHe:relle.9 1926)0 Since then9 the i= 

dea. has been proposed that bacterial variants occurred in the culture by spon= 

taneous mutation before the virus 11ras added and the virus merely served to 

eliminate the sensitive organisms (Gra.tia.9 1921 and Burnet9 1929) .. This hy= 

pothesis has been supported by :more :recent experimental data (Luria and Del= 

bruck, 1943). A detailed analysis of the possibilities 0f how resistant var= 

iants may have arisen is present in the smne paper., This lysis=resistant 

overgrowth sequence seems to be well established in the ease o.f c:olipha.ges o 

Kleczcowska (1945) working with Rhizobi:um bacteriophage» hmrever 9 reported 
;e·m ··t::r::z;:r- tz -, 

two kinds o;f' overgrovrth alter lysis of a culture., One type of overgrowth de= 

scribed was especially interesting!! since it consisted of clones of sensitive 

host cells growing i:n. the presence of excess active phage. This same phenom= 

enon has been observed with the pruniphages P both on an agar surface and in 

liquid culture., -which may acr:ount for the paucity of indicator hosts obtainedo 

Kleczkowska (1945) explai.ned this growth of susceptible bacteria ir1 an excess 

of phage by demonstratir1g that a 14. day lysed culture contained a substance 

which preYented phage interaetion with the bacteria. There was no such sub= 
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stance found in a 14 day culture to which no virus had been added. It is 

possible that a similar situation exists with the pruniphages. Extracts of 

susceptible cultures of staphylococci which would inhibit bacteriophage has 

also been reported by Rakieten, Rakieten and Doff (1936). 

Bronfenbrenner and Korb (1925) reported that the presence of resistant 

bacteria merely clouded plaques with overgrowth and di.d not affect the size 

or count. If this fact may be applied to the clearing of spot inoculations 

as well as plaques, then the quantitative differences of the strains of 

·!· pruni reported above may be explained by the presence of varying propor~ 

tions of resistant bacteria in the host populations. This in turn may be 

attributed to a high mutation rate of the susceptible host culture which 

would cause a different proportion of the population to be resistant. 

4. Conclusion. 

One indicator host was obtained which was susceptible to XP5 and resis~ 

tant to the other four phages. This host served to show that XP.5; at least9 

was different from the other four phages. Also~ hosts showing a range of 

quantitative differences in resistance to the five phages were obtained. 

c. Serology 

1. Materials and methods. 

Preparation!!! antisera. Five rabbits were injected with centrifuged 

plaque suspensions of individual plaques intravenously .. The injections were 

given at intervals of 2 and 3 days over a period of 5 weeks w.i th increasing 

doses of virus centrifugate ranging from o.5 ml. to 3.5 ml .. A week after tl'B 

final injection the r.e.bbits were bled, the serum separated, sterilized by fil

tration and stored in the refrigerator. 

Determinat~on ~ serum constants. The protocol used in determining the 

inactivation constants of the antisera was essentially that employed by Adams 

(1950), the only difference being in the plating technique employed. The 
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stock virus suspensions were diluted to yield 1000 plaques when Oo5 mlo was 

plated according to the method already described for pla.ting of the pruniphages o 

2. Resultso 

The experimental data of serum constants of phage inacti.vation a.re presen= 

ted in Chart 2. This chart, while incomplete, is evidence implying serologi.cal 

differences among the five phages. 

3. Discussion 

Originally, five antisera were prepared, one against each of the five 

phages , XP1-XP5. As mentioned in a previous section of this report, XP5 was 

observed to contain another plaque=type variant now isolated and called XP6 o 

Unfortunately., it is suspected that the rabbit supposedly immunized against 

XP5 was actually injected with a mixture of XP5 and XP6, since the injections 

were completed before XP5 and XP6 were separated. Therefore 9 t he data con= 

cerning antiserum against XPS and/or XP6 may not be significant . 

Bacterial viruses, like most plant and animal viruses, will effect the 

production of antibodies in the blood of experimental animals when injected 

over a period of time (Adams, 1950, and Wahl and Lewi.9 1939) . The antiserum 

from different bacteriophages has been studied by many investigators and has 

been used to advantage in several ways. Immune serum can be used to eliminate 

free phage in studies of virus=host interaction, since adsorbed and intracel= 

lular virus is unsusceptible to antiserum action (DelbruckJ 1945) . It has been 

used to group and separate various bacteriophages (Rountree, 1949, and Sertic 

and Boulgakov, 1935). Clifton.9 Muell er and Rogers (1935) have studied the ef~ 

feet of antiserunl on lysis. The theory of the action of antiserum on phage, 

the factors influencing the phage=antiphage reaction, and the reactivation of 

neutralized phage by enzyme action have been discussed by Hershey (1941) j Kal~ 

manson, et al . (1942), and Kalmanson and Bronfenbrenner (1942). Andr ewes and 

Elford (19.33) have reported that a giiren strength of antiserum will neutralize 
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over a wide range only a definite percentage of phage, irrespective of the 

quantity of phage present. This phenomenon they have termed the "percentage 

law. 11 Additional information about this law is to be found in a second paper 

by Andrewes and Elford (1933a) and one by Hershey, et al. (1943). 

Considerable correlation has been noted between serological groupings and 

groupings based upon other properties, such as particle size and plaque mor~ 

phology. However, in some cases, phages which were separable by other means 

were antigenically indistinguishable (Hershey, 1943, and Luria, 1945). Phages 

may be considered distinctly different, then, if they are serologically dif

ferent, but no conclusion can be drawn if they are serologically identical. 

The relatedness or unrelatedness of phages can be deduced by a consideration 

of their rates of inactivation with an antiserum prepared against one of them 

as measured by their serum constant (Adams, 1950 and Hershey, et al., 1943). 

The more closely two viruses are related serologically the closer will their 

serum constants agree (Adams, 1950). 

Unfortunately, the experimental data obtained were not adequate to estab~ 

lish identity of each phage type. However, the data indicate that perhaps an 

additional detennination might reveal significant results. The reaction con

stants obtained, however, seem to show that there definitely were differences 

in the rate of inactivation of the five pruniphages with each antiserum. An-

ti XPl serum had the highest serum constant with XPl, which was to be expected. 

XP4 and XP5 were inactivated at the same rate by anti XP5 and the value of XP2 

with anti XF2 serum was much lower than would be expected. These determinations, 

although far from conclusive, suggest that a repeated determination might re~ 

veal significant results. 

4. Conclusions. 

No definite statements can be made from the data available, but the pre

liminary serum constant values obtained show differences in the rate of inac

tivation of the five pruniphages by an antiserum prepared against one of 
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differences among the five phages . The phages , however, appear to represent 

a closely related group serologically. 

D. Burst Time 

1 . Materials and 1n.ethods o 
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The procedure used in determination of the burst times of the five prun:i.~ 

phages was adapted from that described by Crownover (19.50). The virus~host 

mixture was assayed at 30 minute intervals over a period of 3 hours. At eacm 

time interval, assay was made of the total phage, ioe., adsorbed phage plus 

free phage, and also of the free phage alone by centrifuging down the host 

cells. The plates were poured according to the routine plating procedure al.

ready described. 

2. Results 

The burst time curves of the five pruniphages studied are shown in Chart 

J . It may be seen in this chart that, while there are definite rises in all 

the curves between one and two hours, no clear~cut jumps indicating initial 

bursts are discernible . 

J . Discussion 

The process of the multiplication of bacterial viruses may be considered 

as a cycle of stepwise events . There are three main steps recognized in this 

cycle as follows~ (1) adsorption, the attack of the virus on the susceptible 

bacterial host, probably involving chance collisions to bring together the 

phage and bacterial eell, (2) the latent state in which the virus is replica~ 

ted inside the cell. This phase ends with burst of the bacterial cell and 

liberation of newly f ormed phage particles, (3) the dormant free form of the 

virus persisting between contacts with the host cells (Anderson, 1946, Hors~ 

fall, 1949 and Price,1948 )0 

The time required for adsorption plus the time for virus replication 
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inside the cell is known as the burst time . Every virus strain lyses the cell 

at its own characteristic time . This time, at which the virus is l i berated, 

is called the minimum latent period (Price, 1948) and is independent of t he 

multiplicity of infection (Delbruck, 1946) . Each member of the T~series of 

coliphages, in addition to producing different types of plaques and exhibit i ng 

differences in infectivity of indicator hosts, has a distinct burst time which 

is different from the others (Ellis and Delbruck, 1939, Delbruck, 1940, 1946). 

It was expected that the pruniphages might also be separated by differ ences 

in their burst times. The knowledge of the approximate burst time of the 

phages is also of considerable valtte in experiments involving quanti t ative 

assay of the phage present in a sample at a given time. The assay procedure 

must obviously not take longer to perform than the burst time of t he virus if 

a significant determination is to be made. 

The curves in Chart 3 show definite rises in number of phage present for 

all five phages between one and two hours o This is in agreement w.i th Crown~ 

over (1950) who reported a burst time between 1.5 and 2 hours. Chapman et p].. 

(1951), working with the bacteriophage of Erwinia carotovora, an organism re~ 

lated to Xanthomonas Eruni, also reports a burst time of about 1.5 hours. In 

the case of pruniphage, it is suspected that assay of the host~virus mixt ure 

at shorter time intervals would reveal more precise burst t i mes. It may be 

observed from the chart that the curves for XPl, XP4 and XP5 first start to 

rise sharply after one hour while the curves for XP2 and XP3 do not start to 

r ise sharpl y unti l after two hours o This is an indication that the five pha~ 

ges might be separated into at least two groups. 

4. Conclusion 

The burst time data f or t he prurli~hages indicate that bursts occur for 

all of them somewhere between one and two hours. While differentiati on of ttB 

phage types by burst time is suspected from the information available, no 

definite separation can be made without additional experimental data. 
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III. SUMMARY 

Bacterial viruses have become convenient tools for the study of several 

biological phenomena. The study of bacteriophage has broadened to the poi.nt 

where investigations of phage-host systems other than Escherichia E2,~~ might 

be profitable; therefore, this investigation was undertaken o This report is 

concerned with the isolation of different strains of bacterial viruses, all 

active against Xanthomonas p:runi, and establishment of the identity of each 

virus by means of plaque morphology, indicator hosts, serology and burst timeso 

A standard plating technique for the pruniphages has been worked out and 

described. The effects of age of culture and size of inoculum, agar concen= 

tration, salt concentration, and temperature were dete:rminedo It was con= 

eluded t hat plaques of Xanthomonas pruniphage are best obtained with detailed 

plaque morphology by the use of a modified plating technique which included 

the use of a small inoculum of young cells, a thin sublayered film of Oo5% a~ 

gar concentration, o.5% NaCl in the medium, and i ncubation at 27° Co Five 

strains of!• pruni bacteriophage were established on the basis of distinct 

differences i n their plaque morphology. 

The isolation of host variants susceptible to action of some bacterio

phage types, but resistant to others, is another means of differentiation of 

phage variants o The procedure for obtaining and testing of possible host var~ 

iants is described. An indicator host suscepti ble to XP5 and resistant to the 

other four phages was obtained. In addi tion, hosts showing a range of quanti= 

tative differ ences in resistance to t he five phages were obtained o 

Anti sera were prepared against each of the five phages and were used to 

t est f or serological. relationships between them. Preliminary serum constant 

val ue s obt ained show differences in the rate of inactivation by an antiserum 

prepared against one of them, but they appear t o r epresent a closely related 

serol ogical group. 



Since every virus strain lyses the host cell at its own charac"t,eris:tic 

time, it was expected that the prunipha.ges could be differentiated by this 

means. Burst time data obtai:ned indicate that all .five pruniphages have a 

burst time between one and two hours. Differences in burst time are sus= 

pected from the data, but no definite separation can be made w:i.thout addl= 

tiorial experimentation. 
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Figs .. 1,2,3 Plaque :morphology of XPL, 

J!':i.gs. 4.,5.,6 Plaque morphology of XP2 .. 

J?igso 7,8,9 Plaque morphology of XP3o 

Figso 101 11,12 Plaque morphology of XP4 .. 

Pi.g$o 13,14,15 Plaque morphology of XP,5 .. 

]'igs .. 1,4., 7 ,10.,lJ a.re diagrai.rn.i11atic representations of plaque 
morphology as described in the text. 

1'"'i.gs .. 2.,5,8,11,14 are single, enlarged plaques. 

F'igs. 3,6.,9.,12,15 are sections o.f petri dishes which show the 
plaques .. 

All photographs virere made as positive prints by placing 

the petri plates themselves in the enlargero 
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Figo 16 Spot :i.noculatio:n of XP1.-XP5 on a completely susceptible 
hosto 

Fig., 17 Spot inoculation of XP1=XP5 on an i.ndi.cator host, as de= 
scribed i:n the text .. 

F'igso lS Jl9 Hosts show:Lng quanti ta.tive differences in resistance 
to the fi·tre pr1.mlphageso 
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Fig. 20 XP4 plaques produced in presenee o:f 0.5% Na.Clo 

Fig. 21 XP4 plaques produced in presence of 3.0% NaCl. 

Fig. 22 XP3 plaques produced with o.; ml. turbid host suspe:nsiono 

Fig. 23 XP3 plaques produced with 0.05 ml. turbid host suspen-
sion. 

Fig. 24 XP4 plaques incubated at 30 - 33° o. 

Fig. 25 XP4 plaques incubated at 25° o. 
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