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STUDIES ON HOST SPECIFICITY OF ACTINOPHAGE 

INTRODUCTION 

For many years, investigators have experienced 
considerable difficulty in attempting to identify or 

separate species of the genus Streptomyces. Variation 
in respect to morphological and phys1o1oica1 charac- 
teristics has resulted in mistakes in nomenclature. In 
addition taxonomic tables can not be relied on as the 
sole uide in the identification of thdividual species. 
In view of this confusion some authorities believe that 
the number of species should be decreased arid individua]. 
groups organized. On the other hand, there is a definite 
trend toward expansion of the genus Streptomyces. 

The uso of phage to help clarify taxonomic relation- 
ships within the Streptomyces group has not been reported. 
Yet the Streptomyoes riseus host virus system has re- 
ceived considerable attention (29, p.619). Quite recently 

a phage which caused lysis of a number of known 

Streptomyces species was isolated by Gilmour and Duthala 
(15, p.17). However there was insufficient evidence to 
judge whether members of this genus could be identified 
on the basis of selective seiitivity to the isolated 

phage. For this reason the present study was initiated 
with the primary objective of ascertaining the value of 
this phage as a useful tool in the differentiation of 
Streptomyces species. 



HI S T ORI CAL 

Phage typing became a valid taxonomie tool when 

phage sensitivity was shown to be dependent upon the 

antigenic structure of the host culture. Hadley (16, p. 

14J4$) was one of the first investigators to discover this 

relationship. Comparing one strain of Sa1monefl 

typhosa, Salpionella a11inarum, and a1mone11a pullorufli 

respectively, he found that there was close antigenic 

re1Ftionship between these organisms, 3y producing 

bacteriophage for the corresponding organisms he dis 

covered that phae reactions closely followed the trend 

of the agglutination reactions. 

Similar observations were made by Burnet and McKie 

(7, p.6L4). They listed the behavior of 12 pliages to 

ward the smooth and rough strains of Shiella f lexnerit. 

These strains included the four antigenic races X, V, 

'1, Z, of Androws and Innman (8, p.l.68). The smooth 

forms of the various Flexner types were found to present 

characteristic differences in their phage sensitivity. 

Antigenically similar strains were found to show practi- 

cally identical reactions toward a series of phages. 

The rough strains which possessed a common antigenic unit 

(1:1) were identical in their phage reaction, 

Phage resistance to previously susceptible organ- 

isma was also correlated with a change in antigenic 



structure (J, p.29). Phae resistant cultures of 

Staphylococus albus showed some alteration in antienic 

structure as judged by agiutination adsorption methods. 

Two types of alterations were distinuisbed: (i) loss 

of a definite antienic unit (2) alteration within such 

a unit. 

Other observations on serologic and bacteriophage 

relationships wore also made by Eurnet (3, p.31) while 

workinb with smooth and rough forms of several Salmonella 

strains and their phagos, Be found certain pha'e types 

were limited in their action to smooth forms, others 

attacked rough strains, while a third croup could lyse 

either form. The type of resistant colony produeed was 

related to the aove characteristics of the lysing phase, 

8Smooth" phases tended to ivo rise. to rough or partialy 

rou'h resistant bacteria, wble "rough phages with 

certain rough cultures provoked the appearance of true 

smootth forms. Those phages which lysed both forms wre 

more liable to show resistant forms in the same phase as 

the parent strain. 

In l93L., J3urnot (L1., p.293) prepared extracts from 

both S and R strains of Shigella flexnerii. The extracts 

from resistant strains failed to inhibit the phages to- 

ward which the bacteria were resistant, while phage 

sensitive strains inactivated the phages to which they 



were sensitive. The phae inactivating power was 

destroyed by the addition of homologous antibacterial 

serum. An investigation into the chemical nature of' the 

phage inactivatinj; agent of the bacterial extracts was 

made (15, p.310). The extract was purified and ioand to 

be a polysaccharic3.e which could be converted into the 

usual hapten by treatment with alkali. During the course 

of deradation of the active polysaceflaride by heat and 

alkali the inactivatirì : power was lost in a step-like 

fashion. The heat and alkali stable haptens showed no 

pha;e inactivatin power except for one phase. lt was 

concluded that the specific antigen of the dysentery 

and Salmonella bacilli was a labile polysaceharide which 

was responsible both for the serological character and 

the phase susceptibility of the bacteria, Usin extracts 

troni Salmonella suiestifer, Levine and Fresch (23, 

86) were able to demonstrate that both pha'e and anti- 

bodies ere fixed presurnaiy to the same active substance. 

These workers also demonstrated subgroups within this 

species by mens of specific phae adsorption methods. 

salmonella phaes specific for antigenic components 

other than the O-antien have been found. One such 

phago was specific for the Vi or virulent f rm of 

Salmonella tphous (li, p.233). The V Forms of 

aLnonella typhosus and other Salmonella cultures which 



did not elaborate this antion were resistant to this 

phae. Four serologically distinct types of Vi phages 

have been io1ated (11, pp,49.L63). Type Ii Vi phage 

was the only one of the L. types which proved to be useful 

in the typing of VI. strains of Salmonella trphosua, This 

phage exhibited a high selective affinity not only for 

the particular form of Salmonella typhosus on which it 

was propagated but alzo for related strains. A number of 

distinct types of Salmonella typhosus was reco"n1zed on 

this basis. Further work showed good agreement of the 

results obtained by typing strains of Salmonella typhosus 

with the available opidemiological evidence (ii, p.t.96), 

i1son and Atkinson (31, p.6L8) using techniques 

similar to those used for phage typing of typhoid bacilli 

were able to reconize 21 types of Staphylococcus aureus. 

They also found that there was good agreeiient of typir 

results with epidoniio1oica1 data. The same general 

conclusions were reached by Lilliegen (2L, p.115) in 

typing Salmone lia typhimurium. 

Very 1it1e actual phae typing of any of the 

Actinomycetes has been done. General observations on 

phage sensitivity of various organisms belonging to 

this group have been made by several workers. The 

existence of phages attacking the ActinomyceteB was 

discovered by Wiebols and Wieringa (30, p.1!l). Phaes 



for Strep '- tornyces soabies, Actinomyces bovis and Nocardia 

farcinia were founds A pha,e wheh lysed more tban one 

species of Actinornyces was also reported. This was con- 

firmed by iU1hens (2u, p.27) who described a phage which 

acted on an aerobic Actinomyces culture. Other aerobic 

sporulatin; Actinornyces were affected to a lesser extent 

suggesting a specific action aainst certain types. 

The phae which was isolated from streptomycin 

fermentations proved to be quite specific in its action. 

Only streptomycin producin strains of Streptomyce 

riseus were susceptible (27, p.14b0 and 32, p.Lj7). 

aksman has used this pha;e for the identification of 

streptomycin producin; strains of Streomjces griseus 

in fresh soil isolates (29, p.618). Two types of the 

treptornyces riseus pha:e were found to occur in industrial 

fermentation. Those were dis tinuished on the basie 

of plaque morphoioy, particle size and host specificity 

(22, p.31), Gtlmour and Bthala (I14, p.17) usiri, a 

phage isolated from soil demonstrated lysis of 15 

Streptomyces srecies. A similar phae was recently 

isolated by Garvajal (9, p.221). 
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EXPEHIMEAL METHODS 

Media and Culture Preparation 

Modifications of the usual bacteriological methods 

must be adopted when working with the Streptomyces. 

These changes take into account the inherent variation 

of such f ilarnentous cultures. 

Media. In this study the medium Cor general use 

consisted of 0.5% glucose, 0,% poptone, 0.3%' beef' extract 

and trace amounts of calcium chloride and yeast extract. 

To make nutrient a . 

ar for plating the bottle slants for 

the cultivation of spores agar was added to the 

liquid medium. Semi-solid asar contained Q.75j agar. 

A second medium, glycerol asparagine, was used for the 

cultivation of spores of certain Streptornyces species 

which would not sporulate on nutrient agar. This medium 

consisted of l.O glycerol, 0.1» asparagine, O.O5) dibasic 

potassium hydrogen phosphate, O.O2 sodium chloride, 

trace of ferne chloride, and l.5' agar. Distilled 

water ws used in the preparation of all medias Both 

media showed a pli of 6.8 to 7.0 before autoclaving at 

l pounds pressure for2O minutez. 

Cultures and preparation of spores. Twenty seven 

Streptomyces specieL and three strains of Streptomyces 



riseus were used in this study. Ali cultures except 

Streptotnycos riseus 3L7 and 3t78 (Waksman coiiecton), 
were obtained from the American Type Culture Collection. 

Stock cultures or the various species were maintained 

in sterile soil and the number of transfers on laboratory 

media as limited to eliminate variation in the cultures. 

Spore inocula were obtained by growin the cultures 

on bottle slants of nutrient aar or glycerol asparagine 

agar, The cultures were incubated at 30°C. for -7 

days at which time sporulation was at a maximum. Fifteen 

to thirty ml. of broth was added aseptically to the 

cultures arid the spores were teased off into the broth 

with a sterile loop. Clumps of spores and mycelial 

frarnents were reoved by filterin, the suspens ion 

throuh thirty layers of fifty mesh ¿auze held in a 

Seitz filter. 
Inoculum for asporobenous organisms was obtained 

by growing the cultures in 50 ml. of nutrient broth in 

20 ml. erlennoyer flasks at 30°C, under shako conditions, 

After seven days these cultures were filtered in the 

same manner as the sporogenous cultures. The filtrate 
was composed of finely fragmented myceliuni and proved 

to be a satisfactory inoculuxn. In both cases the 

filtrates were stored in the refrigerator at L.°c, 
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Isolation of Phage Strains 

In phase research, as in bacterial work 'pure 

cultures' are used. Strains of this sinIe phase type 

are often desIred for special purposes. For phage typing 

a large number of host range mutants or environmentafly 

altered phages are necessary to detect difference in the 

antieriic complement of the related oranisms. 

The isolated phage, lL3, was first purified by 

picking plaques. Plaques were obtained by mixing I ml. of 

the desired dilution of phage and 0.5 ml. of the spores 

of Streptornyces ¿riseua 3li75 in 2. ml. of semi-solid agar, 

layered over nutrient agar plates and allowed to harden. 

fter incubating the plates at 30°C. for 2I. hours a charac- 

teristic plaque was picked by staL bing the plaque with a 

sterile inoculating needle and transferring to 2 ml. of 

broth. Several tenfold dilutions of the broth were 

plated as described above. This procedure was repeated 

until plaques had been picked three times. 

Stock filtrates of the pliage were prepared by adding 

ml. of broth to confluently lysed plates. After 

allowin the plates to stand 30-60 minutes, the soft 

agar layer was removed with an inoculating loop and 

the mixture passed through a Seltz filter, This "pure 

lined" pliage was designated 534í'3_i. Th number 5114-3 



rerers to the parent phae and the suffix (1) to the 

1aboiatory number of the host culture, treptomyees 

riseus. 

Host rane mutants or phaes whick had been altered 

by their environment were obtained by platin tenfold 

dilutions of phae 114-3-1 in the presence of the 

different species and strains of Streptoces that 

were available. kiaques were picked three times. 

Iiltrates were prepared and nurbered in the previously 

described manner. 

host specificity tudies 

The specificity of a pliage as previously described 

is determined by the seroloical eiaaracter of the host 

organisms. The host range or specificity of a number 

of phae strains can be used to determine differer.es 

or similarities of the test organisms. This can be 

checked to some extent oy comparing the phage preparations 

selectodby the hosts. This is based on the theory that 

like phage will be selected by like hosts or that a 

similar environment will cause like chanes In the phabe. 

Lysis. Observatias :)n the host rane of a few 

phae strains were carried out by notin; the deb ree of 

lysis of broth cultures of several Streptomyces species. 

The lysis studies were conducted y inoculating 1.0 ml. 



of each pha:e fi1tX&t Into a 2L. hour nutrient broth 

culture of the test Streptomyces species. After the 

cultures had been incubated for 2L hours at 3000., the 

decree or 1yis was noted by comparing the density of 

growth of the control culture with that of the phage 

inoculated culture. 

Plating efficiency studies. A phage may exhibit 

either poor or excellent growth in the presence of a 

specific host, ihis is dependent on the ability of the 

phage particles to become adsorbed to host cells and the 

ability of these infected cells to liberate new pliage. 

That proportion of viable phage particles which form 

plaques (areas of lysis) when plated may be defined as 
the efficiency of plating. 

In the present study plating efficiency experimentc 
were carrIed out using a limited number of phage strains 

and twenty three of the available cultures. ' ach pliage 

strain was diluted in tenfold steps to 10°. A 1.0 ml 

aliquot of the last phage dilution was plated as described 

provi ous ly. 

After the plates had ineubated at 30°C. for 214. hOUrS 

plaque counts were made The hi;iiest plaque count of 

each phage strain was assumed to represent the total 
number of viable phage particles. The plating efficiency 



12 

wa determined bycoìnparin, the lower plaque counts with 

the highest count of each phae itrain. 

Confluent plate Iysis. Plates inoculated with the 

respective host cultures were prepared. These plates 

contained approximately 1. ml. of nutrient agar over which 

2.. ml. of seni-so1id asar inoculated with spores had 

been layered and allowed to harden in the refrigerator, 

The phase preparations were then diluted to the 

point at which the tIter was still stron enough to cause 

confluent lysis of the host cuItur, First tenfold 

dilutions (lO1.1O6) of the phage strains were made. A 

drop of each dilution was applied to the prepared plates 

by means of a standard loop. After incubating 2L hours 

at 30°C. the highest dilution of each phage strain which 

gave confluent plate lysis was selected far testina the 

host range. 

A standard loopful of each diluted phage preparation 

was then applied to plates Inoculated with the different 

treptornyees cultures (15). After an incubation period 

of 2t hours at 300C,, observations on the degree of plate 

lysis were noted. 

Neutralization Tests 

Fast work has indicated that when phage is introduced 

Into the animal body specific rieutra1izin antibodies 
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are produced. AntiTodies aainst v1rues are useful 

tools since they furnish a convenIent method for the 

identification of viruses. 

reparation of antisera. The production of high 

titer antisera aainst a bacterial virus differs In no 

essential respect from procedures for immunization against 

bacterial antigens. In the present study antisera were 

prepared for five phae strains, lL3-1, 5)4-3-2, l!-3- 

, 5lL-3.7, and )4.3-28. Two rabbits were immunized 

with each antigen. The phage stocks used for immuniza- 

tion contained at least lO to 1O' plaque forming 

particles per nil. These stocks were prepared frani con- 

fluently lysed plates as described previously. 

Since hi;her titer phage stocks were not obtainable, 

the subcutaneous route of injection was used. ood 

aiìtisra in most cases va obtained witn two injections 

of 5 ml. each per week for three weeks with a test 

bleeding one week after the last injection. The test 

bleedinb was made bj slitting the marginal ear vein and 

collecting 5 mi. of blood. The blood was allowed to clot 

over night in the refrigerator. After centrifugation 

the serum was decanted, centrifuged again if necessary 

and stored in sterile tubes at 3-L°C. 

The serum was assayed for antiviral activity and 

found to be suitable. Then the rabbits were sacrificed 



arid the clood collected in stri1e bottles. £fter the 

blood had clotted, the serum was decanted arid sterilized 

bT passin throuh a oitz SI filter which had been 

neutralized with l, acetic acid and l; sodium bicarbonate. 

The sterile sera were stored in the refrigerator at i°c. 

Assay of antiviral serum. Nutrient broth, which did 

not cause precipitation of the serum lobulins was used 

as a diluent for both phago and serum. The ptiae stocks 

were diluted to a titer of lO plaQue forming particles 

per ml. À 0.2 ml, aliquot of phase was a:ded to 1.8 ml. 

of the diluted serum at 37°b. At given intervals 0.1 ml. 

samples of the serum-phae mixture were added to 9.9 ml, 

of chilled broth. A 1.0 ml. sample of this dilution 

was added to another cold dilution tube containing 9.0 

ml. of broth, One ml. samples of the last dilution were 

plated in the usual manner. spores of the common host 

treotomyces riseus 3L7 were used a.s inoculum for the 

plates, 

In order to determine if the phae strains were the 

same type as !lL3-1, the various phase antisera mixtures 

were left at 37°C. and sampled when the hornoloous phage 

was 90 neutralized. The timo of samplin and dilution 

of serum was previously determined, bpores of 

trertornces griseus 3L.7$ were used as inoculum for all 

phage strains except ]43_l9. bpores or tre tom ces 



seabies were used as inoculurn for the latter phase 

strain. 



EXPERIMENTAL RESULTS 

Isolation ol' Phg tra1na 

Strains of a sin1e phase which differ tri respect to 
host rane may be isolated by pure lining a single plaque 
type and by isolating plaques formed on a new host cul 
turo. 

teference to plate I discloses that phage 51i-3-1 

when plated on the homologous host Streptomyç! riseus, 
formed S'mAli, medium, and large sized plaques. Unlike 
the actinophage isolated from streptomycin fermentations 
(22, p.31), it is evident that the plaque size of phage 

lL-3-1 did not breed true. Since phage strains could 
not be obtained in this manner, plaques presumably pro 
duced by mutants of 5l-3-1 were isolated from various 
Streptomyces cultures. As indicated in table i phages 
were isolated from all but five of the 30 test cultures. 
There was some indication that phae strains could 1ave 
been prepared for these five species, but concentrated 
thoculum was nover obtained in sufficient quantity for 
adequate testing. 

It should also be emphasized that the plaque size of 
the derived phage strains varied after purification, 
Apparently, plaque size of all phags strains was in- 

fluenced by the host culture. This observation is 
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amply Illuatrated in plate 2. Phabe strains .i1L.-3- 

and lÌ4.-3-7 when plated on Streptoniyces riseus 3L75 
produced large plaques b ut when plated on Streptomyces 
olivaceus the plaques were medium to s:nall in size. 

Host Specificity Studies 

In order that a valid picture of host specificity 
could be obtained, several experimental approaches were 
used. A procedure characterized by ease of standard- 
ization and capable of giving reproducible results was 

desired. 
Lysis. A study of the data in table 2 shows that 

little species differentiation can be obtained using the 
general lysis method. This observation iS reflected in 
the large proportion of positive lyss determinations 
and relatively few negative or intermediate values. Yet 
some separation of the test cultures may be possible. 
The Streptomyces riseus cultures, eotomces coelicolor, 
and Streptomyces olivochromoenus are apparently identi- 
cal. Similarities to phage action may also be observed 
between Streptomyces albus, Streptomyces riseo1us and 
the previously mentioned cultures. The phage suscepti- 
bility of the other test cultures followed a different 
pattern. Streptornyces flavovirens was susceptible to 
all pliage strains except lL4.-3-, while Streptomces 
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.UAELE i 

Host cultures used and the derived phae strains 

Nuinber et derived phase 
Culture 

strain (iL.-3-) 

. giseus 314.7k:; i 
grisous 378 2 .. 

s. coelicolor 
. alb 

s. griseus 10137 6 L olivaceus 7 s. arricanus 8 
e bson1i 

9 
olivochromogenus 10 .. 

s. microflavus 11 
s. fiavovirens 12 

wilimorel 13 '.. 

. iprnan1i 15 

. diastaticus - A cacaol - 

. rutgersensis i8 
. 

scabies 19 
antibioticus - .. 

s. roseochronoenus - 
. purpeochromoenus 22 
. albosporous 2 
, griseo1u 2 S. viridochramoenes 25 

S. flavus 26 
S. fiaveolus 27 

. cellulosac 28 

. bobiliae - L vorne 30 L californicus 31 



Plate 2 Influence of host culture on observed plaque size. 

Culture Phage strain Plague size 

A. S, griseus 3Lj7 5)4-3-S large 
B. S. griseus 3t75 5lL-3-7 large 
C. S. olivaceus ]4-3-5 small 
D. S. olivaceus 5)4-3-7 small 
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TABLE 2 

Observed lysis of Streptomyces species 
with selected phae strains* 

-- 

Phage strain (lL-3-) 
ecies 

J. 2 1+ ; T 10 1? 2! 28 

riseus3L75 3 3 3 3 3 3 3 3 3 

'L) Tiseus3L76 3 3 3 3 3 3 3 3 3 

3.coelicolor 3 3 3 3 3 3 3 3 3 

S.albus 3 1 3 3 3 3 1 1 1 

. 
olivaceus i - 3 1 3 .3 - i 

. 
olivochromogenus 3 3 3 3 3 3 3 3 3 

.. flavovirens 3 1 3 - 3 3 2 1 1 

. 
griseolus 2 1 3 3 1 2 1 1 1 

.cellulosae i - 1 1 1 3 

* 
3 - complete lysis 
2 - moderate lysis 
1 - sliht lysis 
- no visible lysis 



cellulo$ae was completely lysed by only 51i-3-28. 

eptomyces olivacous was very susceptible to only three 

phae strains, ;1!4-3-L1, 51Z37, arid ].L.-3.1O. 

Interestin(1y enough, the various phae strains 
appear te have different heat specificity ranges. How- 

ever, none of the phaes proved to be specific for one 

culture, 
efficienc1. An examination of the data in 

table 3 shows the majority of the phae strains to be 

nore specific for the homologous host culture. For 

example Streptonayces grisous 3L1.78, Streptomyces 

olivacous, and Streptotnyces cellulosae were 100 percent 
susceptible to their homoloous phages lL-3-1,2,7, and 

28 respectively. Yet it is evident that little actual 
species differentiation can be accomplished. In this 
respect, the phae reactions of three strains or 

Streptoniyces ,riseus show similar differences to those 

observed oetween other species. However', it is possible 
to discern distinct groups based on the over-all suscepti- 

bility to the phase strains. These are dopticted in 
table L. Group I is characterized by stron to weak 

susceptibility to phaes J4-3-1,2,,7, and 28; ¿roup 2 

by resistance to phao 5lL.-3.7; ¿roup 3 by resistance 
to pliage 114-325; group L. by resistance to phases iL- 

3-1,2,, and 28; group 5 by resistance to pliages 
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Relative platiri efficiency of selected phase 
strains with Streptomyces speciea 

pecies 

ihage strains (5113 

I 2 5 7 28 

. 
griseus 3L75 100 50 100 O 50 

. griseus 3L78 50 100 ,0 L0 60 
s. coelicolor 20 10 30 30 1 

. 
a].bus 10 10 50 1 10 
griseus 10137 70 10 80 10 50 

.. 

s. olivaceus i O i 100 0 
.. africanus 10 10 0 0 1 

... ibsonii 30 20 60 10 20 
microflavus i O 1 1 1 ,. 
flavovirens 30 10 0 0 1 .. 

s. willniorei 1 0 1 1 0 
.. lipmanii O 0 0 0 0 

diastaticug O O O O O ... 
SI rutgersensis O O O O 10 

. 
soabies 0 0 O O L1.O 

. 
antibioticus O O O O O 

a 
roseochromogenus O O O O O 

. 
purpeochromoenus 60 60 6O L1O 50 
albosporeus 0 Q O O 80 

... 
vir1dochromoenes O O O O O 

.. 

S.flavus O O O O O 
S.flaveolus O O O O O 
S. cellulosae O O O 0 100 

* ercentae susceptibility to the nearest 1O 



TABLE 

Tentative grouping of test Streptornyces species 
ori baìs of platthg efficioncy 

' . i 
uscetibi1ity of host cu1tues 

:to phase strains (51-)-) 
very weakly not 

- - - 
sasceptible usceptib1e usceptio1e 

I. 
se riseus 3L75 1,2,,7,28 
.. griseus 314:78 1,2,5,7,28 
.. puroeochrornoenus 1,2,5, 7,28 
s. riseus 10137 1 5 28 2 7 
... ibsoni1 5 1,2 7,2.6 

XI.___________ __________ __________ 
, 

alDus 1,2 25 7 

III. 
,.. co1ico1or 1,2,5,7 26 

IV. 

. 
olivaceus 7 1,2,5 28 

V, 
. cellulosoe 28 1,2,5,7 

s. albosporeus 23 1,2,5,7 L scabies 28 1,2,5,7 
. 
ru;;erseids 26 1,2,5,7 

VI. '. microflavus 1,2,5,7,28 
. wi11ore1 1,2,5,7,26 
. flavovirens 1,2,,7,28 
. africanus 1,2,5,7,28 
. roseochromoenu 1,2,5,7,26 
. viridochrornoonuo 1,2,5,7,28 
. flavus 1,2,,7,28 
, flaveolus 1,2,5,7,28 .. antibioticus 1,2,5,7,28 
. diastaticus 1,2,5,7,28 
. 1ipman3i 1,2,5,7,28 



5lI43l,2,$, arid 7; and croup 6 by re1stance to phases 

and 26. 

Confluent plate rsis. Typical plate lysis is de- 

picted in plate 3, A study of table 5 shows as does the 

previous data that littl species differentiation may be 

obtained on the basis of phage susoeptiblity. Yet 

phae susceptibility reactions do allow the test organism 

to be separated into related groups as reference to 

f1ure i discloses, s with the tentative roups out- 

lined in table L these are also based on resistance to 

certain phage strains. The relationship between the 

seven groups is best illustrated by the three strains of 

Streptomyces griseus which are placed in closely re- 

lated roups. Here a gradual loss of susceptibility to 

phase strains 5]i.-3-19 and 5l1-3-23 may be observed. 

This same observation riay be used to infer a close re- 

lationship between tretomyces albosporeus and 

pt2utyces sabies. in a similar way groups 5, 6, 

and 7 progressively exhibit resistance to a reater 

number of the phage strains. 

The 'roupings of the test cultures as outlined in 

figuro i are not completely validated by the host speci- 

ficity of the phage strains that were isolated from each 

culture, AS disclosed in table 5 it is evidnot that 

pha:e strains 5lt-3-9, 5iI-3-)2, 5]43-13, and 5lLj3ul5 



Plate 3 Plate lysis of phage strains on Streptomyces lipmanii. 
Above numbers have the following phage designation: 

1. 5l-3-1 L. lL-3-2 7. SlL-3-9 10. lLj.-3-1 13. ]J4-3-23 16. 1L-3-3l 2. 5lL-3-5 . lL1-3-6 8. 51)4.-3-12 11. 51L1-3-19 1)4.. 5l)-3-28 
3. 5lL-3-)4. 6. il1..-3-7 9. 51L.-3-l3 12. 11..-3-22 l. 5lLj-3-30 0' 
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Float range of phage strains as observed by the spot plato technique 

Species 

S. scables 
. iiIu1osae 

S albosporeus 
S. f lavovirens 
S. verne 
S. albus 

. bsonii 
Z. iseus 3L75 
S.iseus 10137 
S. griseus 3L78 
S. olivaceus 
S. coelicolor 
L lipmanii 
S. wiliniorel 
8. californicus 

Phage strains (511f-3..) 

12 1 15 7 30 e.; 
14. 1Q o 1. 21 
L!. 

L1 ¿4 :: o t. 14 ¿. 3 
i L I1 1 L. 1 32 
14 L1 13 3 3 3 1- 

¿4 
1 3 ¿4 3 3 2 

!l 14 Li 2 3 2 2 2 L1. 

11. Li- L1.3 3 2 2 2 
1. t43 1. 

I 2 3 Ii. 

L3. Li3 1 i 1 3 
L1 L. 11.2 3 0 0 3 t. 

1. 
Ì4 L1.L1. 20003 

I4 Lj 11. 2 2 0 0 0 3 
L. 14. 11. 2 3 0 0 0 3 
L1- 

Li L1. Q O 00 0 1 
1 1 1 1 1 0 0 

' 
¿4 - confluent lysis 
3 semi confluent lysis 
2 - numerous descrete plaques 
I less than 20 plaques 
o - negative reaction 



S.ceIuIosae 

Group 4 

S.albosporeus \ 
S.flovovirens u S.verne I 
S.albus 

J 

S.gibsonii J 

seusa4T/ 

Group I 

(SeUS 347e griseus 1013 

2 

S. oIivoceus 
S. coelicolor 
S. Iipmanii 

Group 5 

S.colifor nicus 

S.w 
i Ilmorei 

Group 6 

P? 

L__._.-_L__.. _B __ __i_ _ I 
A. CROUP I 

B. GROUP 2,3,4,3,8 

C. GROUP 7 

FIG.I PROPOSED GROUPING OF TEST STREPTOMYCES SPECIES 



which were isolated from StreDtonyces gibonll, Streto- 

myces f1avov1ren, Streptornyces willrnorei, and Strepto- 

myces 4pmanhi i. espectively, are apparently identic1 ori 

the basis of host secif1city. But thesc oranisns 

which should be in the same group on the basis of e1ect- 

ink;; like pha;es are in diffcrant roup on the bacia 

of reaction to other phase strains, This observation 

is probably an artifact as only relatively few Strep- 

myces species were tested. 

The theory that like cultures select like phae 

strains 1s Illustrated in the host specificity of phages 

]J43-1 and lL-3-6 aid in the phage susceptibility of 

the cultures, Streptornyce rriseus 3!75 and Streptoriycee 

riseus 10137, from which the phaes were isolated. 

These phac strains are only sli;htly different in 

respect to their specificity for lipmanii, 

Steptonyces olivaceus, Streomyces oelicolor, 

tomce bUe and Stre)tomyces albosporeus. In 

addition, the phase susceptibility of these two strtins 

of Strertornyces riseus differ only in their reaction 

to phage JJ4.-3-23. 

eutralization Tests 

îeutralization tests are carried out to establish 

the serologic relationship of the phage strains used in 
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the typing of culturea. The observed differences In host 

specificity should b aLtributed to chanes In the anti- 

genie structure of the test organisms. This conclusion 

can only be reached 1f the phaçe strains used prove to be 

serologically alike hould major antigenic differences 

exist anong the test phage strains, then results of phage 

typing work may be attributed to either the host or the 

phage under study. 

ot antiphae sera. The typical rates of 

neutralization between the phages, 11-3-1, 34-3-2, 

lL-3-5, 3J4.-37, and 114328, and their respective 

antibo'iies, 1, 2, 5, 7, 28, nay be observed in figures 

2 and 3. The observed reaction between phage and anti- 

serum is not instantaneous but proceeds at a readily 

measurable rate. The serum dilution which neutralized 

90 percent of the homologous pliage in 30 to 60 minutes 

was used. Reference to figures 2 and 3 discloses tho 

time and dilution of each antisera used to test the 

relationship of the phage strains. 

Reference to table 6 shows that the five phage 

strains are antigenically similar. Phage strains 5lL.3 

5 and lL-3-28 appear to be slightly different anti- 

genically as they are more slowly inactivated by anti- 

serum 2 than the other phage strains. As only minor 



TA3LE 6 

?ercentae neutralization of the phae strains 
by homoloous arid heteroloous antiserum 

Phae strain 
(5lL-3-) 

AfltiserUfll 

1 2 5 7 28 

I 90 7 96 85 92 

2 96 90 99 85 100 

5 
7 

28 

8 

65 
82 

66 
96 
50 

90 
96 
96 

81 
90 
96 

9L. 

9L. 

90 

TABLE 7 

Percentage neutra1izaton of phase 
strains by antiserum I 

La6e strain (1L-3) 
neutr1ization 

87 
9L 

92 
12 92 
13 91 
15 98 
19 91 
23 98 
30 82 
31 88 



antigertie difference was detected in the five phage 

strains, only antiserum i was used to check the soro 

logical likeness of the other phge strains which were 

used. As indicated in table 7 it appears that all phage 

strains tested are identical to the original phage, 

lL-3-1, when using antiserum i. 



LISCUSSI ON 

In the present study, plaque size did not serve to 

establish differences between the isolated phage strains. 
However, the presence of small and large plaques need not 

infer that the phage is impure. Plaque size is dependent 

upon several factors. When adsorption of each phage 

particle takes place simultaneously and the host cells 
are all in the same growth phase, a constant plaque size 

may be obtained. However these conditions are difficult 
to establish when using tomces cultures. Irregular 
spore germination and the over-all filarnentous nature of 

the Streptomyces group result ïn variable growth. For 

this reason plaque size cannot be considered an important 

identifying characteristic of the isolated phage strains. 
After the phage strains had been isolated by picking 

plaques formed by phage lL-3-1 on different Streptomyces 

cultures, three methods were investigated for applica- 
bility in testing the host specificity of the phage 

strains. 
The lack of phage specificity and wide range of 

susceptibility of the hosts to lysis in broth may have 

been due to inherent faults of the method, Lysis of the 

test cultures may have been caused by the presence of 

mutants in phage preparations which ordinarily would not 
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have been able to cause lysis of the test culture. In 

addition it has been found that diluted pliage often 

cannot induce lysis of cells growing in a. liquid medium. 

The form and extent of rowth of the host culture may 

obscure the deree of phas susceptibility. In broth 

Streptomyoes growth often occurs in the form individual 

compact balls or as dispersed mycelial filaments. The 

rate at which these two typez of rowtii were lysed was 

noticeably different. In this respect the dispersed 

mycellum lysed more readily than the compact mycelium. 

Unfortunately few of the test cultures exhibited a 

constant growth form in broth. 

Because of the difficulties encountered with lysis 

of broth cultures several plating procedures were in 

vesti0ated. In general, the plating efficiency method 

gave usable results. However, the experimental error 

accompanying the dilution of ph age and subsequent count- 

ing of plaques was often greater than 10 percent. This 

made the evaluation of low counts and negative results 

quite difficult. Yet broad group relationships could 

be established as long as the limit of experimental 

error was considered. 

The spot plate ethod is actually a time saving 

modification of the aiove plating efficiency procedure. 

Unlike plating efficiency the dilution used in this 
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method permitted a more complete picture of host speci- 

ficity of the phaes and the susceptibility of the test 

cultures to the phae strains, 

Fha e susceptibility has previously been shown to 

be dependent upon the antigenic nature of the host 

cultures. In the present study neutralization tests in.- 

dicated that the phase strains were serologically 

similar. Thus the lack of specificity of the phage 

strains may be due to the presence of an antigen common. 

to all the susceptible treptomyces cultures. The 

difference in susceptibility to the phage strains could 

be attributed to the lack or loss of certain components 

in this common antigen. Upon evidence presented broad 

;roups may be proposed for the entire Streptomyces genus. 

They are depicted in figure 1. It is evident that the 

test cultures fall into three groups A, B, and C. 

Group A includes organisms which are not resistant to any 

of the test phages and probably contain varyinLT amounts 

of ali antigenic components; group 13 includes cultures 

which are resistant to more than one phage s train and 

therefore are considered to have lost one or more corn- 

ponente of the common antigen; while roup 3 which is 

not truly represented by any of the test cultures would 

contain the cultures resistant to all but one phage 

strain or have only one part of the common antigen intact. 



Àparent1y the su8ceptlbility of members of this 

enus to the ioiated pta;e cannot be used in the 

identification of Streptomjces species. however in this 

respect, the taxonomie status of many of the treptomyces 

zpecies requires further study. It may be that the 

results of the present study point to a reroupirig of 

this genus and more particularly to a reduction in the 

number of accepted species. Unquestionably this point 

deserves further study, 



SUMARY AND CONCLUSIONS 

fhage strains were isols.ted from plaques of phage 

5lL.-3-1 formed on twenty five Streptomyces cultures, 

These pha.;e strains were found to be serologically 

similar. 

Using different testing methods lysis, plating 

efficiency, and confluent lysis, it was found that these 

phages infected the majority of the test cultures. The 

derived phaes could not be used to identify the indivï- 

dual Streptomyces species, ¡eut the test cultures could 

be grouped on the basis of phage susceptibility. 

The results of the present study indicate that the 

taxonomie status of many Streptomyces species deserves 

further study. 
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