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The results of a study of mutation rates of phage resistant plague bacilli of varying virulence have been dis-
cussed in a previous communication{2}. In connection with these data, mutations from phage sensitive to phage
resistant have been observed in studying both the virulent and the avirulent sirains, It has not been possible to esta-
blish the gependence of mutation rate on the nature of applied phage, and in all cases the rate varied from 2 x 10®
to 6 x 10°,

The study of the isolated phage resistant mutants demonstrated that they were not identical, since some of
them are related in their properties to the activators of pseudotuberculosis (R variants), while others(S) have the
properties of inducers of phage and of pseudotuberculosis, Because of the appearance of mutants in the population
of virulent strains, which had to be more homogeneous in all respects, including virulence, than the avirulent popu-
lation, as well as the breakdown of the phage resistant mutants isolated from the S-type virulent strain into rough
(R) and smooth (S) forms, we decided to carry out additional studies of the rate of formation of phage resistant mu-
tants in the population of phague bacteria and of stability of their properties.

EXPERIMENTAL METHODS

Four virulent strains of plague bacteria (No, 231, 352, 356, and 363) having typical properties of continental
variety have been used in the study, together with the strain No. 293, a glycerin nonfermenter and belonging to the
oceanic variety,

Isolation of the phage resistant mutants and determination of the rate of their formation have been carried
out according to the previously suggested methods [8, 9, 10]; and the procedure used for studying the plague organ-.
isms [1, 5, 7] has been employed for establishing their characteristics, The details of the methods and procedure
have been described previously {2].

For isolation of the phage resistant variants by replica plating, the primary petri dishes were inoculated with
20, 100, and 1000 bacteria,

EXPERIMENTAL RESULTS

As a rule, the colonies on the primary plates appeared as rough variants of the plague organism, with slight
morphologic deviations in the direction of not significant smoothness, loss of lacy border and formation of edging
(Fig. 1). Other colonies had a sharply defined edge and a depressed center; the third type retained a raised center
but did not show a lacy zone,

Distinguishing features of primary colonies of the virulent strains are their sensitivity to phages and very rapid
(after one day) appearance in the area of lysis of stable smooth colonies, resistant to all phages used in the experi-
ments, including the pseudotuberculosis phage (Fig. 2),

According to the analysis of replica plates, the phage resistant mutants have been obtained in studying strains
No. 231 and 352 (after observing 42,000 microorganisms). One phage resistant colony has been isolated from
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bacteria of strain No. 231 (on the replica plate with phage
(1-17), and four colonies have been found in the inocula

of strain No, 352 bacteria, of which two developed in plates
with the phage EV (No. 2 and 14) and two in plates with

¥ phages 1-17, EV and D'Herelle (No. 1 and 3). The col-
f onies of phage resistant mutants could be considered, mor-
he . phologically, to belong phenotypically to the plague bacil-
;.‘.., i lus: clear, smooth, round colonies, slightly elevated, with

a flat center and a smooth edge (Fig, 3). The cbtained
Z SN mutants have not been isolated using any of the plague
. v and pseudotuberculosis phages.

The rate of formation of phage resistant mutants in
the population of the virulent strains is independent of the
phage used, but is somewhat dependent upon the virulence
of the investigated strains. In the population of virulent
bacteria the mutation frequency is 1 10~ and in the
avirulent bacteria it is 2 to 6 x 1075,

The study of phage resistance of the primary col-
onies demonstrated that they are not completely resistant
to phages, although, as is indicated above, their repli-
cates on plates with phage are resistant.

The study of other properties of the primary culwures
and of the isolated phage resistant mutants have been car-
ried out according to the generally accepted scheme for
investigating etiologic agents of plague,

It can be seen from Table 1 that organisms in the
original colonies having the properties of plague bacteria,
became avirulent to guinea pigs. Bacteria from the re-
sistant colonies are differentiated by decreasing biochemi-
cal activity, inability to grow on selective diagnostic
media and feymentation activity on mannitol and occasion-
ally on glycerin, Mutants 352 /EV;-R, and 231/1-17-R, isolated from livers of sacrificed guinea pigs infected with
the S-mutants of these strains, have been the exceptions. These mutants have been characterized by greater activity
than the bacteria from the original colonies and were similar in activity to the causative agents of pseudotuberculasis,

Fig. 2. Development of phage resistant colonies in
the lysed area of the original.

As it has been already indicated, in the experimenss carried out on avirulent and virulent strains, there has
been observed a breakdown of a smooth (S) phage resistant mutant into R and S variants. In the opinion of investiga-
tors studying variations in the plague bacillus {4, 61, this points to the intraspecies dissociation of this activator
while at the same time the appearance of the organisms with properties of the pseudotuberculosis agent represents
a wrue mutation, Stable variants capable of dissociation with formation of true mutants, belong to the pre-mutational
phase [5]. In order to verify stability of properties of phage resistant mutants of the virulent strains, their colonies
have been kept on MPA with phage for 12 days, The transfer of these mutants to broth, with subsequent inoculation
on agar medium demonstrated that two of them (352/EV, and 352/EV-~14) formed R and S variants. The rough vari-
ants of both strains resembled in their properties the R form of the plague bacillus, have been lysed by plague phage
and killed guinea pigs in 3-4 days. The smooth variants did not lead to death of guinea pigs and were not lysed by
the plague and pseudotuberculosis phages, Passage of the varient 382/EV, previously subjected to phage in a guinea
pig led to the action of plague phages, but sensitive to pseudotuberculosis phage (Fig. 4).

Mutant 231/1-17, smooth in appearance and subjected to previous action of phage and after passage in a
guinea pig, also produced R forms, analogous in properties to R form 352/EV, (both cultures have been isolated from
guinea pig liver, sacrificed on the 25th day after injection with S mutants),

The obtained phage resistant mutants have been characterized by labile properties and ability to dissociate
with formation of variants having properties of another species (pseudotuberculosis).
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Fig. 3. Resistant colony of strain No, 231,

Fig. 4, Growth of a rough mutant of strain 352/EV,-R,,
isolated from a sacrificed guinea pig.

In summarizing the studies of the frequency of
formation of phage resistant mutants in populations
of cells of virulent strains and their isolation in the
absence of phage, to which they are resistant (rep~
lica plating technique), one can make the following
conclusions., The frequency of formation of phage
resistant mutants in the population of virulent strains
of plague bacteria is lower than the frequency de-
termined by analysis of the population of avirulent
strains, The properties of phage resistant mutants
are unstable. The data, pointing to the sensitivity
of the original colonies to phage action with forma-
tion of stable variants, as well as to the appearance
of mutants as a result of phage action and passage
in a guinea pig, contradict the hypothesis according
to which phage resistant mutants are not adaptive
in origin but develop as a result of selective muta-
tions [8].

SUMMARY

The rate of formation of phage resistant mu-
tants in the cell population of virulent strains of
plaque bacilli.

A continued study of the frequency of forma-
tion of bacteriophage resistant mutants in the cell
populations of virulent strains, as well as an analysis
of colonies, isolated with the aid of the replica plat-~
ing technique in the absence of the destructive fac-
tor {bacteriophage) demonstrated mutations of individ-

ual cells to have an adaptive nature, The frequency of bacteriophage resistant mutant formation in the virulent pla-

gue strains constitutes 1* 1079,
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter-
ations of the abbreviations as given in the original Russian journal. Some or all of this peti-
odical literature may well be available in English translation. A complete list of the cover-to.
cover English translations appears at the back of this issue.
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