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It has been established by numerous investigations that bacterial cultures are not uniform in their ability toad-
sorb phage, and also in their sensitivity to it. According to the contemporary data, phage resistance is acquired with
lysogenization of bacteria, or as a result of their mutations. The features determining the appearance of resistance
with lysogenization are sufficiently elucidated, since they are related to penetration into the cell of the DNA from
the intermediate phage. As regards phage resistance arising as a result of mutation, two hypotheses are known. One
of them holds that the phage resistant mutants are a result of spontaneous mutations of the bacteria, independent of
their contact with phage, the role of which leads only to selection of the resistant variants. According to the other
hypothesis, resistant mutants appear as a result of hereditary changes in the cells secondary to their contact with
phage (adaptation). It has been proven that the phage resistant variants of the intestinal bacilli have a mutation ori-
gin [12, 13, 141, Inrelation to other species of bacteria however, especially pathogenic ones, this hypothesis raises
doubts, Thus, a study of the origin of phage resistance in various species of bacteria, combined with investigations
on the properties of phages and the phage resistant variants, appears to be one of the means for demonstrating the
general patterns that determine the nature of bacteriophagy.

In this report, we present the results of studying the biological properties of plague phages (EB, 1-17, d'Erell),
which were used to obtain phage resistant variants of plague bacteria and to clarify their origin. The properties
studied include the range of activity of the phages, their specificity, adsorption capacity, curation of intracellular
development, and average harvest per single bacterial cell.

EXPERIMENTAL METHOD

Sensitivity to the phages EB, 1-17, and d'Erell, was tested on 100 strains of the plague microbe with varying
virulence, in the R-, OR- and OS-form [4], by applying a drop of undiluted phage to the surface of an 18-hour cul-
ture, and then distributing it in the form of a trail, and also by the method of agar layers, using diluted phages (also
100 strains), The other properties (adsorption capacity, duration of intracellular development, and average harvest
per single cell) were studied according to the methods described by Adams [8, 10]. In the experiments for demon-
strating the adsorption capacity, the latent period, and the productivity, we used casein bouillon.

EXPERIMENTAL RESULTS

In studying the strains of the plague pathogen, isolated in mountainous and flat areas (Central Asia), we could
not find any phage resistant variants of the bacteria among them (Table 1),

As can be seen from Table 1, all strains, regardless of the site of their isolation or their level of virulence,
were sensitive to the available phages.

The literature describes the capacity of plague phages to lyse the pathogens of pseudotuberculosis, hemorrhag-
ic septicemia, and representatives of the Salmonella family {1, 2, 5, 7]. In order to demonstrate the specificity of
the test phages EB, 1-17, and d'Erell, raised on an avirulent indicator culture (EB), we set up an experiment using
211 strains of the plague pathogen, 40 of the pseudotuberculosis pathogen, and 202 strains of the microbes causing
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TABLE 1, Range of Action of the Plague Phages (Number TABLE 2. Adsorption Capacity of the Plague Phages

of Cultures That Were Lysed by the Phages) Adsorption of phages (in %) |Constant for
. Name of the phages and degree after contact for a period of |the rate of
Virulence o
Origin of the cul- of their dilution Phage 1 3 4 5 6 phag§ ad-.
ture EB d'Erell 1-17 min| mins| mins | mins | mins Sor,pt‘lon (Hf
million/min)
6] 107 6 7 6 7
Wy 1o o 107 1o 10 EB 25.945.9 | 54.2 | 66.7 [66.7 | 4.4+ 10°
Lowlands | Avirulent 15 15 2 13 1-17 47.1(50.6 164.2 |73 (73 5.2+10°
Virulent* 50 50 7 43 d'Erell 31.7/38.7 | 54.6 | 59.2|72.8 | 3.2- 10’
Mountains | Avirulent 14 14 1 13
Virulent 21 21 2 19
EB-viru~ various infections (paracholera vibrios, Salmonellae,
lent ¢70)t 1(110)F 1(20)T dysentery microbes, Brucellae, Pasteurellae, Lister-
ellae, sporulating, encapsulated, pigment forming,
* The virulent strains of the plague pathogen were con- cocci, etc.). The results of the experiments showed
sidered those that caused the death of guinea pigs in the that, in addition to the plague pathogens, sensitivity
course of 4-20 days. to the phages was also shown by certain strains of the
T The figure in parentheses shows the number of negative pseudotuberculosis microbes. In this case, the per-
colonies for the EB strain. cent of the pseudotuberculosis pathogens that were

Iyzed was equal to 10 for the EB and d'Erell phages,

and 12 for the 1-17 phages. Among the strains of the
pseudotuberculosis pathogen that were lysed, we encountered the R- and OR-forms; among the resistant strains—R-,
OR-, and S-forms. There was absolutely no lysis of representatives of the other species of microorganisms. This spe~-
cificity is apparently the result of raising the phages on one strain (EB).

In the experiments studying the adsorption capacity of the phages, it was shown that the basic mass of phage
corpuscles is adsorbed in a period of 5 minutes in the case of the EB and 1-17 phages, and 8 minutes for d'Erell phage.
However, in certain experiments, the basic mass of phage particles was adsorbed in the 8th minute for the EB and
1-17 phages, and in the 10th minute for d*Erell phage. In the following period, the number of phage particles re-
mained constant, or fluctuated between slight increases and decreases.

Table 2 shows that the dynamics and the constant for the rate of adsorption were different for the different
test phages. The highest figure for the adsorption rate constant was noted in phage 1-17 (titer 11- 10%, a lower fi-
gure was observed for phage EB (titer 7- 10%), and the lowest number was seen with phage d'Erell (titer 2 10%),

Thus, the adsorption capacity of the plague phages, as in the case of many others, is correlated with their ly-
tic activity.

The next stage of the work was a demonstration of the interrelation between the lytic activity of the phages
and the duration of their intracellular development, and also their productivity (Table 3),

In view of the fact that the size of the negative colonies of plague phage considerably exceeded that of the
other phages, and they rapidly blended into one another, it was difficult to count them in the bounds of the first 2-
3 hundred. For this reason, the end of the latent period was taken as that time when, after 6 hours of incubation at
28°, it was still possible to count the individual negative colonies, and when in the following interval we observed
their fusion. Using this determination, the end of the latent period for the EB and 1-17 bacteriophages occurred on
the 23rd minute, and for d'Erell, on the 25th minute.

TABLE 3. Latent Period and Harvest of Plague Phages As in the case of the adsorption capacity, the period
Latent period of Average number of of intracellular development of the phages was corre-
Phage development (in phage particles per lated with their lytic activity.
minutes single cell In addition to the experiment elucidating the
EB 23 100 average harvest of one cycle of development, we
1-17 23 95 performed a supplementary study of this characteris-
d'Erell 25 56 tic in individually isolated bacteria [10]. It was

shown that the average harvest for the EB bacterio-
phage was equal to 110 corpuscles per cell, for phage

1005



TABLE 4, Serological Properties of the Plague Phages

Neutralization of the phages (in %) by the antiphage sera in
, a dilution of 1:10
Phage Duration of . —
contact (in |[antiserum K antiserum K antiserum|
minutes) of EB of 1-17 of d'Erell
EB 5 95.4 6.1
10 98,8 4.1 91.5 3.6 87.5 2.0
1-17 5 86 3.9 86
10 95.2 3.0 98 3.9 92 1.9
d*Erell 5 4.8
10 98.4 4.1 96.4 3.3 93 2.6

1-17—"72 phage particles, and for d'Erell—54. Looking at all the obtained results, it may be noted that the average
harvest of EB and d'Erell phages, ascertained by the two methods, remained more constant (EB-100-106-110; d'Erell-
51-54-56), while the harvest of bacteriophage 1-17 ranged from 72-95 phage particles per bacterial cell.

It is known that one of the most reliable taxonomical characteristics for classifying bacteriophages is their anti-
genic properties [9], which are determined, in experiments, from their neutralization by antiphage sera. The neutra-
lization reaction is characterized by the magnitude of K—the constant for the rate of neutralization. The capacity of
the antiphage sera to neutralize phage was studied in dilutions of the sera of 1:10, 1:20, 1:40, 1:80 and 1:160. The
results of the experiments indicated that the obtained antiphage sera possessed low activity, and neutralized 90-99%
of the phage corpuscles in a dilution of 1:10 in the course of 5 and 10 minutes. Data on the neutralization of the
phages by homologous and heterologous sera are presented in Table 4,

The results of the experiments show that the antiphage sera of one phage neutralize all the others with almost
the same intensity, which is evidence of a close relationship among the plague phages studied, and coincides with
the data of other authors [3, 6]. This makes it possible to unite them into one serological group, The neutralization
rate of the plague phages by homologous sera was greater than by heterologous. The magnitude of K for the test
phages ranged from 1.9-6.1. In the experiments, we did not establish any connection between the lytic activity and
the antigenic properties of the phages, which confirms the existent point of view on the separation of the receptor
and antigenic structures of phage particles.

Thus, the investigated bacteriophages EB, 1-17, and d'Erell, possess a wide range of action in relation to plague
bacteria of different origin, but also lyse the pathogens of pseudotuberculosis (10-12%). Adsorption of the plague
phages occurs in 5~8 minutes (EB and 1-17) or 8-10 minutes (d'Erell). The latent period of development of phages
EB and 1-17 is equal to 23 minutes, and of d’Erell bacteriophage 25 minutes. The last two characteristics are re-
lated to the lytic activity of the phages. These phages compose one serological group.

SUMMARY

A study of the biological properties of plague bacteriophages EB, 1-17, and d'Erell, demonstrated that these
phages possess not only a wide range of action in respect to the plague bacteria of various origin, but also lyse 10-
12 percent of the representatives of the pseudotuberculosis pathogen. Adsorption of the plague phage particles oc-
curs in 5-8 minutes (EB and 1-17) or 8-10 minutes (d'Erell). The period of intracellular development is 23-25 min-
utes. The average output of phage particles per bacterial cell differs for the various phages, ranging from 56 to 110
corpuscles. According to their serological properties, these bacteriophages belong to one group.
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s

1007



