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Of 105 strains of enteropathogenic intestinal bacteria, 25 partially or completely restricted 
reproduction of the phage of Escherichia coil O11 i. Adsorption of phage on cells of the lim- 
iting strains was ~mderstood. An increase in the multiplicity of infection, and also heat- 
ing of the cultures to 50~ before phage infection, partially abolished the restrictive action 
of some strains. Streptomycin-resistant cells in a population of limiting strains has a much 
weaker restrictive action on phage propagation. 

The effectiveness of seeding the same bacteriophage on different strains of bacterial hosts may differ 
essentially. As well as strains giving a high phage yield, other strains are found which limit its reproduc- 

tion, manifested as low effectiveness of seeding or as the total absence of phage propagation. In some cases 
the process of limitation of phage reproduction is accompanied by modifications of the spectrum of lyric ac- 
tivity, which are controlled by the host and are phenotypic in character. The processes of limitation have 
been described for lambda [4], salmonella [9], staphylococcal [3,8], T-even [5,7], and T I [6] phages. 

In the present investigation, the process of limitation of phage reproduction was studied in a system 
of enterophage O111 and its hosts - enteropathogenic types of intestinal bacteria. 

EXPERIMENTAL METHOD 

Enteropathogenic intestinal bacteria with the antigenic formula O111 : B 4 and 026 : B6, isolated from in- 
fected children, were studied. A museum strain was used as the reference strain of host for the phage O115. 
The ability of the bacteria to restrict propagation of phage O111 was determined from the effectiveness of 
seeding on the test strains. The number of negative colonies on a plate culture of the reference strain was 

taken as 100%. Adsorption of phage was studied by the usual method [I]. The lysogenicity of the test strains 
was determined by seeding the supernatant of 18-h broth cultures on indicator strains without ultraviolet 
induction. Colicinogenieity was determined on indicator strains ~ and K12. 

EXPERIMENTAL RESULTS 

To detect intestinal bacteria limiting reproduction of the phage of Escherichia coli O151, 105 strains 
of enteropathogenic serotypes O111 : B 4 and 026 : B 6 were investigated. As a result of the experiments, the 
strains could be divided into three groups (Table i). 

Restriction of phage propagation by bacterial strains of all three groups was unconnected with adsorp- 
tion because phage was adsorbed equally on strains completely restricting its reproduction and on those 
which did not restrict reproduction. 

The results demonstrate that, just as with other phages, the reason for limitation in these experiments 
must be either a disturbance of the injection of phage DNA into cells of the limiting strains or destruction of 
the DNA after its penetration into these cells [2]. 

To examine this problem, 14 completely limited strains were infected with phage with a multiplicity 
of 10, i.e., a hundred times greater than in the previous experiments. The results showed that under these 
conditions reproduction of phage took place in the cells of Ii strains with a yield of 1 �9 101-1 �9 103 particles/ 
ml (effectiveness of seeding 0.0001-0.001%). 
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TABLE 1. Effectiveness of Seeding and Adsorption 
of Phage O m on Different Bacter ia l  Hosts 

Num-i Effectiveness 
Character I ber J Phage 
of strain ]of ] ~ seeding 

s~ains (in %) titers 

Adsorp- 
tion in(~ 

Nonrestrictive 

Partially restrictive 

Totally restrictive 

80 100 

9 0,000I --0,001 

I6 0 

10~ 

IOa--IO 5 

0 

87--90 

86--90 

87--90 

Note. Adsorpt ion of phages was investigated on 
h~-~ree nonres t r ic t ive ,  five part ial ly res t r i c t ive ,  and 
eight completely res t r ic t ive  s t ra ins  in relat ion to 
propagation of phage On1. Multiplicity of infection 
in these exper iments  was 0.1. 

TABLE 2. Reproduction of Phage 
E~ coil 0 m in Ceils of Limiting 
Strain's and St reptomycin-Resis tant  
(Str r) Clones Isolated from Them 

Strain 
No. 

13 
67 
23 
62 
56 
34 
45 
68 
81 

Initial strain Sir r strains 

Phage 
titers 

8,0- lO 4 
6,OoIOt 

o 

2,4.10 ~ 
1,5.101 

0 
0 

[Multi- 
[plicity ol Phage 
}infection titers 

0,01 t,6- 10 ~ 
2,1- ]0 ~ 

10 3,0- l06 
10 3,2. lO s 
10 2,0,10 4 
O,l 7,6.10 s 
0,110 1'4010~ 
l0 0 

Multi- 
plicity of 
infection 

0,l 
0.I 
0,1 
0.1 
0,1 
0.1 
0.1 
10 
I0 

Note. Adsorption of phage on all 
s t ra ins  was 80- 90%. 

The possibil i ty of overcoming the limiting proper t ies  of the s t rains  by heating them or  by inactivation 
of corresponding enzymes was next studied. The test  s t ra ins  grown in broth for 18 h were  heated on a water  
bath for 10 min at 50 ~ After  infection of 6 of the 13 heated s t ra ins ,  par t ia l  abolition of their  l imiting p ro -  
per t ies  was observed.  The phage t i ters  were increased by f rom 4 to 100 t imes depending on the bacter ia l  
s train.  However, the phage t i te r  on none of the investigated heated s t ra ins  reached values which were  ob- 
tained by infection of unres t r i c ted  s t ra ins .  

When the heated bacter ia  were cultivated for more  than 3-4 h, they regained their  limiting proper t ies .  

It can thus be postulated that heating the bac ter ia l  culture caused inactivation of a cell enzyme or en- 
zymes responsible for  destruct ion of the phage DNA. However, this inactivation was incomplete. 

Besides the effect of t empera ture ,  that of s t reptomycin  was studied, cells of two limiting s t ra ins  of 
E. coli being grown in broth containing s t reptomycin  in a concentration of 20 un i t s /m l .  This concentrat ion 
of the arttibiotic did not affect  the development of these s t ra ins .  After  18 h the bacter ia l  cultures were  in- 
fected with phage and plated out by the 2 - l aye r  method. The resul ts  showed that under these conditions the 
limiting proper t ies  of the test s t ra ins  were  unchanged. 

Pursuing the same purpose,  in the next ser ies  of experiments  cells f rom nine limiting s t ra ins  r e s i s -  
tant to s t reptomycin  in a concentrat ion of 1000 u n i t s / m l  were isolated, The percentage of such cells in a 
mixed population was 0.001-0.004. The original  and the s t r ep tomyc in - re s i s t an t  s t ra ins  were then infected 
with phage Onl in different multiplici t ies and plated out by the 2- layer  method to determine the yield of 
phage par t ic les  (Table 2). 

It will be c lear  f rom Table 2 that reproduct ion of phage took place in the cells of five Str r clones, ac -  
companied by an increase  of t i ters  by 2-8 o rde rs  by compar ison  with the original strain.  Strain Nos. 67, 
23, 66, and 56, completely limiting phage reproduct ion even when infected with high multiplicity,  contained 
Sir r cells not limiting or only par t ia l ly  l imiting the reproduct ion of phage On1. However, the limiting p ro -  
per t ies  of the bac ter ia  could not be associa ted  in every  case with s t reptomycin  res is tant  (Strain Nos. 68, 81). 
No definite conclusions can be drawn f rom these resul ts ,  although they a re  indicative that the activity of the 
hypothetical limiting enzyme in s t r ep tomyc in - re s i s t an t  bac ter ia  may be part ial ly or completely inhibited. 

Tests  were also ca r r i ed  out on 14 limiting and 5 nonlimiting s t ra ins  of E. coli for  their  content of 
prophages and colicins.  The resul t s  of these exper iments  showed that all  the s t rains  were lysogenic and 14 
of them were colicinogenic. During delysogenization, one of the test  s t ra ins  part ial ly lost its limiting p ro -  
per t ies .  Certain prophages may evidently play an essent ia l  role in the l imitation of phage reproduction,  a 
ma t te r  requir ing fur ther  study. The ability of the cells to limit phage reproduction could not be associa ted  
with the presence  of colicins in them. 
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