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Previously we have reported the biological properties of three phages of P. pestis. According to these results 
the Lyric activity of these phages (EV. 1-17 d'H~alle) was correlated with their absorptive power and the duration 
of intracellular development. All these phages form a single serological group. The absorption of the main mass of 
the phage particle takes place in 5-8 min (EV and 1-17) and in 8-10 min (d'Heralle). The discover" of the property 
of these phages enabled us to use them in experimenu to separate the phage-resistant mutants and to determine their 
characteristics. 

The present article describes the determination of the incidence of spontaneous mutation of P. pestis from a 
phage-sensitive to a phage-resistant suain; we also describe certain propertie~ of the phage-resistant mutants in rela- 
tion to the properties of the phages. 

EXPERIMENTAL M E T H O D  

The possibility of the origin through mutation of phage-resistant strains of P. pestis has been found by means 
of the "replica" technique [4]. For this purpose colonies of plague bacteria (100 suains) aged !8-24 hours were trans- 
feared by a "stamp" m dishes containing agar into which the bacteriophage had been introduced previously, The 
resistant colonies which appeared in the replica dish were repeatedly explanted with a loop on to an agar plate to- 
gether with the phage, and were then explanted on to an agar plate without the phage. 

The incidence of spontaneous mutation from the phage-sensitive into the phage-reaistam form was determined 
by Newcomb's modification of Luriya and Del'dryuk's method. For this purpose broth cultures of P. postis aged 24 h 
were introduced onto agar plates akeady con~aintn.g the phage, Con~ol explan~z of the same volume were made from 
two agar plates without phage. A count of the resistant colony was made after two days; th~ was done because a 
count after, one day (as recommended by the author) revealed no sign of growth. As in the first me~od the phage- 
sensitive mutanu which appeared were repeatedly pas~ed through agar plate~ Containing phage, and then the colonies 
which had grown a second time were emu!~tfied in broth and explanted several times onto agar plates without phage, 
The incidence of phage-sensitive mutants wax calculated from the formula: a = - ( l o g  2) (log Pc)/N, where a is the 
mutation incidence per cycle of division of the bacterial cell. P0 is the number of cultures shawing no mutant, and 
N is the mean number of colonies at the end of the growth in broth before exptan~ation into a dish wi~ the phage. 

The properties of the otSginal straim were stud~ed .by the usual methcd for P.pestL~ [I+ 2]+ 

EXPERIMENTAL RESULTS 

Three or four colonies of resiztant mutant bacteeia appeared among ~he cetl p~p~a~ion of both the virulent 
and avirulent+strains of P. pestis. The incidence of the phage~sensitive m~tan~ eatcular.ed from the formula given 

WaS: 

aEV = -( log 2) �9 (log P~)/N : .~(1o$ 2) ' (log 86)/500 = 6 ~ 10 "~ in another c ~ e  the yalue was 2 �9 10 ~ 

ai.17 = -(log 2) �9 (log P~= -(log 2)' (leg ~0)/500 = 6 �9 10 ~s in a~c~he~' c~+e the value wa3 2 �9 !0 "~ 

ad,her~ll e : - ( log  2)(log ?~)]N : ,-(tog 2)'(log [83])/5(~0 : 6 ' t0+~; in another ca~e the value w~ 2 ' !0 "s 

F~om what has been said it c~:n be seen that t~ie nambe~ of mutant colonies make+ up ~ome percentage er f~ac- 
tlon of a perce:xage of the number of exptaa~ed cells, and that the incidence of phage+re,tstani mutant, of P:pesti, 

Is insignificant. 

127z~ 



TABLE I. T h e  S e m i r i v i t y  o f  P h a g e - S e m i t i v e  M u t a n ~  

to Bacteriophages 

Phage 

t-t, ld 'Heral le tpseud~;  Mutants gV [ [ t u b e r c ~ i ~  

499/1-17 (1) -- "T- 

1309A~V + +_ -- 

179/EV - -  -- -- 

1107/1-17 ~ -- -- 

418/1-17 (I) -- -- + 
4 9 5 / i -  17 - -  ~ - -  

1303/D -- -- -- + 
1378/I-17 + ~ + + 
4 0 ' / E V  - -  - -  - -  

P B - B z h / D  - -  [ - -  - -  

I - 
! 

499/1-17 ~2) - -  [ - -  + 
418/1-17 (2) [ _ _ agglut inat ive  growth and a precipi ta te  on the bottom which 
450/!-17 - -  [ - -  - -  rose up in d u m p s  when the vessel was shaken. The colonies 

of the third type  as a rule gave a turbidity to the broth. A 
study of  the morphology of  the bacteria daowed a considerable  degree of  polymorphism of  the G ra m-ne ga t i ve  bac i l l i ,  
which ranged from we11-ma.rked ovoids to c o c c o - b z c t l l i .  The act ive  mobi l i ty  of  these bacteria  observed in the hang- 
ing drop was found tn four out of the thirteen experLmental  mutants (418/1-17( t ) ,  460/EV, 499/1-17(1 ) 1303/D) where- 
as in the remainder  e i ther  a Brownian movement  or  no movement  was recorded.  The exrent to which the mutants 
were lysed was tested by appl ica t ion  of  the undiluted phages EV, 1-17,  d 'Hera! le ,  and pseudotuberculous phage onto 
the surface cul ture (see table) .  

Thus, most mutants  are resistant to a l l  the peases  and even to the pseudotubereulous phage, Mutant 1309/EV 
was resistant only to phage EV but was lysed by a~1 two others. The second mutant  1378/1-17 was pa r t i a l ly  lysed by 
aLl phages, The  rezistance of most mUtan~ t o  the ~mges  invest igated indicates  the close ant igenic  ~imilar i ty  of  the 
phages. 

The  mutants  obtained showed the power to a~c.orb phage par t ic les .  I t  is known that  certain resistant variants 

are ab le  to absorb the phage to who~e act ion they ~r resistant [3]. In our exper iment  the mutant 1378/1-17 was 
found capable  of  absorbing part icles  of a l l  phages. When the ouher variants were explanted by the method of  agar 
layers no.~terlle spou developed,  

Taking into account  the finding of  many aurS~.~rs that  under the act ion of  cer ta in  factors and of  a phage in 
par t icu lar ,  the p lague bacter ium is ~eqaent ly  aItez~d so as to be brought nearer to P. pseudotuberculosis,  we have 
studied the b iochemica l  ac t iv i  W of mutants and ~ e t r  ab i l i ty  to grow in di f ferent ia l ly  diagnostic media  (p la in  ac id  
agar ,  pep tone- f ree  agar,  Otten's  medium,  Mied's  med ium number 2, Ko tya -be l ' ku r  medium,  l i tmus mi lk ,  urea). 

Tab le  2 allo,~ us to distinguL~h two groups e f phage-resi3tant  mutanu  from their b iochemica l  properties and 
their  aMli ty  to g~o~ on diffe~entla~Ay diagnostic m ~ i a ,  The first includes three mutants 418/1-1q(1),  499/1-17(1),  

and 130~/D. The ~econd group con~kr~ aU the remainder .  

Mutam~ of  the fLr~t group which a~ the t ime  o f  separat%n show a pa!e -ye t low surface Mth  h'flloeks and a wel l -  
marked scat!oped edge ,  after 24 hours fermea~ed r~amno~e, gave a b lue  colour wt.th Atten 's  medium when an infusion 
of  l i tmus was added,  they ~ e w  on Maied 's  No. 2 .=od ium on plain ac id  aga~, they decomposed urea for 1 -4  days, 
reduced n i~a te  and n i~ i t e ,  aM atmo~t c o m p ! e t ~ y  reduced mechyleae  blue. On colo~les~ agar the mutants  of the 

.e~~ .-,.. 2~foid dilution, and va~ianr. 5P-gZh /D grew first g~oup grew in an 8-fotd dilutton, whereas the - ,.', ~ d~. g:ew in a 
ku a 4~fold dHut!on. 

Mutant~ of bog~ gro~ap~ decomposed a kolya-~:e! '  medi~':rn. 

The re la t ion  e f  the rz~uta~t~ of  t~.e ser ~,=':~::-'~ w ~i~ .:r,;:~c<e ;.~ .d .,~.~/.-,~",~e~ h . e  desezves a~te:~>m M e n  of  "&era 
Nn~ent:~d " " "':," b4~t :i:~',r (499 ~. : u;., i2::; .... "~ .", (o.a abe %10r~h day). T h : ~ e  ma~an,~a 

per 1-17(~), ~,~v, ~.-~ ~..-~ ,; Io:; ..... ,y tc .- ."::L~,.i;... ~e .;:.'c -'.~ ..... "; o~,-" ~- ~n~.~ c,~,":~.J fe~ooeated thi~ 

It fol,ow~ t a . t  in ~ e k  bfr162 ~m[cal ~cff.vit 7 ~ d  c_ .'.iE/ .~o 3;ow o:~ d~:fe=ea,': ~:ly ,..~a;-~---e"'-,...u.~df ~ t:~e mutan~ o~ ~he 
N ~ t  g~ou? r evea led  prope~tie~ ~P.ia to tl:cse of P. : ..:,..dotube~culo~is. A ~:udy of t~e :erclogie,rd pr%'e~ties of the 

The next  step was to study the properties of some of  
the resistant mutants. They were described according to the 
accepted scheme [3]. We observed three variants of colonies 
distinguished by their appearance on agar. 

1. Pale  yel low with ~ hi l lock in the center  and a wel l -  
shown f l a t -o r  scal loped edge - the R-form. 

2. Pale yel low colonies having a fine or smooth gran- 
ulari ty,  center  raised,  and in most cases an indented or more 
rarely an even edge - OR-form. 

3, Comple t e ly  smooth colourless colonies with a 
raised center  and even outl ine - S-form. The growth on 
broth varied according to the morphology of  the colonies  

on agar. In colonies of  the first two types there was an 
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mutants obtained was studied by the class~ca! reaction with agglutinating serum;we also investigated the sera obtained 
which were immune to the mutants; treatment with the original strains and mutants showed that a positive agglut[na- 
tion reaction was given in the same dilutions, both by the original strains and by the mutants. 

Tl:e final stage in studying the properties of  the mutants produced was to test their pathogenicity against rab- 
bits and guinea pigs. Mutants of the first group injected as 0.1 rrd of a two-day suspension in physiological saline con- 
taining one billion cells caused the rabbits m d~e within two days. Mutants of the second group were not lethal. 
Guinea pigs died after receiving art injection of 10,000 miI1ion or 1000 million microbial cells of the mutant 1378 
per 11 -17 ,  whereas other mutants were not l e t h a l  Repeated injection of 200 Dcl of  a virulent strain into the same 
auimals eau~ed death within 4-14 days, sho wing that the mutants produced had posse~ed no immunogenic properties. 

S U M M A R Y  

An investigation was made into spontaneous mutation from bacter~ophage-semitivity to bacteriophage-resist- 
ance in P. pestis strains of different vtrulents. According to preliminary data, mutants resistant to bacteriophage ap- 
peared irrespective of the virulence of the initial strain and of  the bacteriophage species used. Variants were isolated 
from the mutants, and by their chemica l  properties and capaci ty to grow on differential-diagnostic media and high 
pathogenicity for rabbits could be classed as camat ive  agents of  pseudotuberculosis. 
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