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Data concerning intrapopulat ion and interpopulat ion syn t roph i sm of Pas t eu rc l l a  pes t i s  
a r e  desc r ibed .  The abil i ty of auxotrophic  bac t e r i a l  populations to mult iply on syn -  
thet ic  medium without amino acids through syn t roph i sm with p ro to t roph ic  mutants  
sugges ts  that  this is a f ac to r  contributing to surv iva l  of bac t e r i a  under  unfavorable  
condit ions,  

Syntrophism is exhibited by certain microorganisms belonging to the same species and also by 
bacteria of different species, such as Escherichia coli and Proteus mirabilis [8] or between pasteurella 
pestis and Sarcina [I]. Many workers have used the syntrophic test when studying amino-acid metabolism 
in microorganisms [7-9]~ 

There  is no informat ion  in the l i t e ra tu re  concerning intrapopulat ion and interpopulat ion syn t roph i sm 
of Pa.steurel!a pes t i s ,  a m i c r o o r g a n i s m  na tura l ly  dependent on cer ta in  amino acids [2}. The object  of the 
p r e s e n t  invest igat ion was to study this p rob l em.  

E X P E R I M E N T A L  M E T H O D  

Exper imen t s  were  c a r r i e d  out on s t r a in s  of P. pes t i s  whose c h a r a c t e r i s t i c s  a r e  given in Table  1. 
The essent ia l  amino acids for  these  m i e r o o r g a n i s m s w e r e d e t e r m i n e d  at  28 ~ by seeding 103-108 bac te r i a l  
cel ls  on the su r face  of a synthet ic  medium [2]. Amino acids we re  added to the g l u c o s e - m i n e r a l  bas i s  up 
to a concentra t ion of 10 pg /ml ,  with the exception of cysteine hydrochlor ide ,  the concentra t ion of which 
was 25 gg /ml .  

Intensi ty  of growth was a s s e s s e d  a f t e r  incubation of the cul tures  for  5 days,  using as the s tandard  
(6+) growth of the bac t e r i a  on complete  medium (Hot t inger ' s  agar ,  pH 7.1-7o2)o The complement  of amino 
acids which produced growth of the cul ture a s s e s s e d  at 2+ was r ega rded  as min imal .  

Syntrophism was produced by s eve ra l  methods:  1 )by  seeding a mix tu re  (1:1) of bac t e r i a l  suspens ion  
(109 c e l l s / m l )  of two s t r a ins  on g l ucos e -m i ne ra l  medium; 2) by the rep l ica  method [9]; 3) by the s t roke  
method [5]; 4) by the nephe lomet r i c  method [6, 7]; and 5) by the method of syn t roph i sm of colonies [5]. 

E X P E R I M E N T A L  R E S U L T S  

Intrapopulat ion syn t roph i sm was detected by studying the amino-ac id  r equ i r emen t s  of the plague 
baci l l i .  After  seeding 107-108 bac te r i a l  cells on synthetic  medium without amino acids or  with one amino 
acid (phenylalanine, eysteine,  valine) and incubation for  5-6 days,  s ingle colonies of p ro to t rophic  and mono-  
auxotrophic  va r i an t s  we re  grown with a f requency of between 10 -3 and 10 -8 [4]~ A zone of weak growth of 
Cells of wild type, dependent on two o r  th ree  amino acids ,  we re  obse rved  around these  colonies (Fig. 1). As 
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TABLE t .  Amino  Acid  R e q u i r e m e n t s  of P .  pes t i s  and Detec t ion  of  
Syn t roph i sm with Mutant E V - M  

S t r a i n  

EV 
EV-M 
1/109' 
101 
IOI-M 
102 
I02-M 
153 
153-M 
t54 
I54-M 
175 
179 - 
179-M 

1228 

Amino-acid req. for 
intensive growth 

thr 

[pro] eys 
[phe met] cys thr 
[cys] 
[phe metI cys thr 
[eys ] 
[met cys thr] 
[eys ] 
[phe met] cys thr 

};bbSelmet] eys thr 
[phe met] cys thr 
[cys] 
[phe met] eys thr 

- Strain 
[ trophisn~ 

2+ 1228-M 
I252 

2~- 1252-M 
3+ 1253 
4+ 1253-M 
3+ 1258-M 
4+ 1213 
-- 1213-M 
- -  1468 

2+ 1469 
4+ 1470 
2+ 147t 
3-/- 1472 
4-{- 1473 
3+ 1484 

Amino-acid req, for 
intensive growth 

~r ] 
[phe metI cys thr 
[cys ] 
[phe met] cys thr 
[cys ] 
Not- determinable 
[orn cys/ 
[orn] 
[arg] met thr 
[arg metI cys thr phe 
[arg reef ieu } cys thr phe 
[arg reel ] eys thr 
[phe met] eys thr 
[arg met ieu]eys ph~ thr 
[phe met] cys thr 

Deg. o~- 
s y n  - 

trophism 

3+ 
3+ 
3+ 
3+ 
3+ 

4+ 
4+ 
4 +  
3+ 
4 +  
3+ 
3+ 
3+ 

Note.  [ ]: 

t r o p h i s m .  

F ig .  1. S t imula t ion  of g rowth  of P .  pes t i s  
E V - M  cel ls  by colonies  of  s t r a i n  No. 1213 
on syn the t ic  med ium with orn i th ine  and 
cys t e ine .  

m in im a l  r e q u i r e m e n t  of amino  ac ids ;  - : absence  of  syn -  

the co lonies  of  mutan ts  developed,  the zone of s t imula t ion  
of g rowth  of the po lyauxot roph ic  ce l l s  widened.  This  ev i -  
dent ly  indicates  e x c e s s i v e  syn thes i s  of  defini te  amino ac ids  by the 
p ro to t roph i c  and monoauxo t roph ic  v a r i a n t s .  These  amino  ac ids ,  
diffusing into the a g a r ,  enabled mul t ip l i ca t ion  of  the po lya ux o t ro -  
phic  ce l l s ,  cons t i tu t ing  the m a j o r i t y  of  the b a c t e r i a l  populat ion,  to 
take p lace .  

Syn t roph i sm between s t r a i n s  of P . p e s t i s  with d i f ferent  
nu t r i en t  r e q u i r e m e n t s  was  found d u r i n ~  t h e i r  combined  cu l t i -  
va t ion  (Table 1). In seed ings  of  b a c t e r i a l  m i x t u r e s  of P~ pes t i s  
E V - M  (lys-)  and No. 1213 (o rn -  cys - ) ,  cont inuous growth  of 
the b a c t e r i a  was  o b s e r v e d  on the 4 th-5th  day.  No r ecombinan t s  
could be i so la t ed  f r o m  the mixed  c u l t u r e .  Despi te  the fac t  that  
the bac t e r i a l  cel ls  mul t ip l ied  on med ium without  amino ac ids ,  
they r e m a i n e d  auxot rophs  with the i r  p rev ious  c h a r a c t e r i s t i c s .  
T h e s e  obse rva t i ons  sugges t ed  that  s y n t r o p h i s m  o c c u r s  be tween  
the b a c t e r i a  of  these  s t r a i n s .  This  was  con f i rmed  in l a t e r  
e x p e r i m e n t s  by all t e s t s  fo r  s y n t r o p h i s m .  These  showed that  
a l y s ine -dependen t  mutant  p r o l i f e r a t e d  in the p r e s e n c e  of 
b a c t e r i a  of s t r a i n  No. 1213 (o rn-  c y s - ) .  F u r t h e r  ev idence  of 

s y n t r o p h i s m  and of  i ts  d i r ec t i on  was  given by the abi l i ty  of  the I y s i n e - d e p e n d e n t  mutant  to p ro l i f e r a t e  on 
f i l t r a t e s  of a cu l tu re  of  P .  p e s t i s  s t r a i n  No. 1213 grown in l iquid syn the t ic  med ium with orn i th ine  and 
cys te ine .  The o r n -  c y s - b a c t e r i a  did not p r o l i f e r a t e  in a f i l t r a te  of s t r a in  l y s - g r o w n  in med ium w i t h l y s i n e .  

As well  as  the p a i r  of  s t r a i n s  d e s c r i b e d  above s y n t r o p h i s m  of  n ine teen  wild v a r i a n t s  and of eight  c y s t e i n -  
dependent  mutan ts  was  s tudied r e l a t i ve  to P .  pes t i s  E V - M  ( lys-) .  As a r e su l t ,  s y n t r o p h i s m  e x p r e s s e d  to 
the s a m e  deg ree  as  in s t r a in  No. 1213, i .e . ,  to the d e g r e e  of 4+, was  o b s e r v e d  in 7 of the 27 t e s t ed  cu l tu res ,  
to the deg ree  of 3+ in 13, and 2+ in 4 c u l t u r e s .  No s y n t r o p h i s m  was  found with two s t r a i n s  and one c y s t e i n e -  
dependent  mutan t .  The d e g r e e  of s y n t r o p h i s m  thus v a r i e d  subs tan t ia l ly ,  p robab ly  b e c a u s e  of d i f f e rences  
in the m e t a b o l i s m  of the s tudied s t r a i n s  and d i f f e rences  in the l oca l i za t ion  of the gene t ic  b lock of a m i n o -  
ac id  s y n t h e s i s .  Since the l y s ine -dependen t  mutant  was  shown to g row on syn the t ic  med ium only in the 
p r e s e n c e  of  lys ine ,  i t  mus t  be a s s u m e d  that  some  of the s tudied s t r a i n s  p roduce  this  amino ac id  o r  a c lose ly  
r e l a t ed  p r e c u r s o r  of  it,  which would explain the t roph ic  effect  r e l a t i ve  to ce l l s  of the l y s ine -dependen t  
v a r i a n t .  This  sugges t ion  is c o n f i r m e d  by obse rva t i ons  made by o the r  w o r k e r s  [3], who d e t e r m i n e d  lys ine  
p roduc t ion  by d i f fe ren t  auxot rophic  mutan ts  of E. colt and M i c r o c o c e u s  g lu t amicus ,  including mutan ts  
dependent  on h o m o s e r i n e ,  pheny lana l ine ,  p ro l ine ,  and meth ion ine .  
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The nonhomogeneity of populations of reference strains of P. pestis relative to their amino-acid re -  
quirements, described previously [4], evidently serves some definite biological purpose, in the light of 
these facts concerning intrapopulation syntrophism~ Under conditions unfavorable for reproduction of the 
bacteria, the population can survive not only through the appearance of rare mutants with reduced nutri-  
tional requirements, but also through syntrophism between these mutants and wild-type cells. 

Trophic synergism between bacteria thus contributes toward the stability of certain properties of 
the population, enabling survival to take place of microorganisms with the wild genotype, constituting the 
majority of this population~ 
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