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The hypothesis that interaction between bacteriophage and sensitive cell is determined by their com- 
plementary structure was investigated experimentally. Experiments were carried out with antiphage serum, 
whose antibodies were regarded as complementary in structure to phage (homologous to the surface of the 
microorganism), and with antibacterial serum, the specific globulins of which must be complementary to 
the surface antigens of the bacteria (homologous to phage). Specific interaction was established between 
the antibacterial and corresponding antiphage sera, supporting the hypothesis. 

One of the microbiological  p rocesses  involving two par tners  is interact ion between phage and sensi-  
tive cells.  It may be postulated that this interaction is based on the existence of mutually complementary 
recep tor  s t ruc tures  on the sur faces  of the par tners .  Such a hypothesis can be tested by various methods, 
including serologic  tests.  K the hypothetical complementary  s t ructure  is associated with the presence  of 
definite determinant  groups in the par tners ,  the corresponding ant isera  must  react  with these groups and 
also with each other.  

The object of this investigation was to test  exper imental ly  the hypothesis that interact ion between 
phage and sensit ive cell is determined by the complementary  s t ructure  of receptors .  Specific globulin of 
antiphage se rum was regarded as complementary  in s t ruc ture  to phage, and therefore  s t ruc tura l ly  homo- 
logous to the surface of the cell with which the par t icu lar  phage can react .  On the other hand, the specific 
globulins of antibacterial  se rum must  be s t ruc tura l ly  complementary  to the surface antigens of the cell, 
and to some extent homologous to phage antigens. 

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

Exper iments  were  ca r r i ed  out with se ra  against s t reptococcal ,  s taphylococcal ,  and enterophages and 
with the corresponding antibacterial  sera .  To obtain antiphage sera  temperate  s t reptococcal  phages 9 and 
10, s taphylococcal  phages 3A, 55, and 77, and enterophages T4r and (7)• 174 were used. Rabbits were im- 
munized for 7-9 weeks (for s t reptococcal  phages) and 2-3 weeks (for the rest).  The phages were injected 
intravenously and subcutaneously twice a week in doses of 5 ml. All the antiphage sera  in a dilution of 1:100 
possessed  high neutral izing ability against  the homolgous phage for 5-15 rain. 

Ant is t reptococcal  se ra  were p repared  by immunizing rabbits with killed vaccines f rom st ra ins  of the 
group A: IH (a reference s t ra in  for phages) and s t ra in  53. Sera were prepared  in the same way against 
s taphylococcal  s t rains  3A and 5/2. To obtain ant isera  against Escher ich ia  coli s t rains  B and C, living vac-  
cines were used. The t i ters  of the antibacterial  se ra  in the agglutination reaction varied f rom 1:400 to 
1:1600. 

Interaction of the test  s e ra  with one another was studied by the complement  fixation reaction,  using 
the method of back t i tration of complement.  The antibacterial  se ra  was diluted fr,~m 1:10 to 1:80, and the 
antiphage se ra  f rom 1:15 to 1:135. Mixtures were prepared  from each dilution of both se ra  in equal volumes 
(0.4-0.6 ml of each). In the control mixtures ,  one of the se ra  (antiphage or  antibacterial) was replaced bya  
heterologous serum.  An equal volume of complement  diluted 1:5-1:8 was added to each system. The tubes 
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TABLE 1. In t e r ac t i on  be tween  A n t i p n e u m o e o c c a l  Se ra  and Serum 
Aga in s t  C - R e a c t i v e  P r o t e i n  in the C o m p l e m e n t  F ixa t ion  Reac t ion  

Type of 
serum and 
dilution 

Serum 
against C- 
reactive 
p_rotein 
h15 
1:45 
1:135 

Serum 
against 
home 
serum 
1:15 
1:45 
1:135 

Antipneumococcal serum Antistrepto- 
~r 44 I t,'~ 67 cocealsemm 

1:10 

+ + +  
+ + +  
§  

1 : 2 0  1 : 4 0  

+ + +  + + +  

1:80 

• 

1:10 

+ +  

A++ 

1:20 

+ + + +  
+ +  
+ +  

1:40 

V 

1:80 

;Y 

A dot ( . )  m e a n s  no e x p e r i m e n t  p e r f o r m e d .  

TABLE 2. I n t e r a c t i o n  be tween  A n t i b a c t e r i a l  and Ant iphage Sera  

i , 

Type of anti- ~ 

bacterial serum ~ .~ 

�9 

] Saera~mt en_ ]Serum against ataphylo- 
coc__ al pha_ges _ _ 

I 

~ b- / 3A 3A 55 77 

Serum against strepto- 
coccal  phages 

10 10 9 9 

Against E. coii 

Ditto 
Antista phylo- 
coccal 

Ditto 

Antistreptococcal 

Dit to  

B 

5/2 

IH 

53 

+ + 

§ § 

-~- -4- 

+% 
+ +  

+ +  

+ + +  

7 

+ +  + + 

+ + 

+ 

-4- 

+ + +  

-4- 

were  left  ove rn igh t  at 4% Next day the t i t e r  of f ree  c o m p l e m e n t  was d e t e r m i n e d ,  by wi thdrawing  0.3, 0.2, 
and 0.1 ml  f rom each  m i x t u r e  r e s p e c t i v e l y  into th ree  tubes ,  equa l i z ing  the vo l ume s  in the tubes  by adding 
0.1 and 0.2 ml  phys io log ica l  sa l ine  to the l a s t  two tubes ,  and adding 0.2 ml of he mo l y t i c  s y s t e m  to each.  
The r e s u l t s  w e r e  r ead  a f t e r  comple te  h e m o l y s i s  had o c c u r r e d  in the con t ro l  at  37 ~ . The fol lowing scheme  
was used:  with comple te  inh ib i t ion  of h e m o l y s i s  in the tube with the s m a l l e s t  vo lume of tes t  m i x t u r e  (0.1 
ml) and incomple t e  h e m o l y s i s  in the next  tube (0.2 ml) the r e a c t i o n  was a s s e s s e d  as +, with comple te  in -  
h ib i t ion  of h e m o l y s i s  in the tube with two vo l ume s  of t e s t  m i x t u r e  (0.2 ml) as ++, and with inh ib i t ion  of 
h e m o l y s i s  in the tube with three  doses  of t es t  m i x t u r e  (0.3 ml) as + + +  or  as + + + + .  

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

The p o s s i b i l i t y  of i n t e r a c t i o n  be tween  two a n t i s e r a ,  based  on the c o m p l e m e n t a r y  s t r u c t u r e  of the 
spec i f ic  g lobu l ins ,  was  f i r s t  d e m o n s t r a t e d  in a model  s y s t e m  of a n t i p n e m n o e o c c a l  s e r u m  and s e r u m  aga in s t  
C - r e a c t i v e  p ro t e in .  A n t i s t r e p t o c o c c a l  s e r u m  and s e r u m  aga ins t  C - r e a c t i v e  p r o t e i n ,  and an t i pneumococca l  
s e r m n  and s e r u m  aga in s t  ho r se  p r o t e i n  acted as  con t ro l s  (Table 1). 

A nega t ive  r e s u l t  was  ob ta ined  in both con t ro l  s y s t e m s  when tes ted  in d i f fe rent  r e l a t i ve  p r o p o r t i o n s .  
Meanwhi le ,  in the e x p e r i m e n t a l  s y s t e m  def ini te  inh ib i t ion  of h e m o l y s i s  was  obse rved ,  i nd ica t ing  i n t e r a c t i o n  
be tween  the a n t i p n e u m o c o e c a l  s e r u m  and s e r u m  aga ins t  C - r e a c t i v e  p r o t e i n  in the c o m p l e m e n t  f ixa t ion  tes t .  

The r e s u l t s  of the e x p e r i m e n t s  to s tudy i n t e r a c t i o n  be tween  a n t i b a c t e r i a l  s e r a  and homologous  and 
he te ro logous  an t iphage  s e r a  a re  g iven  in Table  2. They a re  agg rega t ed  r e s u l t s ,  tak ing  into account  the r e -  
su l t s  of e x p e r i m e n t s  with d i f fe ren t  d i lu t ions  of the t e s t  s e r a .  
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As Table 2 shows, definite positive results  were observed only during interaction between sofa  in 
homologous sys tems,  and they were almost  completely absent in experiments  with heterologous systems.  
8era  against s taphylococci ,  for example, fixed complement  in the presence of se ra  against staphylococcal 
phages and did not react  with se ra  against enterophages and s t reptococcal  phages. Of the antis treptocoeeal  
s e r a  the best  resul ts  were obtained with serum against s t ra in  1H, to which the s t reptococcal  phages were 
most  adapted. 

The resul ts  thus demonstrated a well marked specific interaction between antibacterial  and cor -  
responding antiphage sera .  Hence it follows that thd react ion took place only on account of the specific 
globulins of the test  sera ,  and that these globulins and the corresponding receptor  groups of the par tners  
possess  a complementary  s t ructure .  

The resul ts  descr ibed are evidence of species specificity. The problem of differentiation within the 
l imits of the species  requires  fur ther  study. 
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