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In the present work a study of the ant igenic  structure of the L-forms of hemoly t ic  s treptococci  and their rever t -  
ants by means of serological  analysis of the ant igenic  components ext rac ted  by various methods, of analysis of the 

distribution of antigens in the bac te r ia l  L-fonns at the ce l lu lar  level ,and of the development  of the antigenic com-  
plex of the L-forms and their  revertants using the fluorescent antibody method in a direct  Coons react ion was under-  
taken.  

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

A stable L-culture of g -hemoly t i c  s t reptococci  of group A No. 196, L, obtained exper imenta l ly  [2] and having 
lost at  the present t ime the abi l i ty  to revert to the coec ic  form, a revertant  strain of s t reptococci  No. 196 r from the 

given L-culture [3], the parent culture of S -hemoly t i c  s t reptococci  No. 10-S, and also 2 strains of the L-form, No. 
409 L and 406 L, which we isolated from the blood of a rheumatic  cardit is  pat ient ,  and the cultures obtained from 

t hem- reve r t an t s  No. 409 r and 406 r [4, 5] were used. Both L-cultures at the present t ime have lost the abi l i ty  to re-  
vert to coccic  form. Revertant strains No. 196 r and 409 r gave a - h e m o l y s i s  in 5~ blood agar, No. 406 r gave ~ - 
hemolysis.  

To obtain suspensions suitable for immuniza t ion  and antigens, L-cultures were grown on synthetic medium No. 
199 with penic i l l in ,  without normal horse serum. After 7-10 days of incubation, the sediment  consisting of L-colo-  
nies was washed 3 t imes in physiological  solution with 20~ Hanks solution, then resuspended, ground in a mortar and 
standardized with the GKt opt ica l  standard. Streptococcus cultures were grown in Puopp broth, washed in physiologi-  

cal  solution and standardized.  Immunizat ion was carr ied out by the method described ear l ier  [6]. Al l  immune sera 
were l abe l led  with fluoresein isothiocyanate  by the standard method [1]. 

The antigens used for the serological  research were obtained by the Lancefield hydrochloric acid extract ion 
method,  ex t rac ted  by freezing at  -70 ~ and thawing at 87 ~ ten t imes according to Grasse [6] and also by thermal  ex -  

tract ion [7]. 

The antisera, antigens and cultures were examined as to ring precipi ta t ion,  microprec ip i ta t ion  in gelatin and 

immunofluorescent  reactions.  

From the results of our work in which an increased fragi l i ty  of the ce l l  walls of the L-form revertants [5] was 
found, we assumed that,  by treat ing them with lysozyme,  i t  would be possible to rupture the ce l I  wal l  and, using the 
free "wal l - less  form," to show the possible ant igenic  relationship of the revertants and the L-forms. For this purpose 
L-form revertants and the parent culture of f~ -hemoly t ic  s t reptococci  were t reated with lysozyme.  The sediments of 
broth cultures in the logar i thmic  growth phase were used, the supernatant was replaced by "tris" buffer at pH 7.2 
20% sucrose and 0 . t% lysozyme were added to tile suspension and incubated at  3~/~ for several  hours. Protoplast for- 
mat ion  was checked in the phase contrast  microscope,  using Naisy's staining method, by the determinat ion of opt ical  
density and osmotic f r iabi l i ty .  

As a result of these experiments i t  was established that the parent streptococcus culture was not affected by ly -  
sozyme, while a l l  3 revertant  strains of the L-form examined  were converted under the influence of lysozyme into 

protoplast - f ree  bodies. 
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Analysis of the Antigenic Structure of L-Forms and their Revertants Using Fluorescent Antigens 
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Note. +++ fluorescence of max ima l  intensity in a l l  cells  of the population; ++ fluorescence of max ima l  and average 
,intensity in al l  cel ls  of the population; + fluorescence of average intensity in some of  the cei ls  of  the population.  

All  the examined  streptococcus cultures, before and after lysozyme t rea tment ,  were treated with homo-  and 
heterologous antisera tabe l led  with fluoresein isothiocyanate .  The cultures were pIaced ola slides, put in wet cel ls  
and stained a t  room temperature  for 30 rain, then washed with buffered physiological  solution, covered with a cover 
slip and paraffin poured on. 

The specif ic i ty  of the fluorescence was verif ied in control  exper iments  after pre l iminary t rea tment  of the prep-  

arations with nonfIuorescent immune  serum, and also by t rea tment  with fluorescent antibodies against  other forms of 
bacter ia  and fluorescent normal rabbit  serum. In these cases very weak natural  fluorescence of the cuttures was ob- 
served (--). 

The preparations were examined in the ML-1 luminescent  microscope i l lumina ted  by a DKSh-280 ultrahigh 
pressure spherical  mercury-quar tz  lamp with f i l ter  combinat ionsFS-1,  $3S-7 and BS-8. Superfluous ul t raviole t  light 
was removed with a T-1N ocular l ight  fi l ter.  The preparations were i l lumina ted  from above across an opaque - i l l um-  

inator and object ive .  This permi t ted  combining luminescent  microscopy with phase contrast research. 

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

The results of the ring precipi ta t ion react ion of the antigens and antisera examined  showed a signif icant  loss of 
the potysaechar ide  ant igenic  component  ( Ianeef ie ld)  in the L-forms; antigens, ext rac ted  thermal iy ,  also did not ap -  
pear.  Using Grasse's extract ion me%od, ant igenic  complexes,  common to a l l  3 of the L-form strains studied, were e x -  
t racted.  The t i ter  var ied from 1:80 to 1:320 with homologous and from 1:20 to 1:80 with heterologous antisera.  This 
complex had components re la ted  to L-form revertants which appeared in the precipi ta t ion react ion with sera against  
homologous revertants and hemolyt ic  s t r ep tococc i -und i lu t ed .  

The resuIts of gela t in  microprec ip i ta t ion  shows that serum against L-forms (No. 409 L) gave clear  mul t ip le  
lines of precipi ta t ion with the homologous antigen extracted by Grasse's method. This complex antigen contains com-  
ponents re la ted to the antigens of heterologous L-form strains (Fig. 1, Exp. No. 2). We were not ab le  to show related 
ant igenic  components of L-forms and their revertants in these experiments.  Gelat in micropre ic ip i ta t ion  of revertant  
antigens and the corresponding antisera indicate  the complexi ty  of a l l  3 of the examined antigens, according to the 
methods of Lancefield,  Crawford and Orasse. Each of them consists of 2 components.  From the arrangement and di-  
rection of the prec ip i ta te  lines i t  is apparent  that a l l  3 agents differ from each other. They were observed in a l l  the 
exami ,md revertm~ts, showing their ant igenic  relatiot~ship (Pig. 2, Expt. No. 4, 13, 18). 

Using immunofluorescence we were able to sl~ow the following (see table).  Before t rea tment  with tysozyme at? 
the strains of s t reptococci  examined wtdch were t reated with homologous antisera gave intensive luminescence.  
Staining of these cultures with homo- and heterologous L-form strains t reated with homologous sera against L-forms 
gave intensive fluorescence and did not fluoresce when treated witl, sera against homo-  and heterologous revertant  
strains. 
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Fig. 1. Comparison of ti~e characteristics of the 
antigens extracted according to Grasse (Exp. No. 2), 
Laneefietd(gxp. No. 12) and Crawford (Expt. No. 17) 
from h-forms of hemolytic streptococci in getatin 
microprecipitation reaction. In the center hole ser- 
um against L-form No. 409 L, Antigens: 1) strains 
No. 406 L; 2) No. 406 r; 3) No. 409 L; 4) No. 409r; 
5) No. 196 L; 6) No. 196 r; 7) No. 10-S; 8) con-  
trol extract of wash medium. 

Fig. 2. Comparison of the characteristics of the an- 
tigens extracted according to Orasse (Exp. No. 4), 
Lancefield (Exp. No. 13) and Crawford (Exp. No. 18) 
from L-forms of hemolytic streptococci in gelatin 
microprecipitation reaction, In the center hole 
- se rum against L-form revertant No. 409 r. Anti- 
gens: 1) strain No. 406 L; 2) No. 406 r; 3) No. 
409 L; 4) No. 409 r; 5) No. 196 L; 6) No. 196 r; 
7) No. 10-S; 8) control extract of wash medium, 

Quite different results were obtained after treatment of the streptococci with lysozyme. Staining with labelled 
homologous sera of L-form revertants did not cause fluorescence and inversely, staining with labelled homologous 
sera against the L-forms caused intensive luminescence. 

Treatment of the parent hemolytic streptococcus culture with lysozyme did not change the results of immuno-  
fluorescence. Treatment of these cultures with homologous antiserum before and after treatment with penicillin was 
accompanied by intensive fluorescence. 

The L-cultures differed from the L-form revertants and the parent streptococcus strain in the character of the 
luminescence. Thus, all examined streptococcus strains before treatment with lysozyme were characterized by peri- 
pheral luminescence (Fig. 3 b) caused by localization of the antigens in the celt  wall of the streptococci. 

The L-forms devoid of cell  walls were characterized by diffuse fluorescence (Fig. an), determined by compo- 
nents, in all probability, localized in the cytoplasmic membrane. 

The fluorescent character of L-form revertants changed completely after their trean-nent with lysozyme. These 
"wail-less" forms of streptococci, labelled with L-antisera, were characterized by a bright, diffuse luminescence 
(Fig. 3c) due to antigenic components of cytoplasmic origin, common to &e corresponding antigenic components in 

the homologous L-forms. 

In the parent cultures of hemolytic streptocci the character of the luminescence before and after lysozyme 

treatment did not change. 

Thus, a different antigenic localization in the bacterial form and in the L-form was shown. The first shows a 
surface arrangement of antigenic components of the cell wall, the 2nd, due to inhibition of the biosynthesis of the 
cells walls, shows antigenic components of cytoplasmic origin. 

The antigenic complex of the L-forms and their revertants is determined by antigenic components of cytoplas- 

mic origin. 

S U M M A R Y  

The results of studying the antigenic structure of the streptococci L-forms and their revertants indicate that 
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Fig. 3. Properties of the structural arrange-  

ment  of antigens in L-form streptocci,  a) L- 
form culture 196 L. Diffusing loca l iza t ion  of 
antigens ( treated with homologous antiserum); 
b) L-form revertant  196 r. Peripherai antigen 
loca l iza t ion  ( treated with homologous antiser-  
um); c) L-form revertant  196 r after t rea t -  
ment  with lysozyme.  Diffusing loca l iza t ion  
of antigens ( t reated with serum to the L-form). 

the ant igenic  component of the C-polysacchar ide  group (Lancefie!d) 

is largely lost during the process of L-transformation, this being 

due to biosynthesis block in ce l l  walls. The component  ks restored 
in L-form reverts. L-form streptococci  contain a complex ant i -  

gen ex t rac tab le  after Grasse. This antigen occurs less frequently 
in the reverts. The eff icacy of the antigen complex extract ion af-  

ter Grasse in the L-forms, less dist inctly pronounced in the reverts, 
is evident ly  associated with the absence of the ce l l  wall  in L- 
forms and the presence of the indestructable wall  in the coccal  
forms which resist freezing and thawing. 

Employment of the fluorescent antibodies method in the di-  
rect Coons react ion demonstrated a different loca l iza t ion  of the an-  
tigens in bac te r ia l  L-forms of streptocci.  Superf icial ly  located an-  

t igenic components of the ce l l  wall  were de tec ted  in the former 
(L-form, including the L-form strains--reverts);  in the lat ter  (coc-  
ca1 form), due to the biosynthesis block of the ce l lu lar  walls, an t i -  

genic components located in the cytoplast ic  membrane  were re-  

vealed.  

Proceeding from the formerly established fact  of increased 
vulnerabi l i ty  of ce l l  walls in the cultures reverted from L-forms, 

the ce i l  walls were destructed by means of lysozyme.  The use of 
such "wal l -devoid"  form for a serological  analysis, a imed  at  es- 
tablishing a possible ant igenic  affinity between L-forms and their 
reverts, has made it possible to ascertain the presence of common 
ant igenic  components of cytoplasmic  or ig in  
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