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Lysozyme protoplasts  of Bacil lus megater ium,  Micrococcus  lysodeikt icus,  Salmonella typhi, and Sal- 
monel la  typhimurium possess  we l l -marked  osmotic  fer t i l i ty ,  a re  Gram-negat ive ,  and their  eel1 wall cannot 
be detected by the method. Penici l l in  and glycine spheroplas ts  of S. typhi and S. typhimurium have lower 
osmotic  f ragi l i ty  than lysozyme spheroplas ts ,  remnants  of the cell  wall can be detected in them by Knaysi 's  
method, but they are  Gram-negat iveo Lysozyme,  penicillin, and glyeine spheroplas ts  of S. typhi and S. typhi-  
mur ium a re  agglutinated by an t i se ra  against  whole cel ls ,  but in much lower t i te rs  than whole cel ls .  Resp i r a -  
tion of modera te  intensiW is found in the penicillin spheroplas ts  of Salmonella gal l inarum and Esche r i eh ia  
eoli, but it is weaker  than r e sp i r a t ion  of the whole cells~ 

No systemat ic  exper imental  studies of the p roper t i es  of protoplasts  and spheroplas ts  of different  
m ic roo r ga n i sms  could be found in the l i t e ra tu re  [1~ 3, 4-13]. 

* The investigation was ca r r i ed  out in the Depar tment  of General  Medical Microbiology,  N. F. Gamaleya 
Institute of Microbiology and Epidemiology, Academy of Medical Sciences of the USSR, Moscow. 
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Fig. 1. Optical density of whole cells  and their  pro to-  
plasts  and spheroplasts  (determined in the FEK-IM 
photoelectr ic  eo lo r imete r ) .  I) Whole cells;  II) protoplasts  
or  spheroplas ts .  A: a) Lysozyme of B. megate r ium 
No. 654; b) lysozyme of M. lysodeiktieus No. 2665; B: 
a) lysozyme of S. typhi No. 5606; b) penicilIin S. typhi 
No. 5606; e) glyeine S. typhi No. 5606; C: a) lysozyme 
S. typhimurium; b) penicillin S. typhimurium No. 3048; 
e) glyeine S. typhimurium No. 3048. 
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TABLE 1. 

Types of 
bacteria 

Gram-posi -  
tive 

Gram-nega- 
tive 

Morphology and Osmotic Fragility of Bacterial Protoplasts and Spheroplasts 
Osmotic fragility 

Staining properties 

Protoplasts and 
spheroplasts 

Lysozyme proto- 
plasts 

B. megaterium 
No. 654 

Lysozyme proto- 
plasts 

M. lysodeikticus 
No. 2665 

Lysozyme sphero- 
plasts 

S. typhi No. 5606 
Penicillin sphero- 

plasts 
S. typhi No. 5606 
Glycine sphero- 

plasts 
S. typhi No. 5606 
Lysozyme sphero- 

plasts 
S. typhimurium 

No. 3048 
Penicillin sphero- 

plasts 
S. typhimurium 

No. 3048 
Glycine sphero- 

plasts 
S. typhimurium 

No. 3048 

Morphology under 
phase-contrast  
microscope 

Optically dense 
spheres 4-6p 
in diameter 

Same,5-7 ~ in 
diameter 

Optically dense 
spheres: dia- 
meter  3-5 # 

,4-12 . 

"4-10 ~ 

"3-5" 

"4-11 , 

"5-11" 

lysis degree of des- 
truction (in ~) 

o on centrifuga- 
tion 

3000 6000 
rpm rpm 

+ + 13.5 27 

+ + 10.8 25.1 

+ 

15.4 

8.9 

2.1 

8.2 

3.1 

3~ 

The object of the present investigation was to study the following properties of protoplasts and sphero- 
plasts of Gram-posit ive and Gram-negative bacteria isolated by the writer: 1) optical density compared 
with that of whole cells; 2) morphology under the phase-contrast  microscope; 3) behavior toward Gram's  
strain; 4) presence or absence of a ceil wall (by staining by Knaysi's method); 5) osmotic fragility as char-  
acterized by lysis in distilled water, degree of destruction during centrifugation, and ability to undergo 
spontaneous lysis; 6) serologic properties; 7) respirat ion of spheroplasts of Gram-negative cultures. 

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

The above-mentioned properties were studied in the following objects: 1) lysozyme protoplasts of 
Bacillus megaterium No. 654 and Micrococcus l ysodeikticu s No. 2665; 2) lysozyme, penicillin, and glycine 
spheroplasts of Salmonella typhi No. 5606 and Salmonella typhimurium No. 3048; 3) penicillin spheroplasts 
of Salmonella gallinarum No. 7979, S. gallinarum No. 398, Escherichia coli No. 344, and E. coli K-12. 

The results  obtained are given in Fig. 1 and Tables 1-3. 
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TABLE 2. Serologic Proper t i es  of Spheroptasts of G r a m -  
Negative Bac ter ia  

Strain of bacteria 

S. typhi N'e 5606 

S. typhimurium 
N} 3048 

Materials investigated 

Whole cells 
L 

Olyeine spheroplasts 
Penicillin spheroplasts 
Lysozyrne spheroplasts 
Whole cells 

Olycine spheroplasts 
Penicillin spheroplasts 
L ysozyme spheroplasts 

Titer in agglutinatf0n re- 
action with serum against 
whole cells 

1:3 200(++++) 

1:400(@~-Q-@) 
1 4 0 0 ( ~ @ )  
l: 100(- '~+)  
1:3 200(+~ ++)  

hS00(+q-) 
1:400(++) 
I : 1 0 0 ( + + )  

Note. Serologic propert ies  of lysozyme,  penicillin, and 
glyeine spheroplasts  of S. typhi No. 5606 were studied by 
the agglutination react ion with s tandard typhoid se rum 
prepared  by the L. A. Tarasev ieh  State Control Institute 
for Medical Biological Prepara t ions ,  and in the ease of 
S. typhimurium No. 3048, with serum obtained in the labo- 
r a to ry  by immunizat ion of rabbits  with S. typhimurium 
No. 3048 cells.  

TABLE 3. Respira t ion of Penicil l in Spheroplasts of G r a m -  
Negative Bac ter ia  

Strain 

S. gallinarum No_ 7979 
>> , J~o 398 
E. col; he.o 844 
,> >~ K-12 

o f sphero. 
plasts 

50 
37 
56 
94 

Respiration 
of ceils not 

ofwhole converted 
cells into sphero- 

plasts (in %) 

278 
248 9 
169 10 
182 23. 

No. of cells not 
converte'd into 
spheroplasts (in %) 

1,4 
0.5 
2,2 
7,3 

Note. Respira t ion measured  in m m  3 oxygen absorbed/ ram 3 suspen-  
sion/30 min by Warburg ' s  manomet r ic  method. 

The investigations showed that the protoplasts  and spheroplasts  differed both morphological ly  and in 
their  degree of osmotic fragility. Neither protoplasts  nor spheroplasts  stained by G r a m ' s  method. As a 
rule the penicillin and glycine spheroplasts  were l a rge r  than the lysozyme.  The cell wall of lysozyme 
protoplasts  and spheroplasts  did not stain by Knaysi ' s  method. Remains of the cell wall were  detected in 
penicillin and glyeine spheroplasts  of Gram-negat ive  cultures.  The protoplasts  and spheroplas ts  differed 
in their  optical density and osmotic fragil i ty;  lysozyme protoplasts  and spheroplasts  had a lower optical 
density and were  m o r e  fragi le  than penicillin and glycine. This suggests  that the penicillin and glycine 
spheroplasts  were m o r e  stable than the lysozyme,  probably because of part ial  p reserva t ion  of their  cell 
wall. 

The low t i ters  in the agglutination react ion with. lysozyme spheroplasts  were  evidently associa ted  with 
more  complete destruct ion of the cell wall. Almost  complete agreement  between the t i te rs  in the agglutina- 
tion reac t ion  for Wpes of spheroplasts  obtained from both s t ra ins  will be noted. 

The modera te ly  intensive resp i ra t ion  of the penicillin spheroplasts  of Gram~negative cul tures was ob-  
served,  although it was always much lower than the resp i ra t ion  of whole cells: in this r e spec t  the present  
resu l t s  differ f rom those obtained by other workers  [1-3, 12] for resp i ra t ion  of lysozyme spheroplas ts ,  ac-  
cording to whom their  r esp i ra t ion  was a lmost  indistinguishable f rom that of whole cells.  

I. 
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