PROPERTIES OF BACTERIAL PROTOPLASTS
AND SPHEROPLASTS*

G. I. Fedorova UDC 576.8.094

Lysozyme protoplasts of Bacillus megaterium, Micrococcus lysodeikticus, Salmonella typhi, and Sal~
monella typhimurium possess well-marked osmotic fertility, are Gram-negative, and their cell wall cannot
be detected by the method. Penicillin and glycine spheroplasts of S. typhi and S. typhimurium have lower
osmotic fragility than lysozyme spheroplasts, remnants of the cell wall can be detected in them by Knaysi's
method, but they are Gram-negative. Lysozyme, penicillin, and glycine spheroplasts of_S_. typhi and 8. typhi-
murium are agglutinated by antisera against whole cells, but in much lower titers than whole cells. Respira-
tion of moderate intensity is found in the penicillin spheroplasts of Salmonella gallinarum and Escherichia
coli, but it is weaker than respiration of the whole cells,

* * *

No systematic experimental studies of the properties of protoplasts and spheroplasts of different
microorganisms could be found in the literature (1, 3, 4-13],

*The investigation was carried out in the Department 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 thexr proto-
plasts and spheroplasts (determined in the FEK- M
photoelectric colorimeter). I) Whole cells; TI) protoplasts
or spheroplasts. A: a) Lysozyme of B. megaterium
No. 654; b) lysozyme of M. lysodeikticus No. 2665; B:

a) lysozyme of 8. typhi No. 5606; b) penicillin 8. typhi
No. 5606; c) glycme S. typhi No, 5606; C: a) lysozyme

S. typhimurium; b) pemclllms typhimurium No. 3048;
o glycme S. typhimurium No. . 3048.
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TABLE 1. Morphology and Osmotic Fragility of Bacterial Protoplasts and Spheroplasts

Staining properties

Osmotic fragility

lysis degree of des~
Types of Protoplasts and Morphology under . 2 @ truction ‘(in %)
bacteria spheroplasts ph'ase-contrast .S 3 o 2 on centrifuga-
microscope 573 b 2 s tion
=g S = four % <
C % % 28| 5 | 3000 | 6000
RE | B8 8| B
2 = w rpm | rpm
Gram-posi- | Lysozyme proto- |Optically dense
tive plasts spheres 4-6u
in diameter - - + + 13.5 | 27
B. megaterium
No. 654
Lysozyme proto- |Same,5-7 p in
plasts diameter - - + + 10.8 25.1
M. lysodeikticus
No. 2665
Gram-nega- | Lysozyme sphero-| Optically dense
tive plasts spheres: dia-
S. typhi No. 5606 meter 3-5 ¢
Penicillin sphero- n4-12" - - + + 5.0 15.4
plasts
S. typhi No. 5606 - + + - 3.6 8.9
Glycine sphero- n4-10"
plasts
S. typhi No. 5606 - + £ - 1.6 2.1
Lysozyme sphero- n3-5n
plasts
S. typhimurium - - + + 4.8 8.2
No. 3048
Penicillin sphero- mq-11"
plasts
S. typhimurium - + + - 2.0 3.1
No. 3048
Glycine sphero- n5-111
plasts
S. typhimurium - + + - 2.5 3.4
No. 3048

The object of the present investigation was to study the following properties of protoplasts and sphero-

plasts of Gram-positive 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 cell 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) respiration of spheroplasts of Gram-negative cultures.

EXPERIMENTAL METHOD AND RESULTS

The above-mentioned properties were studied in the following objects: 1) lysozyme protoplasts of
Bacillus megaterium No. 654 and Micrococcus lysodeikticus 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 Properties of Spheroplasts of Gram-
Negative Bacteria

. ‘Titer in agglutination re~
Surain of bacteria Materials investigated | acrion with serum against
whole cells
S. typhi Ne 5606 Whole cells 1:3 200(-+-++-+)
Glycine spheroplasts 1:400(4-++4--)
Penicillin spheroplasts 1:400(-+-+)
Lysozyme spheroplasts 1:100(-++
Whole cells 1:3 200(++-++)
S. typhimurium )
Ne 3048 Glycine spheroplasts 1:800(4--+)
Penicillin spheroplasts 1:400{++)
Lysozyme spheroplasts 1:100{(++)

Note. Serologic properties of lysozyme, penicillin, and
mne spheroplasts of S, typhi No. 5606 were studied by
the agglutination reaction with standard typhoid serum
prepared by the L. A, Tarasevich State Control Institute
for Medical Biological Preparations, and in the case of

S. typhimurium No, 3048, with serum obtained in the labo~
_‘x_'atory by immunization of rabbits with S. typhimurium
No. 3048 cells.

TABLE 3. Respiration of Penicillin Spheroplasts of Gram-~
Negative Bacteria

Respiration No. of cells not
X of cells not L d i
&train of sphero= ofwhole|converteq | CORVEIte mth
plasts cells into sphero- spheroplasts {in %)
plasts (in %)
S. gallinarum Ne 7979 50 278 — 1,4
» » Ne 398 37 248 9 0,5
E. col; Ne 844 56 169 10 2,2
Ty 0y K-12 94 182 23 . 7.3

Note. Respiration measured in mm?® oxygen absorbed/mm? suspen—
sion/30 min by Warburg's manometric method.

The investigations showed that the protoplasts and spheroplasts differed both morphologically and in
their degree of osmotic fragility. Neither protoplasts nor spheroplasts stained by Gram's method. As a
rule the penicillin and glycine spheroplasts were larger than the lysozyme. The cell wall of lysozyme
protoplasts and spheroplasts did not stain by Knaysi's method. Remaing of the cell wall were detected in
penicillin and glycine spheroplasts of Gram-negative cultures. The protoplasts and spheroplasts differed
in their optical density and osmotic fragility; lysozyme protoplasts and spheroplasts had a lower optical
density and were more fragile than penicillin and glycine. This suggests that the penicillin and glycine
spheroplasts were more stable than the lysozyme, probably because of partial preservation of their cell
wall.

The low titers in the agglutination reaction with lysozyme spheroplasts were evidently associated with
more complete destruction of the cell wall. Almost complete agreement between the titers in the agglutina-
tion reaction for types of spheroplasts obtained from both strains will be noted.

The moderately intensive respiration of the penicillin spheroplasts of Gram-negative cultures was ob-
served, although it was always much lower than the respiration of whole cells: in this respect the present
results differ from those obtained by other workers [1-3, 12] for respiration of lysozyme spheroplasts, ac-
cording to whom their respiration was almost indistinguishable from that of whole cells.
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