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ABSTRACT
WEIBULL, CLAES (Central Bacteriological Laboratory of Stockholm City, Stock-

holm, Sweden). Plasmolysis in Bacillus megaterium. J. Bacteriol. 89:1151-1154. 1965.-
Sucrose solutions stronger than 1 M caused plasmolysis in Bacillus megaterium strain
M, whereas concentrated NaCl and KNO3 solutions were ineffective. In plasmolyzed
cells, mesosome bodies were found in pockets between the cytoplasmic membrane and
the cell wall. After plasmolysis, the cytoplasmic membrane appeared as a triple-layered
structure, a "unit membrane." Plasmolysis did not markedly influence the viability of
the cells.

A detailed electron microscopic study of plas-
molysis in a gram-negative organism, Escherichia
coli, was carried out by Cota-Robles (1963). The
present report deals with the same phenomenon
as manifested in a gram-positive organism, Ba-
cillus megaterium. Electron microscopic observa-
tions of plasmolyzed cells of B. subtilis have been
reported by van Iterson (1961), Ryter and Jacob
(1963), and Ryter and Landman (1964). Reviews
on bacterial plasmolysis in general have been
given by, Knaysi (1951), Mitchell and Moyle
(1956), and Robinow (1960).

MATERIALS AND METHODS
Organism and growth conditions. Bacillus mega-

terium strain M (Baumann-Grace and Tomcsik,
1957) was grown at 30 C in 200-ml Erlenmeyer
flasks, each containing 50 ml of nutrient broth.
The cultures were incubated overnight on a rotary
shaker (100 rev/min). The organisms were thus in
the stationary-growth phase when harvested.

Production of plasmolysis. Bacteria harvested
by centrifugation were suspended in the plasmo-
lyzing solution, which usually was 2 M sucrose.

Microscopy. For light microscopy, bacterial sus-
pensions were spread on agar. The suspending
medium and the agar gel contained the same
amount of plasmolyzing agent per milliliter. The
organisms thus immobilized were studied with a
Leitz phase-contrast microscope equipped with an
oil-immersion lens.
For studies with the electron microscope, the

bacteria were prefixed for 1 hr with formaldehyde
(final concentration, 4%0), centrifuged, fixed with
OS04 by the method of Ryter and Kellenberger
(1958), and embedded in Epon 812 (Luft, 1961).
Thin sections of the embedded material were cut
with a LKB ultrotome or Porter-Blum microtome
equipped with glass knives, and examined in a
Siemens Elmiskop I working at 80 kv and with an
instrumental magnification of X20,000; 20- to
50-p objective apertures were used.

Counting procedures. Viable counts were deter-
mined after spreading suitably diluted samples
on agar containing the growth medium. Total
counts were made with a Burcker counting cham-
ber.

RESULTS
In 2 M sucrose, plasmolysis occurred instantane-

ously, or nearly so, and remained unchanged for
at least 24 hr. Sucrose solutions of a concentration
less than 1 M were not effective, nor were satu-
rated KNO3 or NaCl solutions. Phase-contrast
microscopy revealed that the protoplasm of the
plasmolyzed cells decreased in size by about 50%
upon plasmolysis (Fig. 1). Usually, the proto-
plasts of one cell chain assumed the appearance
of cylindrical, rounded, or dumbbell-shaped bod-
ies separated from each other by less-dense
regions. When plasmolyzed cells were fixed with
formaldehyde and transferred to a medium of low
osmotic pressure, the protoplasts retained this
appearance but regained much of their original
size. Figures 2 and 3 show sections of unplas-
molyzed cells. Usually, the mesosomes of these
cells were located rather centrally in the proto-
plasm (Fig. 2). Sometimes, however, there were
indications of a connection between a mesosome
and the cytoplasmic surface (Fig. 3). A cytoplas-
mic membrane clearly differentiated from the
rest of the protoplasm was not observed. As can
be seen from Fig. 4 and 5, plasmolysis markedly
changed the cell structure. The cell wall became
thinner and more distinctly stratified. The cyto-
plasmic membrane appeared as a triple-layered
structure (two electron-dense layers surrounding
a less dense one) at several points widely sepa-
rated from the cell wall. This membrane, however,
always adhered closely to the rest of the cyto-
plasm. As a rule, spherical bodies appeared in the
pockets formed between the wall and the cyto-
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sucrose. Phase-contrast microscopy.

plasmice mnemibrane. Bodies of the samie al)lear-

ance were seenl l)y Fitz-James (1964) in ral)idly

growing cells of B. mnegaterinini NMI, which had

been washed in phosphate or suerose-phosphate
buffers (concenitration of sucrose, 0.3 Mi). It thus

seemis evident thiat plasmolysis in 2 Ai suicrose of

stationary-l)hase cells of B. mtegatcrium. Al (aused

the expulsion of the centrally loeatedi miesosom-tes

into pockets between the cyt(iplasm-ic mnemlirane

and cell w-all. According to Ryter and Jacol)

(1963) and Ry-ter- and Landm-an (1964), simiilar

processes take place in cells of B. sutbtilis sub-

jected to solutions (if high osm-otic jpressures. The

presence of lysozyme acceler-ated these processes.

The viability of the B. ;ncgateriuin cells was not

significantolv affected by the p)lasniolysis process.
Thus, in onie expoerinmentnviable ouits indicated

the presence of 4.27 (±40.50) X 1.0" viable or-

ganismics per milliliter of the bacterial culture be-

fore plasmnolysis, and 3.60 (±4(0.72) X 10 afteri

(P 0.05). The totalo .nutiber of (ells per milli-

liter was 5.02 (±40.35) >X 10g.

The present investigation confirms themItain
resilts (if previous stli(lies in the saime field

namiely, that mi-ost bacteria cani I)e p)lasmiolyze(l
but thoatmyiedhia of a very highosm.otic piressUre
are requiried to effect plasmolysis in grami-p ositive

organisms. The marked resistance oifl ramepnosi-
tiv-e bacteria to jilasniolytic agents cani lie cx-

llaine( by afirmie adherence of the cvtop)lasmneic
membrane to the hi-hlv rigid cell wvall (Mlitchell
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PLASMOLYSIS IN B. MEGATERIUM

FIG. 3. Section as in Fig. 2. Note mesosome evi-
dently connected with the surface of the cytoplasm.

and Moyle, 1956). It is of interest in this connec-
tion that cells of B. megaterium, strain M, could
not be plasmolyzed with strong salt solutions,
whereas such solutions were effective in the case
of other Bacillus spp. (Knaysi, 1951). Robinow
(1960) reported plasmolysis of B. megaterium
cells in 25%o NaCl solutions, but probably he did
not use the M strain. The shrinkage of cells of
this strain accompanying plasmolysis was ap-
preciably greater than that noted in other B.
megaterium strains (Mitchell and Moyle, 1956;
Robinow, 1960).
As evidenced by the studies of Cota-Robles

(1963) and by the present investigation, plas-
molysis causes a retraction of the cytoplasmic
membrane from the cell wall in E. coli (gram-
negative) as well as in B. megaterium (gram-posi-
tive). Perhaps invaginations at the sides of the
rod-shaped cells were found more frequently in
the latter organism. A much more striking differ-
ence is, however, that mesosome bodies were not
found between the cell wall and the cytoplasmic
membrane in plasmolyzed E. coli cells, whereas
this was the rule in B. megaterium cells that had
undergone plasmolysis. This suggests that meso-
somes of gram-positive and gram-negative bac-
teria are not strictly comparable organelles, a
view supported by the work of Vanderwinkel and
Murray (1962) on mesosome-containing cells of
B. subtilis, Spirillium serpens, and E. coli.
Another difference between plasmolysis in B.

megaterium and E. coli is that plasmolysis in the
latter organism is of a more transient nature, as
is also the case in the gram-negative organism
Proteus vulgaris (Taubeneck, 1955).

Plasmolysis in B. megaterium strikingly dem-

fi;

FIG. 4. Thin section of plasmolyzed Bacillus
megaterium cell. Note mesosome-containing pockets
between cell wall and cytoplasmic membrane.

onstrates the flexibility of the cytoplasmic mem-
brane as opposed to the high degree of rigidity of
the cell wall.
The cytoplasmic membrane of this organism
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FIG. 5. Detail of Fig. 4 at higher magnificatien. Note the straight cell wall, the curved, triple-layered
cytoplasmic membrane, and the approximately spherical mesosome bodies. Triple-layered membranes can
be seen at the periphery of these bodies.

appears as a triple-layered structure ("unit mem-
brane") only in plasmolyzed cells. However, this
structural change, like other morphological al-
terations accompanying plasmolysis, does not
affect the viability of the B. megaterium cells.
Similarly, Taubeneck (1955) found that P. vul-
garis cells that had undergone plasmolysis were
able to divide.
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