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Cell Wall Autolysis in Gram—Positive Bacteria
—with special reference to the physiological role—
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Abstract

It is well-known that cellular autolysis 1s caused by enzymatic degradation of cell walls,
and the enzyme(s) responsible for the autolysis is indispensable for the growth of bacterial
cells. In fact, however, there are many autolytic-defective bacteria for which we can hardly
observe cellular autolysis.

How can bacteria lacking the indispensable autolytic mechanisms survive and maintain
their existence? Another question is why susceptibilities to autolysis can change during the
growth phase, i.e., from the autolysable log phase cells to the non-autolysable stationary phase
cells. It is strongly suggested that there must be inactivation mechanism(s) of the autolytic
enzymes\ which have lost their physiological roles and become rather harmful to the bacteria
themselves.

In accordance with this reasoning, the existence of two kinds or phases of autolytic en-
zymes, “a physiological autolytic enzyme” and “a useless autolytic enzyme,” was assumed.
The former is the indispensable enzyme for bacterial growth, and the latter is the harmful one
which has completed its physiological role and should be inactivated. Autolytic bacteria are
those which can not inactivate the “useless autolytic enzyme” effectively, and autolytic-
defective bacteria are those which have an effective inactivating mechanism for the “useless

autolytic enzyme.”
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Fig. 1. Growth curve of bacteria.
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Fig. 2. Growth cycle of gram-positive monococci.
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Fig. 3. Dependence of cellular autolysis on growth

phase.  The cells harvested at the growth
phase marked with X were incubated in the
autolyzing buffer at 37°C . Figures near the
mark “X” show % residual turbidity after a

16 hr incubation.
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Fig. 4. Time course of the development of osmotic

fragility of log phase cells. Log phase
cells were incubated in 1.2 M buffered su-
crose at 37C.
sions were taken out at various time inter-

vals.  One of them was diluted with 1.2 M

Two aliquots of the suspen-

sodium chloride solution ( ----) and the
other was with deionized water ( — ).

Turbidity of both diluted samples was
measured, and the samples were centri-
fuged. The absorbancy of supernatant

fluids was measured at 260 nm.
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Fig. 5. Analyses of the terminal groups liberated by
autolysis of the cell walls isolated from the
log phase cells. The cell walls were incu-
bated in the autolyzing buffer at 37C . At
time intervals aliquots were withdrawn to
measure ODs50, to determine the reducing
power and to determine N- or C-terminal
amino acids. There was no significant in-

crease in either N-terminal Glu, Gly and

Lys or C-terminal Ala, Glu, Gly and Lys

during the incubation.
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Fig. 7. Effect of trypsin on the cellular autolysis and

leakage of cytoplasmic materials of log phase
cells. Log phase cells were incubated in the
autolyzing buffer with trypsin at 37C . At
time intervals, the turbidity and ultraviolet
absorbancy of the supernatant fluid were

measured.
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Fig.8. Effect of addition of trypsin to the culture Fig. 9. M. luteus IFO 3333 seen under a scanning

medium on growth curve and autolytic abil-
ity. The experimental procedures were the

same as those in Fig. 3.

electron microscope. The cells occur sin-
gly, in pairs and in irregular clusters. The

newly exposed surfaces of the cells were

smoother than the old surfaces. No discern-
ible morphological changes were observed
on the cells in the culture medium either in
the presence or absence of externally added

trypsin. The bar represents | ¢ m.

Table 1. Chemical compositions and terminal group analyses of cell walls®

Hydrolysis after

Hydrolysis FDNB.treatment Hydrazinolysis

Components? LCW®  SCWd  LCW SCW LCW  SCW
Mur 0.88 0.82 0.68 0.62 — —
GleN 0.99 1.02 0.84 0.85 — —
Glu 1.00 1.00 1.00 1.00 (1. 00) (1.00)
Gly 1.05 1.05 0.9%4 0.92 0.95 0.98
Ala 2.00 1.91 1.56 1.64 0.18 0.14
Lys 0. 96 1.13 0.28 0.29 0.41 0.51
Hexose [(Glucose) 1. 36 1.21
Phosphorus (Organic) 0. 42 0.38
Glu contents® 0.49 0.52
Yield? 40 36

ad Values are expressed in molar ratios to the total glutamic acid residue.
® Other ninhydrin positive materials detected were negligibly small.

<) Cell walls prepared from the log phase cells.

4 Cell walls prepared from the stationary phase cells.

¢} # mole of glutamic acid per mg of lyophilized cell walls.

1 Yield (mg) of lyophilized cell walls prepared from 1 g of wet cell.
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