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Sucrose-induced autolysis of Clostridium saccharoperbutylacetonicum (ATCC 13564) was
inhibited by various chemical inhibitors, including known enzyme inhibitors (such
as heavy metal ions and p-chloromercuric benzoate) and fixative agents (such as
formalin and glutaraldehyde). Fradiomycin (neomycin) also inhibited the lysis at
the concentration of above 50 #g/ml. The organisms whose growth had been in-
hibited by the antibiotics sucit as chloramphenicol, were resistant to sucrose-in-
duced autolysis. The lysate produced by sucrose treatment had lytic activity, auto-
lysin activity, on isolated cell wall. During the lysis, autolysin was released from
the cells concomitantly with the degradation products of cell wall labelled with
UC-D-alanine. In spite of these release of cell wall-degradation products and
autolysin, the cell number and cellular content of macromolecules (DNA, RNA and
protein) were hardly decreased. We suggest that sucrose-induced autolysis is due
to the action of autolysin and progresses without destruction of protoplasmic
membrane.

INTRODUCTION

Bacterial autolysis is a cellular lysis which depends upon the action of au-
tolysin to digest the cell wall. Usually, it was accompanied with the libera-
tion of autolysin and degradation products of cell wall from the cells into the
supernatant fluid (Joseph and Shockman, 1974; Heijenoort et al., 1975). In
some cases of bacterial autolysis, autolysin active on isolated cell wall (Fors-
berg and Ward, 1972; Heijenoort et al., 1975; Babara and Park, 1976) or whole
cells (Nomura and Hosoda, 1956) were prepared from the lysate after autoly-
sis. Heavy metal ions such as Fe*" and Cu** (Ogata and Hongo, 1974) and
fixatives such as osmium tetroxide and glutaraldehyde (Higgins et al., 1970)
were generally regarded as the potent inhibitors on bacterial autolysis. Some
antibiotics, especially protein synthesis inhibitors such as tetracycline and
chloramphenicol, are also suggested to inhibit autolysis. It is due to inhibition
of autolysin synthesis.

Autolysins have been found in various kinds of bacteria. However, their
properties are different from each other (Ogata, 1976; Ghuysen, 1976). Thus,
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bacterial autolysis was also different from a bacterium to the other (Ogata,
1976). Sucrose-induced autolysis occurring on the growing cells of clostridia is
a specific phenomenon as described in previous papers (Ogata et al., 1975 a;
1980 a). In this paper, some properties of sucrose-induced autolysis of Clostri-
dium saccharoperbutylacetonicum are investigated in detail to understand the

specific autolysis.

MATERIALS AND METHODS

Bacterial strain
Clostridium saccharoperbutylacetonicum NI-4 (ATCC 13564) was used throughout
this study unless otherwise mentioned.

Medium and cultural conditions

Growth was at 30°C under a reduced atmospheric condition (5-10 mmHg)
in TYA medium as described in previous paper (Ogata et al., 1980a). To ob-
tain a young exponentially growing culture, fresh medium was inoculated with
sufficient organisms to produce an initial optical density (ODss) of 0.1 at 660
nm, and unless otherwise mentioned the culture was incubated until its ODgg,
became 0.3 (10® cells/ml).

Turbidity measurements

Optical density (OD) of the culture or bacterial suspension was measured
at 660nm with a photoelectric colorimeter (model 7A, Tokyo Koden Co. or
type-101, Hitachi Co.); as previously described (Ogata et al., 1980 a).

Induction of sucrose-induced autolysis

In general, the organisms were grown anaerobically at 30°C to an ODg, of
0.3. Sucrose was added to this logarithmically growing culture to a final con-
centration of 0.35M, incubation was continued at 30°C with or without reduc-
tion of the atmospheric pressure, and reading of ODss were made at 10 min
intervals.

Antibiotic treatment

Cultures grown anaerobically at 30°C to an ODss of 0.3, were treated for
30 min at 30°C with antibiotics, with the exception of fradiomycin (neomycin).
Excess antibiotics were removed by centrifugation (for 5min at 9000 x g). The
harvested cells were resuspended in prewarmed TYA broth to an ODgg of
0.3, and the culture incubated in the usual manner with reading of ODgs be-
ing made at 30min intervals. A sample of antibiotic-treated culture was with-
drawn at a suitable time and exposed to 0.35M sucrose, changes in its ODsg
being monitored for 30 min to 60min.

Antibiotics were all in the standard of medical use, and purchased from:
actinomycin S, chlortetracycline and fradiomycin (Takeda Chem. Ind. Ltd.),
carzinophilin A and mitomycin C (Kyowa Hakko Kogyo Ltd.), chloramphenicol
(Sankyo Ltd.), mikamycin A (Kanegafuchi Chem. Ind. Ltd.), penicillin G (Meiji
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Seika Ltd.) and rifampicin (Pfizer Taito Ltd.).

Count of the cell number

An aliquot of cell suspension was withdrawn at intervals (0, 30, 60min)
during sucrose-induced autolysis. After an immediate fixation of the cells
with 5 % (v/v) formalin, the number of intact and protoplast-like cells was
repeatedly counted by using a light microscope and a hemocytometer.

Assay of macromolecules

The cells were precipitated with 5 % (v/v) of ice-cold trichloroacetic acid
(TCA). After 30min of precipitation, the cells were harvested by centrifuga-
tion (3000 x g for 15min at 2°C) and their macromolecules were fractionated
into DNA, RNA and protein according to the method of Schmidt-Thanhauser-
Schneider (STS method) (Mizuno, 1974). The content of DNA was analyzed
by the method of Burton, RNA by the method of Mejbaum and protein by the
method of Lowry (Mizuno, 1974; Sugawara and Soejima, 1977).

Radiolabelling of cell wall and measurement of the radioactivity

The organisms were cultivated for 3 hr in the presence of 2.5 x 10~* mCi/
ml of C-D-alanine. A 85% of the radioactivity incorporated into the cell
was unextractable with hot TCA (the extraction was carried out for 10 min
with boiling TCA). The radioisotope was purchased from Daiichi Radioiso-
tope Lab., Ltd. The labelled cells were autolyzed in buffered sucrose solution
after washing once the excess of radioisotope with buffer solution. An aliquot
of the cell suspension was withdrawn at suitable intervals during autolysis.
The cells were precipitated with ice-cold TCA and removed by centrifugation.
Radioactivity in the supernatant fluid was monitored with a scintillation count-
er (model LS-250, Beckman). Scintillation fluid consisted of 0.6 % (w/v) 2, 5~
diphenyloxazole (P. P. O., Beckman) dissolved in toluene-methanol.

Preparation of autolysin

Autolysin used in this work was prepared from cultural fluid as follows.

The organisms were cultivated for 4 hr in TYA medium, and then, the
cells were removed by centrifugation (10,000 x g for 10 min at 2°C). The en-
zyme in the supernatant fluid (1.0 liter) was salted twice for 15 hr at 4°C with
ammonium sulfate at the concentration of 80 and 40% saturation, respective-
ly. The salted enzyme was harvested by centrifigation (6000 x g for 30min at
2°C), dissolved again in the buffer solution (20 ml) and dialyzed for 40 hr at 4°C
against buffer solution (4 liter) while stirring. After elution of the dialyzed
enzyme through a column of Sephadex G-75, active fraction of enzyme (10 ml)
was recovered and stocked at 0°C until use. This autolysin preparation had
an lytic activity of 6 to 10 units/ml against isolated cell wall.

Assay of the autolysin activity

Lytic activity of the autolysin in the above enzyme preparation or the
supernatant fluid after autolysis of the cells were also assayed as follows. A
reaction mixture for the assay consisted of the enzyme preparation or the
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supernatant fluid (0.2ml) and isolated cell wall (2mg in 0.3 ml! of buffer solu-
tion). After a suitable time of incubation at 30°C, the mixture was placed in
boiling water for 5min to stop the further reaction of autolysin toward cell
wall. The mixture was filled up to 1. Oml with buffer solution, and remaining
turbidity of the mixture was measured at 660nm. Lytic activity of the auto-
lysin was expressed as units/ml estimated by following formula: AODss,
x 1000/min

Preparation of cell wall

Cell wall was prepared from C. saccharoperbutylacetonicum according to the
method of Ogata et al. (1975 b) as follows. The cells were harvested in middle
stage of logarithmic growth culture, and washed once with cold distilled wa-
ter. After disruption of the cells by sonication for 15min using an insonater
(model 200M, Kubota Ltd.), the disrupted cell wall was harvested by centri-
fugation (10,000 x g for 30min at 2°C). The harvested cell wall immediately
suspended in a buffer solution containing 1 % (w/v) sodium dodecylsulfate
(SDS), and incubated for 15 hr at 37°C while stirring. After washing out re-
maining SDS by repeated centrifugation for 5 times, the cell wall was treated
with trypsin (0.5 mg/ml) for 4 hr at 37°C, washed with distilled water for 3 to
5 times, and freeze-dried.

Expression of lysis rate

The lysis rate was expressed as the turbidity (ODsg) of lytic system at
given time against that of zero time, as previously described (Ogata et al.,
1980 a). Besides this lysis rate, a relative lysis rate was also estimated as
following formula :

[ODgsy (0 time) — ODgs (given time)]/[ODg, (0 time) of tested system]
[ODsso (0 time) — ODss (given time)]/[ODes, (0 time) of control system]

RESULTS

Inhibition of sucrose-induced autolysis

In preliminary experiment, it was found that sucrose-induced autolysis was
inhibited by small concentration (10™*M) of Cu** and formalin (0.1 %). Var-
ious known inhibitors of lysis (Ralston et al., 1957; 1961; Doughty and Mann,
1967; Goepfert and Naylor, 1967; Higgins et al., 1970) were therefore tested as
follows.

1) Effect of bivalent cations

Organisms were incubated in buffered sucrose solution containing various
bivalent cations. As shown in Table 1, all tested cations showed inhibition
of lysis at the tested concentrations. Especially heavy metal ions such as
Fe*+, Cu®* and Ag®t were potent inhibitors of sucrose-induced autolysis. Ni**
and Co?t also showed a stronger inhibition than Mg?*+ Ca?*, Ba*t and Sr?*.
The inhibitory action of bivalent cations on sucrose-induced autolysis may be
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Table 1. Inhibition of sucrose-induced autolysis by various bivalent cat-
ions. Cells were incubated for 2 hr at 30°C in buffered sucrose solution con-
taining bivalent cations. Lytic activity of the cells was represented as the
relative lysis rate against control (none).

Concent- Lysis Concent- Lysis

Compound rafion (M) %f)/o) Compound rafion” (M) 1))
None — 100

BaCl, 1x1072 45 CoCl, 1x1073 32

CaCl, 1x10-2 45 NiSO, 1x10-3 lg

5 102 K80 1%10- 0

Mﬁébd 11 % Aglly 1 i 104 0

Table 2. Inhibition of sucrose-induced autolysis by various enzymatic
inhibitors. Cells were subjected to sucrose-induced autolysis in the pre-
sence of inhibitors. The concentration of each inhibitor represents the
minimum concentration of it for showing a complete inhibition of lysis.

Inhibitors Concentration
Formalin 0. 1% (/W
Glutaraldehyde 0. 1% (v/v)
Osmium tetroxide 0.01 % (w;v)
Uranyl acetate 0. 2 mM
PCMB» 0. mM

b PCMB: p-chloromercuric benzoate.

based on at least two different actions of them. One may inhibit the action

of autolysin as frequently demonstrated by heavy metal ions. The other ac-

ODggg

0.8

0.6

v

500 pg/ml

100 pg/mi

Tt 0---0---p

0 10 20 30 40

Time (min)

Fig. 1. Inhibitory effect of fradiomycin (neomycin) on sucrose-induced
autolysis. Cells were incubated in buffered sucrose solution (0.35M) con-

taining fradiomycin.
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tion may be more closely related to the stabilization of the developed proto-
plast-like cells than direct inhibition of autolysin activity. The weak inhibi-
tion of lysis exhibited by Mg** and others was probably due to the latter ac-
tion of them because those ions showed little inhibition on the lysis (diges-
tion) of isolated cell wall by autolysin at the same concentration of them as
above experiment. Moreover, it was clear that Mg?t had an effect on stabili-
zation of the protoplast-like cells (Ogata et al.,, 1980 a; 1980 b).

2) Lysis inhibition by fixatives and enzymatic inhibitors

Fixatives such as formalin, glutaraldehyde, osmium tetroxide and uranyl
acetate and enzymatic inhibitor such as p-chloromercuric benzoate (PCMB) were
potent inhibitors of sucrose-induced autolysis, as shown in Table 2. These
inhibitors protect the bacteria from autolysis (Higgins et al., 1970). The con-
centrations of fixatives used in this experiments were much lower than their
conventional concentrations used for fixation of the bacterial cells in electron
microscopic experiments (1% of them is used).

Fradiomycin (neomycin) was demonstrated to inhibit the activities of
phage lysins and clostocin 0 lysin (Ogata et al.,, 1974 b; 1974 c¢). As shown in
Fig. 1, sucrose-induced autolysis was also inhibited by fradiomycin at the con-
centration of above 50 xg/ml. This results suggests that fradiomycin inhibits
sucrose-induced autolysis without preincubation of bacterial cells. The mode
of action of fradiomycin on phage endolysin and others has been described
elsewhere (Ogata and Hongo, 1979).

Resistance to sucrose-induced autolysis of antibiotic-treated organisms

Treatment with antibiotics such as chloramphenicol results in rapid de-
crease in the rate of autolysis (Shockman, 1965; Higgins et al., 1970; Pooley and
Shockman, 1970; Stewart and Marmur, 1970). Ogranisms were therefore treat-
ed with various kinds of antibiotics (inhibitors on the biosynthesis of DNA,
RNA, protein or peptidoglycan). Lysis was performed on the cells pretreated
with each antibiotic as described in Materials and Methods.

As shown in Table 3, the cells treated with antibiotics which had their
first target on the biosynthesis of DNA, RNA or protein resisted sucrose-in-
duced autolysis, even though resistibility of the cells was different from drug
to drug tested. The highest resistibility was evident on the cells treated with
protein synthesis inhibitors such as chlortetracycline. On the other hand,
peptidoglycan synthesis inhibitors made the cells slightly more sensitive to
lysis. The high resistibility of rifampicin-treated cells, distinguishable from
the cells treated with other nucleic acid synthesis inhibitors, was possibly
linked more closely with the secondary action of it to inhibit the protein syn-
thesis than with the primary action of it to inhibit the RNA synthesis (Sayare
ef al.,, 1972). Each antibiotic used in this experiment was an enough concen-
tration for showing a heavy inhibition on the growth of C. saccharoperbutylace-
tonicum (Ogata et al., 1974 a).

Further experiment was performed to understand the resistant action of
protein synthesis inhibitors on sucrose-induced autolysis in detail. Cells har-
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Table 3. Lytic activity of the cells treated with antibiotics. Cells were
cultivated for 30min in the presence of antibiotics from when the
cultural turbidity reached 0.3. Antibiotic-treated cells were autolyzed
for 2 hr in fresh medium containing sucrose. The lysis rate of each
antibiotic-treated cells represents the relative lysis rate of them against
control (none).

Primary target Shi ot Concentration Lysis rate
of antibiotic Antibiotics (g /ml) (%
On the biosynthesis of None — 100
DNA Mitomycin C 1 85
Carzinophiiin A 51 53
RNA Rifampicin 1 25
Actinomycin S 1 82
Protein Chloramphenicol 10 a
~et-m=tpoycline 0.5 16
Mikamycin A 01 119,
Peptidoglycan Bacitracin 1 103
Penicillin G 25 107

D ynit.

1100
3.0
-1 80 :I
2.0 <4 60 T
=
8 g
f=
2 44 2
g @
1.0 - v
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ol4 L e 0
0 1 2 3 4

Time (hr)

Fig. 2. Resistance to sucrose-induced autolysis of chlortetracycline-treated
cells. A 0.54g/ml of chlortetracycline (TC) was added to the culture
at this time indicated by arrow. Sucrose (035M), was added at various
times, changes in ODg, being monitored for 30 to 60min. The lysis
rate represents the relative lysis rate of TC-treated cells against control
(untreated).

vested at different time of chlorteracycline (0.5 xg/ml) treatment were sub-
mitted tO sucrose-induced autolysis. AS shown in Fig. 2, the chlortetracycline-
treated cells completely stopped growing about 60min after exposure to the
antibiotic, and developed their insensitivity to sucrose-induced autolysis after
some 30 min. A similar result was also obtained from chloramphenicol (10 xg/
ml)-treated cells, but slow lysis was demonstrable at all times tested. When
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100
Untreated
80
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Fig. 3. Digestion of cell wall of chlortetracycline-treated clostridial
cells. Cells were cultivated for 2 hr in the presence of 10 xg/mil of
chlortetracycline. Their cell wall was isolated and reacted with autolysin
preparation.

Table 4. Conservation of cell number and the content of cellular macro-
molecules. Cells were autolyzed in buffered sucrose-solution after adjust-
ment of the initial turbidity to 0.3. The cell number was counted by using
a light microscope and a hemocytometer after fixation of the cells with
5¢% formalin. Each macromolecule was fractionated and then its content
was determined according to the methods described in Materials and

Methods.
) Time of lysis (min)
Experiment
0 30 60
Decrease in turbidity (%) 0 42 58
Cell number (cells/ml)
Intact IceII lik | 8.9 x 107 0.3x108 $13.41Xx1605
- 8 .
Prgigrlast-like ce gox iy 9% 18 14%108
macromolecular content (zg/ml)
DNA 39.6 37. 4 37.0
RNA 41.4 39. 4 38.9
Protein 82.1 62.3 60.3

b No protoplast-like cell was detected.

these antibiotics were directly (without preincubation of the organisms expos-
ing to the drugs) used in sucrose-induced autolysis, they were not chemical
inhibitors such as fradiomycin (neomycin). Moreover, they did not inhibit i n
vitro-lysis (digestion) of isolated cell wall by autolysin so far as tested concen-
trations of them (1-1000 #g/ml). As shown in Fig. 3, there were no signif-
icant difference in the progress of digestion of both cell walls isolated from
normal cells and chlorteracycline-treated cells.

Thus, sucrose-induced autolysis is inhibited by antibiotics known to impair
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100 ¢ t—-.——-.
,, Autolysin

80
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00660’ Autolysin and Radioactivity (%)
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Fig. 4. Release of cellular autolysin and *C-D-alanine of cell wall during
sucrose-induced autolysis. Cells were labelled with #C-D-~alanine. The
released radioactivity was represented as the per cent of total radioac-
tivity incorporated into the cells. The autolysin activity was represented
as the per cent of maximum activity of enzyme released during lysis.

autolysis. Autolysin system involved in sucrose-induced autolysis probably
undergo turnover so rapidly that the ready synthesized autolysin are substitut-
ed with newly synthesized autolysin within 30min or so.

Conservation of cell number and cellular macromolecules during sucrose-in-
duced autolysis

The changes of cells in their number and macromolecular content during
sucrose-induced autolysis were investigated to know whether or not the lysis
progressed destroying inner protoplasmic membrane. As shown in Table 4,
more than 99% of the cells were converted into protoplast-like cells after 60
min. In contrast to decrease in the turbidity of lytic system, the number of
formed protoplast-like cells showed an increase of 13 % than that of the initial
whole cells. The content of macromolecules (DNA, RNA and protein) was
almost constant. This result indicates that sucrose-induced autolysis progress-
es without destruction of protoplasmic membrane.

Release of digestion product of cell wall and cell wall-bound autolysin during
sucrose-induced autolysis

As many cases of bacterial autolysis, lytic enzyme (autolysin) active on
isolated cell wall was found in the supernatant fluid after sucrose-induced au-
tolysis. Experiment was therefore carried out to investigate the relationship
between the digestion of cell wall and release of autolysin bound to it. Cell
wall of the organisms was labelled with "C-D-alanine before exposure to su-
crose. Most of 'C-D-alanine incorporated into the cells must be associated
with the cell wall: in the bacteria, D-alanine is a specific amino acid of cell
wall and a 85% of the activity was found in the unextractable fraction with
hot TCA (in bacteria, high polymer component, especially peptidoglycan, is
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responsible to the unextractable fraction). As shown in Fig. 4, radioisotope
and autolysin were concomitantly released from the cells to the supernatant
fluid as soon as lysis occurred. Approximately 77 % of the radioactivity incor-
porated into the cells was released after 7 hr of lysis. This release of radio-
activity indicates that at least 90% of the cell wall was dissolved. However,
the per cent of autolysin released was unclear because absolute activity of
autolysin in the cells before cellular lysis was unclear.

Another important observation in this experiment was that the concomi-
tant release of radioisotope and autolysin continued for several hours after
lysis had stopped. Approximately one half of both the activities were estimat-
ed to be released after lysis had stopped. This delay in release of the ra-
dioisotope and autolysin may suggest that cell wall is separated from the pro-
toplasmic bodies as some large fragments during sucrose-induced autolysis.
Details of this phenomenon will be described in future paper of this series.

The same experiment as above was attempted using N-acetyl-1-*C-D-glu-
cosamine which was also a major component of the cell wall peptidoglycan.
This attempt was, however, unsuccessful because the organisms did not incor-
porate the compound intensively into the cell wall, but they were uniformly
labelled.

Effect of autolysin addition on sucrose-induced autolysis

Experiment was carried out to know the effect of added autolysin on the
progress of sucrose-induced autolysis. Cells were autolyzed in buffered sucrose
solution containing autolysin preparation. As shown in Fig. 5, the lysis was
slightly accelerated during the early stage of lysis, while the final lysis rate
was hardly affected.

An interesting observation in this experiment was that the cells were

I.Od = - Autolysin
] “‘:832‘ - -9
~O--0--818

0.8 None

0.6 F

0.4 L

0Dg60

Sucrose

Sucrose + Autolysin

0.2}

0 1 '} '} 1 ! 1 1
0 20 40 60 80 100 120
Time {min)

Fig. 5. Acceleration of sucrose-induced autolysis by addition of autolysin
preparation. Autolysin preparation (1.0ml) was added to lytic system
(100 ml) and then incubation was continued. Heat-treated autolysin pre-
paration was used for the control system (none and sucrose).
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resistant against the added autolysin when the lytic system did not contained
sucrose, but they became sensitive to autolysin in the presence of sucrose.
The same result was also observed when an autolysin preparation isolated
from the supernatant fluid after sucrose-induced autolysis was used instead of
extracellular autolysin of exponentially growing culture. This result suggests
that there occur some changes on the cell surface by sucrose treatment which
makes the cells to be converted into sensitive phase to the autolysin added.
Details of this phenomenon also will be described in future paper of this se-
ries.

DISCUSSION

There were indications that sucrose-induced autolysis was enzymatically
caused, e. g., it was inhibited by chemicals known to be inhibitors of enzymes
and of autolysis. The cultural conditions which favoured lysis were those in
which there was marked synthesis of autolysin (Ogata et al.,19802a). Further-
more, the lysate produced by sucrose treatment had lytic activity against
isolated cell wall. Since no lytic enzymes other than autolysin are known to
exist in normal growing organisms, our findings suggest that the lysis by su-
crose treatment is catalysed by autolysin. Autolysin may play some part in
the normal growth of bacteria (Ogata, 1976); action of autolysin on peptido-
glycan can cause local weakening of the rigid cell wall and so facilitate of
newly synthesized wall material.

Treatment of rapidly growing organisms with antibiotics results in thicken-
ing of their cell wall or cell surface (Shockman, 1965; Higgins et al., 1970),
rapid loss of their ability to autolyse, and a gradual decrease in their content
of the active form of autolysin (Shockman, 1965; Higgins et al., 1970; Pooley
and Shockman, 1970; Stewart and Marmur, 1970). At present, we have no pre-
cise knowledge of the condition of antibiotic-treated organisms, but it is clear
that chlortetracycline or chloramphenicol treatment results in a rapid decrease
in the rate of sucrose-induced autolysis. Antibiotic-treated organisms develop-
ed their insensitivity to sucrose-induced autolysis before growth completely
stopped. The continuing (but weak) senstitivity of chloramphenicol-treated
organisms could be due to the continuing synthesis of autolysin and cell wall,
since chloramphenicol still permitted growth (Ogata and Hongo, 1974). These
results indicate that sucrose-induced autolysis is inhibited by those antibiotics
known to inhibit autolysis. It may also be said that the resistance to sucrose-
induced autolysis of antibiotic-treated organisms would depend on the decrease
in their content of autolysin and the increase in thickness of their cell wall
or cell surface. Fradiomycin (neomycin) were specific inhibitors of lytic en-
zymes of phages of C. saccharoperbutylacefonicum, whose properties had reported
in greater detail elsewhere (Ogata, 1977; Ogata and Hongo, 1979).

Joseph and Shockman (1974) reported that cellular autolysin began to be
released from the cells after a 60 % of the marker (isotope-labelled amino
acid) of cell wall of Streptococcus faecalis had been released. On the contrary,
Coyette and Shockman (1973) reported a concomitant release of autolysin and
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digestion of cell wall during autolysis of Lactobacillus acidophilus. The manner
of release of digestion products of cell wall and cell wall-bound autolysin may
be different with the bacterial strain and their lytic conditions.

From these observations, it may be concluded that the rapid lysis of clos-
tridial cells by the adition of sucrose is due to the action of autolysin. The
role of sucrose and autolysin on sucrose-induced autolysis will be reported in
detail in future papers. However, it is now said that sucrose treatment may
result in the artificial conversion of clostridial cells from nonsensitive to sen-
sitive phase to autolysin, because the resistance of clostridial cells against
supplemented autolysin preparation were changed to be sensitive in the pres-
ence of sucrose (Fig. 5).
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