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It has been observed (Nomura, 1955a) that
when cells of several amylase-producing strains of
Bacillus subtilis were grown aerobically in shaking
cultures and then left without further aeration, a
very rapid autolysis occurred. This phenomenon
was called “anaerobic lysis.” It is first recognized
at the last stage of the log phase when amylase
begins to appear in the medium, and can be
observed thereafter until the cessation of amylase
production. When cells are cultivated in media
which are suitable to good growth but not to the
production of amylase this phenomenon is not
significant. Therefore, it appears that amylase
production and anaerobic lysis take place under
the same conditions.

Though experimental results clearly excluded
the participation of free but carried bacteriophage
in this phenomenon the present authors supposed
some relationship existed between the anacrobic
lysis of B. subtilis and a lethal synthesis of lyso-
genic phage. Attempts to demonstrate the exist-
ence of phage in the lysate failed (Nomura, 1955b).
However, instead of a phage two factors were
discovered in the filtered lysate; one of them is
an antibiotic substance which specifically kills
certain strains of B. subtilis and related species
and is fairly thermostable (“killing factor”),
whereas the other is the thermolabile autolytic
factor (“autolysin”) (Nomura, 1955b). Some
properties of this autolysin were studied (Nomura,
1955b; Nomura and Hosoda, 1956). It was found
to be nondialyzable, precipitated by saturated
ammonium sulfate and to have a pH optimum
between 6 and 8. It is active against B. subtilis
and Bacillus megaterium, but not other bacteria
such as Bacillus cereus, Micrococcus pyogenes var.
aureus, Sarcina lutea, Micrococcus lysodetkticus,
and Escherichia coli. While we could not rule
out the possibility of bacteriophage, many results
lead us to believe that this autolysin is a so-called
autolytic enzyme and studies have been continued
on this line.

The phenomenon of autolysis is very complex
and the so-called autolytic enzymes seem to be
composed of a group of different enzymes, each
one of them acting upon a different component
of the cellular structure. However, detailed
studies of autolysis are relatively few and have
been mainly confined to the pneumococci (Goebel
and Avery, 1929; Dubos, 1937). Following the
view of Dubos, Stacey and Webb (1948) believed
that the autolysis of most gram positive micro-
organisms consists of two separate and distinct
stages, namely, (a) the change from gram positive
to gram negative state, and (b) the subsequent
lysis of the gram negative cytoskeleton and they
emphasized the importance of RNAase in the
first step of bacteriolysis. However, Welsch
(1949) who studied an autolytic enzyme of Staphy-
lococcus aureus stated that this gram conversion
reaction is not always necessary. On the other
hand, besides the autolytic enzyme, many bio-
logically produced substances have been known
to lyse living microorganisms. Among them, lyso-
zyme has been studied most extensively for the
mechanism of its action. The lytic action of
lysozyme was demonstrated to be due to the
dissolution of the bacterial cell wall (Salton,
1952; Welshimer, 1953; Weibull, 1953) and this
action seems to be due to hydrolysis of certain
mucopolysaccharides contained in the cell wall
(Mever et al., 1936). Considering the knowledge
of bacteriolysis there seem to be two main ways of
explaining the primary action of autolytic en-
zyme; either (1) the RNAase-like action on the
gram positive ribonucleate complex, or (2) lyso-
zyme-like action on the polysaccharide. From
these points of view studies were undertaken on
the nature and the primary action of autolysin
obtained from B. subtilis.

MATERIALS AND METHODS

B. subtilts strain H, which has been used
throughout the previous studies, was also used
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in this investigation. This bacterium produces a
large amount of amylase when cultivated in
suitable media [e.g. Soy medium (Nomura,
1955a)] but little when cultivated in ordinary
bouillon media.

The preparation of autolysin. This has already
been described in the previous paper (Nomura
and Hosoda, 1956). Usually the crude autolysate
of this bacterium is saturated with ammonium
sulfate and the precipitate is dissolved in water,
dialyzed against running tap water and used as
the autolysin preparation. Concentration of
autolysin is expressed as the ratio of the volume
of the autolysin preparation to the total volume
of the reaction mixture.

Assay of the lysis of cells. B. subtilis was grown
in GBY medium (glucose, 0.5 per cent; peptone,
1 per cent; meat extract, 0.5 per cent; yeast
extract, 0.2 per cent; NaCl, 0.2 per cent; pH 7.2)
for 13 to 15 hr at 30 C with continuous shaking.
Cells were harvested, washed with 0.2 per cent
KCl, resuspended in phosphate buffer (m/25,
pH 7.2) and incubated with the various additions
at 30 C. Lysis was followed by measuring the
optical density at 600 mu (0.D.%9) in a spectro-
photometer or by readings in a nephthelometer.

Analytical methods. Nitrogen was determined
by a micro-Kjeldahl procedure; phosphorus by
the method of Allen (1940), reducing substances
by the method of Somogyi (1945), hexosamine
by the method of Elson and Morgan (1933),
and protease was assayed according to the method
of Anson (1938) using casein as a substrate.
Gram stain was performed according to the
Hucker modification method (Conn, 1954).

Materials. Commercial preparations of testicu-
lar hyaluronidase and crystalline trypsin were
used (Mochida Pharmaceutical Mfg. Co., Ltd.,
Tokyo). Crystalline pancreatic RNAase was
kindly given by Mr. S. Naono of Osaka University
and crystalline egg white lysozyme by Mr. H.
Ono of Osaka University. Crystalline protease
from B. subtilis was furnished by the Scientific
Research Institute. This bacterial protease is
very similar to that produced by B. subtilis
strain H used in this investigation.

RESULTS

First the lytic action of the autolysin on this
bacterium was compared with the actions of
various known enzymes.

Action of protease on B. Subtilis. As already
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reported (Nomura, 1955b), the autolysin prepa-
ration lyses both living and heat-killed cells of
B. subtilis, and it was found sometimes that the
autolysin will lyse heat-killed cells even at a
high dilution (e. g., when the final concentration
of autolysin is 149¢) where it does not show any
lytic activity on the living cells. It has been
known that protease can lyse heat-killed cells of
bacteria but not living cells. Therefore the lytic
action of autolysin on heat-killed cells is also
supposed to be due to the action of protease
contained in the preparation in addition to the
enzyme concerned with its primary action on the
living cells. The protease activity of the prepara-
tion was assayed using casein as a substrate.
It was found that the autolysin preparation
contains a quite active protease (86 X 107°
units per ml). Accordingly, the lytic action of
crystalline trypsin and crystalline protease from
B. subtilis on heat killed cells (100 C for 10 min)
was examined and compared with that of auto-
lysin at concentrations exhibiting the same
protease activity against casein. As shown in
figure 1 the heat killed cells can be lysed by
both trypsin and by protease from B. subtilis.
However, in this case, the action of trypsin is the
weakest and that of autolysin is stronger than
that of crystalline subtilis protease at the low
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Figure 1. Action of the autolysin preparation,
crystalline Bacillus subtilis protease or crystal-
line trypsin on heat-killed cells of B. subtilis.
Composition of the reaction mixture: Washed cell
suspension of B. subtilis H, phosphate M/96, and
various enzymes as indicated. pH 7.0. Total vol-
ume 8.0 ml. Temp 30 C. Curve 1, control. Curve
2, trypsin 0.49 pg/ml or 0.56 X 10~5 units/ml.
Curve 3, trypsin 4.9 ug/ml or 5.6 X 1075 units/ml.
Curve 4, B. subtilis protease 0.29 ug/ml or 0.56 X
1075 units/ml. Curve 5, B. subtilis protease 2.9
g/ml or 5.6 X 10~¢ units/ml. Curve 6, autolysin
preparation 1/160 or 0.56 X 10~5 units/ml. Curve
7, autolysin preparation 1/16 or 5.6 X 1075 units/

ml. Figures above show protease units.
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Figure 2. Action of autolysin, lysozyme pro-
tease on the living cells of Bacillus subtilis. Com-
position of the reaction mixture: Washed cells of
B. subtilis, phosphate M/50, and various additions
as indicated in the figure. pH 7.2. Total volume
8.0 ml. Temp 30 C.

concentration. These results can be explained by
a difference in the specificity of trypsin and the
bacterial enzyme or by the action of other en-
zymes contained in the autolysin preparation.
It is clear that protease contained in the autolysin
preparation can dissolve heat killed cells and
might play some role in the lysis of living cells.
Accordingly the possibility that protease might
perform the primary lytic action on living cells
was examined next. However, neither trypsin
(59 ug/ml) nor protease from B. subtilis (15
ug/ml) exerted any lytic action on living cells
(figure 2). Therefore, the primary action of
autolysin appears to be due to enzymes other
than protease.

Action of pancreatic RNAase on B. subtilis.
The action of pancreatic RNAase on living cells
of B. subtilis was examined in order to ascertain
whether this enzyme is concerned in the primary
action of the autolysin. No lytic action was
observed when either RNAase (35 ug/ml) alone,
or together with high concentration of bacterial
protease (17 ug/ml), was added to the living
cells; furthermore, no activating effect was
recognized when RNAase (37 ug/ml) was added
to the autolysin (1/18). After these experiments
the cells were removed by centrifugation and the
clear supernatant fluid was examined for ultra-
violet absorbing compounds which might be
liberated from the cells as the result of the RNA-
ase action. The results were negative. The gram
reaction of living cells after incubation with
RNAase or RNAase plus protease remained
positive.

A similar experiment was performed using a
cell wall preparation (described below), instead
of the living cells. Neither RNAase alone nor
RNAase together with protease exerted any
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lytic action whereas autolysin was shown to lyse
the cell wall preparation.

From the above results the primary action of
autolysin seems to be different from that of
RN Aase. In these experiments pancreatic RN Aase
of animal origin was used. However, as reported
(Nomura, 1956), this pancreatic RN Aase is able
to decompose the pentose nucleic acid of B.
subtilis and, therefore, the possibility that the
RNA of the cells forms the primary site of action
but can be decomposed only by the bacterial
RNAase under the experimental conditions seems
to be ruled out.

Action of hyaluronidase. Capsular substances
of group A and C streptococei are known to be
hyaluronic acid and decomposed by hyaluroni-
dases of both animal and microbial origin. In
addition, according to recent studies by Warren
and Gray (1954) a number of bacterial species
contain hyaluronidase-sensitive polysaccharide
inside the cell. Therefore the possibility that
hyaluronidase-sensitive polysaccharide might
exist outside the cells of B. subtilis and composes
the primary site of lytic action was examined by
observing the action of high concentrations of
testicular hyaluronidase (200 v.r.u./ml, according
to the method of McClean and Hale (1941)),
either alone or combined with a high concentra-
tion of B. subtilis protease (73 ug/ml) on the
living cells of this bacterium. No lytic action
could be observed. Therefore, this possibility
was excluded.

Action of lysozyme on the living cells. It is
generally known that egg white lysozyme can
lyse B. megaterium and B. subtilis in addition to
M. lysodetkticus and S. lutea. As expected, the
living cells of our amylase-producing strain H
(B. subtilis) are also easily lysed with crystalline
egg white lysozyme (figure 2). It can be also
seen from figure 2 that the lysis progresses more
rapidly when lysozyme is added together with the
bacterial protease than when added alone. In
contrast with living cells, the cells treated with
formalin were lysed by neither lysozyme nor
autolysin. According to Welshimer (1953) lyso-
zyme lyses only the cell wall when acting upon
the formalin treated cells of B. megaterium.
Therefore, the apparent absence of lytic action
of lysozyme and autolysin on formalin treated
cells of B. subtilis may be explained in a similar
way.

Lysozyme is known to lyse the cell wall of
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susceptible bacteria, and the possibility that the
primary site of action of autolysin was also the
cell wall was tested, using cell wall preparations
isolated from this bacterium.

Preparation of the cell walls. Heat killed cells
of B. subtilis can be dissolved easily by protease.
The small amount of residual material is trans-
parent, but retains the original characteristic
morphology under the phase contrast microscope
and is supposed, therefore, to consist mainly of
cell wall. Thus protease resistant residue was
prepared according to the following procedure,
and used as the cell wall preparation.

Cells were grown in GBY medium at 30 C for
13 hr by shaking. After washing with 0.2 per
cent KC1 the cells were suspended in a small
amount of distilled water, poured into 10 volumes
of boiling water and heated for 10 min. After
cooling, the cells were collected by centrifugation,
washed and resuspended in M/15 phosphate
buffer (pH 7.2) and treated with a mixture of
crystalline trypsin and ecrystalline B. subtilis
protease at a final concentration of 100 ug each
per ml for 3 days at 30 C in the presence of
toluol. After incubation the residue was collected
by centrifugation, washed with buffer and
resuspended in fresh buffer, treated with crystal-
line chymotrypsin (100 ug/ml) for an additional
2 days at 30 C. The residue was purified by
differential centrifugation and washing and
finally dried ¢n vacuo in the frozen state.

White powder obtained in this way seems to
consist of cell wall and adhering protease re-
sistant material (cell wall preparation 1). It is
almost transparent under the phase contrast
microscope, stains well with Alcian Blue 8GN
(Grula and Hartsell, 1954), and is highly resistant
to the action of RNAase or protease. Analytical
data: N, 6.2 per cent; P, 3.5 per cent; reducing
substance liberated after acid hydrolysis (2§
HCI, 4 hr at 100 C), 22.5 per cent as glucose;
hexosamine liberated after acid hydrolysis, 5.2
per cent.

Cell wall preparation 1 was treated with
0.25 N NaOH for 2 days, then further digested
with B. subtilis protease (100 ug/ml) for 1 day.
These additional treatments removed most of the
adhering material (preparation 2). Analytical
data: N, 5.6 per cent; P, 0.67 per cent; reducing
substance liberated after hydrolysis, 19 per cent
as glucose; hexosamine liberated after acid
hydrolysis, 8.6 per cent
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Action of autolysin and lysozyme on the cell
wall preparations. Cell wall preparations (prepa-
ration 1) were suspended in M/30 phosphate
buffer (pH 7.2), mixed with autolysin solution,
and the rate of dissolution at 30 C was followed
by measuring the optical density change at
600 mu. The autolysin dissolved the cell wall
preparation. Crystalline lysozyme also dissolved
the preparation. Preparation 2 was dissolved by
both autolysin and lysozyme. In a similar experi-

Figure 3. (a) Intact cells of Bacillus subtilis.
(b) Cell walls of Bacillus subtilis. (¢) The residue
of cell walls after treatment with autolysin. Fig-
ures are electronmicrographs, X 7,000.
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ment, the digested residue of the cell wall (prepa-
ration 2) was centrifuged at 13,000 rpm for 30
min after one night incubation in the presence of
toluol. Only a small amount of residue was
obtained. No residual cell wall could be seen
under the electronmicroscope (figure 3b, c).
Therefore it was established that this autolysin
preparation contains an enzyme which dissolves
the cell wall.

Formation of protoplasts. Weibull (1953) first
demonstrated the formation of the protoplast
of B. megatertum and cxplained the actual lytic
effect of lysozyme on the whole living cells.
As our strain of B. subtilis can be also lysed with
lysozyme we attempted to obtain such proto-
plasts. First the cells were treated with lysozyme
in various concentrations of sucrose. The apparent
lytic effect was prevented in a concentration of
10 to 15 per cent of sucrose and a dilution of the
suspending medium with water caused almost
instantancous clarification of the medium.
Microscopic examination also confirmed that the
effect of sucrose was the conversion of cells to
protoplasts (figure 4). The formation of proto-
plasts are also observed in media containing 10
to 15 per cent polyethylene glycol (PEG, avg
mol wt 400) instead of sucrose.

Action of autolysin in high concentrations of
sucrose or polyethylene glycol. The dissolution of
the cell wall by autolysin has been described
above. If this process is the primary action of
autolysin on the whole living cell, the formation
of protoplasts by autolysin might be expected
under suitable experimental conditions. There-
fore, the effect of high concentrations of sucrose

Figure 4. Electronmicrograph of protoplasts of
Bacillus subtilis, X 8,400.
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Figure §. Effect of high concentration of poly-
ethylene glycol on the action of autolysin. The
composition of the reaction mixture: Washed
cells of Bacillus subtilis, phosphate m/40, autoly-
sin 1/8, and polyethylene glycol (PEG) as indi-
cated in the figure. pH 7.2. Total volume 8 ml.
The lysis was followed by taking the nephthelome-
ter readings. Similar results were obtained when
sucrose was used instead of PEG.
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Figure 6. Action of the heated autolysin prepa-
ration on the protoplasts produced by the con-
trolled treatment with lysozyme in sucrose. Com-
position of the reaction mixture: Washed cells of
Bacillus subtilis, phosphate M/40, and the follow-
ing additions as indicated in the figure. Autolysin
preparation 1/8, lysozyme 6.2 pg/ml, sucrose 15%,.
Total volume 8.0 ml. pH 7.2. Heated autolysin
preparation was prepared as follows: The autoly-
sin solution was heated at 100 C for 10 min, co-
agulated protein was removed by filtration. Clear
filtrate, adjusted to the original volume with
water, was used as the heated autolysin prepara-
tion.

or PEG on the lytic action of autolysin was
examined. As shown in figure 5 complete pro-
tection was observed during the first 1 to 2 hr
but thercafter lysis occurred and the lytic action
scemed to consist of two steps: (1) the dissolution
of the cell wall, and (2) the disruption and lysis
of the resulting protoplast. Autolysin preparations
were heated at 100 C for 10 min to destroy the
autolytic activity. Precipitated protein was
filtered. This boiled solution was added to cells
suspended in sucrose (15 per cent) together with
the lysozyme solution. As can be seen in figure
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6 complete lysis occurred while only protoplast
formation was obscrved without boiled autolysin.
The rate of dissolution of protoplasts by the
boiled autolysin preparation was as fast as that
by the nonboiled preparation. Both protease and
RNAase were shown not to be able to dissolve
protoplast under the experimental condition.
From these results it was concluded that this
autolysin preparation contains some heat stable
substance(s) which causes the disruption of the
protoplast, in addition to a heat labile enzyme
which dissolves the cell wall, and that the primary
site of action of autolysin is the cell wall.

Isolation of polysaccharide. The dissolution of
the cell walls by autolysin may be supposed to be
due to the hydrolysis of the polysaccharide con-
tained in the cell wall as in the case with lyso-
zyme. Therefore, the isolation of polysaccharide
was attempted using a similar method to that of
Meyer and Hahnel (1946).

Cells were grown in GBY medium at 30 C for
13 hr with shaking. The washed cells suspended
in water were poured into 10 volumes of boiling
water and heating was continued for 10 min.
After cooling, the cells were centrifuged. In the
light yellow supernatant the pentose nucleic acid
was found (Nomura, 1956) but no polysaccharide
could be obtained. Sedimented cells were treated
with NaOH at a final concentration of 0.5 N and
incubated for 12 hr at 30 C. The bulk of the
cell materials was now dissolved and the resultant
viscous solution was centrifuged in the cold.
After washing with water the supernatants were
combined and designated as alkaline extract I.
The residual material was treated further with
NaOH (1 n~) at 30 C for 6 days. The supernatant
obtained after centrifugation was named alkaline
extract II. The residue of the second alkaline
extraction was further extracted with alkali (2 N)
at 30 C for 12 days and this third extract was
named alkaline extract III. The isolation of
polysaccharide was attempted from each of these
extracts. The main preparations obtained were
polysaccharide preparation A from alkaline
extract I and polysaccharide preparation B from
alkaline extract III. No significant amount of
polysaccharide was obtained from alkaline ex-
tract I1.

(a) Isolation of polysaccharide preparation A.
The alkaline extract I was acidified with glacial
acetic acid to pH 5.6 and the precipitate was
removed. The clear supernatant was treated with

NOMURA AND HOSODA

[vor. 72

2 volumes of cthanol and stored in an ice box
overnight. The precipitate was  collected by
centrifugation, washed with 80 per cent ethanol,
dissolved in 10 per cent Na acetate solution and
freed from the insoluble material by centrifuga-
tion. The clear supernatant was diluted with the
same volume of water and shaken with a chloro-
form-butylaleohol mixture (V/V = 9:1) to re-
move protein. This process was repeated until no
gel was formed on emulsification. To the aqueous
solution finally obtained, 1{y vol of Zn acetate
was added and the pH was adjusted to about
7.0. The precipitate was removed by centrifuga-
tion and the clear supernatant solution was
acidified with acetic acid to pH 4 and precipitated
with 2 vol of ethanol. The precipitate was col-
lected after one night storage in the ice box,
washed with 80 per cent ethanol, dissolved in
10 per cent Na acetate and reprecipitated with
3 volumes of ethanol. The final precipitate was
dissolved in distilled water and dialyzed against
frequent changes of distilled water in the ice
box for 10 days and then freeze-dried. The white
powder obtained was used as polysaccharide
preparation A.

(b) Isolation of polysaccharide preparation B.
Polysaccharide (preparation B) was isolated from
the alkaline extract III by a method similar
to that described in the previous section, cx-
cept that Zn treatment was omitted.

These preparations (A and B) can be easily
dissolved in water and show high viscosity in
solution. Total reducing sugar and total hexos-
amine were determined after acid hydrolysis
(2 n HCI, 4 hr at 100 C). Results are presented
in table 1.

Action of autolysin and lysozyme on polysac-
charide preparation A. Crystalline lysozyme was
added to the solution of polysaccharide prepa-

TABLE 1

Analytical data on the polysaccharide preparation
tsolated from Bacillus subtilis

Prepara- Prep- Prep-
tion aration |aration
B (o}
Free reducing sugar* <0.19% |<0.29%,
Total reducing sugar* 58%, 429%, 59%
Total hexosamine 0.46%| 16.4%| 2.0%
Total reducing sugar:
Total hexosamine 126:1 | 2.6:1 | 30:1

* As glucose.
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TABLE 2
Action of the autolysin and lysozyme on polysaccharide isolated from Bacillus subtilis
Reducing Sugar Liberated
E
nevme Total Reducing (as Glucose)
Time of Sugar of the
Expt. No. Substrate Incubation| Polysaccharide Per cent of the
(at 30 C) Added amount of total
Conc. (as Glucose) reducing sugar
of the polysac-
charide added
hr mg ug
1 Polysaccharide B lysozyme | 44 ug/ml 4 6.8 650 9.6
22 6.8 570 8.4
2 Polysaccharide B autolysin 135 39 6.8 202 3.0
62 6.8 222 3.3
3 Polysaccharide C autolysin 145 48 12 63.4 0.53
Polysaccharide C autolysin 145 72 5.9 25 0.42
Polysaccharide C lysozyme | 40 ug/ml 72 2.3 28.4 0.86

pH of the reaction mixture 7.2. Temp 30 C.

ration A at a final concentration of 98 ug/ml or 10
ug/ml. No reducing substance was liberated even
after incubation for 72 hr at 30 C (less than 0.1
per cent of the total reducing sugar of polysac-
charide added). The action of autolysin on this
polysaccharide was also examined in a similar
way at a final concentration of 1/25. In this
instance, no appreciable increase in reducing
groups was observed after 72 hr at 30 C (less
than 0.02 per cent of the total reducing sugar of
polysaccharide added).

Action of autolysin and lysozyme on polysac-
charide preparation B. (a) Actionof lysozyme. The
results of the experiment presented in table 2
show that lysozyme at a final concentration of
44 pg/ml liberated about 9 per cent of the total
reducing sugar of the polysaccharide within 4 hr
and this amount seems to be the limit of de-
composition.

(b) Action of autolysin. From the experimental
results shown in table 2 it is clear that the auto-
lysin preparation contains an enzyme which
decomposes polysaccharide preparation B and
liberates the free reducing groups. The amount of
liberated reducing groups is approximately 3 per
cent of the total reducing sugar of the polysac-
charide added although the exact value of the
degree of decomposition must await further
experiments.

Isolatron of polysaccharide (preparation C) from
cell wall preparation and its decomposition by
autolysin and lysozyme. Polysaccharide prepa-
ration B which was demonstrated to be decom-

posed by both autolysin and lysozyme was
supposed to be present in the cell wall. Therefore
isolation of polysaccharide from cell wall prepa-
rations was attempted.

A cell wall preparation 1 was treated with 2
N NaOH for 5 days at 30 C. Insoluble material
was removed by centrifugation. Polysaccharide
was isolated from this supernatant essentially
in the same way as in the case of preparation B.
Analytical data for this material (preparation C)
are shown in table 1 and the results of experi-
ments on the action of autolysin and lysozyme
on this material are presented in table 2. It is
clear that this polysaccharide preparation is also
decomposed by both autolysin and lysozyme
and liberates free reducing groups. Owing to the
small amount of substance, exact values of the
degree of decomposition were not determined,
but they seem to be smaller than those in the
case of preparation B. No fractional extraction
with alkali was performed in the course of isola-
tion of this material and consequently this
preparation C seems to contain an inert polysac-
charide such as preparation A in addition to the
true substrate such as preparation B. These
situations can be understood from the hexosamine
contents of three preparations (table 1) which
explains the low degree of decomposition of
preparation C.

DISCUSSION

It has been demonstrated that autolysin can
dissolve the cell wall and decompose the poly-
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saccharide isolated from the cell. Therefore, as
concluded from previous studies, autolysin itself
obtained after anaerobic lysis of this strain can
not be considered as bacteriophage, but rather
must be an autolytic enzyme. However, as
already emphasized (Nomura, 1955b), the phe-
nomenon of anaerobic lysis itself might have a
relation with some sort of lethal biosynthesis in
this bacterium and the possibility of the synthesis
of lysogenic bacteriophage can not be ruled out.

From the experimental results described it may
be reasonable to conclude that the primary
action of autolysin is the hydrolysis of polysac-
charide contained in the cell wall and, as a result
of this action, the structure of the cell wall is
destroyed, the permeability barrier is disrupted
and finally the dissolution of the cytoplasmic
material occurs and this causes the visible lysis.
RNAase and protease may play a secondary role
in this system. Thus the primary action of auto-
lysin on the living cells can be visualized as being
analogous to the action of lysozyme on a cell wall
carbohydrate substrate. Both agents were shown
to decompose the same preparation of polysac-
charide which shows high hexosamine content
though the specificity of the susceptible bacterial
species is greatly different. However, the degree
of hydrolysis of this polysaccharide (preparation
B) seems to be different. The difference in the
specificity of both agents may be explained
either by the difference in the specific linkage
hydrolyzed in the same polysaccharide substrate
or by the difference in the polysaccharide sub-
strates which might be contained together in a
preparation in an impure state. The final solution
of this problem must await further experiments.

Studies on the nature of so-called autolytic
enzyme are few and the direct action of auto-
lytic enzyme on the cell wall is first demon-
strated in this paper. The primary action is
concluded to be on the cell wall, possibly on a
polysaccharide contained in it. This conclusion
seems to contradict the statement of Stacey
and Webb (1948). However they also assumed
an enzyme which splits the linkage between
RNA and polysaccharide to cause the primary
reaction before the hydrolysis of RNA proceeds,
although they emphasized the importance of this
gram converting reaction. Dubos also observed
the liberation of reducing sugars from hyaluronic
acid of other origins by his enzyme preparation
(Meyer et al., 1937). Therefore, in these cases too,
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the primary action of the autolytic enzyme might
be the hydrolysis of polysaccharide and the
resultant destruction of the cellular structure
might cause the reaction with RNAase and the
conversion to the gram negative state. The
conversion of gram reaction with RNAase does
not seem to be a primary and obligatory reaction
in the action of autolytic enzyme in our system.
Recently Greenberg and Halvorson (1955)
reported an autolytic substance produced during
the sporulation of Bacillus terminalis. The auto-
lysin in our studies is produced under conditions
where little spore formation can be recognized,
and therefore both substances seem to be differ-
ent. Yet the properties of both substances show
some similarity. Furthermore, both agents are
produced in the phase when multiplication of
cells is finished and abnormal biosynthesis such
as spore formation in one instance, and amylase
production in another, takes place. Although
Greenberg and Halvorson did not report the
substrate of their autolytic substance, its action
may also be the dissolution of the cell wall, such
as is the action of our autolysin, and may be
responsible for the liberation of the free spore.
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SUMMARY

The action of several known enzymes on the
cells of Bacillus subtilis strain H was examined
and compared with the action of the autolysin
produced by this bacterium. Besides autolysin,
only lysozyme has an action on the living cells.

Cell wall preparations were isolated from B.
subtilis and found to be dissolved by both auto-
lysin and lysozyme.

The effect of high concentrations of sucrose or
polyethylene glycol on the action of autolysin
was examined. Visible lysis of cells occurred only
after a fairly long lag period and it is likely that
the dissolution of living cells by autolysin is
effected by an attack on the cell wall. Polysac-
charides were isolated from the cells and one
preparation was shown to be decomposed both
by autolysin and by lysozyme, and to liberate
free reducing groups. Polysaccharide substrates
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of these enzymes were also isolated from the
cell wall preparations.

From these results it may be concluded that
the primary action of autolysin is on the cell
wall; probably on the polysaccharide contained
in it.

REFERENCES

ALLeN, R. J. L., 1940 The estimation of phos-
phorus. Biochem. J. (London), 34, 858-865.

AnsoN, M. L. 1938 KEstimation of pepsin, tryp-
sin, papain and cathepsin with hemoglobin.
J. Gen. Physiol., 22, 79-89.

Conn, H. J. 1954 In Manual of methods for
pure culture study of bacteria. Edited by the
Committee on Bacteriological Technic of the
Society of American Bacteriologists, VI, 7.

Dusos, R. J. 1937 The autolytic system of
pneumococct. J. Exptl. Med., 66, 873-883.

Erson, L. A. axp MorcaN, W. T. J. 1933 Col-
orimetric method for the determination of
glucosamine and chondrosamine. Biochem.
J. (London), 27, 1824-1828.

GoeBEL, W. F. axp AvERry, O. T. 1929 Study
of pneumococcus autolysis. J. Exptl. Med.
49, 267-286.

Grura, E. A. aANp HartseLL, S. K. 1954 Lyso-
zyme and morphological alterations induced
in Micrococcus lysodeikticus. J. Bacteriol.,
68, 171-177.

GREENBERG, R. A. AND HarLvorsox, H. O. 1955
Studies on an autolytic substance produced
by an aerobic sporeforming bacterium. J.
Bacteriol., 69, 45-50.

McCreaN, D. anp Hare, C. W. 1941 Diffusing
factors. The hyaluronidase activity of tes-
ticular extracts, bacterial culture filtrates
and other agents that increase tissue permea-
bility. Biochem. J. (London), 35, 159-183.

Mever, K., Paumer, J. W., THompsoN, R., AND
Knorazo, D. 1936 On the mechanism of
lysozyme action. J. Biol. Chem., 113, 479-
486.

Mever, K., DuBos, R. J., aNp SmytH, K. M.
1937 The hydrolysis of the polysaccharide
acids of vitreous humor, of umbilical cord,

ACTION OF AUTOLYSIN OF BACILLUS SUBTILIS

581

and of Streptococcus by the autolytic enzyme
of pneumococcus. J. Biol. Chem., 118, 71-78.

MEeYER, K. AND HauNEiL, K. 1946 The estima-
tion of lysozyme by a viscosimetric method.
J. Biol. Chem., 163, 723-732.

Nomura, M. 1955¢ Studies on the autolytic
phenomenon of Bacillus subtilis. 1. The ana-
erobic lysis of Bacillus subtilis. J. Agr.
Chem. Soc. Japan, 29, 674-678.

Nomura, M. 19550 Studies on the autolytic
phenomenon of Bacillus subtilis. 1I. Discov-
eries of the killing factor and autolysin in
the lysate and induced lysis of Bacillus sub-
tilis with ultraviolet light. J. Agr. Chem.
Soc. Japan, 29, 678-682.

Nomura, M. 1956 Studies on the autolytic
phenomenon of Bacillus subtilis. V. Isolation
of pentose nucleic acid from Bacillus subtilis
H and its enzymatic decomposition. J. Agr.
Chem. Soc. Japan, 30, 237-239.

Nomura, M. axp Hosopa, J. 1956 Studies on
the autolytic phenomenon of Bacillus subtilis.
III. Some properties of the autolysin. J.
Agr. Chem. Soc. Japan, 30, 233-236.

SavroN, M. R.J. 1952 Cell wall of Micrococcus
lysodetkticus as the substrate of lysozyme.
Nature, 170, 746-747.

Somoayr, M. 1945 Determination of
sugar. J. Biol. Chem., 160, 69-73.
Stacey, M. anp WeBB, M. 1948 Some compo-

nents of the lytic system of gram-positive

blood

microorganisms. Nature, 162, 11-13.

WeLscH, H. 1949 A propos de D'autolyse du
Staphylocoque. Compt. rend soc. biol., 143,
719-721.

WELsHIMER, H. J. 1953 The action of lysozyme
on the cell wall and capsule of Bacillus mega-
tertum. J. Bacteriol., 66, 112-117.

WeiBuLL, C. 1953 The isolation of protoplasts
from Bacillus megaterium by controlled treat-
ment with lysozyme. J. Bacteriol., 66,
688-695.

WaRREN, G. H. ANpD Gray, J. 1954 The depoly-
merization of bacterial polysaccharides by
hyaluronidase preparation. J. Bacteriol.,
67, 167-170.



