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Some Properties of Clostridium butyricum ID-113 Autolytic enzyme
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Cellular autolytic enzyme was isolated from the supernatant fluid of exponentially growing cui-
ture of CI. butyricum ID-113. The autolysin was partially pruified by ammonium sulfate fractiona-
tion, chromatography on DEAE-Sephadex A-50 and gel filtration through Sephadex G-200. This
autolytic enzyme lysed SDS-treated cell wall fractions of C1. butyricum ID, but not whole cells at
all. Its optimum pH and temperature were 5.0 and 37°C, respectively. This enzyme was relatively
stable at neutral pH, but sensitive to heat treatment. Enzyme activity was not influenced bythe addi-

tion of various divalent cation, but inhibited by Cu* *.

Becterial autolytic enzyme represents a class of
enzymes that are probably both essential and poten-
tially detrimental to the cell. Autolytic enzymes are
supposed to play important roles in such processes
as cell elongation, cell division, cell separation, and
cell wall biosynthesis (1-4).

Bacterial autolytic enzyme have been found in a
variety of bacteria, and for some of them, the en-
zymatic properties were studied in detail (5-9). CIL
butyricum, as intestinal tonic, has been used in the
treatment of abnormal-fermentation in intestine,
diarrhea, indigestion, and constipation for a long
time (10-12). Although autolysins have been studied
on other Clostridium species (13-15), surprisingly
nothing is known in CI butyricum.

In this paper a procedure for the purification of
the autolytic enzyme of CI. butyricum 1D-113 was
presented, and some of its properties were describ-
ed. Characterization of properties of its autolytic
enzyme may help to clarify how the autolytic en-
zyme takes part in the specific cellular autolysis

phenomenon and cell growth of CI. butyricum ID.
Materials and Methods

Microorganisms

Cl. butyricum ID-113 used throughout this work
was isolated from infant feces and was a antagonis-
tic strain to enteropathogenic CI. perfringens (16).
Cl. sporogenes ATCC 7955, was also used to pre-
pare the substrate of autolytic enzyme.

Media and culture

Microorganisms were cultured at 37°C under
anaerobic condition (16). SM medium, consisting
of 1.5% starch, 1.5% soybean extract, 1.0% molas-
ses, 0.3% ammonium sulfate, and 1.2% CaCO,,
was used for the production of the autolytic en-
zyme.

Growth measurement
Total bacterial counts and clostridial stage
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counts were carried out with a Thomas counting
chamber (Weber Scientific International, Lancing,
England) and a photomicroscope (Olympus BH-2)
with phase contrast optics.

Preparation of substrate of autolytic enzyme

Sodium dodecyl sulfate-treated cell wall frac-
tions (SDS-CWF) used as substrate for lytic enzyme
was prepared by the method of Ogata ef a/.(17) and
formalin-treated cells were prepared by the method
of Hongo et al.(18). Unless otherwise stated, the
SDS-CWF of Cl. butyricum ID-113 was used as a
substrate for autolytic enzyme

Assay of the Iytic enzyme

Lytic enzyme activity was assayed by measuring
the decrease in turbidity of SDS-CWF. The assay
mixture contained 2.4 m/ of cell wall fractions in
0.05 M sodium acetate buffer (pH 5.0) and 0.1 m/
of enzyme solution. The initial OD at 600 nm was
adjusted to 1.0. Turbidity was measured at 10 min
intervals for 60 min at 37°C. One unit of enzyme
activity was defined as the amount which caused a
change in turbidity of 0.01 per min.

Protein determination

Protein concentration was determined by the
method of Lowry et al.(10) using bovine serum
albumin as the standard, or spectrophotometrically
by measuring the absorbance at 280 nm.

Partial purification of extracellular autolytic en-
zyme

All purification steps were carried out at 4°C.
The buffer used throughout the purification was 67
mM potassium phosphate buffer (pH 6.0).
1) Fractionation with ammonium sulfate

3L of SM culture broth was centrifuged at
12,000 X g for 10 min and the supernatant was sal-
ted out with ammonium sulfate (30-60% satura-
tion). After storage for 48 hr at 4 °C, the precipitate
was collected by centrifugation at 10,000 X g for 10
min. The sediment was dissolved in a small amount
of the buffer and dialyzed against the same buffer
at 4°C for 2 days.
2) Column chromatography on DEAE-Sephadex
A-50

20 m/ of dialyzed enzyme solution was applied to
a column (2.5 X 24 ¢cm) containing DEAE-Sepha-

Kor. . Appl. Microbiol. Bioeng.

dex A-50 equilibrated with the buffer. This material
was eluted with a linear gradient of 0.0 M to 0.5 M
NacCl in the buffer. Five m/ fractions were collected
at the flow rate of 20 m/ per hr.
3) Colmn chromatography on Sephadex G-200
Five m/ of concentrated enzyme solution was ap-
plied on Sephadex G-200 equilibrated with the buf-
fer and eluted with the same buffer at the flow rate
of 6 m/ per hr. And 2 m/ elutes were collected. Frac-
tions having cell wall lytic enzyme activity were col-
lected and stored at -20°C.

Results and Discussion

Accumulation of autolytic enzyme

Autolytic enzyme activity was found in the su-
pernatant fluid of exponentially growing culture in
sporeforming SM medium at 37 °C as shown in Fig.
1. The autolytic enzyme activity began to increase
when the growth was started, and continued to in-
crease with the cell growth.

Partial purification of extracellular autolytic en-
zyme

Extracellular autolytic enzyme was purified by
the procedure of 3 steps decribed in Materials and
Methods. DEAE-Sephadex fraction was purified
about 30.1 fold from first salted out fraction (Fig.
2) and was purified further by gel filtration (Fig. 3).
The purifying procedures resulted in 47.2-fold puri-
fication with the overall yield of 12%, as shown in
Table 1.
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Fig. 1. Growth and extracellular autolytic enzyme acti-
vity of CL butyricum ID-113 in SM medium.
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Fig. 2. Ton exchange chromatography of autolytic en-
zyme on DEAE-Sephadex A-50.

To column(2.5 x 24cm) of DEAE-Sephadex A-50 was
loaded 20 m/ of the dialyzed solution of autolytic en-
zyme preparation obtained from first ammonium sulfate
fractionation. The column was eluted with a linear gra-
dient of 0.0 M to 0.5 M NaCl in 67 mM potassium phos-
phate buffer (pH 6.0). Five m/ elutes were collected at
the rate of 20 m/ per hr.

O - 0 ; absorbance at 280 nm, ¢ — ¢ ; autolytic enzyme
activity
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Fig. 3. Purification of autolytic enzyme by gel filtra-
tion,
To column(1.6 x 46 cm) of Sephadex G-20 was loaded 5
m/ of the concentrated autolytic enzyme obtained from
the DEAE Sephadex column after second ammonium
sulfate fractionation. The column was eluted with 0.05
M potassium phosphate buffer solution (pH 6.0). Flow
rate was 6 m/ per hr. Two m/ elutes were collected.
0 - 0O ; absorbance at 280 nm,
® — @ ; autolytic enzyme activity

Properties of extracellular autolytic enzyme
1) Optimum pH and temperature
The optimum pH of extracellular autolytic en-
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Table 1. Purification of extracellular autolytic enzyme

Total Total Specific Recovery Purifi-
Fraction protein activity activity cation

(mg) (units) (units/mg) (%) (fold)
Supernatant

fluid of 3200 6300 2.0 100 1.0
culture

30-60%

ammonium

sulfate

saturation

DEAE-

Sephadex 25 1405 60.1 22 30.1
A50

60%

Ammonium 21 1384 65.9 22 33.0
Fractionation

Sephadex

G-200

825 3200 3.9 51 1.9

8 754 94.3 12 47.2
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Fig. 4. Optimum pH and pH stability of extracellular
autolytic enzyme.
A Optimum pH, B; pH stability. The reaction mixture
contained, in a total volume of 2.5 m/, SDS-CWF(1.0 OD
at 600nm) and extracellular autolytic enzyme(7.0 units).
The reaction mixtures were incubated at 37 °C for 30
min. The activity was tested in the following buffers.
0 -0 ; 0.05M sodium acetate buffer,
® — @ ; 0.05M potassium phosphate buffer

zyme on SDS-CWF was about pH 5.0, as shown in

Fig. 4. The optimum temperature was about 37 °C,

as shown in Fig. 5. And extracellular autolytic en-

zyme sharply decreased at 45 °C or above.

2) Stability of extracellular autolytic enzyme
Stability of extracellular autolytic enzyme stored
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Fig. 5. Optimum temperature and heat stability of ex-
tracellular autolytic enzyme,
A; Optimum temperature, B; Heat stability. The reac-
tion mixture contained, in a total volume of 2.5 ml, SDS-
CWF(1.0 OD at 600 nm), extracellular autolytic enzyme
(7.0 units) and 0.05M sodium acetate buffer (pH 5.0).
The reaction mixtures were incubated at 37°C for 30
min.

Table 2, Effects of divalent cations and EDTA-Na on
the extracellular autolytic enzyme activity

Reagents Concentration Relative activity
(M) (%)
None 1x10°3 100
MgS0O, 1x10-3 93
CaCl, 1x10-3 100
MnS0O, 1 %1073 103
FeSOy4 1x10-3 100
CuSO04 1x10-3 34
EDTA-Na 1x10-3 99
ZnS0, 1x1073 88

The reaction mixture contained, in a total bolume of 2.5
m/, SDS-CWF (1.0 OD at 600 nm), extracellular aute-
lytic enzyme (7 units), metal ions and 0.05M sodium ace-
tate buffer (pH 5.0). The mixture was incubated at 37 °C
for 30 min.

at 4°C for 24 hr was stable between pH 4.0 and 8.0,
as shown in Fig. 4. The extracellular autolytic en-
zyme was completely denatured with incubation at
55°C for 5 min, and 20% loss of activity was found
at 45 °C for 5 min as shown in Fig. 5. These results
indicated that the extracellular autolytic enzyme
was relatively unstable to heat treatment.
3) Effects of divalent cations and EDTA-Na

The activity of the extracellular autolytic enzyme
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Table 3. Substrate specificity of extracellular autolytic
enzyme

Substrate

Clostridium butyricum 1D
whole cells -
heated cell wall fractions -
formalin-treated cells -
SDS-treated cell wall fractions +
Clostridium sporogenes ATCC 7955
whole cells -
heated cell wall fractions -
formalin-treated cells -

SDS-treated cell wall fractions +

* +: positive, -: negative

was not inhibited or stimulated by divalent cations
tested except Cu** and Zn**. Cu** was a strong
enzyme inhibitor (Table 2).
4) Substrate specificity of extracellular autolytic en-
zZyme

The extracellular autolysin degested SDS-CWF
prepared from two Xinds of Clostridium species.
Whoile cells and heated cell wall fractions were har-
dly lysed by the-extracellular autolytic enzyme as
shown in Table I1I. It might also be said that the in-
tact and membrane-bound cell wall were not at-
tacked from the outside by the autolysin. Proper-
ties of extracellular autolytic enzyme in CI. buty-
ricum ID-113 was different from that of the phage-
induced lytic enzyme (endolysin) in its substrate
specificity, for endolysins of other clostridia had
been known to be active against formalin-treated
whole cells as well as isolated cell wall fractions
(17,18).
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