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By adding sodium chloride (2.5%) into a Bacillus
amyloliquefaciens DJ-4 culture broth, two serine-type
fibrinolytic proteases with a molecular weight of 29
(subtilisin DJ-4) and 38-kDa were stimulated on the SDS-
fibrin zymogram or inhibitor gels. B. amyloliquefaciens
DJ-4 showed the highest proteolytic activity (5.52 plasmin
NIH unit/ml) on the fibrin plate based on the molar ratio
when cells were subjected to the 2.5% NaCl. Using a fibrin
plate, the secreted protease from this strain in the presence
of 5% NaCl showed that about 49% of the enzyme’s
activity remained after incubation at 60°C for 30 min, but
as the salt concentration was increased (10% NaCl) the
activity nearly disappeared (0.14 plasmin NIH unit/ml).
However, through a fibrin zymography assay, three
fibrinolytic enzymes (38, 53 and 80-kDa) from the cells in
the presence of 10% NaCl were detected. Also, two salt-
activated serine-type fibrinolytic proteases (29 and 38-
kDa) showed thermostability from 65 to 70°C for 30 min.
Furthermore, these proteases also showed stability, pH 6-
11. In particular; 29-kDa (subtilisin DJ-4) was very stable
in the pH range of 4-11 at 4°C for 48 h.
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Introduction

When a blood vessel is damaged, a hemostatic response
occurs in order to stop blood loss. After the hemorrhage
reaction, the cross-linked fibrin polymer that is formed from
fibrinogen by thrombin is dissolved by endogenous plasmin.
In an unbalanced state, such as a myocardial infraction, the
clots are not lysed and thus thrombosis occurs (Cho ef al.,
1999; Kim and Choi, 2000).
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Bacillus sp. strains are well known for secreting several
extracellular, such as serine proteases, neutral metalloprotease
and esterase (Kim et al., 1996; Park et al. 1999; Kim and
Choi, 2000). Recently, many fibrinolytic enzymes that were
produced by B. strains screened from fermented food were
reported (Sumi ez al., 1987; 1990; Kim et al., 1996; Kim and
Choi, 2000).

It was reported that the cations, such as Na*, K™ and Mg,
Ca®* and La™, increased the serine protease secretion of
Bacillus licheniformis and B. subtilis cells. However, further
increase of the salt concentration lowered the stimulating
effect (Artemov and Samuilov, 1986).

Five Bacillus strains that produce fibrinolytic enzymes were
screened from Doen-Jang (a traditional soybean fermented
food in Korea) in our laboratory (Kim et al., 1998). We
purified subtilisin DJ-4, a fibrinolytic enzyme from B.
amyloliquefaciens DJ-4, and identified it as a serine-type
protease by fibrin zymography (Kim and Choi, 2000).

The purpose of the present work was to study the effect of
sodium chloride on the secretion of serine protease, as well as
the enzyme’s thermostability by B. amyloliquefaciens DJ-4
based on the activity assay using fibrin zymography.

Materials and Methods

Materials Fibrinogen and thrombin, from bovine for fibrin
zymography and plasmin as a standard proteolytic enzyme for
fibrin from bovine and agarose, were purchased from Sigma (St.
Louis, USA). Other chemicals were of analytical grade.

Bacillus strain and culture The bacterial strain used in this study
was isolated on the fibrin plate from Doen-Jang, a Korean
traditional fermented food, and was identified as Bacillus
amyloliquefaciens DJ-4 (Kim and Choi, 2000) from the Collection
for Type Cultures (KCTC). The cells were grown at 37°C in a
tryptic soy broth (TSB, Difco) and transferred to 100 ml of fresh
media, After 12 h, each indicated concentration of NaCl was added,
and the cells were allowed to grow for an additional 12 h. Cells
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were removed from the culture broth by centrifugation at
10,000 x g for 10 min, and the enzyme activity was analyzed by
fibrin plate or zymography.

Enzyme assay on fibrin plate Enzyme activity was determined
by the fibrin plate methods as previously described (Astrup and
Miillertz, 1952) with minor modifications. Five-ml 0.6% (wt/vol)
fibrinogen solution in a 50 mM sodium phosphate buffer (pH 7.4)
was mixed with 5 ml of 2% (wt/vol) agarose solution and 0.1 ml of
thrombin solution (10 NIH unit/ml) in a petri dish. The solution in
the petri dish was allowed to stand for 1 h at room temperature in
order to form a fibrin clot layer. Twenty microliter of the sample
solution (3 ug) was dropped into holes previously made on a fibrin
plate using a capillary glass tube (5 mm diameter) and incubated at
37°C for 12 h. An equal volume (3 pg) of plasmin solution (1 NIH
unit/ml) was incubated into a hole on the fibrin plate as a standard
protease. The enzyme activity was estimated by measuring the
dimension of the clear zone.

SDS-fibrin zymography Fibrin zymography was done by Kim
and Choi’s Method (Kim ef al., 1998; Choi and Kim, 1999; 2000).
A separating gel solution (12%, w/v) was prepared in the presence
of 0.12% fibrinogen (w/v) and 100 ul of thrombin (10 NIH units/
ml). The samples (1 pg) were diluted in a zymogram sample buffer
(5 ), which consisted of 0.5 M Tris-HCl (pH 6.8), 10% SDS, 20%
glycerol. Then, 0.03% bromophenol blue was electrophoresed into
the fibrin-copolymerized gel at a 15 mA constant current in the cold
room (at 4°C).

Protease inhibitor assay on fibrin zymography Classification of
the enzymes noted on zymography (Kim and Choi, 1999) was
performed by incubating Triton X-100-washed gels in an enzyme
reaction buffer containing protease inhibitors, 5 mM PMSF (a
known inhibitor of serine proteases) or EDTA (a known inhibitor of
metalloproteases).

Enzyme properties on the temperature or pH on fibrin
zymography In order to test the effect of temperature on the
stability, a fibrin zymogram gel was used. The culture supernatants
(1 pg) from 2.5% NaCl were incubated at the indicated temperature
for 30 min as described in the Figure Legend. Then the samples
were subjected on the fibrin gel. In the case of pH, the samples (1
ug) were incubated in 200 mM of various buffer systems at 4°C for
48 h. After electrophoresis, the gel was stained with Coomassie
blue for 2 h and then destained. The digested bands were visualized
as the non-stained regions of the fibrin gel. For the quantification,
the densities of digested bands on the gel were analyzed by video
densitometry using Bio 1D ver. 97.04 (Vilber Lourmat, France)
(Kleiner and Stetler-Stevenson, 1994). The protein concentration
was determined according to Bradfords Method (Bradford, 1976)
using bovine serum albumin (BSA) as a standard.

Results

Strain and cell culture We isolated five Bacillus strains,
which produce fibrinolytic enzyme, on the fibrin plate from
Doen-Jang (Kim et al., 1998), a traditional Korean fermented

Fig. 1. Fibrinolytic activity assay on the fibrin plate (0.3%) with
the culture supernatant of Bacillus amyloliquefaciens DJ-4. After
12 h culture, each indicated concentration of NaCl was added.
Then the culture supernatants (3 ug/20 ul) were loaded on the
holes and incubated at 37°C for 12 h. a-f indicates NaCl
concentrations (0, 1, 2.5, 5, 10 and 15%), respectively and p
means plasmin (1.0 NIH unit/ml) as a control of fibrinolytic
protease. The plasmin unit of enzyme activity was determined by
the ratios of the sample to the plasmin activity.

food. One strain of them, which was used in this study, was
identified as B. amyloliquefaciens DJ-4 from the Collection
for Type Cultures (KCTC) (Kim and Choi, 2000).

Enzyme assay on the fibrin plate Extracellular protease of
Bacillus amyloliquefaciens DJ-4 was assayed by fibrin plate
analysis. The B. amyloliquefaciens DJ-4, as shown in Fig. 1,
showed the highest enzyme activity (5.52 plasmin NIH unit/
ml) on the fibrin plate based on the molar ratio when cells are
subjected to 2.5% NaCl.

We examined the stability under the temperature or pH of
this enzyme that was obtained from the culture broth
containing various concentrations of NaCl. The secreted
protease from B. amyloliquefaciens DJ-4, cultured in the
presence of 5% NaCl, showed that about 54% of the enzymes
activity remained after incubation at 60°C for 30 min (Fig. 2).
However, as the salt concentration was increased (10% NaCl),
the activity nearly disappeared (less than 0.14 plasmin NIH
unit/ml) (Fig. 1 and Fig. 2). This enzyme, as shown in Fig. 3,
also showed stability in the pH range of 4-11 at 4°C for 48 h.

Fibrin zymography assay To identify the extracellular
protease from Bacillus amyloliquefaciens DJ-4, a fibrin
zymography analysis was done. We found that B.
amyloliquefaciens DJ-4 secretes four extracellular fibrinolytic
enzymes (80, 53, 38 and 29-kDa) in culture broth on the fibrin
zymography (Fig. 4A). When the cells are subjected to 10%
NaCl, it was difficult to estimate the enzyme activity on the
fibrin plate (less than 0.14 plasmin NIH unit/ml) (Figs. 1 and
2). However, based on the zymogram gel, three fibrinolytic
enzymes (38-, 53- and 80-kDa) were detected (Fig. 4A).
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Fig. 2. Thermostability = of  enzymes from  Bacillus
amyloliquefaciens DJ-4 cultured in the presence of various
concentrations of NaCl. After incubation at the indicated
temperature for 30 m, the samples (3 ng/20 ul) were subjected
to fibrin plate (0.3%), then incubated at 37°C for 12 h. The
residual enzyme activities were determined as the plasmin unit
(100% equal to 5.52 plasmin NIH unit/ml). ‘

Protease inhibitor assay on fibrin zymography We
examined whether or not these four extracellular fibrinolytic
enzymes from Bacillus amyloliquefaciens DI-4 were applied to
the enzyme activity inhibitor assay. These enzymes were
classified with a protease inhibitor (5 mM PMSF or EDTA) on
the zymogram gels. Two bands (29 and 38-kDa) were inhibited
by 5 mM PMSF (Fig. 4B). We classified these enzymes as a
serine protease. However, in the presence of 5 mM EDTA, four
bands were unaffected (Fig. 4C). Also, as shown in Figure 4 A,
two serine-type fibrinolytic proteases (29 and 38-kDa) were
activated by 2.5% NaCl. In particular, 29-kDa (subtilisin DJ-4
by Kim and Choi, 2000) was induced about three times more by
2.5% NaCl, based on the densitometric analysis. However, the
further increase in the salt concentration (5% NaCl) lowered the
activating effect (Fig. 4A).
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Fig. 3. Effect of pH on the enzymes from Bacillus
amyloliquefaciens DJ-4- cultured in the presence of various
concentrations of NaCl. After incubation of each enzyme over
the pH range for 48 h at 4°C, the samples (3 pg/20 ul) were
subjected to fibrin plate (0.3%), then incubated at 37°C for 12 h.
The residual enzyme activities were determined as the plasmin
unit (100% equal to 5.52 plasmin NIH unit/ml).

Enzyme properties on the temperature or pH on fibrin
zymography We tested the effect of temperature on the
stability of these four extracellular fibrinolytic proteases from
Bacillus amyloliquefaciens DJ-4 on the fibrin zymogram gels.
The culture supernatants (1 pg) from 2.5% NaCl were
incubated at each indicated temperature for 30 min, or pH at
4°C for 48 h as described in the figure legends. Two salt-
activated proteases (29 and 38-kDa) (Fig. 4B) and 53-kDa
showed thermostability from 65 to 70°C for 30 min, when
cells were subjected to 2.5% NaCl (Fig. 5B, C and D). In
particular, using densitometric analysis, two serine-type
proteases (29 and 38-kDa) were observed. About 58 and 42%
of the enzyme’s activities remained after incubation at 70°C
for 30 min, respectively (Fig. 5C and D).

We also analyzed the effect of pH on the stability of these
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Fig. 4. Fibrin zymography and protease inhibitor assays of culture supernatant of Bacillus amyloliquefaciens DI-4 cultured in the
presence of various concentrations of NaCl. After 12 h culture, each indicated concentration of NaCl was added. Then the culture
supernatants (1 pug) were loaded to SDS-PAGE containing fibrin (0.12%) as a protein substrate. Protease inhibitor assay was carried out
in the presence of 5 mM of PMSF (B) or EDTA (C). A is control (without any protease inhibitors). 1-4 indicates NaCl concentrations

(0, 2.5, 5 and 10%), respectively.
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Fig. 5. Thermostability of four extracellular proteases from
Bacillus amyloliquefaciens DJ-4 cultured in the presence of 2.5%
NaCl on the fibrin zymogram gel, and densitometric analysis.
After incubation of the culture supernatants (1 pg) at the
indicated temperature for 30 min, the samples were loaded on
the fibrin gel and the densities of digested bands were analyzed
by densitometer. A-D represents 80, 53, 38 and 29-kDa,
respectively. Every bar means are based on the relative value to
maximum activity of each concentration of NaCl. Every value is
the meantS.EM (N = 5).

four extracellular proteases by using fibrin zymography. The
two bands, 53 and 80-kDa, showed enzyme activity in the pH
range of 6-11 at 4°C for 48 h (Fig. 6 A and B). In particular,
29-kDa (subtilisin DJ-4) was very stable in the range of 4-11
(Fig. 6 D).

Discussion

Since there is growing medical interest in thrombosis agents,
great attention has been directed towards a search for
thrombolytic agents of various organisms. The fibrinolytic
agents, such as urokinase, tPA (tissue type plasminogen
activator) and streptokinase, have been used as thrombosis
therapy. However, these agents have a low specificity to fibrin
and are very expensive (Nakajima et al., 1993). Sumi ef al.
reported that the oral administration of urokinase enhanced
fibrinolytic activity (Sumi et al., 1985). They also
demonstrated that NK (nattokinase) from natto, a traditional
soybean fermented food in Japan, activated fibrinolytic
activity and the amounts of tPA as well as the fibrin
degradation product in plasma increased about two-fold when
NK was given to humans by oral administration (Sumi ez al.,
1990).

In view of these reports, CK 11-4, showing a fibrinolytic
activity, was purified from the Bacillus sp. strain that was
isolated from Chungkook-Jang, a traditional Korean soybean
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Fig. 6. Effect from  Bacillus

of pH on the
amyloliquefaciens DJ-4 cultured in the presence of 2.5% NaCl
on the fibrin zymogram gel. After incubation of the enzyme (1
pg) at the indicated pH at 4°C for 48 h, the residual enzyme
activities of the samples were assayed on the fibrin gel. A-D
represents 80, 53, 38 and 29-kDa, respectively.

enzyme

fermented food (Kim et al., 1996). Five Bacillus strains that
produce fibrinolytic enzymes were screened from Doen-Jang
(a traditional soybean fermented food in Korea) in our
laboratory (Kim et al., 1998). Doen-Jang is widely used in the
Korean daily diet, and several bacterial strains have been
identified. We also purified subtilisin DJ-4, a fibrinolytic
enzyme from B. amyloliguefaciens DJ-4, and identified it as a
serine-type protease by fibrin zymography (Kim and Choi,
2000).

In this report, we found that Bacillus amyloliquefaciens DJ-
4 secreted four extracellular fibrinolytic proteases (80, 53, 38
and 29-kDa) through the fibrin zymography. Among them,
two bands (38 and 29-kDa) were induced in the presence of
2.5% NaCl, and these enzymes were also classified as a serine
protease on the fibrin inhibitor zymogram gels. Also, two salt-
activated serine-type fibrinolytic proteases (29 and 38-kDa)
showed thermostability from 65 to 70°C for 30 min.
Furthermore, salt-activated subtilisin DJ-4 was very stable in
the pH range of 4-11.
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