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Abstract

Bacillus strains capable of producing fibrinolytic enzyme were isolated from traditional fermented Korean
soybean paste and Japanese fermented soybean (Natto). Among the 16 strains, a selected Bacillus sp. was
identified as Bacillus firmus, with 80.7% homelogy, by API kit analysis. Seed starter of B. firmus NA-1 was
prepared with 5% soymilk prepared from micronized soybean powder. To produce fibrinolytic enzyme by
B. firmus NA-1 the liquid culture was performed with NB broth (pH 7.0) fortified with 1% galactose, 0.1%
tryptone, and 0.5% K;HPO,, by shaking with 180 rpm at 37°C. Fibrinolytic enzyme activity reached the
highest value at 7.8 unit/mL (plasmin unit) after fermentation for 72 hr. The crude fibrinolytic enzyme showed
higher relative activity in the range of pH 7.0 ~9.0. The activity of crude fibrinolytic enzyme was well main-
tained even after concentration by the vacuum evaporation at 50°C for 1 hr.

Key words: fibrinolytic enzyme, Bacillus, liquid fermentation

INTRODUCTION

Fibrin is an insoluble protein component of blood clots.
Fibrin is formed from the selective cleavage of fibrinogen
by the action of thrombin, which is activated by a blood
cascade mechanism for repairing injuries, followed by
polymerization of fibrin monomers. Normally, the fibrin
formed is subsequently dissolved by fibrinolytic enzymes
such as plasmin within a few days after the wound has
healed. However, fibrin may accumulate in blood vessels
causing thrombosis leading to myocardial infarction, stroke,
and other cardiovascular diseases resulting in serious mor-
bidity or mortality (1). Treatment of thrombosis frequently
utilizes synthetic compounds such as coumarin and war-
farin, and hirudin (a compound obtained from leeches)
have been used as thrombolytic agents (2-5). A urokinase
purified from human and animal urine is sometimes
administered intravenously, but its use is limited to acute
thrombosis because of its cost (6-8). Among thrombolytic
agents, the streptokinase obtained from Streptococcus
haemolyticus has the advantage of a longer stability in
the blood and is distributed more evenly than urokinase,
but it functions as an activator of plasmin instead of dis-
solving fibrin directly, and has side-effects including
hemorrhaging (9). The tissue-type plasminogen activator
(tPA) derived from human melanoma cells is a potent
fibrinolytic agent due to its-high affinity with fibrin, but
oral administration is impractical because of its high price
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and short shelf-life in the blood (10). Thrombolytic agents
used for oral administration have been prepared from the
dried powder of an earthworm (Lumbricus lubellus) that
contained six types of fibrinolytic enzymes, and has been
used in Korea and Japan in capsule forms (11,12). Uro-
kinase has been shown to be absorbed in the intestinal
tract and retain its fibrinolytic activity as it circulates
in the blood (10). It has also been reported that orally
administered urokinase is absorbed in the intestine and
then transferred to the liver where it undergoes modi-
fications that enhance it enzymatic activity and ability
to dissolve fibrin (7,8). This suggests that fibrin in the
blood can be effectively dissolved by oral administration
of fibrinolytic enzymes.

Fibrinolytic enzymes from traditional fermented soy-
bean (Natto) and a fermented fish product (shiokara) have
been purified by Japanese scientists, It was reported that
their oral administration enhanced the hydrolysis of fibrin
in the blood (13-16). Natto has been known as a tradi-
tional functional food for dissolving fibrin and widely con-
sumed as a healthy food in Japan. Traditional fermented
foods in Korea have also been used as ingredients for the
manufacture of health-promoting functional foods. Kil
et al. (17) reported the optimal conditions for the produc-
tion of fibrinolytic enzyme by a Bacillus strain isolated
from Korean traditional fermented soybean paste. Effects
of culture conditions and nutritional supplements on the
production of fibrinolytic enzyme were evaluated in flask
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culture using Bacillus subtilis (18,19). A strain producing
fibrinolytic enzyme was also isolated from fermented
shrimp, and the culture conditions for the production of
fibrinolytic enzyme were optimized (20). Recently, there
has been intense research into the economical production
of safe and effective fibrinolytic enzymes with fewer
side-effects than currently used thrombolytic agents (1).
Cardiovascular disease is one of the most common and
serious chronic diseases among elderly people. Many
“people believe that vascular disease can be prevented
through the regular consumption of functional foods. The
traditional fermented foods of Korea are widely accepted
as health-promoting foods for preventing chronic disease
and maintaining good health. In particular, in vivo studies
have demonstrated that thrombosis can be improved by
the consumption of Chungkukjang (17,19). Traditional
fermented soybean foods have gained widespread accep-
tance as preventive medicines for curing or preventing
vascular disease. If a fibrinolytic enzyme is produced
efficiently by food-grade microorganisms in a fermented
food, that food can be consumed daily to prevent throm-
bosis and other related diseases. In addition, newly iso-
lated microorganisms may be used for the production
of novel fibrinolytic enzymes.

The objectives of this study were to isolate Bacillus
strains producing fibrinolytic enzyme from traditional
fermented foods and to optimize the culture medium for
the production of fibrinolytic enzyme.

MATERIALS AND METHODS

Materials

Traditional fermented soybean paste (Chungkukjang)
was purchased from a local supermarket (Korea). Japa-
nese fermented soybean (Natto) was obtained from a
supermarket in Japan. Yeast extract and peptone were
purchased from Difco Laboratories (Detroit, MI, USA).
Bovine fibrinogen, thrombin and plasmin were purchased
from Sigma Chemical Co. (St. Louis, Missouri, USA).
Phenol reagent was obtained from Junsei Chemical Co.
(Tokyo, Japan). Micronized soybean powder was obtained
from Perican Co. (Japan). Other chemicals including salts
were analytical grade.

Isolation and identification of Bacillus sp.

To isolate the typical Bacillus strain, 1 g of fermented
soybean paste was mixed with 9 mL of sterilized distilled
water and then the serially diluted supernatant was inoc-
ulated on MRS agar plates. After incubating at 37°C for
24 hr, mucilage producing strains were isolated as candi-
dates for the Bacillus strain. To isolate Bacillus strains
that efficiently produce fibrinolytic enzyme, each Bacillus

strain isolated was cultured in nutrient broth and then the
fibrinolytic enzyme activity of the supernatant was eval-
uated by the fibrin plate method (21). To confirm the mor-
phology and proteolytic activity of Bacillus strains pro-
ducing fibrinolytic enzyme, each strain was inoculated on
an NB agar plate containing 1% micronized soybean pow-
der and MRS agar plate, and then incubated at 37°C for
24 hr. Bacillus strain that was grown on the MRS agar
plate was analyzed with an Analytical Profile Index
(AP} kit

Preparation of stater culture

To prepare the starter culture, Bacillus sp. NA-1 was
grown on agar plate containing 1% soymilk at 42°C for
24 hr, and then transferred to 100 mL of 5% soymilk
prepared with micronized soybean powder, and cultured
in a 250 mL culture flask with 180 rpm shaking at 42°C
for 24 hr.

Culture condition for production of fibrinolytic
enzyme

To optimize the culture medium for production of fib-
rinolytic enzyme, nutrient broth (0.5% peptone, 0.3% beef
extract, pH 7) was used for the basic culture medium.
The medium composition, growth temperature and pH
were manipulated. The nutrient broth was fortified with
a 1% carbon source of either glucose, saccharose, mannose,
galactose, maltose, lactose or soluble starch. Nitrogen
sources evaluated were yeast extract, soy flour, tryptone,
ammonium sulfate or glycine added at a 0.1% level. In-
organic salts including calcium chloride, magnesium sul-
fate, sodium chloride, sodium or potassium phosphates were
supplemented at a 0.5% level in the nutrient medium.
The starter was inoculated in 100 mL of liquid medium
at a 1% level and then incubated with 180 rpm shaking
at 37°C. After centrifugation of each culture medium at
22,000 g for 10 min, the supernatant was analyzed for
its fibrinolytic activity by the fibrin plate method.

Fibrinolytic enzyme activity

Fibrinolytic enzyme activity was determined by the
modified method of Astrup and Miillertz (21). The en-
zyme substrate was a 0.5% bovine fibrinogen solution
prepared in 0.067 M sodium phosphate buffer (pH 7.4).
Thrombin enzyme was kept frozen at -20°C after dissolving
in 0.067 M sodium phosphate buffer (pH 7.4) to a concen-
tration of 100 NIH units/mL. To prepare the fresh fibrin
plate, 10 mL of 0.5% fibrinogen solution was evenly dis-
tributed in a petri-dish (diameter 9 ¢cm) and then was
quickly mixed with 0.1 mL of thrombin enzyme (100 NIH
unitsfmL). The fibrin plate for turbidity assay was solid-
ified by standing for 30 min at room temperature. To
measure the fibrinolytic enzyme activity, the supernatant
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(20 1L) was spotted on the fibrin plate and then incubated
at 37°C for 2 hr. The clear zone was measured and ex-
pressed as fibrinolytic activity. A standard curve was
derived from clear zones produced by a standard plasmin
enzyme at different concentrations. The plasmin enzyme
was serially diluted with Tris-lysine buffer (pH 9.0) to
activities of 0.6, 1.6, 2.6, 5 unit/mL and was applied with
20 pL.

Fibrinolytic enzyme activity (%) = (clear zone by culture

broth / clear zone by plasmin) X 100

pH and thermal stability of enzyme

To determine the optimum pH for fibrinolytic enzyme
activity, the pH of the crude extract containing fibrinol-
ytic enzyme was varied by the addition of 1 M glycine-
NaOH (pH 10), 1 M Tris-HC1 (pH 7.0, 7.5, 8.0, 9.1),
and 1 M sodium acetate (pH 5.2). The enzyme activity
was determined by a modified method of Anson (22). A
0.6% (w/v) fibrin solution was prepared in 0.2 N NaOH
and adjusted to pH 7.8. A mixture of 0.1 mL of crude
enzyme extract and 0.1 mL of 1 M buffer was mixed with
0.35 mL of 0.6% fibrin solution, and then incubated at
40°C for 20 min. The reaction mixture was added to 0.45
mL of 0.44 M trichloroacetic acid and held at room tem-
perature for 30 min. A 0.1 mL aliquot of the supernatant
obtained after centrifugation at 22,000 X g for 10 min was
reacted with 1 mL of 0.55 M NaCO; and 0.2 mL of phe-
nol reagent (Folin-Ciocalte’s reagent) for 30 min at room
temperature. The absorbance was measured at 660 nm.
One unit of enzymatic activity was defined as the amount
of enzyme required to produce 1 lig of tyrosine per min.
To evaluate the thermal stability of the crude enzyme,
the supernatant containing crude enzyme was heat evap-
orated in a vacuum evaporator (H-3000, Hanshin, Korea)
at 50°C for 1 hr, and then the enzyme activity of concen-
trate was determined by the fibrin plate method.

RESULTS AND DISCUSSION

Identification and physiological properties of Bacil-
lus sp.

Sixteen microorganisms were isolated from ten differ-
ent types of traditional fermented soybean paste (Chung-
kukjang) and Japanese fermented soybeans (Natto). Each
of the sixteen isolated cultures was characterized for
colony type and mucilage production in different culture
media such as NB agar, soymilk agar and MRS agar
plates. Among the 16 candidates, a Bacillus sp. NA-1 iso-
lated from Natto showed the highest fibrinolytic activity
compared with the other strains, and was standardized
for enzymatic activity (5 unit/mL). Among the 15 strains
isolated from Korean fermented soybean paste, two can-
didates (CK-1, CK-2) also exhibited substantial fibri-

nolytic activity (Table 1). The Bacillus sp. NA-1 which
produced the highest fibrinolytic activity was selected as
the candidate for the production of fibrinolytic enzyme.
A NA-1 strain grown on soymilk agar was confirmed to
be a gram positive strain by gram staining and micro-
scopic examination, and also hydrolyzed soy protein on
the soymilk agar plate, resulting in the formation of clear
zone. The optimal temperature for growth of NA-1 was
42°C, but the strain was capable of growth between 25°C
and 50°C, but did not grow at 55°C. The identification
characteristics from the API kit are shown in Table 2.
The NA-1 strain could utilize glucose, saccharose and
mannose as carbon sources, but not galactose or lactose.
Since NA-1 was determined to be B. firmus with 80.7%
homology based on the biochemical analysis, we desig-
nated it as B. firmus NA-1. B. firmus NA-1 forms a
sticky colony with a rough surface when it grows on an
MRS agar plate, but forms a spreading colony without
stickiness when grown on NB agar plates (Fig. 1). There-
fore, the Bacillus strain producing mucilage can be easily
distinguished on MRS agar plates, since it grows with
a sticky and rough morphology.

Effect of pH and temperature on the production of
fibrinolytic enzyme

To determine the effect of pH on the production of
fibrinolytic enzyme, the initial pH of the nutrient broth
was adjusted to between 5 and 11. The fibrinolytic en-
zyme produced from B. firmus NA-1 showed the highest
activity in culture medium at pH 7. When the pH of the
culture medium was lowered, the relative activity was
reduced compared with plasmin enzyme (Table 3). Fur-

Table 1. Fibrinolytic activity of the microorganisms isolated
from Natto and Chungkukjang

Strains Fibrinolytic activity (%)
NA-1 108
CK-1 83
CK-2 30
CK-3 73
CK-4 21
CK-5 42
CK-6 46
CK-7 85
CK-8 69
CK-9 53
CK-10 14
CK-11 39
CK-12 42
CK-13 39
CK-14 24
CK-15 34
Plasmin (5 unit/mL) 100

NA-1 and CK strains were isolated from Natto and Chungkuk-
jang, respectively.
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Table 2. Identification of Bacillus sp. NA-1 strain by API CHB kit

No. Carbon sources Growth No. Carbon sources Growth
0 Control - 25 Esculine -
1 Glycerol + 26 Salicine -
2 Ertythritol - 27 Cellobiose -
3 D-Arabinose - 28 Maltose +
4 L-Arabinose + 29 Lactose -
5 Ribose + 30 Melibiose -
6 D-Xylose - 31 Saccharose +
7 L-Xylose - 32 Trehalose +
8 Adonitol - 33 Inuline +
9 B-Methyl-xyloside - 34 Melezitose -
10 Galactose - 35 D-Raffinose -
11 D-Glucose + 36 Amodon -
12 D-Fructose + 37 Glycogene -
13 D-Mannose + 38 Xylitol -
14 L-Sorbose 39 B-Gentiobiose -
15 Rhamnose - 40 D-Turanose -
16 Dulcitol - 41 D-Lyxose -
17 Inositol + 42 D-Tagatose -
18 Mannitol + 43 D-Fucose -
19 Sorbitol + 44 L-Fucose -
20 « -Methyl-D-mannoside - 45 D-Arabitol -
21 a -Methyl-D-glucoside - 46 L-Arabitol -
22 N-Acetyl glucosamine - 47 Gluconate -
23 Amigdaline - 48 2-Keto-gluconate -
24 Arbutine - 49 5-Keto-gluconate -

NA-1/NB

Fig. 1. Morphology of Bacillus firmus NA-1 strain grown on
MRS and NB agar plates.

Table 3. Effect of initial pH on the relative activity of
fibrinolytic enzyme from Bacillus firmus NA-1

pH Relative activity (%)
5.0 64

6.0 80

7.0 108

8.0 83

9.0 73

10.0 0

11.0 0
Plasmin (5 unit/mL) 100

thermore, alkaline pH reduced fibrinolytic enzyme activity,
and enzyme activity was not detected above pH 10. Heo

et al. (23) reported that Bacillus sp. isolated from Chung-
kukjang showed the maximal enzyme production at pH
8.0. The fibrinolytic enzymes from Bacillus sp. KP-6048
and B. subtilis BK-17 were maximally produced at pH
8.0 and 9.0, respectively (17,18). Therefore B. firmus
NA-1 optimally produces fibrinolytic enzyme at a neutral
pH in contrast to other fibrinoltyc enzymes producing
Bacillus sp.

In general, growth temperature is an important factor
for the production of microbial metabolites. B. firmus
NA-1 was grown in nutrient broth (pH 7.0) at different
temperatures. The relative activities of fibrinolytic en-
zyme were 82.8%, 107.9%, and 94.9% at 30°C, 37°C
and 42°C, respectively (unpublished results). This result
was identical with the reports that Bacillus sp. isolated
from Chungkukjang maximally produced fibrinolytic en-
zyme at 37°C (18,23). On the other hand, a thermophilic
strain Bacillus stearothermophilus showed the maximal
production of fibrinolytic enzyme at 50°C (24).

Effects of nitrogen, carbon and inorganic salt

To determine the ideal carbon source for production of
the fibrinolytic enzyme, various carbon sources including
monosaccharides, disaccharides and soluble starch were
added to the nutrient medium at a 1% level. The addition
of glucose, saccharose or mannose decreased the relative
activity of fibrinolytic enzyme compared with a standard
plasmin enzyme. Previously, biochemical analysis showed
that glucose, saccharose and mannose were utilized by
B. firmus NA-1. On the other hand, lactose and galactose,
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which could not assimilated by the strain, enhanced the
relative activity of the fibrinolytic enzyme. In particular,
galactose addition resulted in the highest relative activity,
even higher than the standard plasmin enzyme (Table 4).
The soluble starch also enhanced the enzyme production,
showing 97.9% relative activity. Choi (25) reported that
Bacillus sp. isolated from a fermented soybean source
efficiently produced enzyme in a medium containing
soluble starch. These results imply that a deficiency in
carbon source may enhance the production of fibrinolytic
enzyme by B. firmus NA-1.

In general, it is known that the nitrogen source is a
crucial factor for the production of extracellular enzyme
(26). The relative fibrinolytic activity of NB was approx-
imately the same with or without a nitrogen source (Table
4). The addition of tryptone enhanced the relative activity
of fibrinolytic enzyme. Fibrin as a nitrogen source did
not affect fibrinolytic enzyme production. These results
suggest that B. firmus NA-1 shows just a lack of induc-
ibility by nutrients. Kalebina et al. (27) reported that the
fibrinolytic enzyme from Bacillus brevis was produced
efficiently in medium containing yeast extract as the ni-
trogen source. Enzyme production from a B. subtilis strain
isolated from fermented soybean was not enhanced in
the presence of tryptone (18). Therefore, adding nitrogen
sources to the nutrient broth only marginally affects the
activity of fibrinolytic enzyme compared to the effects of
carbon sources.

To determine the effect of inorganic salts on enzyme

Table 4. Effect of carbon and nitrogen sources and inorganic
salts on the relative activity of fibrinolytic enzyme from Ba-
cillus firmus NA-1

Sources Nutrient Relative activity (%)
Glucose 68
Saccharose 55
Maltose 78
Carbon Soluble starch 98
Mannose 48
Galactose 116
Lactose 90
Fibrin 103
Yeast extract 103
. Soy flour 92
Nitrogen Tr)}l,ptone 114
Ammonium sulfate 105
Glycine 92
CaCl; - 2H;O 56
Tnorganic MgSO, - TH,O 49
salt NaCl 88
NazHPO4 95
K,HPO, 113

The plasmin (5 units/mL) was used for standard enzyme and
its relative activity was designated with 100%.

production, various salts were fortified at a 0.5% level
in the nutrient broth. Most inorganic salts inhibited en-
zyme production, resulting in a lower relative enzyme
activity compared with that of culture without inorganic
salts. Only potassium phosphate enhanced the production
of fibrinolytic enzyme, showing 112.9% of relative activ-
ity. On the other hand, calcium and magnesium decreased
the relative activity by about 50%. Therefore, it turns out
that inorganic salt concentration in nutrient broth is a very
crucial factor for the production of fibrinolytic enzymes.
Based on the results of this study, the optimum compo-
sition for the nutrient broth is shown in Table 5.

Effect of fermentation time

The effect of fermentation time on fibrinolytic enzyme
production was evaluated in a batch fermentation in
liquid medivm with the optimal nutrient composition. As
shown in Fig. 2, the relative activity of fibrinolytic en-
zyme was rapidly increased during the initial 36 hr of
fermentation, and then gradually increased until 72 hr
of fermentation time reaching a relative activity of 140%
(7 plasmin units). After 72 hr, the relative enzyme activity
decreased slightly. Kim et al. (28) reported that a bacterial
strain isolated from Chungkookjang produced the highest
fibrinolytic activity at 1.84 plasmin units when grown

Table 5. Optimal medium composition for the production of
fibrinolytic enzyme from Bacillus firmus NA-1

Nutrient Concentration (g/L)

Beef extract
Peptone
Galactose
Tryptone
K:HPO,
Distilled water
pH

—_
N =t O bhw

160 ®
I Relative activity
140 + —m—pH

120 M

100

80

60

Relative activity (%)

40

20

ﬂ 11
L 1 1 " " 1 1 L 1 L 0

S O @ P P RSN P P
Fermentation time (hrs)

Fig. 2. Effects of fermentation time on the relative activity of
fibrinolytic enzyme from Bacillus firmus NA-1.
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in nutrient broth. Also, Jang et al. (29) reported that a
fibrinolytic bacterial strain was isolated from Jeot-Gal,
salt-fermented fish which produced 2.04 plasmin units.
Therefore, the data suggest that the modified nutrient
broth is the most efficient media for production of fibri-
nolytic enzyme from B. firmus NA-1. The pH of culture
broth remained relatively constant, at pH 7.5, during fer-
mentation for 72 hr. The relative enzyme activity during
fermentation in liquid culture appeared to parallel the
growth curve of the microorganism. The production of
fibrinolytic enzyme by B. firmus NA-1 coincided with the
cell growth, resulting in rapid increases during the initial
36 hr. In the stationary phase the production of enzyme
gradually increased and then declined after fermentation
for longer than 72 hr, This result agreed with the 72 hr
optimal culture time previously determined for enzyme
production by Bacillus sp. S19 (20). It was reported that
the optimal culture time for enzyme production by other
Bacillus straing was 48 hr (23). Therefore, the optimat
culture time for production of fibrinolytic enzymes may
be different according to the strain and culture medium,
so that optimization is required. Based on our results,
to produce fibrinolytic enzyme efficiently, the liquid fer-
mentation should be completed within 3 days.

Effect of temperature and pH

Effects of temperature and pH on the activity of the
fibrinolytic enzyme were evaluated. The optimal pH for
activity of the fibrinolytic enzyme from B. firmus NA-1
is shown in Fig. 3. The relative activity of the fibrinolytic
enzyme was well maintained in the range of pH 7.0 to
pH 9.0, showing higher relative activity in the alkaline
range, but under acidic conditions, the enzyme activity
was greatly decreased, exhibiting 30% of relative activity.
This result was different from that of the fibrinolytic

120

100 ¢
g 80
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B8 60
<
o]
® 40 ¢
r

20

0 i A L L

4 5 B 7 8 9 10 11

pH

Fig. 3. Effect of pH on the relative activity of crude fibrinolytic
enzyme obtained from the liquid culture of Bacillus firmus
NA-1.

Fig. 4. Comparison in fibrinolytic enzyme activity of super-
natant of liquid culture and its concentrate on the fibrin plate.
A: concentrate, B: supernatant, C: diluted concentrate,

enzyme from Bacillus sp. KA38, which showed higher
activity under acidic conditions, retaining 80% of relative
activity (1). The activity of the crude fibrinolytic enzyme
was mostly retained even after concentration by vacuum
evaporation at 50°C for 1 hr. As shown in Fig. 4, the di-
tuted concentrate reconstituted to original volume showed
a similar pattern in the formation of a clear zone on the
fibrin plate. However, the fibrinolytic enzyme concentrate
formed the largest clear zone. It has been reported that
the fibrinolytic enzyme from Bacillus sp. KA38 is stable
up to 40°C, but its activity rapidly decreased at higher
temperatures. As a result, about 70% of the relative fibri-
nolytic activity is lost at 50°C (1). In contrast, the fibrino-
Iytic enzyme from B. firmus NA-1 in this study remained
quite stable activity at that temperature. Therefore, vacuum
evaporation can be used to obtain a concentrate with high
activity from liquid culture, without the loss of activity.
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