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Abstract Fibrinolytic microorganisms were screened from
42 samples of Korean fermented food (7 kinds of Chungook-
jang, 14 kinds of commercial Doen-jang, 5 kinds of home-
made Doen-jang, and 16 kinds of Jeot-gal), 15 samples of
Japanese fermented food (5 kinds of home-made soybean
paste, and 10 kinds of Natto), and 19 samples of Indonesian
fermented food (Tempe) as well as starters of Meju (500
microflora from Korea, and 22 from China). Initially, 11
isolates with strong fibrinolytic activity were selected for further
characterization. The fibrinolytic activity of the 11 isolates
ranged from 89 to 199% of standard plasmin. Four strains,
M51 from Korean fermented food (Meju), 1 1-1,11-4, and 1
5-1 from Indonesian fermented food (Tempe), were chosen based
on the degree of activity and reproducibility, and identified as
Staphylococcus sciuri, Citrobacter or Enterobacter, Enterococcus
faecalis, and Bacillus subtilis, respectively. The first two
isolates are pathogenic strains while the latter two are considered
as GRAS (Generally Recognized As Safe). Fibrinolytic activity
of E. faecalis, characterized and designated as BRCA-S,
reached a maximum, when the producer was cultivated in
M17 broth supplemented with 1.0% glucose for 5h at
37°C with shaking at 180 rpm. Compared to commercial
fibrinolytic enzymes, the cell-free culture supernatant of
E. faecalis BRCA-5 showed stronger activity than plasmin
and streptokinase, but similar degree of specific activity as
nattokinase and urokinase, and it also demonstrated anticoagulant
and antiplatelet activity ex vivo. These features of E. faecalis
make it an attractive agent as a biomaterial for health-
promoting foods.
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Hemostasis is a highly elaborated and complicated system
where blood coagulation and fibrinolysis are in fine
balance and tightly controlled. Fibrin converted from
fibrinogen during thrombosis events is an insoluble,
polymeric meshwork and stabilized by thrombin-activated
factor XIIT through cross-linking [7]. It is critical to
remove redundant fibrin deposits at the sites of tissue
injury to restore full potency to the damaged vessel. The
fibrinolytic system consisting of fibrinolytic enzymes
including plasmin, tissue plasminogen activator (t-PA),
plasminogen activator inhibitors (PAls), and urokinase is
the body’s main defense mechanism against occlusive
vascular diseases [21]. Accordingly, these agents have been
developed as thrombolytic agents for treating thrombotic
diseases. Application of these agents, however, accompanies
several adverse effects including hemotrhagic complications
and lack of fibrin specificity, as well as high cost. A
safe and efficient thrombolytic agent should be relatively
fibrin-specific to avoid systemic activation of the fibrinolytic
pathway. Excess circulating plasmin, the serine protease,
can also degrade fibrinogen and other coagulating factors,
resulting in impaired blood coagulation and thus damaged
hemostasis [31]. In this regard, search for new candidates
as an effective thrombolytic agent has been an active research
area, and at present, 8 commercial drugs are available
including those prepared by recombinant technology [4].
During the past decades, microorganisms demonstrating
fibrinolytic activity have been isolated from fermented foods
[20, 35, 36, 38]. Bacillus natto producing nattokinase was
isolated from a Japanese fermented food, Natto [35]. Sumi
et al. [34] reported that nattokinase enhanced the plasma
fibrinolysis in vivo, when administrated orally. At present,
various health foods containing nattokinase have been
developed commercially [33]. Several Bacillus strains,
including strains CK11-4, DJ-4, and KA38, were isolated
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from traditional Korean fermented foods, such as Chungook-
jang, Doen-jang, Kamahi, and fermented fish products [14,
17,19, 20, 27, 38]. The fibrinolytic enzymes produced by
these food-grade microorganisms are of special interest in
developing functional foods beneficial to public health.

In this study, naturally occurring microflora showing
fibrinolytic activity, in addition to Meju strains belonging
to the genus Bacillus, were screened from various Korean
(42 samples) and international fermented foods (34 samples).
Microorganisms were selected based on the extent of
fibrinolytic activity as well as possibility to be developed
as an alternative thrombolytic agent. Cultural and biochemical
characteristics of the selected microorganisms were examined
for taxonomic identification. Production of fibrinolytic activity
of an isolate, Enterococcus faecalis, with strong activity
was optimized by monitoring growth conditions.

MATERIALS AND METHODS

Materials

Varieties of fermented foods were collected from Korea,
Japan, and Indonesia (Table 1). Among the food samples
collected from Korea were Chungkook-jang, Doen-jang
(both commercial and home-made) and Jeot-gals. Natto
and soybean pastes were purchased from a local Japanese
market and Tempes from Indonesia. All chemicals were
purchased from Sigma Chemical Co. (St. Louis, U.S.A.),
unless stated otherwise. Growth media including nutrient
broth, brain heart infusion (BHI), MRS, Luria-Bertani (LB),
and M17 were purchased from Difco (Detroit, U.S.A.) and
prepared according to the manufacturer’s instruction.

Fibrinolytic Activity Assay

The fibrin plate method [2] was used with slight modification.
Briefly, human fibrinogen was dissolved in 10 mM sodium
phosphate buffer (pH 7.4) to a final concentration of 0.5%
followed by adding thrombin (10 NIH units). The mixtures

were solidified in petri dish for 1 h at room temperature
prior to use. In order to examine fibrinolytic activity,
aliquot of samples (20 ul) was spotted on fibrin plate
followed by incubation at 37°C for 12 h. The diameter of
cleared zone was measured and fibrinolytic activity (units/
mg) was determined using a parallel standard curve based
on the standard plasmin (4 units/mg).

Screening of Fibrinolytic Strains

Fermented food with fibrinolytic activity was screened
by placing a small amount directly on fibrin plates.
After selecting the fibrinolytic food samples, fibrinolytic
microorganisms were isolated as follows. Briefly, a slurry
of the selected samples (25 g) was homogenized in 225 ml
of 10 mM sodium phosphate buffer (pH 7.5) using a
Stomacher homogenizer. A loopful of each slurry was
streaked on nutrient agar (NA), brain heart infusion agar
(BHI), and M17 agar (duplicate each), and incubated
at 37°C for 1-2 days. Single colonies were picked and
cultivated in enrichment media whose supernatants were
spotted on fibrin plate to assay the fibrinolytic activity.
After incubating the fibrin plates at 37°C for 24 h, colonies
with surrounding clear zones were selected and classified
as fibrinolytic isolates. Isolates from Chungkook-jang
were designated ‘KC’ while the strains from Indonesian
fermented foods were assigned as ‘I’. Starter cultures
of Meju (over 500 Korean strains, M1-M500, and 22
strains from China, C1-C22) were tested for fibrinolytic
activity.

Identification of Fibrinolytic Microorganisms

After enrichment, the cultural and biochemical characteristics
of the 4 bacterial isolates selected based on the source and
activity were analyzed according to Bergey’s Manual of
Systematic Bacteriology using API kits [10]. Analysis of
the peptidoglycan and 16S rDNA of each isolate was
carried out by DSMZ (Germany) in order to identify the
isolates at the species level.

Table 1. Fermented foods used for screening and fibrinolytic isolates obtained from each food sample.

Fermented foods

Geographic — - - No. of isolates  Fibrinolytic
sources Name Samples/ Fibrinolytic Samples/strains tested isolates
strains tested  samples/Strains selected
Chungkook-jang 7 6 2 17 7
Korea Commercial Doen-jang 14 7 ND* ND ND
Home-made Doen-jang 5 0 ND ND ND
Jeot-gal 16 0 ND ND ND
Japan Home-made soybean paste 5 0 ND ND ND
Natto 10 10 ND ND ND
Indonesia Tempes 19 14 15 14
Starters for Korea 500 25 25 25 25
Meju China 22 2 2 2 2

*ND. Not determined.



Optimization of Culture Condition for Maximum
Fibrinolytic Activity

Several rich media including NB, BHI, MRS, and M17
containing either glucose or lactose (final concentration of
1.0%), and LB were used to determine the media in which
fibrinolytic microflora showed maximum fibrinolytic activity.
Growth of the producer in M17 broth containing 1.0%
glucose was monitored spectrophotometically at 600 nm
while the fibrinolytic activity was simultaneously measured
by the fibrin plate method as a function of time.

Animals

Sprague-Dawley (SD) male rats, weighing 200-250 g each,
were used in the study. The rats were cared for following
the guidelines of the National Institutes of Health [25].
Rats had free access to food and water until the beginning
of experiments. After 24 h of fasting, the rats were used for
analyzing the antiplatelet activity ex vivo. The rats were
allowed to take water during the fasting period.

Determination of Ex Vivo Antiplatelet Activity of the
Culture Supernatant of E. faecalis

Ex vivo antiplatelet activity of the cell-free culture supematant
of E. faecalis (CS) was investigated with a slightly modified
method and compared to that of aspirin, a widely used
antiplatelet agent [6]. Briefly, Sprague-Dawley (SD) male
rats were divided into three groups, having 10 rats for each
control, aspirin-, or the CS-treatment. Before administration
of test samples to rats, 4.5 ml whole blood were drawn
from the heart of anesthetized rats using syringes with 26G
needle containing 0.5 ml of 3.8% sodium citrate. Aliquot
of the whole blood (450 ul) was incubated at 37°C for 3 min
followed by addition of 5 ul collagen to induce platelet
aggregation. After 24 h fasting, the rats in each group were
force-fed using Zonde filled with 50% DMSO or test
samples. The CS of E. faecalis BRCA-5 was lyophilized
and resolubilized in water prior to the treatment. Both
aspirin dissolved in 50% DMSO and the CS solution were
administrated at the dosage of 100 mg/kg body weight/day
for 4 consecutive weeks prior to blood sampling for the
antiplatelet activity. One hour after the last feeding, blood
samples were drawn from the heart of anesthetized rats as
described above. The platelet aggregation was monitored using
the two-channel Chrono-Log platelet aggregometer (Chrono-
Log, Co., Havertown, PA, U.S.A.) as described [3, 30, 39].

Analysis of Anticoagulant Activity Using Whole Blood
Blood samples obtained at 1 h after the last feeding were
used to determine the whole blood clotting time. An aliquot
{250 ul) of blood sample was transferred to a capped tube
and prewarmed to 37°C. While rotating the capped tubes,
an equal volume of 1.7% CaCl, was added in order to
induce blood clotting, and the whole blood clotting time
was monitored in seconds.

FIBRINOLYTIC MICROFLORA FROM FERMENTED FOODS 651

RESULTS AND DISCUSSION

Screening of Fibrinolytic Strains

Thrombosis is a major cause of death in the world, which
has facilitated research in the field of thrombolytic therapy.
Clinical, experimental, and pharmacological evidence suggest
that fibrinogen and fibrin are involved in the growth and
dissemination of malignant diseases, which further emphasize
the importance of timely development of thrombolytic
agents. At present eight commercial thrombolytic agents,
which are clinically approved or under development, are
available [4]. They are originated from either human plasma,
microorganisms, or prepared using recombinant technology.
Fibrinolytic agents of microbial origin include streptokinase,
staphylokinase, and nattokinase recently isolated from a
Japanese fermented food, Natto. Nattokinase is of special
interest, since it is produced by Bacillus natto, a naturally
occurring microorganism in fermented food. Application
of nattokinase in commercial food products has promoted
us to screen various fermented foods for a new fibrinolytic
strain and its enzyme.

In this study, 42 Korean-, 15 Japanese-, and 19
Indonesian-fermented foods samples as well as the starters
for Meju (500 Korean strains, 22 Chinese strains) were
screened for microflora showing the fibrinolytic activity. A
typical fibrin plate having fibrinolytic activity by isolates is
shown in Fig. 1. Isolates like C, D, or E showing strong
activity were selected from initial screening, while the
other isolates such as A and B with weak or no activity
were discarded. From the Korean samples of Chungkook-
jang, a total of 7 isolates showing the fibrinolytic activity
were obtained, and designated as KC series (Table 1).
Although 7 out of 19 Doen-jangs were fibrinolytic, no effort

Fig. 1. Fibrin plate showing clear zones resulted from the
fibrinolysis of isolates.

Cell-free culture supernatant of isolates DJ-2 (A), KC 1-1 (B), M51 (C), I
1-4 (D), and I 1-5 (E) were tested.
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Table 2. Fibrinolytic activities and source of 11 isolates
preliminary selected for the study.

Microorganisms ~ _ .
Country Fibrinolytic activity (unit/mg)°
Name®  Source”
Plasmin 4.00
KC1-1 FF 3.56
KC 4-7 FF 3.56
Korea 151 MJ 5.56
M93 MJ 3.56
M427 MJ 3.56
I11-1 FF 7.96
I1-3 FF 436
Indonesia 1 14 Fr 724
I1-5 FF 7.12
[5-1 FF 3.56
15-2 FF 3.56

KC, strains isolated from Chungkook-jang; M, starters of Meju; L
Indonesian fermented foods.

°FF, Fermented Food; MJ, Meju.

“The fibrinolytic activity of isolates determined based on the fibrin plate
method and expressed as unit/mg using a parallel standard curve based on
plasmin standard (Sigma Chemical Co., U.S.A.).

was made to isolate microorganisms due to their relatively
weak activity. The result was not in agreement with the
reports that Bacillus species isolated from Doen-jang
showed 3 to 4-fold higher fibrinolytic activity than other

Bacillus species obtained from Chungkook-jang or Natto
[15]. All Natto samples tested were fibrinolytic, but none
of the Japanese soybean pastes hydrolyzed fibrin. Since
fibrinolytic microorganism from Natto was well characterized,
no further isolation was carried out for these samples.
Fourteen isolates with strong fibrinolytic activity were
collected from Indonesian fermented food, Tempe, and
designated as I-strains. Out of 500 M-strains, 27 strains
inctuding 25 Korean strains and 2 Chinese strains were
fibrinolytic and their activity was further examined.

Based on the extent of the activity and cultural
characteristics, a total of 11 strains were chosen for further
characterization (Table 2). Two KC-strains showed fibrinolytic
activity that was approximately 89% of plasmin. Among
the fibrinolytic Meju strains, the M51 strain showed the
strongest activity (139% of plasmin). Three isolates from
the Indonesian Tempes, 11-1, I 1-4, and I 1-5, had good
fibrinolytic activity of 178-199% of plasmin.

Identification of Fibrinolytic Microorganisms

Out of 11 isolates, 4 strains, M51, 1 1-1, 1 1-4, and I 5-1,
were chosen on the basis of the activity, reproducibility,
and cultural characteristics for further characterization
and strain identification (Table 3). Morphological, cultural,
and biochemical tests for the 4 strains were carried
out according to the Bergey’s Manual of Systematic
Bacteriology using the API kits. Two strains, M51 and

Table 3. Morphological, cultural, and biochemical characteristics * of four fibrinolytic isolates.

Growth
under . 16S rDNA
Strains Morphology Grgm aerobic/ Motility Spore Catalase Urease Fermentacb le Pep tldogiycan sequence
stain . formation sugars type A
anaerobic similarity
condition
M51 Coccus +° +/+w =° - + - Gle, Frc, Ala, L- 100% to
Man, Mal, Lys- Staphylococcus
Lac, Mann, L-Ala-Gly, sciuri
Rib, Cel,
Suc, NAG
11-1 Short rods - +w/+ + - + + Glc, Fre, ND* 98.5 % to
Man, Mal, Citrobacter or
Suc, Trh, Enterobacter
Arb, Rhm,
Gal, NAG
11-4 Coccus + +/+ - - - - Gle, Rib, Alq, 100% to
Mann, Sorb, L-Lys- Enterococcus
Lac, Trh, L-Ala,, faecalis
Suc, Mal
15-1 Rods + +/— ND  +(ellipsoid) ND ND  Glc, Arb, ND 100% to
Xyl, Mann, Bacillus
Frc subtilis

*Morphology of each isolate was determined microscopically while biochemical tests were carried out using the APT kit,

*Peptidoglycan type and 16S rDNA of each isolate were analyzed at the DSMZ.

°ND, not determined; +, growth or presence; -, no growth or absence. Gle, glucose; Frc, fructose; Man, mannose; Mal, maltose; Lac, lactose; Mann,
mannitol; Rib, ribose; Cel, cellubiose; Suc, sucrose; Trh, trehalose; Arb, arabinose; Rhm, rhamnose; Gal, galactose; Sor, sorbitol; Xyl, xylose; NAG, N-

acetylglucosamine.
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Table 4. Identification of the four fibrinolytic microorganisms and their activity.

Fibrinolytic activity (unit/mg)®

Isolates Source Strain identification Pathogenicity* - - - -
With plasminogen  Without plasminogen

Ms1 Meju of Korea Staphylococcus sciuri Pathogen 6.12+0.30 5.44+0.26

I'1-1  Tempe of Indonesia  Enterobacter sp. or Citrobacter sp. ~ Pathogen 3.76+0.18 4.92+0.24

11-4  Tempe of Indonesia  Enterococcus faecalis GRAS 4.924+0.24 7.20+0.36

15-1  Tempe of Indonesia  Bacillus subtilis GRAS 3.84+0.28 3.84+0.18

*Pathogenicity of each strain was referred to literatures.

*The fibrinolytic activity of isolates determined was based on the fibrin plate method and expressed as unit/mg using a parallel standard curve based on plasmin
standard (Sigma). Data are presented as means+SD. p<0.05. When necessary, final concentration of plasminogen was composed of 1 mg/ml in fibrin plates.

I-4, were Gram-positive coccid and did not sporulate.
Peptidoglycan types and 16S rDNA sequence analysis
revealed that these cocci were 100% homologous to
Staphylococcus sciuri (M51) and Enterococcus faecalis
(I 1-4), respectively. Isolate I 1-1 was Gram-negative
short rods with motility and showed 98.5% homology
to Citrobacter or Enterobacter species, when analyzed
for 16S rDNA sequence. The 4" strain, I 5-1, was Gram-
positive, aerobic spore-formers, and identified as a Bacillus
subtilis strain.

Table 4 summarizes the source, strain name, pathogenicity,
and their fibrinolytic activity. When determined by the
fibrin plates with or without plasminogen, the activity of I
1-1 and 1 1-4 was not enhanced by the presence of
plasminogen, indicating that the fibrinolytic agent was not
plasminogen activator (PA) but fibrin-specific enzyme
(Table 4). In contrast, the activity of M 51 and T 5-1 was
higher on the plasminogen-containing plate than on the
plate lacking the substance, suggesting that the active
agent might be PA-like. These strains showed fibrinolytic
activity on the plasminogen-lacking fibrin plate, suggestive
of a fibrin-specific protein in addition to a PA-like enzyme.
S. sciuri (M51) and Citrobacter/Enterobacter (I 1-1) were
identified as pathogenic strains [11], while E. faecalis (I 1-
4) and B. subtilis (1 5-1) were considered as GRAS [24,
35]. These findings made the latter two strains attractive
candidates for developing as biomaterials in functional
foods. Of the latter two strains, E. faecalis was of more
interest, since the fibrinolytic enzyme acts directly on
fibrin, not through plasminogen activation, whereas that of
B. subtilis acts via a plasminogen activator. In addition, the
fibrinolytic enzyme of E. faecalis has not been well
characterized whereas that of B. subtilis has extensively
been studied (e.g. CK 11-4, KA-38, KP-6408, DJ-4; [13,
14, 16, 18]). E. faecalis, formerly a Lancefield group D
faecal Streptococcus species, is a member of the lactic acid
bacteria and naturally present in the intestines of animals,
Kimchi, or starter mixes, making the strain applicable to
foods [10, 24]. Streptococcus species producing fibrinolytic
enzyme, streptokinase, belong to the Lancefield groups A and
E, which distinguishes them from E. faecalis [9, 10, 32].
Some strains of E. faecalis are reported to be pathogenic to

humans, causing endocarditis or urinary infection {11, 12,
22]. However, since the late 1980s, E. faecalis and E.
Jaecium have been investigated for their potential use as
probiotics, and it was found that these strains, when
administrated, supported the growth of other probiotic
LABs and Bifidobacterium and inhibited the growth of
Salmonella or yeasts in the intestines of animals [28, 29].
Taking all these observations into consideration, I 1-4
identified as Enterococcus faecalis was chosen for further
characterization for the rest of this study and designated as
BRCA-S.

Optimization of Culture Condition for Maximum
Fibrinolytic Activity of Cell-Free Culture Supernatant
of E. faecalis BRCA-5 (CS)

The culture condition of E. faecalis BRCA-5 was optimized.
Optimum growth temperatures and pHs ranged 25-40°C
and 4.5-8.0, respectively (data not shown). In order to
optimize the culture media, several growth media were
tested (Fig. 2). Among the growth media tested, M17 broth
containing 1.0% glucose supported the highest growth
(0D, 3.521) as well as relative fibrinolytic activity of
100%. When lactose instead of glucose was supplemented,
the activity was only 80% compared to that of glucose

100
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Relative activity (%)

10
L.

A B C D E F

Fig. 2. Comparison of the fibrinolytic activity of E. faecalis
BRCA-5 cultivated in several media broths.

Bars: A, NB; B, BHIL; C, MRS; D, M17 broth+1% Glucose; E, M17
broth+1% Lactose; F, LB.
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Fig. 3. Growth of E. faecalis BRCA-5 and fibrinolytic activity
in M 17 broth supplemented with 1.0% glucose at 37°C.
Legends: 8, growth; O, fibrinolytic activity.

supplemented culture. Growth of E. faecalis BRCA-5 in
nutrient broth or Luria Bertani (LB) broth led to no or
weak activity (Fig. 2), and BHI broth was also a poor
medium. Chemically defined media supplemented with
different nutrients did not lead to the increased production
of fibrinolytic activity by the bacteria (data not shown).

Fibrinolytic activity increased when E. faecalis BRCA-
5 was cultivated at 37°C with shaking, reaching maximum
at 180 rpm (data not shown). E. faecalis BRCA-5 reached
stationary phase within 5h under this condition when
1.0% overnight culture was seeded (Fig. 3). Fibrinolytic
activity increased concurrently with the increase in cell
mass under these conditions, reaching a maximum after
5 h incubation. Based on these results, optimum conditions
for the growth and fibrinolytic activity were to cultivate E.
faecalis BRCA-5 in M17 broth containing 1.0% glucose at
37°C with shaking (180 rpm) for 5 h.

Fig. 4. Comparison of the fibrinolytic activity of the CS with
commercial thrombolytic agents.
Legends: A, CS; B, plasmin; C, nattokinase; D, urokinase; E, streptokinase.

Comparison of Fibrinolytic Activity of Cell-Free Culture
Supernatant of E. faecalis BRCA-5 (CS) with Other
Thrombolytic Agents

The activity of various fibrinolytic enzymes was compared
(Fig. 4). CS, urokinase, and nattokinase showed 1.5-3 fold
higher activity than commercial plasmin or streptokinase,
when determined by the sizes of clear zones. Nattokinase,
a microbial fibrinolytic enzyme isolated from the Japanese
fermented food, Natto, is currently used to prepare various
health-promoting foods [33]. Likewise, E. faecalis BRCA-
5 might be used for development of a thrombolytic agent
that could be included in functional foods or administrated
as clinical therapy against thrombotic diseases. However,
further investigations, preclinical as well as clinical, should
be carried out prior to use as a new biomaterial or drug.

Ex Vivo Antiplatelet and Anticoagulant Activity of Cell-
Free Culture Supernatant of E. faecalis BRCA-5 (CS)

Clinical treatments for thrombotic diseases have been
developed according to diverse mechanisms such as
anticoagulant, antiplatelet action, or thrombolysis. Thrombosis
and fibrinolysis are the pathways where both processes are
closely linked and regulated [5,23,37]. It is, therefore,
expected that changes in one process might result from the
other process and vice versa. In the present study, we
investigated whether ex vivo anticoagulant and/or antiplatelet
activity of the CS would be observed when administrated
to rats, using three groups of Sprague-Dawley (SD) male
rats (Fig. 5). Thus, each group was treated with 50%
DMSO (control), aspirin dissolved in 50% DMSO, and the
CS, respectively, and the antiplatelet activity of aspirin and
the CS were found to be 38.1% and 21.3%, respectively,
compared to the control that showed normal platelet
aggregation when induced by collagen. At the same dose
of 100 mg/kg/day, the CS showed over 50% antiplatelet
activity of aspirin, a widely used strong antiplatelet agent.
It has been observed by SDS-PAGE that the fibrinolytic
CS hydrolyzed not only fibrin but also fibrinogen with

(% controf)
S
T

Antiplatelet activity

vy 4

O 1 1

Control Aspirin CcSs
Dose (100 mg/kg/day)

Fig. 5. Ex vivo antiplatelet activity of the CS and aspirin, a
widely used antiplatelet agent.
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Fig. 6. Whole blood clotting time of the CS and aspirin,
determined after 3-week treatment of rats.

high specificity (data not shown). Hydrolysis of fibrinogen
by the CS might be attributed to the inhibition of platelet
aggregation, because fibrinogen plays a key role in platelet
aggregation by forming a complex with glycoprotein IIb-
Illa on the surface of platelets [1, 8,26]. Many large
molecular size proteins are readily inactivated in vivo
when administrated orally; however, there are reports to
show that oral administration of nattokinase resulted in the
increased fibrinolysis ex vivo, which allowed the enzyme
to be included in various health-promoting foods [34, 35].
It seemed, therefore, that the CS, like nattokinase, might
have survived the gastric environment and exerted its
fibrinolytic activity in rats.

The anticoagulant activity of the CS on the clotting time
of whole blood was also determined ex vivo (Fig. 6). The
blood clotting time of the rats fed with the CS was 289
seconds, which delayed by 30% of the control, while
aspirin did not effectively inhibit the blood clotting. The
observed anticoagulant activity of the CS might have
resulted from the fact that fibrinogen, the substrate of
thrombin, was hydrolyzed and thus lowered the formation
of fibrin. These results may suggest that the anticoagulant
and antiplatelet activity of the CS resulted via inhibition
cascade of blood coagulation to influence thrombin-
associated activity as well as fibrinogen-mediated platelet
aggregation. Further investigation is necessary to confirm
the hypothesis. It is, however, of great interest that the
fibrinolytic CS induced the anticoagulant and antiplatelet
activity ex vivo. These observations open the possibility of
E. faecalis BRCA-5 or its metabolic products as an active
component in functional foods.
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