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Abstract Ischemic stroke and cardiovascular disease can oc-
cur from blockage of blood vessels by fibrin clots formed nat-
urally in the body. Therapeutic drugs of anticoagulant or throm-
bolytic agents have been studied; however, various problems
have been reported such as side effects and low efficacy. Thus,
development of new candidates that are more effective and safe
is necessary. The objective of this study is to evaluate fibrino-
lytic activity, anti-coagulation, and characterization of serine
protease purified from Lumbrineris nipponica, polychaeta, for
new thrombolytic agents. In the present study, we isolated and
identified a new fibrinolytic serine protease from L. nipponica.
The N-terminal sequence of the identified serine protease was
EAMMDLADQLEQSLN, which is not homologous with any
known serine protease. The size of the purified serine protease
was 28 kDa, and the protein purification yield was 12.7%. The
optimal enzyme activity was observed at 50°C and pH 2.0. A
fibrin plate assay confirmed that indirect fibrinolytic activity of
the purified serine protease was higher than that of urokinase-
PA, whereas direct fibrinolytic activity, which causes bleeding
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side effects, was relatively low. The serine protease did not
induce any cytotoxicity toward the endothelial cell line. In ad-
dition, anticoagulant activity was verified by an in vivo DVT
animal model system. These results suggest that serine protease
purified from L. nipponica has the potential to be an alternative
fibrinolytic agent for the treatment of thrombosis and use in
various biomedical applications.

Keywords Serine protease - Lumbrineris nipponica -
Fibrinolytic activity - Bi-functional thrombolytic activity -
Anticoagulant activity

Introduction

Stroke and cardiovascular disease caused by thrombus formation
have significant impacts on mortality (Libby 2006). To overcome
these conditions, the thrombus needs to be removed or treated
with a thrombolytic agent. Currently, the only thrombolytic agent
that has been commercially approved by the United States Food
and Drug Administration (US FDA) is tissue-plasminogen acti-
vator (t-PA), which is a serine protease found on endothelial cells
of blood vessels (Zivin 2009). T-PA reportedly has side effects
such as swelling, rashes, hives, short-time window, and
reocclusions (Wardlaw et al. 2012). Accordingly, investigation
and development of new thrombolytic proteases that can over-
come these side effects are required (Nordt and Bode 2003).
Serine protease includes a catalytic triad composed of
aspartic acid, histidine, and serine residues that cleaves protein
peptide bonds (Brady et al. 1990). In humans, serine protease
mainly regulates blood circulation and metabolic processes by
influencing thrombolytic events (Carter and Wells 1988).
Plasmin is a serine protease that plays a significant role in
degrading blood plasma proteins, including fibrin clots, via a
process known as fibrinolysis (Wiman and Collen 1978).
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Owing to its fibrinolytic activity, plasmin should be useful in
emergency situations when fibrin clots are not degraded,
resulting in thrombosis (Sherry ef al. 1959). However, when
injury or disease occurs and the conditions cannot be resolved,
it is necessary to use effective drugs. Compounds that can
dissolve blood clots are known as thrombolytic agents. These
drugs are largely divided into two types depending on the
thrombosis mechanisms. Direct thrombolytic agents, which in-
clude serine proteases such as plasmin, brinase, and trypsin,
directly degrade fibrin clots into fibrin degradable products
(FDP) (Collen 1999). However, these drugs are toxic and non-
specifically dissolve coagulated clots, resulting in severe dam-
age. Side effects of direct thrombolytic agents can be
complemented by indirect fibrinolytic enzymes that activate
their downstream enzymes to dissolve fibrin clots such as uro-
kinase, t-PA, streptokinase, and hirudin (Kotb 2015). The indi-
rect fibrinolytic pathway can overcome the disadvantages of
directly decomposing proteases by acting on fibrin-specific
plasminogen lysis. Nevertheless, indirect thrombolytics still
have problems such as low efficacy and side effects such as
hemolysis, fever, allergic reactions, topical bleeding, and
reocclusions (Bi ef al. 2013). Therefore, development of vari-
ous indirect fibrinolytic agents with high efficacy and fewer
side effects as compared to typical thrombolytic agents is im-
portant for alternative applications (Victor and Sol 1988).

Previous studies have been conducted to identify serine pro-
teases from many marine organisms. Serine proteases purified
from annelids have been shown to have fibrinolytic activity,
and this activity has already been demonstrated in various spe-
cies including Neanthes japonica (Wang et al. 2011), Eisenia
andrei (Lee et al. 2007), and Perionyx excavatus (Phan et al.
2011). However, previously identified serine proteases from
annelids led to the same side effects caused by conventional
thrombolytic agents, such as reocclusion and bleeding.

Lumbrineris nippinica is distributed in mudflats of Korea
and Japan which has various protease for digest various food in
its habitats. In the present study, we purified and identified a new
fibrinolytic serine protease from L. nipponica which is called LN
serine protease and evaluated whether the bi-functional fibrino-
lytic and anti-clotting activity could overcome these side effects.
In in vitro assay, the new serine protease strongly expressed in-
direct fibrinolytic and anticoagulant activities, along with weak
direct fibrinolytic activity and non-cytotoxicity to human endo-
thelial cells. Also, in vivo assay showed anticoagulant activities
which are promising characteristics required for the treatment of
thrombosis and various biomedical applications.

Materials and Methods

Reagents A Hitrap Benzamidine affinity fast flow column
and Hitrap DEAE sepharose ion exchange column were ob-
tained from GE healthcare Life Sciences (Uppsala, Sweden).

Azocasein and fibrinogen from human plasma were pur-
chased from Sigma Aldrich (St. Louis, MO,). Thrombin was
obtained from Mybiosource (San Diego, CA,). Laemmli's X5
protein sample buffer was gotten from Elpis-Biotech
(Dacjeon, Korea) and SeeBlue® Plus2 pre-stained standard
was purchased from Thermofisher (Waltham, MA,).

Purification of serine protease All purification steps were
performed at 4°C and followed an ammonium sulfate precip-
itation purification method (Deng et al. 2010). L.nippionica
was harvested from mudflat in Incheon, Korea in winter.
Before extracting serine protease, its intestine was cleared
out as best as possible through starving for 48 h at 10°C.
After incubation, 50 g of washed sample was cut into small
pieces and auto-lysed in 100 mL of 20 mM phosphate
(Na,HPO,, KH,PO,, and pH 7.0) for 2 h at 4°C. Remaining
4°C for overall precipitation steps, the auto-lysed sample was
centrifuged at 8000 g for 30 min, after which the supernatant
solution was saturated by the addition of ammonium sulfate to
give a final concentration of 20% and it was stayed for 4 h.
The suspension was centrifuged at 10,000 g for 20 min, after
which the supernatant was adjusted to 55% saturation and
incubated for an additional 4 h. The solution including precip-
itate was then centrifuged at 10,000 g for 15 min. The remain-
ing supernatant was removed and the pellet was dissolved in
5 mL of 20 mM phosphate buffer and stored at —20°C until
use.

Fractionation of serine protease Crude extracts were sepa-
rated through dialysis membrane which has 14,000 dalton of
molecular weight cut-off for 24 h in 20 mM phosphate buffer
at 4°C. The sample was then applied to a HiTrap™
Benzamidine affinity fast flow column (GE Healthcare,
Uppsala, Sweden, 1 mL) equilibrated with Tris-HCI contain-
ing 0.5 M NaCl buffer (pH 7.4) and eluted with 5 mL of 0.5 M
glycine buffer (pH 3.0). Following affinity purification, the
buffer was exchanged with Tris-HCI buffer in phosphate buft-
er via dialysis. The sample was then applied to a HiTrap™
DEAE sepharose ion exchange column (GE Healthcare,
1 mL) equilibrated with Tris-HCL. The elution buffer used
was NaCl buffer (pH 7.4). At this time, the amount of the
eluent was 5 to 10 times that in the column.

Determination of molecular weight The molecular weight of
LN serine protease was determined by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE). The SDS-
PAGE running gel contained 12% acrylamide, 0.1% SDS, and
0.375 M Tris-HCI. (Kim et al. 2015). Seven micrograms of
the purified sample was mixed with x5 protein sample buffer,
boiled at 100°C for 5 min, and then electrophoresed with
SeeBlue® Plus2 pre-stained standard at 110 V. The electro-
phoresed gel was stained with Coomassie Brilliant Blue and
destained with destaining buffer.
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Determination of serine protease amino acid sequence The
purified proteins obtained by SDS-PAGE were transferred to a
polyvinylidene difluoride membrane by using electroblotting
method. The proteins were electroblotted by TE77X semi dry
transfer (Hoefer) in towbin buffer at constant current 110 mA.
The sample was submitted to Emass, Seoul, Korea (Moon
et al. 2014) to request protein sequencing. The N-terminal
sequence of the purified protein was analyzed for 15 amino
acid residues, and then subjected to the Edman degradation
method. The obtained N-terminal sequence was compared to
that of other proteases by BLAST searches of the NCBI
database.

Confirmation of protein yield depending on purification
steps The yield of purification steps was determined accord-
ing to the amount of protein and protein activity. Purification
steps were divided into four steps, crude extraction, ammoni-
um sulfate treatment, affinity column chromatography, and
ion exchange column chromatography, after which the
amounts of protein and protein activity were obtained by
bicinchoninic acid (BCA) assay and through the OD value
in accordance with the fibrin plate assay, respectively.
Specific activity was determined as a total activity/total pro-
tein, and yield was determined as the ratio of the protein ac-
tivity of each step.

Fibrin plate assay Fibrinolytic activity was confirmed by the
fibrin plate method (Astrup and Miillertz 1952). Briefly, a
fibrin plate made in our laboratory was formed by the reaction
of 1 mL fibrinogen (1.5% human fibrinogen (20 mM Tris-HCI
buffer, pH 7.4)) and 30 pL thrombin (100 NIH, 20 mM Tris-
HCl buffer, pH 7.4) at 4-well plates for 1 h, after which a small
hole was made to test the fibrinolytic activity at room temper-
ature. Next, 10 pg/mL of serine protease and a control sample
(u-PA) were added and allowed to react for 2 h at 37°C. Image
J (National Institutes of Health) was used to evaluate fibrino-
lytic activity of samples by measuring the dissolved area of the
fibrin plate.

The fibrinolytic activity of the serine protease according to
time was determined by spectrophotometric analysis of sam-
ples in a 96-well plate at 30 min, 1, 2, and 4 h. The 96-well
fibrin plate was formed as described above. For analysis, ap-
proximately 1 pg of serine protease was added to each well
and the absorbance at 540 nm was measured at each of the
aforementioned times. All of the above experiments were
proceeded at room temperature.

Azocasein assay Protease activity was measured by azocasein
assay (Iversen and Jergensen 1995). For this assay, the mixture
was composed of 0.5% azocasein, 25 mM Tris-HCI buffer (pH
7.5), and 10 pg/mL of purified enzyme. The azocasein assay
was incubated in 1.5 mL microcentrifuge tube at 37°C for
30 min, after which the protease-protease substrate reaction
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was stopped by the addition of 10% TCA and then centrifuged
at 10,000 g for 10 min. Following centrifugation, the pellet was
removed and NaOH was added to the supernatant. The super-
natant mixture was then measured by ELISA at 450 nm, after
which the azocasein assay was used for pH measurement, tem-
perature characterization, and an inhibitor test.

Characterization of enzyme activity dependent on temper-
ature and pH To determine the optimal temperature for the
activity of fibrinolytic enzyme extracted from L. nipponica, the
purified sample was evaluated at 4, 10, 24, 30, 37, 50, 60, and
70°C (Ahn et al. 2003). The sample was incubated for 15 min
at each temperature before treatment with azocasein, after
which the assay was performed as described above. To
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Figure 1. SDS-PAGE of the LN serine protease extracted from
L. nipponica. Lane 1: sample (extracted enzyme); Lane M: standard
protein size marker.
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investigate the optimal pH for the serine protease extracted
from L. nipponica, an azocasein assay was performed at pH
values of 3.0-10.0. The 25 mM Tris-HCI buffer (pH 7.5) for
the azocasein assay was substituted with solution at pH 3 to 6
that was prepared using 25 mM glycine-HCI, while those at pH
7 to 10 were made with 25 mM Tris-HCI. All of the aforemen-
tioned experiments were conducted at room temperature and
the protease activity was measured by azocasein assay.

In vitro endothelial cell toxicity test LN serine protease must
be tested for cell toxicity before it can be commercially applied
for the treatment of actual stroke victims. The cytotoxicity ef-
fect of serine protease extracted from L. nipponica on human
cerebral micro-vessel endothelial cells (hCMEC/D3) was ana-
lyzed by treatment in cell culture media (EBM-2 media con-
taining 5% FBS, 1% penicillin-streptomycin, hydrocortisone
(1.4 uM), ascorbic acid (10 pug/mL), x1 chemically defined
lipid concentrate, hydroxyethyl piperazineethanesulfonic acid
(HEPES) (10 mM), and basic fibroblast growth factor (bFGF)
(1 ng/mL)). The cells were incubated under 5% CO, at 37°C
for 24 h. Samples were tested according to the concentration of
fibrinolytic enzyme. This experiment included five controls (5,
10, 20, 50, and 100 pg). Cell viability of hCMEC/D3 was
analyzed by MTT assay.

Plasminogen free plate

Control (PBS) (LN serine protease)

N
4

Plasminogen rich plate
(LN serine protease)

|-

Plasminogen rich plate (u-PA)

Figure 2. Fibrinolytic activities of LN serine protease and positive
control (u-PA) on plasminogen-free (a, b, ¢, d) and plasminogen-rich (e,
/) fibrin plates. (a) PBS; (b, e) LN serine protease; (c, f) u-PA (control); (d)
plasmin. The amount of serine protease and u-PA was 10 pg. g The fibrin-

Turbidity assay A turbidity assay was performed using a
modified version of the method described (Park et al. 2013).
Briefly, 90 pL of human blood plasma, 10 uL of thrombin
(100 NIH), and 25 mM phosphate buffer (pH 7.4) were
mixed. The mixture was then incubated for 2 h at 25°C and
observed for the formation of clots. Next, 5 pg of LN serine
protease was added to the mixture and the samples were incu-
bated for 24 h at 37°C. Finally, the turbidity was measured by
ELISA at 405 nm.

In vivo DVT model A deep vein thrombosis (DVT) animal
model was generated using the method described by Zhang
et al. (2011). Briefly, after abdominal incision of the rat (SD
rat, 8 wk), sub vena cava such as lumber, renal, and iliac were
sealed by suturing and clotting inducer (human blood plasma),
and fibrinolytic enzyme (10 pug/mL) was injected into the rat
tail vein. After 15 s, the vena cava was completely sealed for
1 h, at which time it was cut to determine the number of blood
clots. The u-PA was used as a positive control in the DVT
model.

Statistical analysis One-way analysis of variance (ANOVA)
was conducted to evaluate the dissolving potential of the fibrin
plate, characterization of the optimal temperature and pH,

Plasminogen free plate (u-PA)

Plasminogen free plate (plasmin)

12 4

1.0 -

0.8 -

0.6 -

0.D. value

04 -

02

0.0 - -
30 min ih 2h 4h

Dissolving time

dissolving potential of the enzyme was measured at 30 min, 1, 2, and 4 h
based on the absorbance at 540 nm. The asterisk (*) indicates significant
difference (P < 0.001).
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Table 1.  Specific activity and yield of the serine protease purified from
L. nipponica according to the purification steps. The amount of total
protein was confirmed by BCA assay, and the total activity of serine
protease was measured by fibrin plate assay

Purification steps ~ Total Total Specific  Yield (%)
protein (mg) activity (unit) activity
(unit/mg)
Crude extracts 96.24 57123 59.3 100%
Ammonium sulfate 32.04 2318.2 72.6 40.6%
Affinity column 9.43 1329.1 140.9 23.3%
Ion exchange 7.64 727.3 95.2 12.7%

column

cytotoxicity, and turbidity. All experiments were conducted in
triplicate and statistical significance was considered with p-

values (*< 0.05, **< 0.01, or ***< 0.001). All data are
expressed as the average values =+ the standard deviation (S.D.).

Results

Purification of serine protease Using a series of purification
procedures, the serine protease was purified and its molecular
weight was confirmed by SDS-PAGE (Fig. 1). LN serine pro-
tease was shown as a single band that was estimated to be
28 kDa on the SDS polyacrylamide gel. The yield was then
measured using the total protein, specific activity, and total
activity (Table 1). Determination of the specific activity based
on the total activity and protein concentration revealed that it
increased with each purification step. The specific activities of
ion exchange, the last purification step, were 95.2 units/mg,
which was about 1.6-fold higher than the specific activity of
the crude extract step. Finally, the purification yield was
12.7%, which was similar to that reported for other reference
compounds.

Identification of serine protease from L. nipponica by
N-terminal amino sequence analysis Amino acid se-
quences of serine protease from L. nipponica were analyzed
by the Edman degradation method. N-terminal amino acid
sequencing revealed that the LN serine protease is composed

Table 2.

of Glu-Ala-Met-Met-Asp-Lys-Ala-Asp-Gln-Leu-Glu-Gln-
Ser-Leu-Asn. Table 2 shows the sequence identification re-
sults relative to other serine proteases of various species eval-
uated using the NCBI blast algorithm. High similarity (53.3%)
was observed for Oceanobacilus picturae, while the next most
similar sequence was 46.6% homologous with Vibrio
metschnikovii and Alnus qlutinosa.

The LN serine protease shows both plasminogen-dependent
and independent fibrinolytic activities Fibrinolytic activity
assay of the LN serine protease was performed by measure-
ment of clear zones in the fibrin plate (Fig. 2). PBS was used
as negative control and plasmin was used as a positive control.
As shown in Fig. 2a, d, there was no fibrionolytic activity in
PBS and high fibrinolytic activity in plasmin. In Fig. 25, ¢ LN
serine protease showed direct fibrinolytic activity which was
only 0.3 times of u-PA. In this study, plasminogen-free and
plasminogen-rich fibrin plates were used to determine if the
serine protease had both low direct fibrinolytic activity and
high indirect fibrinolytic activity. The results confirmed this
respectively as shown in Fig. 2e, f: the indirect fibrinolytic
activity of LN serine protease over u-PA was confirmed by
the plasminogen-rich plate. The indirect fibrinolytic activity of
the LN serine protease was 1.3-fold higher than that of the u-
PA. The optimal dissolving time was determined to be be-
tween 2 and 4 h (Fig. 2g).

Optimal temperature and pH characterization of the LN
serine protease The optimal temperature of LN serine prote-
ase was measured by azocasein assay. The temperature range
was divided into 4, 10, 24, 30, 37, 50, 60, and 70°C. The
optimal temperature was 37°C for the LN serine protease ac-
tivity, with the activity decreasing below 30°C and above
50°C (Fig. 3a). The optimal pH of LN serine protease was
also measured by azocasein assay. As shown in Fig. 3b, the
serine protease maintained its activity at low to neutral pH’s
(pH 3.0—pH 7.0); however, the activity at high pH’s (pH 8.0—
pH 10.0) was significantly decreased. Based on these findings,
the LN serine protease was identified as an acidic serine
protease.

Alignment of the amino acid sequences of the LN serine protease and other closely related proteases. The identity was determined by an

NCBI blast search. Oceanobacillus picturae showed the highest significance (identity: 53.3), followed by Vibrio metschnikovii and Alnus glutinosa

(identity: 46.6). All of the above enzymes were serine protease

Enzyme Amino sequence Identity Accession number

Original amino sequence EAMMDKADQLEQSLN

Oceanobacillus picturae FAIOMDTALPIMDQLEQNGR 533 Sequence ID: ref.[WP_036577518.1]
Vibrio metschnikovii GYFAVKADQLEDSQA 46.6 Sequence ID: dbj[BAI50017.1]
Alnus glutinosa SAMMTTANPLDNTLN 46.6 Sequence ID: emb[CAA59964.1]
Caedibacter varicaedens LLKPLKDYQLEQALN 40 Sequence ID: dbj|[GA098215.1]
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Figure 3. Characterization of the LN serine protease for measurement of

optimal temperature (a) and pH () in the reaction range. a fibrinolytic

enzyme activity according to temperature was measured at pH 7.5.
Reactive activity was measured by the azocasein assay (reactive activity

Cytotoxicity test Cell viability was measured by MTT assay
after subjecting hCMEC/D3 cells to various serine protease
concentrations. As shown in Fig. 4, the serine protease exerted
no cytotoxicity. The viability of the hCMEC/D3 cells incubat-
ed with LN serine protease was unchanged as compared with
that of the control cells. These findings indicate that the LN
serine protease exerted no toxicity toward cells.

Turbidity assay Turbidity was measured using a spectropho-
tometer microplate reader. Human plasma becomes turbid
when thrombin reacts with CaCl,. As show in Fig. 5a, the
turbidity of human blood plasma clots was reduced in a
concentration-dependent manner when exposed to the LN ser-
ine protease. These results demonstrate that this serine prote-
ase remained its activity during the purification process.

0.30

0.25 1

0.20 -

0.15 1

0.D. value

0.10 |

0.05 -

0.00 r v
control 0 5 10 20 50 100

serine protease concentration (ug/ml)

Figure 4. Evaluation of the cytotoxicity toward the culture cell line
(hCMEC/D3) by MTT assay. The amount of serine protease used was
0, 5, 10, 20, 50, and 100 pg/mL. PBS buffer was used as a control. The
asterisk (*) indicates significant difference ("P < 0.05).

30

(b)

20

10

Relative activity (%)

pH

= (protease OD value—control OD value)/control OD value). b
fibrinolytic enzyme activity according to pH was measured at 37°C.
Reactive activity was measured by the azocasein assay.

Deep vein thrombosis (DVT) model The DVT model was
used to confirm whether serine protease has the ability to act
as an anticoagulant by measuring the amount of thrombus in
the vena cava. After exposure to the LN serine protease, the
vena cava contained fewer blood clots than the control and u-
PA (Fig. 5b). Overall, the experiments showed that serine
protease has the ability to act as an anticoagulant.

Discussion

Serine protease was purified and newly identified from
L. nipponica. Its N-terminal sequence was verified based on
53.3% homology with serine proteases from Oceanobacillus
picturae using the NCBI blast algorithm following Edman deg-
radation analysis (Table 2). When compared with other serine
proteases (Oceanobacillus picturae, 44.9 kDa; Vibrio
metschnikovii, 58.9 kDa), the molecular weight of the new
serine protease from L. nipponica (28 kDa) was unique,
confirming its novel nature. In addition, unlike in previous
studies (Hahn et al. 1999; Wang et al. 2006), a strategy for
purification of the serine protease was more specifically de-
signed using a Benzamidine affinity column, which has a high
capacity affinity for both trypsin and trypsin-like serine prote-
ases. Such reduced and specifically developed steps improved
purification yield and purity of the enzyme relative to previous
studies (Hahn ef al. 1999; Wang et al. 2006). This method was
also expected to enhance enzymatic activity. As a result, the
serine protease specifically identified in the present study can
be considered a new isoform of fibrinolytic enzyme from ma-
rine species in addition to those that have been reported to date.

In general, serine protease has a difference in direct and
indirect activities (Chou et al. 2013; Choi et al. 2014).
Serine proteases that have strong direct activity generally have
side effects of toxicity and bleeding, highlighting the impor-
tance of indirect thrombolysis (Chou et a/. 2013). The indirect
activities of the LN serine protease were much higher than the
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Figure 5. Measurement of turbidity and thrombus weights. (a) turbidity
enhanced due to the dissolution of fibrin clots after adding different

concentrations of enzymes. Turbidity was measured by spectrometry at
405 nm. The concentrations of serine protease were used 0, 5, 10, and

direct activity based on comparison with the u-PA. Moreover,
the direct activities of the serine protease were lower than
those of plasmin. These findings indicate that serine protease
has the potential to reduce side effects, toxicity, and bleeding.
The LN serine protease has low direct activity and high indi-
rect activity; therefore, the side effects of the serine protease
are expected to be lower than those of t-PA and u-PA. As a
result, we expect serine protease to have a higher value as a
drug because it can react more specifically to the fibrin clots.

The LN serine protease was identified as an acidic serine
protease by pH characterization. Serine protease activity was
maintained under a low pH environment, which is important
because the pH of blood is maintained between 6 and 7 during
stroke because of collapsing N-methyl-D-aspartic acid
(NMDA) receptors. As the NMDA receptors break down,
there is an influx of Ca®*, which results in the release of H*
(Isaev et al. 2008).

A turbidity assay using human plasma was also conducted
to investigate whether LN serine protease had fibrinolytic ac-
tivity (Wang et al. 2006). As shown in Fig. 5a, the serine
protease was effective in human blood plasma in a dose-
dependent manner. There are many serine protease inhibitors
in human blood plasma, which suppress an important factor to
thrombosis. As a result, the serine LN serine protease was
more effective in human blood plasma than other enzymes
tested against metal chelators as serine protease inhibitors
(Park et al. 2013).

To investigate the possibility for use of the serine protease
isolated in this study as a thrombolytic agent, the reduction of
side effects was focused on. Other studies have identified
many problems associated with t-PA, and experiments have
been conducted to address them (Wang et al. 1998). The pres-
ent study verified the reocclusion ability of the serine protease
to overcome side effects of t-PA for the treatment of stroke.
Moreover, the results of the present study were tentatively
confirmed by the DVT in vivo model. In the DVT model,
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20 pg/mL. (b) comparison of thrombus weights 1 h after injection of
10 pg of u-PA or serine protease into the intrarenal vena cava of DVT
model SD rats.

the amounts of clots in the control and u-PA were higher than
when serine protease was injected into the vena cava. These
findings indicate that the LN serine protease acts as an antico-
agulant in the vena cava. Accordingly, the LN serine protease
has the potential to overcome the side effects associated with t-
PA.

In conclusion, the present study provides the first evidence
that LN serine protease has indirect fibrinolytic activities and
anti-clotting capabilities, and is noncytotoxic. Moreover, we
demonstrated its bi-functional fibrinolytic activities both
in vitro and in vivo. Additionally, the DVT model was an
effective method to assess the anticoagulant activity. Overall,
the results presented herein indicate that LN serine has the
potential for use in thrombolytic agents.
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