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Abstract Subtilisin QK, a new fibrinolytic enzyme, could

cleave directly cross-linked fibrin in vitro. To verify the

thrombolytic function of Subtilisin QK in vivo, the

thrombolytic effect of purified Subtilisin QK on tail-

thrombus of mouse was investigated. After injected with

carrageenan, the tail-thrombus of Subtilisin QK treated

group were shorter than the physiological saline treated

group. Moreover, the tail-thrombus decreased correlate

with Subtilisin QK in a dose-dependent manner. Thrombus

nearly disappeared while the mice were treated with

12000 IU Subtilisin QK. The result indicated that Subtili-

sin QK significantly inhibited thrombus formation in

mouse tail. This study made more foundation for further

development of Subtilisin QK as a novel bifunctional

thrombolytic agent.
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Abbreviations

tPA Tissue plasminogen activator

MW Molecular weight

SDS-PAGE Sodium dodecyl sulfate polyacrylamide gel

electrophoresis

rTFPI Recombinant human tissue factor pathway

inhibitor

ScFV Single-chain variable fragment

Introduction

Intravascular thrombosis is one of the main causes of

multiple cardiovascular diseases. The formation of throm-

bus in blood vessel is a very complicated physiological

process participated by many factors [1]. The initial stage

of artery thrombus formation is mainly caused by blood

vessel injury, platelet adhesion and aggregation, but slowly

blood stream and blood blockage usually cause vein

thrombus [2, 3]. Besides many inhibitors of coagulation

factors were developed to prevent and cure thrombosis,

thrombolytic therapy is now designed to achieve recanali-

zation in these diseases. There are many thrombolytic

agents that are currently either approved for clinical use or

under clinical investigation: urokinase, streptokinase, and

tissue plasminogen activator (tPA), etc. [4]. However, these

agents function to active plasminogen to plasmin, and extra

plasmin activity can easily result in bleeding through its

proteolytic degradation of other factors in the blood. So

the pursuit of high quality thrombolytic agent never

stopped [5].

Two fibrinolytic enzymes were recently obtained from

Bacillus subtilis QK02 (CCTCC, M203078), a strain with

highest activity of fibrinolytic enzyme, and the enzyme
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with higher activity was named Subtilisin QK. Subtilisin

QK is composed of 274 amino acid residues (MW =

27.8 kDa) and shows high efficiency of directly cross-

linked fibrin degradation by SDS-PAGE and fibrin plate

method in vitro [6]. In addition, Subtilisin QK has the

ability of inhibiting tyrosine nitration induced by nitrite,

hydrogen peroxide and hemoglobin in vitro and in vivo and

protecting human umbilical vein endothelial cell (ECV-

304) from the damage caused by nitrite and hydrogen

peroxide [7]. But there were no researches evaluating the

thrombolytic effect of Subtilisin QK in vivo up to now.

Several experimental models of thrombosis have been

established in the past. Various techniques, including

physical (mechanical, electrical current and ligation) and

chemical (trypsin, FeCl3, and H2O2) approaches have been

employed to destroy blood vessel endothelial, induce

platelet adhesion and aggregation, slow down and block

blood stream to startup endogenesis coagulation [8]. Nearly

all these approaches need complicated surgery to exposure

blood vessel except the carrageenan induced thrombus in

the tail of animals. The advantages of carrageenan induced

thrombosis model lies in that easily manipulation, accu-

rately and continuously measurement of thrombus range

and extent without killing the animals, and lesser cost

because of small scale animal used [9]. One explanation for

the thrombotic activity of carrageenan is that activation of

Hageman factor which is followed by intravasal coagula-

tion. Histological study indicated that thrombocyte

aggregates and leukostasis participated in disseminated

intravasal coagulation [9, 10].

Carrageenan induced thrombosis model is first intro-

duced in 1984, when mouse is treated by carrageenan, there

appears wine-colored region in end of the tail of mouse,

and the length of pathological increases with the time

elapsed [11]. Carrageenan has also been used to induce

arthritis in the rat, rabbit, dog, and pig [12]. This model has

been used to test many clinical used anti-thrombus and

thrombolytic agent (heparin, UK, Aspirin, etc.). These

results verify the thrombus attribute of animal tail in

another point of view [13–15]. In the present study,

thrombolytic function of purified Subtilisin QK was eval-

uated in carrageenan induced thrombosis model.

Materials and methods

Strains, reagents and animals

Lumbrokinase (earthworm fibrinolytic enzyme, Beijing

Biology Company) was purchased from Middle-south

Hospital of Wuhan University with the standard fibrinolytic

activity of 300000 IU per capsule. Carrageenan (Type I,

C1013) from Sigma; Human fibrinogen and thrombin from

Chinese Medicine Testing Institute were purchased. Other

common used reagents are all analytical grade made in

P.R. China.

Male Kunming Mouse with mean weight about 20 g

were used and provided by Chinese Traditional Medicine

University of Hubei province. All procedures were per-

formed with the approval of the Committee on the Use of

Live Animals in Teaching and Research of the Wuhan

University. Food pellets were available from Disease

Control Center in Hubei province, P.R. China.

Protein identification and fibrin plate

Subtilisin QK was purified by chromatography from

B. subtilis QK02 as described in our previous work.

Quantitative analysis of fibrinolytic activity was conducted

by the standard fibrin plate method [6, 16].

Thrombosis model

Male Kunming mice were subcutaneously injected with

sterile carrageenan dissolved in physiological saline at the

concentration of 0.2% (w/v). Different doses of carra-

geenan were subcutaneously injected and the most suitable

concentration was determined. Mice were observed at an

interval of 8 h, which included the length, pathological

degree and the appearance ratio of wine-colored thrombus

formation tail.

Thrombolytic reagents injection

A total of 30 Male Kunming mice were randomly divided

into 5 groups (n = 6). Group 1 served as control with

saline water; Groups 2, 3, 4 were, respectively, given 3000,

6000 and 12000 IU purified Subtilisin QK dissolved

in physiological saline; Group 5 were given 12000 IU

lumbrokinase as positive control. After mouse was subcu-

taneously injected with carrageenan, lumbrokinase or

Subtilisin QK were respectively injected through celiac

into mice. These thrombolytic reagents injection was at 0,

8, 24, 32, 48, and 56 h, the thrombus length were measured

at 72 h. Each experiment was done at a minimum in

triplicate.

Statistical analysis

Statistical comparisons were made using GraphPad Prism

version 4.0 for Windows software (GraphPad Software,

San Diego, CA, USA). Data are presented as mean-

s ± SEM. Statistical analysis was performed by using

ANOVA or two-tailed student’s t test when appropriate.

P \ 0.05 was considered as statistically significant. All

experiments were performed at least three times.
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Results

Fibrinolytic activity of Subtilisin QK

To quantify the fibrinolytic activity of Subtilisin QK, we

made a standard fibrinolytic activity curve of lumbrokinase

by fibrin plate method (data not shown). Purified Subtilisin

QK protein was added into the fibrin plate, after incubation

at 37�C for 18 h, the dissolving area was measured

(Fig. 1). The fibrinolytic activity was calculated when

comparing its dissolving area to the standard curve. By

calculating, the fibrinolytic activity of the purified Subtil-

isin QK used in this experiment was 38000 IU/mg.

Establishment of tail-thrombus model

Carrageenan-induced tail thrombosis model is greatly

affected by environment temperature. When temperature is

lower than 18�C, thrombus formation ratio reaches 100%.

So the thrombosis model was established at 18�C.

First we designed experiments to determine the best

dose of carrageenan and optimize the tail thrombosis

model. As shown in Fig. 2, carrageenan dose was corre-

lated with the thrombus length in mouse tail in determined

range (5–15 mg/kg). When the concentration of carra-

geenan exceeded 15 mg/kg and the length of thrombus

would not increase. So the concentration of carrageenan

was fixed on 15 mg/kg in this study, which could guarantee

all the carrageenan treated group to appear thrombus and

have a suitable thrombus length in the tail. In our work it

was showed that 24 h after carrageenin injection infarction

in the tail is not visible, 48 h after carrageenin injection

there is a little infarction in the tip end of mouse tail, and

the length of infarction in the tail would be stable 72 h after

carrageenin injection (data not shown).

Thrombolytic effect of Subtilisin QK in mouse

thrombosis model

In order to test the thrombolytic activity of Subtilisin QK in

vivo, Carrageenan-induced tail thrombus model was uti-

lized. After mice were subcutaneously injected with

carrageenan, different dose Subtilisin QK were injected

through celiac into mice and length of tail thrombus were

measured at 72 h. It was showed in Fig. 3 that there were

no obvious differences when Subtilisin QK at 3000 IU, but

there were significant differences when it reached 6000 IU,

the effect was more obvious with the concentration

Fig. 1 Fibrinolytic activity of purified Subtilisin QK on fibrin

plate. 1: Purified Subtilisin QK; 2: negative control (PBS). Data

represent one of three experiments

Fig. 2 The relation between carrageenan dose and mouse tail

thrombus formation. m Real line denote average thrombus length;

j dashed line denote thrombus formation ratio. The vertical line on

each dot signifies standard deviation (n = 6)

Fig. 3 The effect of Subtilisin QK and lumbrokinase on carrageenan

induced tail thrombus model. Each column standard for one group.

Group 1: Carrageenan and saline water; Group 2: carrageenan and

3000 IU Subtilisin QK; Group 3: carrageenan and 6000 IU Subtilisin

QK; Group 4: carrageenan and 12000 IU Subtilisin QK; Group 5:

carrageenan and 12000 IU lumbrokinase. Results were statistically

significant using Student’s test. *p \ 0.05 vs. Group 1. **p \ 0.01 vs.

Group 1. Bars indicate means ± SEM. n = 6. The analysis is based

on three independent experiments
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increasing. We could conclude that Subtilisin QK signifi-

cantly inhibited carrageenan-induced mouse tail thrombus

formation in vivo. It was also concluded that the inhibition

activity increased along with the injection amount of

Subtilisin QK, which presented linearity relationship.

When the amount of Subtilisin QK reached 12000 IU,

thrombus nearly disappeared in mouse tail and its throm-

bolytic effect was a little better than 12000 IU

lumbrokinase treated group. The representative actual

results of each group were showed in Fig. 4. The average

thrombus length in Group 1 was 5.8 cm; and the average

length of thrombus decreased gradually in Groups 2 and 3,

respectively, 5.2 and 3.4 cm with the increase of the

amount of Subtilisin QK. The thrombus nearly disappeared

in the tip of mousse tail in Group 4. From these results, it

was concluded that Subtilisin QK could significantly

inhibit thrombus formation in carrageenan induced mouse

tail thrombus model.

Discussion

Carrageenan is a kind of amylose sulfate substance extracted

from algae and it can be used to induce several kinds of

tissue inflammation and tail thrombus animal model [10, 12,

17, 18]. When giving hypodermic injection of carrageenan

on back of mouse, there appears wine-colored region at the

tip of mouse tail, then the pathogen region experience typ-

ical dry necrosis. Since thrombus formation occurred in

mouse tail and has obvious border with normal region, we

can observe appearing time, developing process, spreading

range and length of the formed thrombus. This provides an

easy intuitionistic and manipulating animal model for

research the whole process of thrombus formation in vivo.

After proved by clinically affirmed effective medicaments

like heparin, urokinase and aspirin, thrombus character of

the animal model was further confirmed and this indicate

that we can easily test and select latent anti-thrombus

reagents with this animal model.

It has been broadly used to test antithrombotic sub-

stances including recombinant human tissue factor

pathway inhibitor (rTFPI) [19], prostacycline and propio-

nyl carnitine [20], low molecular weight heparan sulphate

[13], flavonoids and lanthanides [21], heparin and phen-

procoumon [14]. Some researchers speculate that thrombus

formation of carrageenan induced mouse tail may due to

local blood vessel inflammation and endothelial cell injury

based on the pathological slice up observation [15], blood

vessel inflammation could release massive inflammation

factors, like interleukin-1, tumor necrosis factor, and these

inflammation factors may destroy the function of normal

endothelial cells to maintain the balance between hemag-

glutination and fibrinolysis, which thus induce the

formation of thrombus. In addition, when the endothelial

cells of blood vessel damage, secretion of factors relaxing

blood vessel will reduce; on the other hand, factors

shrinking blood vessel increase, which causes the partial

vasospasm and further promotes the thrombus to form [22].

Though recent study has showed that mitochondrial lesion

in cardiomyocytes in rat when injecting carrageenan to

induce thrombosis in the tail [10], our previous work

indicated that 72 h after carrageenan injection some mouse

tail broke at the infarcted portion, but the tail-broken

mouse lived externally no difference with normal mouse

(data not shown), the adverse effects of carrageenan on

internal systems should be tested in the following work.

Our previous results had shown that Subtilisin QK have

strong ability of dissolving fibrin in vitro, which was the

Fig. 4 The effect of Subtilisin

QK and lumbrokinase on

carrageenan induced mouse tail

thrombus length (72 h after

carrageenan injection). Arrows
indicate thrombus formation

region (wine-colored). Group 1:

Carrageenan and saline water;

Group 2: carrageenan and

3000 IU Subtilisin QK; Group

3: carrageenan and 6000 IU

Subtilisin QK; Group 4:

carrageenan and 12000 IU

Subtilisin QK; Group 5:

carrageenan and 12000 IU

lumbrokinase. Data represents

one of three experiments
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main basement of thrombus. These results make the

development of this fibrinolytic enzyme into a novel

thrombolytic reagent become possible. In order to test the

thrombolytic effect of Subtilisin QK in vivo, we utilized

carrageenan induce mouse tail thrombus model. Our

studies demonstrated that Subtilisin QK displayed strong

thrombolytic ability in mouse, and its effect is better than

clinically used lumbrokinase. Our result makes it further to

exploit Subtilisin QK as a novel thrombolytic reagent. In

addition, due to the enzyme is extracted from B. subtilis, it

has the advantage of extracting material source abundance,

lower cost of finished product, unambiguous and onefold

effective fraction, which compared with lumbrokinase.

Therefore, Subtilisin QK is a kind of effective thrombolytic

reagent with great exploitable potential.

Based on our results, we confirmed that Subtilisin QK,

as a fibrinolytic enzyme, could execute its thrombolytic

function effectively in vivo. From the angle of investiga-

tion, we can utilize it to exploit antibody targeted

thrombolytic reagent. Moreover we will combine Subtilisin

QK with our previously obtained fibrin specific single-

chain variable fragment (scFv) [23] together to develop a

more advanced thrombus targeting thrombolytic molecular.
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