
 

 

 

 

 

 

 

 

 

 

 

รายงานวจิัยฉบับสมบูรณ์ 

เร่ือง 

เอนไซม์สลายไฟบรินจากเพรียงทราย Perinereis nuntia 

(Fibrinolytic Enzyme from Sand Warm Perinereis nuntia) 
 

น าเสนอโดย 

ผู้ช่วยศาสตราจารย์ ดร. อภชิาต ิกาญจนทตั 

สถาบันวจิยัเทคโนโลยชีีวภาพและวศิวกรรมพนัธุศาสตร์ จุฬาลงกรณ์มหาวทิยาลยั 

 

 

 

 

 

 

 

 



 2 

ACKNOWLEDGEMENTS 

 

The authors thank the Annual Government Statement of Expenditure (2012-

2013) (Contract no GRB_BSS_58_55_61_05), the Thailand Toray Science 

Foundation (TTSF), and the Ratchadaphiseksomphot Endowment Fund of 

Chulalongkorn University (RES560530244-AS), for financial support of this research, 

as well as the Institute of Biotechnology and Genetic Engineering, Chulalongkorn 

University for the support and facilities. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 3 

ABSTRACT 

 

A protease from sandworms (Perinereis nuntia) was purified by using a 

combination of ammonium sulfate precipitation, DEAE cellulose and Superdex-200, 

respectively. The enriched preparation had a specific activity of 355.74 U/mg proteins 

and a yield of 18.5% total protein. The molecular weight of this protease was 

estimated to be 37.4 kDa by SDS-15% (w/v) PAGE. The pH stability of this protease 

is between pH 7-8, and it is stable up to 40 °C. The activity of the enzyme was 

inhibited by Cu
2+

 and Co
2+

, but was enhanced by Ca
2+ 

and Mg
2+

 ions. Furthermore, 

protease activity was potently inhibited by EDTA. 

 

Keywords: protease, sandworms, Perinereis nuntia 
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FULL TEXT 

 

1. Introduction 

Blood clots are formed by the conversion of fibrinogen into fibrin via the 

proteolytic action of thrombin [1] and subsequently, the formation of insoluble fibrin 

clots. These fibrin clots are dissolved by the hydrolysis of plasmin, which is activated 

from plasminogen by tissue plasminogen activator [2]. The hydrolysis of fibrin is also 

known as fibrinolysis. Fibrin clot formation and fibrinolysis are normally well 

balanced in biological systems. However, when fibrin is not hydrolyzed due to some 

disorder, thromboses can occur. Myocardial infarction is the most common of these 

thromboses. The fibrinolytic agents available today for clinical use are mostly 

plasminogen activators such as tissue type plasminogen activator (t-PA), 1 a 

urokinase-type plasminogen activator, and the bacterial plasminogen activator 

streptokinase. Despite their widespread use, all these agents have undesired side 

effects, exhibit low specificity for fibrin, and are also relatively expensive. Therefore, 

the searches for other fibrinolytic enzymes from various sources are being continued. 

Recently, an investigation was conducted involving the isolation of fibrinolytic 

enzyme from natural extracts, as the fibrinolytic proteases used in thrombolytic 

therapy exhibit high specificity for fibrin, and are relatively inexpensive. 

 Many organisms are important sources of thrombolytic agents. Effective 

thrombolytic agents have been identified and characterized from snake venoms [3-6], 

vampire bat [7-9], insects [10-14], earthworm [15-19], leech [20], marine green alga 

[21-23], and microorganisms [24-27]. These developments started a new era in the 

early treatment of heart attack. Sandworms (Perinereis nuntia) of the class Polychaeta 

play an important role in nutrient cycling and in maintaining and sustaining the 

benthic environment [28, 29]. The head-down deep deposit-feeding polychaetes are 

known for having strong effects on bioturbation and nutrient mineralization both by 

sediment reworking during non-selective feeding and by burrow irrigation [30]. In 

addition, it is a natural phenomenon that sandworm releases its coelomic fluid when 

being cut. Therefore, we hypothesized that there is a balance between the cuticle 

collagen and its coelomic fluid, and the latter is likely to have an activity of 

proteolysis. To verify our hypothesis, we successfully identified a novel protease from 

the coelomic fluid of sandworms. 

2. Material and method 
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2.1 Animals  

Sandworms (P. nuntia) were obtained from Bangphra beach, Chonburi 

province, Thailand. 

2.2 Chemicals 

4-amidino phenyl-methane sulfonyl fluoride (APMSF), ammonium sulfate, 

acrylamide, bis-acrylamide, 1-chloro-3-tosylamido-7-amino-L-s-heptanone (TLCK), 

hydrochloric acid, mercaptoethanol, sodium acetate, Tetramethylethylenediamine 

(TEMED), Tris (hydroxymethyl) aminomethane, the divalent metal salts and 

Ethylenediaminetetraacetic acid (EDTA) were purchased from Merck group, 

Germany. Ammonium persulfate, coomassie Blue G-250, glacial acetic acid, 

methanol, sodium chloride (NaCl), sodium hydroxide and sodium dodecylsulfate 

(SDS) were from BDH. Azocasein, diethylaminoethyl-cellulose (DEAE-cellulose), 

phenylmethylsulfonyl fluoride (PMSF), Superdex-200, N--tosyl-Lphenylalanine 

chloromethyl ketone, (TPCK) and trichloroacetic acid (TCA) were purchased from 

Sigma-Aldrich Co. Ltd, USA. All chemicals used were of analytical grade. 

2.3 Protease assay 

Protease activity was determined by measuring the release of acid-soluble 

material from azocasein. The enzyme sample (100 l) was mixed with 400 l of 1% 

(w/v) azocasein in 20 mM sodium phosphate buffer (pH 7.2). Following incubation at 

37 
o
C for 30 min, 500 l of ice-cold 10% (w/v) TCA was added to the mixture and 

immediately vortexed. The mixture was placed on ice for 10 min and centrifuged at 

15,000×g for 10 min. Absorbance of the supernatant was measured at 340 nm. One 

unit (U) of protease activity was defined as the amount of the enzyme that causes an 

increase in absorbance of 0.001 /min. 

2.4 Purification procedure  

Step 1 Ammonium sulfate precipitation and filtration 1.5 kg of washed 

sandworms were homogenized in 5 l of 20 mM sodium phosphate buffer (pH 7.2) 

containing 0.15 M NaCl in a blender and then was left at 4
 o

C overnight with 

continuously stirring. The suspension was then filtered through double-layered cheese 

cloth followed by centrifugation at 15,000×g for 30 min. Clear supernatant (crude 

homogenate) was harvested and proper amount of ammonium sulfate was added, with 

stirring, to 80% saturation followed by continuous stirring at 4 
o
C overnight. The 

precipitate was collected from the suspension by centrifugation at 15,000g for 30 
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min. The pellet obtained was then re-dissolved in 20 mM sodium phosphate buffer 

(pH 7.2), dialyzed (using 3,500 MWCO dialysis tube) against 3 changes of 5 l of 

water at 4 
o
C and then freeze dried. This will be referred to as the ammonium sulphate 

cut fraction. 

Step 2 Ion exchange chromatography The ammonium sulphate cut fraction 

was resolvated in 20 mM phosphate buffer (pH 7.2) and loaded (10 ml at 25 mg/ml 

total protein) into a DEAE-cellulose column (1.6 cm i.d.15 cm length) pre-

equilibrated with at least five column-volumes of 20 mM phosphate buffer (pH 7.2), 

and then eluted from the column using 20 mM phosphate buffer (pH 7.2) with a linear 

gradient of 0-1.0 M NaCl at a flow rate of 1.0 ml/min. Each collected fraction (10 ml) 

was screened for protein content as well as protease activities. The fractions 

containing corresponding activity were pooled, dialyzed, and concentrated by freeze 

dry to 50 mg/ml for further purification by gel filtration chromatography and analysis. 

This fraction is subsequently referred to as the “post-DEAE-cellulose protease 

fraction”. 

Step 3 Gel filtration chromatography The post-DEAE-cellulose protease 

fraction was applied (2 ml at 50 mg/ml) to a pre-equilibrated (20 mM sodium 

phosphate buffer (pH 7.2)/100 mM NaCl) Superdex-200 column (1.6 cm×60 cm) and 

then eluted with the same buffer at a flow rate of 0.5 ml/min. Fractions of 5.0 ml were 

collected and assayed for protease activity, and contiguous protease positive fractions 

(from the same peak) were pooled and dialyzed against an excess of same buffer prior 

to further analysis. This final preparation is referred to as the “enriched protease 

protein fraction”. 

2.5 Determination of the protein content 

The protein concentration was determined by the standard Bradford assay 

[31], with dilutions of a known concentration of bovine serum albumin as the 

standard. The absorbance at 595 nm was monitored with a microplate reader (BioTek 

Instruments, Inc., Winooski, VT, USA). During the column chromatographic 

separations, proteins of the elution profiles were determined by measuring the 

absorbance at 280 nm.  

2.6 Determination of the protein pattern by native-PAGE 

 The protein from each step of the purification procedure was analyzed for its 

native protein pattern according to the method of Bollag [32], using a 7.5% (w/v) 
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acrylamide separating gel and a 5.0% (w/v) acrylamide stacking gel. Tris-glycine 

buffer pH 8.3 was used as the electrode buffer, and gels were run at a constant current 

of 20 mA per slab at room temperature in a Mini-Gel Electrophoresis unit. After 

electrophoresis, proteins in the gel were stained by coomassie Blue R-250 staining 

(0.1% (w/v) coomassie Blue R-250 in 10% (v/v) acetic acid and 45% (v/v) methanol) 

followed by several changes of destaining solution (10% (v/v) acetic acid and 45% 

(v/v) methanol) until the background was clear. 

2.7 Molecular weight determination by SDS-PAGE 

Discontinuous reducing SDS-PAGE gels were prepared with 0.1% (w/v) SDS 

in 15% and 5% (w/v) acrylamide separating and stacking gels, respectively, with Tris-

glycine buffer pH 8.3 containing 0.1% (w/v) SDS as the electrode buffer, according to 

the procedure of Laemmli [33]. Samples to be analyzed were treated with reducing 

sample buffer and boiled for five min prior to application to the gel. Electrophoresis 

was performed at a constant current of 20 mA per slab at room temperature in a Mini-

Gel Electrophoresis unit. Molecular weight standards were co-resolved in each gel 

alongside the samples to determine the subunit molecular weight of the purified 

protein(s). After electrophoresis, proteins in the gel were stained with Coomassie blue 

R-250 staining. 

2.8 Effect of temperature on the protease activity  

 The effect of temperature on the protease activity was determined by 

incubating the enriched protease containing fractions in 20 mM sodium phosphate 

buffer (pH 7.2) at various temperatures (4-90 °C at 5
 o

C intervals) for 30 min. The 

samples were cooled to 4 °C and then assayed for residual protease activity with 

100% and 0% activity controls. 

2.9 The pH-dependence of the protease activity 

Incubation of the enriched protease fractions in buffers of broadly similar 

salinity levels, but varying pH from 2-14 was performed to assess the pH stability of 

the protease. The buffers used were 20 mM glycine-HCl (pH 2-4), 20 mM sodium 

acetate (pH 4-6), 20 mM potassium phosphate (pH 6-8), 20 mM Tris-HCl (pH 8-10) 

and 20 mM glycine-NaOH (pH 10-12). The enriched protease fraction was mixed in 

each of the different buffer-pH compositions, or 20 mM sodium phosphate buffer (pH 

7.2) for the control, and then left for 1 h at room temperature. Next, the samples were 

adjusted back to 20 mM sodium phosphate buffer (pH 7.2), and assayed for protease 
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activity. The activities attained were compared with the control which was set as 

100% activity. 

2.10 The effects of metal ions and protease inhibitors on the enzyme activity 

The effects of metal ions on enzyme activity were investigated using MgCl2, 

ZnCl2, CoCl2, FeCl2, CaCl2, and CuSO2. The purified enzymes were pre-incubated 

both in the absence and the presence of bivalent cations including Mg
2+

, Ca
2+

, Co
2+

, 

Cu
2+

, Zn
2+

, and Fe
2+

 with a final concentration of 1.0 mM in 20 mM sodium 

phosphate buffer (pH 7.2) for 1 h at 37 °C. After 1 h of incubation at room 

temperature, the residual protease activity was measured with 0.1% azocasein. The 

effects of the protease inhibitors were also assessed using 5.0 mM EDTA, 2.0 mM 

PMSF, 0.5 mM TLCK, 0.5 mM TPCK, and 0.5 mM APMSF. The enzyme was pre-

incubated with the protease inhibitors for 1 h at 37 °C, and the effects were assessed 

with 0.1% azocasein. 

3. Results and discussion 

3.1 Enrichment of the protease from sandworms 

The occurrence of a protease in the crude extracts of sandworms is reported 

for the first time in this work. The initial ammonium sulfate precipitation reduced the 

total protein amount by some 55.7%, compared to 30% loss of protease activity for a 

1.58-fold purification (Table 1). This ammonium sulfate cut fraction was then further 

fractionated by DEAE-cellulose ion exchange chromatography with monitoring of all 

eluted fractions for protease activity. he protease activity remained in the bound 

fraction, and eluted from the column as a main peak corresponding to ~530-580 mM 

NaCl (Figure 1), just after a minor peak (shoulder in Figure 1A) and before the other 

main protein peak (~650-730 mM NaCl). The post-DEAE-cellulose protease fraction, 

after dialysis, had a specific protease activity of 276.2 U/mg protein, representing a 

43.3-fold purification (Table 2). Note that as well as the loss of ~98.8% of the total 

protein from the ammonium sulfate cut fraction, this ion exchange chromatography 

step was also very effective in eliminating pigments, because most of them did not 

bind to the cellulose matrix. However, other proteins were clearly still abundantly 

visible on the native PAGE (Figure 2A), and so further enrichment was required. 

Based upon the fact that the contaminating proteins may differ in size, and 

especially may be larger, then Superdex-200 gel filtration chromatography was 

utilized after the DEAE-cellulose ion exchange chromatography. The post-DEAE-
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cellulose protease fraction was concentrated to 50 mg/ml and subjected (5 ml loading 

at a time) to Superdex-200 gel filtration chromatography. The proteins were then 

eluted from the column, revealing one major peak (Figure 1B). Harvesting the 

fractions with positive protease activity from the first peak leads to an apparently 

almost homogenous protein preparation (Figure 2), with purification fold of 55.75 at a 

recovery yield of 18.5% and a specific protease activity of 355.71 U/mg of protein 

(Table 1). 
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Figure 1 (A) DEAE-cellulose ion exchange chromatography of the ammonium sulfate cut 

fraction solubilized in 20 mM sodium phosphate buffer (pH 7.2), and eluted in the same 

buffer but with a linear gradient of 0-1.0 M NaCl at a flow rate of 1 ml/min. (○) Absorbance 

at 280 nm, (●)protease activity.(B) Superdex-200 gel chromatography of the post-DEAE-

cellulose protease fraction. Fractions (5 ml) were eluted with 20 mM sodium phosphate buffer 

(pH 7.2) / 100 mM NaCl at a flow rate of 0.5 ml/min. (○) absorbance at 280 nm, (●)protease 

activity. 
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Table 1 Purified protease enzyme activity yields from sandworms 

 

Note. Protease activity was measured by using the azocasein assay, as described under 

Materials and methods. The enzyme assay for protease was carried out with 1% azocasein 

solution at 37 
o
C for 20 min. The reaction was discontinued by mixing with 10% 

trichloroacetic acid, and being allowed to stand for 10 min in ice, followed by centrifugation 

at 15,000 × g for 10 min. The absorbance of the reaction mixture was measured at 340 nm. 

An enzyme unit was defined as the amount of enzyme-releasing acid-soluble material from 

azocasein, to yield an absorbance at 340 nm. 

 

3.2 Verification of the protease purity and molecular weight determination 

The selected fractions from each step of the protease enrichment process were 

analyzed for their apparent purity and protein pattern by native-PAGE, where the 

enriched protease fraction preparation (after Superdex-200 gel filtration 

chromatography) revealed a single main protein band on the native-PAGE gel (Figure 

2A), but only a single band on the denaturing SDS-PAGE gel (Figure 2B). Thus, the 

enriched protease fraction obtained after Superdex-200 column chromatography 

should be relatively pure. SDS-PAGE resolution of the purified protease preparations 

under discontinuous and reducing conditions, revealed an apparent MW of a single 

protein band of 37.4 kDa (Figure 2B). 

 

 

 

 

 

 

 

 

 

Purification step 
Total 

protein (mg) 

Total activity 

(U) 

Specific activity   

(U / mg) 

Yield 

(%) 

Purification 

(fold) 

Crude extract 295.40 1,885.00     6.38 100.00   1.00 

80% (NH4)2SO4 cut 130.60 1,320.00   10.11   70.03   1.58 

DEAE-cellulose     1.64   452.60 275.98   24.01 43.26 

Superdex-200     0.98   348.60 355.71   18.49 55.75 
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(A)                       (B) 

                      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 (A) Coomassie blue stained native-PAGE analysis of the sandworms protease 

fractions from each step of the enrichment and stained for protein by coomassie blue (Lanes 

1-4). Lane 1, crude enzyme (20 g of protein); Lane 2, ammonium sulfate cut fraction (20g 

of protein); Lane 3, post-DEAE-cellulose protease fraction (15g of protein); Lanes 4 and 5, 

enriched protease fraction (post-Superdex-022) (10 g of protein). (B) Reducing SDS-PAGE 

analysis, after coomassie blue staining, of the enriched protease fraction (post-Superdex-022) 

from sandworms: Lane 1, Low molecular weight protein markers; Lane 2, enriched protease 

fraction (5 g of protein). Gels shown in (A) and (B) are representative of 3 separate 

enrichments. 
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3.3 pH and temperature resistance determination 

The pH sensitivity profile of the protease activity of the enriched protease 

protein fraction exhibited pH stability between pH 7.0-8.0 following a 60 min 

pretreatment at each pH. The activity, however, declined rapidly with increasing 

acidity, and less markedly with increasing alkalinity, such that less than 40% protease 

activity remained at pH 6 and 10, respectively, and no detectable protease activity at 

pH 2.0-4.0 and 11.0-12.0 (Figure 3A). Note that where different buffers overlapped in 

the pH only a minor buffer-dependent effect was noted, suggesting that the variations 

seen are indeed largely due to the different pH values and not the effects from using 

different buffer. No significant changes in the inhibition activity of the enriched 

protease fraction was seen when pretreated for 30 min within the temperature range of 

4-40 °C, onwards protease activity was decreased with increasing incubation 

temperature, with essentially no activity being detected after pretreatment at 60 
o
C or 

higher (Figure 3B).  
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Figure 3 (A) The effect of pH pretreatment on the protease activity of the enriched protease 

fraction. The following buffer systems were used: (■) 20 mM glycine-HCl (pH 2.0-4.0), (□) 

20 mM sodium acetate (pH 4.0 - 6.0), (●) 20 mM potassium phosphate (pH 6.0 - 8.0), (○) 20 

mM Tris-HCl (pH 8.0 - 1 0.0) and (▲) 20 mM glycine-NaOH (pH 10.0 - 12.0). (B) Effect of 

pretreatment temperature on the protease activity of the enriched protease. For both panels the 

data are shown as the mean +1 SD and are derived from three experiments.  
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3.4 Effect of metal ions and protease inhibitors on the protease activity 

Enzyme activity was inhibited by Cu
2+

 and Co
2+

, but was enhanced by the 

addition of Ca
2+

 and Mg
2+

 ions. Furthermore, protease activity was remarkably 

inhibited by EDTA, thus EDTA functions as an inhibitor of the activity. These results 

indicate that sandworm protease is a metalloprotease.  

 

Table 2 Effect of metal ions and protease inhibitors on the activity of the protease 

enzyme was from sandworm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Conclusion 

The potent protease activity purified from the sandworms (P. nuntia) was 

described. Therefore, it is strongly suggested that the P. nuntia protease enzyme can 

be a potential source for developing therapeutic agents for thrombosis. For medicinal 

application, further studies to elucidate molecular biological characteristics are 

ongoing. 

 

 

 

 

Metal ions and protease inhibitors Residual activity (%) 

Control 100 

Cu
2+

   80.16  0.88 

Co
2+

   70.95  0.55 

Ca
2+

 118.35  0.48 

Zn
2+

   85.16  0.84 

Mg
2+

 102.56  0.66 

Fe
2+

   87.95  0.27 

PMSF   80.18  0.95 

APMSF   90.14  0.11 

EDTA   48.56  0.85 

TLCK   80.58  0.48 

TPCK   75.82  0.12 



 21 

BIOGRAPHY 

1. Cesarman-Maus, G., and Hajjar, K.A. (2005) Molecular mechanisms of 

fibrinolysis. British Journal of Haematology 129, 307-321. 

2. Holden, R.W. (1990) Plasminogen activators: pharmacology and therapy. 

Radiology 174, 993-1001. 

3. Bajwa, S.S., Kirakossian, H., Reddy, K.N.N., and Markland, F.S. (1982) 

Thrombinlike and fibrinolytic enzymes in the venoms from the gaboon viper 

(Bitis gabonica), eastern cottonmouth moccasin (Agkistrodon p. piscivourus) and 

southern copperhead (Agkistrodon c. contortrix) snakes. Toxicon 20, 427-432. 

4. Siigur, E., and Siigur, J. (1991) Purification and characterization of lebetase, a 

fibrinolytic enzyme from Viper lebetina (snake) venom. Biochimica et Biophysica 

Acta 1074, 223-229. 

5. Zhang, Y., Wisner, A., Xiong, Y., and Bon, C. (1995) A novel plasminogen 

activator from snake venom. Journal of Biological Chemistry 270, 10246-10255. 

6. Guo, Y.W., Chang, T.Y., Lin, K.T., Liu, H.W., Shih, K.C., and Cheng, S.H. 

(2001) Cloning and functional expression the mucrosobin protein, a -

fibrinogenase of Trimeresurus mucrosquamatus (Taiwan Habu). Protein 

Expression and Purification 23, 483-490. 

7. Cartwright, T. (1974) The plasminogen activator of vampire bat saliva. Blood 43, 

317-326. 

8. Gardell, S.J., Duong, L.T., Diehl, R.E., York, J.D., Hare, T.R., Register, R.B., 

Jacobs, J.J., Dixon, R.A., and Friedman, P.A. (1989) Isolation, characterization, 

and cDNA cloning of a vampire bat salivary plasminogen activator. Journal of 

Biological Chemistry 264, 17947-17952. 

9. Schleuning, W.D. (2001) Vampire bat plasminogen activator DSPAalpha-1 

(desmoteplase): a thrombolytic drug optimized by natural selection. Haemostasis 

31, 118-122. 

10. Hahn, B.S., Cho, S.Y., Wu, S.J., Chang, I.M., Baek, K., Kim, Y.C., and Kim, Y.S. 

(1999) Purification and characterization of a serine protease with fibrinolytic 

activity from Tenodera sinensis (praying mantis). Biochimica et Biophysica Acta 

1430, 376-386. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Cesarman-Maus%20G%5BAuthor%5D&cauthor=true&cauthor_uid=15842654
http://www.ncbi.nlm.nih.gov/pubmed?term=Hajjar%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=15842654
http://www.google.co.th/url?sa=t&rct=j&q=br%20j%20haematol.&source=web&cd=1&cad=rja&ved=0CCwQFjAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F10.1111%2F(ISSN)1365-2141&ei=LGGHUb_TIYXWrQfokoDwCQ&usg=AFQjCNHGznDlUo0QG3N3MUiQgkxwEM_Hdg&bvm=bv.45960087,d.bmk
http://www.ncbi.nlm.nih.gov/pubmed?term=Hahn%20BS%5BAuthor%5D&cauthor=true&cauthor_uid=10082965
http://www.ncbi.nlm.nih.gov/pubmed?term=Cho%20SY%5BAuthor%5D&cauthor=true&cauthor_uid=10082965
http://www.ncbi.nlm.nih.gov/pubmed?term=Wu%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=10082965
http://www.ncbi.nlm.nih.gov/pubmed?term=Chang%20IM%5BAuthor%5D&cauthor=true&cauthor_uid=10082965
http://www.ncbi.nlm.nih.gov/pubmed?term=Baek%20K%5BAuthor%5D&cauthor=true&cauthor_uid=10082965
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20YC%5BAuthor%5D&cauthor=true&cauthor_uid=10082965
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20YS%5BAuthor%5D&cauthor=true&cauthor_uid=10082965


 22 

11. Hahn, B.S., Cho, S.Y., Ahn, M.Y., and Kim, Y.S. (2001) Purification and 

characterization of a plasmin-like protease from Tenodera sinensis (Chinese 

mantis). Insect Biochemistry and Molecular Biology 31, 573-581. 

12. Dametto, M., David, A.P., Azzolini, S.S., Campos, I.T., Tanaka, A.M., and 

Gomes, A. (2000) Andreotti R, Tanaka AS. Purification and characterization of a 

trypsin-like enzyme with fibrinolytic activity present in the abdomen of horn fly, 

Haematobia irritans irritans (Diptera: Muscidae). Journal of Protein Chemistry 

19, 515-521. 

13. Pinto, A.F., Dobrovolski, R., Veiga, A.B., and Guimarães, J.A. (2004) 

Lonofibrase, a novel -fibrinogenase from Lonomia obliqua caterpillars. 

Thrombosis Research 113, 147-154. 

14. Cho, S.Y., Hahn, B.S., and Kim, Y.S. (1999) Purification and characterization of a 

novel serine protease with fibrinolytic activity from Tenodera sinensis (Chinese 

Mantis). Journal of biochemistry and molecular biology 32, 579-584. 

15. Nakajima, N., Mihara, H., and Sumi, H. (1993) Characterization of potent 

fibrinolytic enzymes in earthworm, Lumbricus rubellus. Bioscience Biotechnology 

and Biochemistry 57, 1726-1730. 

16. Mihara, H., Sumi, H., Akazawa, K., Yoneta, T., and Mizumoto, H. (1993) 

Fibrinolytic enzyme extracted from earthworm. Thrombosis and Haemostasis 50, 

139-143. 

17. Sugimoto, M., and Nakajima, N. (2001) Molecular cloning, sequencing, and 

expression of cDNA encoding serine protease with fibrinolytic activity from 

earthworm. Bioscience Biotechnology and Biochemistry 65, 1575-1580. 

18. Li, L., Zhao, J., and He, R.Q. (2003) Isolation and some characterizations of a 

glycosylated fibrinolytic enzyme of earthworm, Eisenia fetida. Protein and 

Peptide Letter 10, 183-190. 

19. Hrzenjak, T., Popovic, M., Bozic, T., Grdisa, M., Kobrehel, D., and Tiska-

Rudman, L. (1998) Fibrinolytic and anticoagulative activities from the earthworm 

Eisenia foetida. Comparative Biochemistry and Physiology Part B: Biochemistry 

and Molecular Biology 119, 825-832. 

20. Chudzinski-Tavassi, A.M., Kelen, E.M., de Paula Rosa, A.P., Loyau, S., Sampaio, 

C.A., Bon, C., and Angles-Cano, E. (1998) Fibrino(geno) lytic properties of 

http://www.ncbi.nlm.nih.gov/pubmed?term=Dametto%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11195976
http://www.ncbi.nlm.nih.gov/pubmed?term=David%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=11195976
http://www.ncbi.nlm.nih.gov/pubmed?term=Azzolini%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=11195976
http://www.ncbi.nlm.nih.gov/pubmed?term=Campos%20IT%5BAuthor%5D&cauthor=true&cauthor_uid=11195976
http://www.ncbi.nlm.nih.gov/pubmed?term=Tanaka%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=11195976
http://www.ncbi.nlm.nih.gov/pubmed?term=Gomes%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11195976
http://www.ncbi.nlm.nih.gov/pubmed?term=Gomes%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11195976
http://www.ncbi.nlm.nih.gov/pubmed?term=Andreotti%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11195976
http://www.ncbi.nlm.nih.gov/pubmed?term=Tanaka%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=11195976
http://www.ncbi.nlm.nih.gov/pubmed?term=Pinto%20AF%5BAuthor%5D&cauthor=true&cauthor_uid=15115670
http://www.ncbi.nlm.nih.gov/pubmed?term=Dobrovolski%20R%5BAuthor%5D&cauthor=true&cauthor_uid=15115670
http://www.ncbi.nlm.nih.gov/pubmed?term=Veiga%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=15115670
http://www.ncbi.nlm.nih.gov/pubmed?term=Guimar%C3%A3es%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=15115670


 23 

purified hementerin, a metalloproteinase from the leech Haementeria depressa. 

Thrombosis and Haemostasis 80, 155-160. 

21. Matsubara, K., Hori, K., Matsuura, Y., and Miyazama, K. (2000) Purification and 

characterization of a fibrinolytic enzyme and identification of fibrinogen clotting 

in a marine green alga, Codium divaricatum. Comp. Comparative Biochemistry 

and Physiology Part B: Biochemistry and Molecular Biology 125, 137-143. 

22. Matsubara, K., Sumi, H., Hori, K., and Miyazawa, K. (1998) Purification and 

characterization of two fibrinolytic enzymes from marine green alga, Codium 

intricatum. Comparative Biochemistry and Physiology Part B: Biochemistry and 

Molecular Biology 119, 177-181. 

23. Matsubara, K., Hori, K., Matsuura, Y., and Miyazawa, K. (1999) A fibrinolytic 

enzyme from a marine green algae. Codium latum. Phytochemistry 52, 993-999. 

24. Fujita, M., Nomura, K., Hong, K., Ito, Y., Asada, A., and Nishimura, S. (1993) 

Purification and characterization of a strong fibrinolytic enzyme (nattokinase) in 

the vegetable cheese natto, a popular soybean fermented food in Japan. 

Biochemical and Biophysical Research Communications 197, 1340-1347. 

25. Kim, W., Choi, K., Kim, Y., Park, H., Choi, J., Lee, Y., Oh, H., Kwon, I., and 

Lee, S. (1996) Purification and characterization of a fibrinolytic enzyme produced 

from Bacillus sp. strain CK 11-4 screened from Chungkook-jang. Applied and 

Environmental Microbiology 62, 2482-2488. 

26. Kim, S.H., and Choi, N.S. (2000) Purification and characterization of subtilisin 

DJ-4 secreted by Bacillus sp. strain DJ-4 screened from Doen-Jang. Bioscience 

Biotechnology and Biochemistry 64, 1722-1725. 

27. Park, S.G., Kho, C.W., Cho, S., Lee, D.H., Kim, S.H., and Park, B.C. (2002) A 

functional proteomic analysis of secreted fibrinolytic enzymes from Bacillus 

subtilis 168 using a combined method of two-dimensional gel electrophoresis and 

zymography. Proteomics 2, 206-211. 

28. Henriksen, K., Rasmussen, M.B., and Jensen, A. (1983) Effect of bioturbation on 

microbial nitrogen transformations in the sediment and fluxes of ammonium and 

nitrate to the overlaying water. Ecological Bulletins 35, 193-205. 

29. Hutchings, P. (1998) Biodiversity and functioning of polychaetes in benthic 

sediments. Biodiversity and Conservation 7, 1133-1145. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Park%20SG%5BAuthor%5D&cauthor=true&cauthor_uid=11840566
http://www.ncbi.nlm.nih.gov/pubmed?term=Kho%20CW%5BAuthor%5D&cauthor=true&cauthor_uid=11840566
http://www.ncbi.nlm.nih.gov/pubmed?term=Cho%20S%5BAuthor%5D&cauthor=true&cauthor_uid=11840566
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=11840566
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=11840566
http://www.ncbi.nlm.nih.gov/pubmed?term=Park%20BC%5BAuthor%5D&cauthor=true&cauthor_uid=11840566


 24 

30. Papaspyrou, S., Kristensen, E., and Christensen, B. (2007) Arenicola marina 

(Polychaeta) and organic matter mineralisation in sandy marine sediments: In situ 

and microcosm comparison. Estuarine, Coastal and Shelf Science 84, 202-208. 

31. Bradford, M.M. (1976). A rapid and sensitive method for the quantitation of 

microgram quantities of proteins utilizing the principle of protein-dye binding. 

Analytical Biochemistry 72, 248-254. 

32. Bollag, D.M., Rozycki, M.D, and Edelstein, S.J. (1976) Protein methods, (2
nd

 ed.), 

USA, Wiley-Liss, Inc.  

33. Laemmli, U.K. (1970). Cleavage of structural proteins during the assembly of the 

head of bacteriophage T4. Nature 227, 680-685. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 25 

APPENDICES 

 

APPENDIX A 

 

Preparation for non-denaturing polyacrylamide gel electrophoresis 

(Native-PAGE) 

1. Stock solutions 

2 M Tris-HCl (pH 8.8)  

Tris (hydroxymethyl)-aminomethane     24.2  g 

Adjusted pH to 8.8 with 1 M HCl and adjusted volume to 100 ml with 

distilled   water 

1 M Tris-HCl (pH 6.8)  

Tris (hydroxymethyl)-aminomethane     12.1  g 

Adjusted pH to 6.8 with 1 M HCl and adjusted volume to 100 ml with 

distilled water. 

1% Bromophenol blue (w/v) 

Bromophenol blue        100  mg 

Brought to 10 ml with distilled water and stirred until dissolved. 

Filtration will remove aggregated dye. 

2. Working solution 

Solution A (30% (w/v) acrylamide, 0.8% (w/v) bis-acrylamide) 

Acrylamide       29.2    g 

N,N-methylene-bis-acrylamide       0.8    g 

Adjust volume to 100 ml with distilled water 

Solution B (1.5 M Tris-HCl pH 8.8) 

2 M Tris-HCl (pH 8.8)       75   mL 

Distilled water       25   mL 

Solution C (0.5 M Tris-HCl pH 6.8) 

1 M Tris-HCl (pH 6.8)        50   mL 

Distilled water        50   mL 

10% Ammonium persulfate 

Ammonium persulfate      0.5   g 

Distilled water       50   mL 
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Electrophoresis buffer (25 mM Tris, 192 mM glycine) 

Tris (hydroxymethyl)-aminomethane       3    g 

Glycine         14.4  g 

Dissolved in distilled water to 1 litre without pH adjustment  

(final pH should be 8.3) 

5x sample buffer 

(312.5 mM Tris-HCl pH 6.8, 50% glycerol, 1% bromophenol blue) 

1 M Tris-HCl (pH 6.8)      0.6   mL   

Glycerol        5      mL 

1% Bromophenol blue      0.5   mL 

Distilled water       1.4   mL 

3. Native-PAGE 

7.5% Separating gel 

Solution A        2.5   mL 

Solution B        2.5   mL 

Distilled water       5      mL 

10% Ammonium persulfate     50    L 

TEMED        5      L 

5.0% Stacking gel 

Solution A                 0.67   mL 

Solution B        1      mL 

Distilled water       2.3   mL 

10% Ammonium persulfate     30    L 

TEMED        5      L 
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APPENDIX B 

 

Preparation for denaturing polyacrylamide gel electrophoresis 

1. Stock solutions 

2 M Tris-HCl (pH 8.8)  

Tris (hydroxymethyl)-aminomethane     24.2  g 

Adjusted pH to 8.8 with 1 M HCl and adjusted volume to 100 ml with 

distilled   water 

1 M Tris-HCl (pH 6.8)  

Tris (hydroxymethyl)-aminomethane     12.1  g 

Adjusted pH to 6.8 with 1 M HCl and adjusted volume to 100 ml with distilled 

water. 

10% SDS (w/v) 

Sodium dodecyl sulfate (SDS)       10   g 

50% Glycerol (w/v) 

100% Glycerol         50   ml 

Added 50 ml of distilled water 

1% Bromophenol blue (w/v) 

Bromophenol blue        100  mg 

Brought to 10 ml with distilled water and stirred until dissolved. 

Filtration will remove aggregated dye. 

2. Working solution 

Solution A (30% (w/v) acrylamide, 0.8% (w/v) bis-acrylamide) 

Acrylamide       29.2    g 

N,N-methylene-bis-acrylamide       0.8    g 

Adjust volume to 100 ml with distilled water 

Solution B (1.5 M Tris-HCl pH 8.8, 0.4% SDS) 

2 M Tris-HCl (pH 8.8)       75   mL 

10% SDS         4    mL 

Distilled water       21   mL 

Solution C (0.5 M Tris-HCl pH 6.8, 0.4% SDS) 

1 M Tris-HCl (pH 6.8)        50   mL 

10% SDS          4    mL 
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Distilled water        46   mL 

10% Ammonium persulfate 

Ammonium persulfate      0.5   g 

Distilled water         5   mL 

Electrophoresis buffer (25 mM Tris, 192 mM glycine, 0.1% SDS) 

Tris (hydroxymethyl)-aminomethane          3  g 

Glycine         14.4  g 

SDS             1   g 

Dissolved in distilled water to 1 litre without pH adjustment  

(final pH should be 8.3) 

5x sample buffer 

(60 mM Tris-HCl pH 6.8, 25% glycerol, 2% SDS, 0.1% bromophenol blue, 

14.4 mM 2-mercaptoethanol) 

1 M Tris-HCl (pH 6.8)      0.6   mL  

Glycerol        5      mL 

10% SDS        2      mL 

1% Bromophenol blue      1      mL 

2-mercaptoethanol              0.5   mL 

Distilled water       0.9   mL 

3. SDS-PAGE 

12.5% Separating gel 

Solution A        4.2   mL 

Solution B        2.5   mL 

Distilled water       3.3   mL 

10% Ammonium persulfate     50    L 

TEMED        5      L 

5.0% Stacking gel 

Solution A                 0.67   mL 

Solution B        1      mL 

Distilled water       2.3   mL 

10% Ammonium persulfate     30    L 

TEMED        5      L 
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APPENDIX C 

 

Calibration curve for protein determination Bradford method 
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