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Purification and Characterization of a Fibrinolytic Enzyme Produced by Bacillus sp. $19 from Shrimp
Jeot-Gal. Jang, Sun-Ae, Myung-Hee Kim', Myung-Sun Lee, Tae-Kwang Ohl, and Cheon-Bae Sohn*.
Department of Food and Nutrition, Chungnam National University, *Environmental Bioresources Lab., Korea
Research Institute of Bioscience and Biotechnology — A fibrinolytic enzyme was purified to homogeneity from
Bacillus sp. $19 using DEAE and CM column chromatographies, and gel filtration with a recovery yield of 13%. Its
molecular mass was estimated to be 42 kDa by SDS-PAGE. The pH and temperature optima were 8.0 and 40°C,
respectively. The enzyme was stable up to 45°C and over a pH range of 6-9. The N-terminal amino acid sequence of
the enzyme was determined as Ala-Gln-Asp-Ala-Thr-Val-Asn-lle-Ser-Ala-Glu-Arg-Gln-Val-lle. The fibrinolytic
activity was increased by Cu?* while it was strongly inhibited by metal ions such as Cd*' and Ba™". In addition, the
enzyme was inhibited by EDTA, but not by PMSF, suggesting that it is a metalloprotease.
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Fig. 1. DEAE-Sepadex A-50 column chromatography of the
crude fibrinolytic enzyme. The enzyme was eluted with 20 mM
phosphate buffer (pH 8.0) at flow rate of 20 ml/h. The of each
fraction was 5 ml,
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Fig. 2. CM-Sephaeose CL-6B column chromatography of the
partyially purified fibrinolytic enzyme. The cnzyme was eluted
with 20 mM phesphate buffer (pH 8.0) at a flow rate of 20 ml/
h. The volume of each fraction was 5 ml.
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Fig. 3. Scphadex G-75 column chromatography of the party-
ially purified fibrinolytic enzyme. The enzyme was eluted with
20 mM phosphate butffer (pH 8.0) at a flow rate of 10 mUh.
The velume of each fraction was 1 ml.
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Table 1. Summary of purification steps of the fibrinolytic enzyme from Bacillus sp. 519

Step Total profein (mg) TOt?i r?icfg)vlty Spczi;t;l;’ Zf]tglty Pm(ﬁtiz;wn Re((:%v)ery
Culture supernatant 111,000 124,000 1.1 1 100
Ammonium sulfate precipitation 3,565 85,560 24 22 69
DEAE-Sephadex A-50 992 29,760 30 27 24
CM-Sepharose CL 6B 485 22,320 46 42 18
Sephadex G-75 260 16,120 62 56 13
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Fig. 4. SDS-PAGE of the purified fibrinolytic enzyme. Lane A;
molecular weight marker, lane B; the purified fibrinolytic
enzyme.

Strain N-terminal sequence Reference
Bacillus sp. 19 AQDATVNISAERQVI This study
Bacillus sp. CK 11-4 AQTVPYGIP - 11
Bacillus subtilis K-54  AQSVPYGVS - 14
Bacillus sp. KA38 VYPFPGPIPN ------ 10
Trypsin IVGGYNCEEN ----- 6
Plasmin SFDCGKPQVE ----- 6

Fig. 5. Comparisons of the N-terminal amino acid sequence of
Bacillus sp. S19 fibrinolytic enzyme with other fibrinolytic
enzymes from Bacillus.
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Fig. 6. Effects of pH on the fibrinolytic enzyme activity (@)
and stability ( O ). The enzyme was assayed at various pHs for
the measurement of enzyme activity and assayed after incuba-
tion at various pHs for 60 min for the pH stability.
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Fig. 7. Effects of temperature on the fibrinolytic enzyme activ-
ity ( @) and stability (O ). The enzyme was assayed at vari-
ous temperatures for the measurement of enzyme activity and
assayed after incubation at various temperature for 60 min for
the thermal stability.
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Table 2. Effects of metal ion on the purified fibrinolytic enzyme

Relative activity (%)

Metal
1 mM SmM
None 100 100
CdCl, 55 41
CoCl, 117 98
MeCl,y 107 97
SrCl, 98 39
NiCl, 119 107
CuCl, 147 147
BaCl, 34 34
CaCl, 97 97
CoS50, 107 104
FeCl, 101 94
ZnCly 94 85

Table 3. Effects of inhibitor on the purified fibrinolytic enzyme

Relative activity (%)
Reagent
1 mM 5 mM
None 100 100
PMSF 110 102
EDTA 70 32
DTT 28 6
Todine 24 0
B-Mercaptoethnol 0 0

PMSF; phenylmethylsulfonylfluoride, EDTA: ethylenediaminetet-
raacetic acid, DTT; 1.4-dithiothreitol.

g B Fdi= 45°C 74R)E w eEgen 50°C ol
odlXE A3 Bde] A3l 60°C ool AE A2
B3 E el G S Bavt

=5 021 XoiAlel Lk

A" Fio] F& °]—“’-w] st o
Table 28} 2t} B Fi= Cud'ol ] de] E7HH4
al Cd2+1]r Ba*"ef| 2)#rl= %"“’ 1 3] ‘f- g} Ha: 2

}. ol#3 A3 Kim 5[10]¢] I3 R salty
fermented fish) 72 L) il CuZl| 2+
o] 931 7pslA Xl WAL zn?tl] 2] FAEkE= 2
e} uf ¢ ol AAE Beld)k w3k Ao HE gk
TAE A= Table 3% 2] DTT, iodine, B-mercapto-
ethanolel] 2ja] 7] AE=%c)l. =3k PMSF 2J3jA=
AL kA ek Wkl 5mM EDTAe] 284 o 68%2]
A2 dho} B FA= metalloproteased A2 A7}

e S e
A

2 o

Bacillus sp. S197} AAbsl= P48 E4-2 DEAE-

Sephadex A-50, CM-Scpharose CL 6B, Sephadex G-75
7A¥ ZRvlEasE sl 8 13%E AA S
AAF {AE SDS-PAGES S35t Hz} Exjafo] o
42,000 Dadd Ae2 vehgoh, 779 A gdexe) pH
= 2t 40°Cek pHE 8.02% ulEldd, pH6-9 Hele)
45°C7FA] o A4S Beloh B Faho] Nl ojnje
Al AMd-2 Ala-Gln-Asp- Ala-Thr-Val-Asn-Ile-Ser-Ala-Glu-
Arg-Gln-Val-Jle2 2 BAMEU =31 2 4= Cu
o5 BAdol FrlEe dhwel Cd*$} Ba®t B9 Frol
of &lsiMEe ZAeA A=A Adet £ 4 EDTA
o siMe XA AHE W= wbH, PMSFe] 23A]
= AESHA] o}l metalloproteasedd 722 k)

VERE

2 A7 =T AR TR R 981-
0609-041-2)2 =37 702 ol A} E=iuin}.

REFERENCES

1. Akassoglou, K., K. W, Kombrinck, J. L. Degen, and S.
Strickland. 2000. Tissue plasminogen activator-mediated
fibrinolysis protects against axonal degeneration and demy-
elination after sciatic nerve injury. J. Cell Biol. 149: 1157—
1166.

2. Anson M. L., 1929. The estimation of pepsin, trypsin, papain
and cathepsin with hemoglobin, J. Gen. Physiol. 22: 79-85.

3. Arocha-Pinango, C. L., J. Perales, and Z. Carvajal. 1981.
Studies on the degradation of fibrinogen by proteolytic
enzymes from the larvae of Lanomia achelous (Cramer).
Thromb. Haemost. 45: 233-236.

4. Blagiak, J., B. Smolarz, and D. Piestrzeniewicz. 1999, Uroki-
nase plasminogen activation system and ils role in cancer
progression. Postepy Biochem. 45: 42—-50.

5. Bradford, M. M. 1976. A rapid and sensitive method for
quantification of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal. Biochem. 72: 248—
254,

6. Eisele, I. W., and E. Mihalyi. 1975. Studies of the advanced
stages of the plasmin and trypsin digestion of bovine fibrino-
gen. Thromb Res. 6: 511-522,

7. Flynn, G., T. J. Hackett, L. McHale, and A. P. McHale. 1994.
Encapsulation of the thrombolytic enzyme, brinase, in photo-
sensitized erythrocytes: a novel thrombolytic system based
on photodynamic activation. J. Photochem. Photobiol. B. 26:
193-196.

8. Harlan, J. M. and L. A. Harker. 1981. Haecmostasis, thrombo-
sis and thromboembolic disorder. Med. Clin. North Am. 65:
855-857.

9. Jang, S. A, M. H. Kim, M. S. Lee, M. I. Lee, O. H. Jhee, T.
K. Oh, and C. B. Sohn. 1999. Isolation and identification of
fibrinolytic enzyme producing strain from shrimp Joet-Gal, a



10.

11.

tiny salted shrimps, and medium optimization for enzyme
production. Korean J. Food Sci. Technol. 31: 1648—1653.
Kim, H. K., G. T. Kim, D. K. Kim, W. A, Choi, S. H. Park,
Y. K. Jeong, and 1. S. Kong. 1997. Purification and character-
ization of a novel fibrnolytic enzyme from Bacillus sp.
KA3R originated from fermented fish. J. Ferment. Bioeng.
84: 307-312.

Kim, W. E., K. H. Choi, ¥. T. Kim, H, H. Park, J. Y. Choi, Y.
S. Lee, H. 1. Oh, I. B. Kwon, and S. Y. Lee. 1996. Purifica-
tion and characterization of a fibrinolytic enzyme produced
from Bacillus sp. strain CK 11-4 screened from Chungkook-
Jang. Appl. Environ. Microbiol. 62: 2482—2488.

FisriNoLYTIC Enzyme FRoM BaciLus sp. S19 263

12, Laemmli. U. K. 1970. Cleavage of structural protein during

the assembly of the read of bacteriphage T4. Nature 227:
680-685.

13. Nakashima, A., T. Okada, and I. Sugie. 1990. Fibrin-depen-

dent activation of plasminogen by a proleolytic digest of
streptokinase. Blood Coagul. Fibrinolysis. 1: 279-284.

14. Yoo, C. K., W. 5. Seo, C. S. Lee, and S. M. Kang. 1998.

Purification and characterization of fibrinolytic enzyme

excreted by Bacillus subtilis K-54 isolated from Chung Guk

Jang. Korean. J. Appl. Microbiol. Biotechnol. 26: 507-514.
(Received August 17, 2000)



