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To isolate the fibrinolytic enzyme, 268 strains from 21 samples were morphologically isolated from
Cheonggukjang collected from Korea and Japan. Among the 268 strains, protease-producing bacteria
were isolated in nutrient agar medium including 1% skimmed milk. As a result of this, 22 strains
were isolated. Apiweb site was used to identify these strains based on their biochemical properties.
In addition, 165 rRNA sequencing was performed to identify the strain. Most of the identified strains
were Bacillus subtilis and B. amyloliquelaciens. Fibrinolytic enzyme activity was measured with the fibrin
plate method. Five strains were finally selected: A2-14, A2-20, C1-05, C1-09, and F2-01. Of those five
strains, the A2-20 strain, which is close to B amyloliquefaciens, showed the strongest fibrinolytic
activity. The fibrinolytic enzyme produced by the A2-20 strain was partially purified from culture su-
pernatant by gel filtration and ion exchange chromatography. The optimal pH and temperature values
of the partially purified enzyme were 7.0 and 35°C, respectively. Purified protein analysis was carried
out with SDS-PAGE and zymography. A genetic analysis was also conducted by PCR based on the
consensus sequence of fibrinolytic enzyme. Corresponding genes with a partial sequence of the A2-20

strain were identified.
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Fig. 1. Isolation of protease-producing bacteria. (A) Colony shape of bacteria isolated from Cheonggukjang: There were nine basic
shapes of bacteria based on the single colony. 268 strains from 21 samples were morphologically isolated. (B) Protease
activity test of strains on nutrient agar added 1% skim milk. Bacteria was incubated for 16 hr at 37C. The protease-producing
strain was selected by measuring clear zone on a culture plate. Protease producing bacteria was isolated in 1% skim milk

agar plates. As a result of this, 22 strains were isolated.
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Fig. 2. Comparison of fibrinolytic activity shown by bacteria isolated from Cheonggukjang. (A) Fibrin plate test. The fibrinolytic
enzyme producing strain was selected by measuring clear zone in fibrin plate. P: plasmin 1 U (control). (B) Diameter of
the clear zone by fibrinolytic activity of each strain. A2-20 strain showed highest fibrinolytic activity. plasmin: control, used
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Table 1. Carbohydrate fermentation by fibrinolytic enzyme producing-strain as assessed in API 50CH kit

Strain No.

Carbohydrate A2-14 A2-20 C1-05 C1-09 F2-01

Control (Temoin) - - - - -
Glycerol + + + + +
Erythritol - - - - -
D-Arabinose - - - - -
L-Arabinose + + + +

D-Ribose + + + + ++
D-Xylose + + + +

L-Xylose - - - - -
D-Adonitol - - - - -
Methyl--D-xylopyranoside - - - - -
D-Galactose + + - - +
D-Glucose ++ ++ + ++ ++
D-Fructose ++ ++ + ++ ++
D-Mannose ++ ++ + ++ ++
L-Sorbose - - - - -
L-Rhamnose - - - - -
Dulcitol - - - - -
Inositol +

D-Mannitol + ++
D-Sorbitol +
Methyl-a-D-mannopyranoside - - - - -
Methyl-a-D-glucopyranoside + ++
N-Acetylglucosamine - ++
Amygdlin - -
Arbutin - - -
Esculin + - +
Salicin + - ++
D-Cellobiose ++ ++ ++
D-Maltose ++ + ++
D-Lactose (bovine origin) + + ++
D-Melibiose + + - - +
D-Saccharose (sucrose) ++ ++ ++ + ++
D-Trehalose + + - - +
Insulin - - + - -
D-Melezitose - - - - -
D-Raffinose + + + +

Amidon (starch) ++ - + + -
Glycogen ++ - + +

Xylitol - - - - -
Gentiobiose + - + + -
D-Turanose - - - - -
D-Lyxose - - - - -
D-Tagatose - - - - -
D-Fucose - - - - -

+
+
+ +
+ +
+ +
+ +

+ + +
+ + +

+ + + + +
+
+

L-Fucose - - - - -
D-Arabitol - - - - -
L-Arabitol - - - - -
Potassium gluconate - - - - -
Potassium 2-ketoGluconate - - - - -
Potassium 5-ketoGluconate - - - - -

++: strong positive, +: positive, - negative
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Fig. 4. Effects of pH (A) and temperature (B) on the activity
of partially purified fibrinolytic enzyme. (A) The optimal
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Table 2. Corresponding genes with partial fibrinolytic enzyme sequence of A2-20 strain

Identified gene Accession No.  Length correspond range Identities
Bacillus amyloliquetaciens strain LSSE-62 fibrinolytic 101100700 4149 bp 167 nt - 1019 nt  852/852 (100%)
enzyme gene, complete cds
Bacillus sp. DJ-4 pro-subtilisin DJ-4 gene, partial cds AY627764.1 1146 bp 169 nt - 1019 nt  850/850 (100%)
A M 1 2 3 2. Back, L. M,, Park, L. Y., Park, K. S. and Lee, S. H. 2008.
(kDa) Effect of starter cultures on the fermentative characteristics
100 of cheonggukjang. Korean J Food Sci Technol 40, 400-405.
70 a 3. Baek, H,, Lim, H. S.,, Chung, K. T., Choi, Y. H., Choi, B
50 = - T., Seo, M. ], Kim, J. E,, Ryu, E. ], Huh, M. K,, Joo, W.
g - - H. and Jeong, Y. K. 2005. Characterization of a novel fi-
30 — brinolytic enzyme produced from Bacillus subtilis BK-17. J
——— Life 5ci 15, 987-993.
20 —— 4. Baruah, D. B, Dash, R. N., Chaudhari, M. R. and Kadam,
S. S. 2006. Plasminogen activators: A comparison. Vascu/
15 - Pharmacol 44, 1-9.
5. Cho, Y. J., Cha, W. S, Bok, S. K, Kim, M. U., Chun, S. S.
and Choi, U. K. 2000. Production and separation of anti-hy-
B pertensive peptide during chunggugjang fermentation with
Wl);; Bacillus subtilis CH-1023. ] Korean Sac Agric Chem Biotechnol

70
50
40

30

20

15

Fig. 5. SDS-PAGE (A) and zymography of fibrinolytic enzyme
(B) from A2-20 strain. Lane M, protein marker; Lane 1,
after ammonium sulfate precipitation; Lane 2, the active
fraction from a HiLoad 16/60 Superdex 200 pg column;
Lane 3, the active fraction from a HiTrap Q HP column.
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